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Destnuction of
r¥bandoned Mateniel in the Combat Gone

In case it should become neéessary to prevent the capture of this equipment and when ordered to do so, DE-
STROY IT SO THAT NO PART OF IT CAN BE SALVAGED, RECOGNIZED OR USED BY THE
ENEMY. BURN ALL PAPERS AND BOOKS. : .

- Means:- - - ’
1. Explosives, when provided. ~ : ,
2. Haramers, axes, sledges, machetes, or whatever heavy object is readily available,
3. Burning by means of incendiaries such as gasoline, oil, paper, or wood.
4. Grenades and shots from available arms. ' S .
5. Burying all debris ot disposing of it in streams or other bodies of water, where possible and
when time permits. : o

Procedure.-

. Obliterate all identifying marks. Destroy nameplates and circuit labels.

. Demolish all panels, castings, switch- and instrument-boards.

. Destroy all controls, switches, relays, connections, and meters.

.‘Rip out all wiring and cut interconnections of electrical equipment. Smash gas, oil and water-
cooling systems in gas-engine generators, etc.

- Smash every electrical or mechanical part, whether rotating, moving, or fixed.

. Break up all operating instruments such as keys, phones, microphones, etc.

. Destroy all classes of carrying cases, straps, containers, etc.

. Bury or scatter all debris. )

O NAAWn

DESTROY EVERYTHING!

*

For U. S.'Amy Aér Foru;PmonueI:

In the event of malfunttioning, unsatisfactory design, or unsatisfactory installation of any of the compo-
nent units of this equipment, or if the material contained in this book is considered inadequate or erroneous,
an Unsatisfactory Report, AAF Form No. 54, or a report in similar form, shall be submitted in accordance
with the provisions of Army Air Force Regulation No. 15-54 listing: )

1 Station and organization.
- 2. Nameplate data (type number or complete nomenclature if nameplate is not
attached to the equipment).
3. Date and nature of failure.
4. Airplane model and serial number. o
5. Remedy used or proposed to prevent recurrence. , . ~ «
6. Handbook errors or inadequacies, if applicable. : ~

For U. S. Navy Personnel:

Report of failure of any part of this equipment during its guaranteed life shall be made on N. Aer. 41 12,
“Report of Unsatisfactory or Defective Material,” or a report in similar form, and forwarded in accordance
with the latest instructions of the Bureau of Aeronautics. In addition to other distribution required, one copy
shall be furnished to the inspector of Naval Materiel (location to be specified) and the Bureau of Ships. Such
reports of failure shall include:

. Reporting activity.

. Nameplate data.

. Date placed in service.

. Part-which failed.

Nature and cause of failure. v
Replacement needed (yes—no).

- Remedy used or proposed to prevent recurrence.

For Britisb Persomnel:
Form 1022 procedure shall be used when reporting failure of radio equipment.

NAWMBWLN~
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DIAL HUNDREDS. )

Frequency Meter BC-221-A, -C, or -D Frequency Meter BC-221-B, -E, -N, -Q, -AA, or -AE

Frequency Meter BC-221-F, -J, -K, or -L . Frequency Meter BC-221-M, -O, -P, -R, -T, -AC, or -AF

Frontispiece—Frequency Meter BC-221-(¥)—Front View

vi RESTRICTED
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SPECIAL NOTICE

Instructions in this handbook cover 20 models in Frequency Meter Set SCR-211-A,
-B, -C (and subsequent production models) series. They are as follows: Frequency

- Meter Sets SCR-211-A, SCR-211-B, SCR-211-C, SCR-211-D, SCR-211-E, SCR-211-F,

SCR-211-}, SCR-211-K, SCR-211-L, SCR-211-M, SCR-211-N, SCR-211-O, SCR-211-P,
SCR-211-Q, SCR-211-R, SCR-211-T, SCR-211-AA, SCR-211-AC, SCR-211-AE, and
SCR-211-AF. Some of these models are electrically and mechanically identical; others

differ in detail but not in general purpose.

For convenience in reference in this handbook, an asterisk (*) enclosed in paren-
theses is used in place of the suffix letters (e.g., “-A,” “-B,” “.C,” etc.) of the
 different models and their components in the series. However, when information
is applicable only to a specific equipment, or component, the appropriate suffix
letter is used. : Lo

~ SECTION |
GENERAL DESCRIPTION

Section |
Paragraphs 1-5

1. PURPOSE OF EQUIPMENT.

. . Weight Dimensions

Frequency Meter Set SCR-211-(*) is an instrument Set (pounds) (inches)
designed to measure the frequency of radio waves. It SCRZILN 264 -
is portable and self-contained. The set can be used SCR211.0 380 '
either in a laboratory or in the field for calibrating SCR-211-P 388 13-11/16 x 10 x 9-11/32
radio transmitters and receivers or fer measuring any SCR-211-Q 50.6 14 x 9-3/4 x 10-3/16
frequency within the range of 125 to 20,000 kilocycles.® -SCR-211-R 38.0
The meter contains a 1000-kilocycle crystal which is ~ SCR21LT -
used to calibrate the meter’s heterodyne oscillator at 8 1uinun Case | 354 13-11/16 x 10 x 9-1/4
number of points in each band. Wooden Case 35.8 15 x 10 x 10-3/4

. L SCR-211-AC | 43.0

2. PRINCIPAL COMPONENTS. SCR-211-AE 36.0 15 x 10 x 10-3/4

Principal components of each Frequency Meter Set SCR-211-AF 39.5 15-1/6 x 10-1/4 x 10-1/2

SCR-211-(®) are listed in table 1-1.

3. WEIGHT AND OVERALL DIMENSIONS.
The weight and overall dimensions of each Frequency

Meter Set SCR-211-(¥), complete and ready for service,

are listed in the table below.

Weight - Dimensions
Sez . (pannds). (inches)

SCR-211-A | =~ 38S 13-7/8 x 10 x 9-7/8
SCR-211-B 38.0 14 x 10-3/16 x 9-3/4
SCR-211-C 38.5 13-1/8'x 10-1/8 x 9-7/16
SCR-211-D - 38.8 13-1/8 x 10-1/8 x 9-7/16
SCR-211-E 38.3 13-5/8 x 10-1/16 x 9-7/16
SCR-211-F 38.0 13-11/16 x 10 x 9-11/32
SCR-211-] 38.0 13-1/8 x 10-1/8 x 9-7/16
SCR-211-K '38.0 13-1/8 x 10-1/8 x 9-7/16
SCR-211-L 38.0 13-1/8 x 10-1/8 x9-7/16
SCR-211-M 31.25 13-1/8 x 10-1/8 x 9-7/16

® Although the calibrated range of the frequency meter is from
125 to 20,000 kilocycles, by proper use of harmonics and the cali-
bration book, frequeacies above 20,000 kilocycles may be deter-
mined with corresponding accuracy.

4. POWER CONSUMPTION.

All power required for the operation of this equip-
ment is supplied by the batteries listed in table 1-1.

5. DESCRIPTION OF COMPONENTS.
a. FREQUENCY METER BC-221-(*).
(See frontispiece.)

- (1) CABINET.—The frequency meter is com-
pletely inclosed in a three-section cabinet. Thé top and
largest compartment contains the frequency meter chas-
sis; the next smaller compartment at the bottom rear
contains the batteries; and the smallest compartment
at the bottom front contains spare tubes, wrenches for
the Bristo setscrews, and the clip for the spare Crystal
Unit DC-9-(*) when one is supplied. A carrying handle,
an antenna binding post, and a snap latch are mounted on
the top surface of the cabinet. At the sides of the cabinet
are mounted two small tings to which the carrying

strap is ordinarily hooked.

RESTRICTED 1-1



Section |
Paragraph 5

(2) CONTROLS.—The control panel and a cali-
bration book are exposed when the snap latch is re-
leased and the front cover lowered. The controls are as
follows:

(a) “CORRECTOR” control (K1) adjusts the
frequency of the heterodyne oscillator to correspond
with the frequency of the crystal at a crystal check
point.

(b) “FREQ. BAND” switch (K2} is used to
select either the “HIGH” or “LOW” frequency range
positions. On Frequency Meters BC-221-F, -], -K, and
-L this switch has a third position, “CRYSTAL ONLY,”
" which is used only when the output of the crystal
oscillator is desired.

(¢) “CRYSTAL ON-OFF” (K3), found on Fre-
quency Meters BC-221-A, -C, -D, -F, -], ‘K, and -L,
turns the crystal oscillator on and off.

(d) “HET. OSC. -XTAL CHECK-XTAL
ONLY” switch (K4), found on Frequency Meters BC-
221-M, -O, -P, -R, -T, -AC, and -AF, enables the hetero-
dyne oscillator to be operated alone when the switch
is at “HET. OSC.,” the crystal oscillator to be operated
alone when the switch is at “XTAL ONLY,” or both
oscillators to be operated simultaneously when the
switch is at “XTAL CHECK.”

(e) “OFF - CRYSTAL - OPERATE - CHECK”
switch (K5), found on Frequency Meters BC-221-B, -E,
-N, -AA, and -1AE, turns the set off when in the “OFF”
position, enables the crystal oscillator to be operated in
the “CRYSTAL” position, the heterodyne oscillator to
be operated in the “OPERATE” position, or both oscil-
lators to be operated in the “CHECK” position.

(f) “GAIN” control (KG6) adjusts the volume
of sound in the headset.

(g) “DIAL HUNDREDS” (D2) is a drum dial
on the shaft of the main tuning capacitor. It is graduated
into 50 equally spaced divisions.

(h) “DIAL UNITS” (D1) is a disc-type dial
graduated into 100 divisions. It is used to read “DIAL
HUNDREDS” more accurately. One complete revolu-
tion of “DIAL UNITS” moves “DIAL HUNDREDS”
through one division. In order to improve still further
the accuracy of reading the frequency ‘meter, a vernier
scale is provided to split the individual divisions of the
“DIAL UNITS” into tenths.

(i) One or two “PHONES” jacks are provided
for plugging in the headset.

(i) “POWER” switch (K7) is on all meters ex-
cept Frequency Meters BC-221-B, -E, -N, -AA, and -AE.
It controls all of the battery voltages applied to the
tubes in the frequency meter.

(k) In general, the antenna post is located on
top of the meter cabinet. Exceptions are Frequency
Meters BC-221-AA, -AC, -AE, and -AF, on which the
antenna post is located on the front panel.

RESTRICTED
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(3) CALIBRATION BOOK MC-177-(*).—This
book lists the settings to which the main tuning dial is
turned for any desired frequency. It is mounted in the
hinged front cover of the instrument case and is viewed
through a window in a hinged cover door. The first
column indicates the dial settings. The second column
lists the fundamental {requency, and the succeeding col-
umns list the useable harmonics for the calibrated range.

Figure 1-1. Frequency Meters BC-221-P and BC-221-T
—Rear of Cabinet—Batitery Compartment

(4) BATTERY COMPARTMENT.—At the lower
rear of the cabinet is the battery compartment which
contains the batteries necessary for operation of the fre-
quency meter.

(5) SPARE PARTS COMPARTMENT.—At the
lower front of the cabinet is a compartment containing
spare tubes and a wrench for the Bristo setscrews used
in the knobs. The compartment is closed by a flat
cover which is held in place by machine screws. On
Frequency Meter Sets SCR-211-AA, -AC, -AE, and -AF,
spare parts provided are mounted on the chassis.

1-2 RESTRICTED



ARTS OF FREQUENCY METER SET SCR-211-(*)

TABLE 1-1
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EQUIPMENT REQUIRED BUT NOT SUPPLIED MISCELLANEOUS
for .Spare Spare Number of : Number of Number of » ] ‘
os Strap | Crystal | Calibration Spare Headset Batteries Batteries Strap
Unit Book Tube Sets. BA-23 BA-2
0.6 oA | MC177-A finuse | 6in use N
>y DC-9-A untyped 2 Note 5 £ spare 6 spare ST-19-A
4 in use 6 in use One battery tray (furnished)
0. 6 D(Ii'?'B, 4 MC-177-B 2 Note S 4 spare 6 spare ST-19-A || Antenna (stiff copper wire) approa
ote untyped Note 3 _Note 3 ‘ 12" long (not furnished)
0.6 g MC—I77-C 4 in use 6 in use o,
0.8 DC9-C untyped 2 Note 5 4 spare 6 spare ST-19-A
0.6 4 in use 6 in use
o.8 DC9-D MC-177-D 2 Note 5 £ spare 6 spare ST-19-A
0.6 DC9-E VMC-l7 E . 4 in use 6 in use 0.
0. 8 Note 1 7 4 Note 5 4 spare 6 spare ST-19-A
lo. 8 DC9F | MC177-F 4 Note 5 | 4inuse | 6 in use ST-19-A
jo.8 | .ST-19-A MC-177-} 2 Note 5 4 in use 6 in use
o.8 MC-177.K 2 Note 5 | 4 in use 6inuse | ST-19-A
fo. 8 DCO-L | MC177-L 2 Note 5 4 in use 6 in use ST-19-A
lo.6 ST-19-A Note 2 Note 5 4 in use 6 in use
lo. 8 isd - 4 spare 6 spare
.8 |ST-194 1 Note 5 | 4inuse 6 in use
. 4 spare 6 spare
: 4 in use 6 in use
No.8 | ST-19-A 1 Note S 4 spare 6 spare
. 4 in use 6 in use
No. 8 1 Note 5 4 spare 6 spare ST-19-A
; ) One battety tray (furnished).
No.8 | ST-19-A - 1 Note 5 4 in use 6 in use Antenna (stiff  copper wiré) appro
4 spare 6 spare ' s
: 18” long (not furnished).
4 in use 6 in use
No.8 | ST-19-A 1 Note s | g e 6 spare
Jo.8 Note 5 4 in use 6 in use ST.
NO- 1 ote 4 spare 6 spare -19-A
No. 8 | ST-19-A 1 Note 5 4 in use 6 in use
No. 8 | ST-19-A . 1 Note 5 4 in use 6 in use
No.8 | ST-19-A 1 Note 5 | 4 in use 6 in use
No.8 | ST-19-A 1 Note 5 | 4 in use 6 in use
: -33, -307-A, and Headset Ad: MC-385~ uited when the meter is used by Air F f
Note 3. Hiadm Hg ?samglo o CDth327m¢ter is used as mrb;pr:g eqmp . ;i;ar:lsreetqﬂs-sm( ) and Cord ”CD-GOSbyu t:qu?:recrwhenor ‘maﬁrﬁ'ﬁdﬁ
ground forces, If these are not avaxlable, use Headset P-18.
Note 6. Used only on aluminum case
. 1-3—1-4 RESTRICTED
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COMPONENT PARTS

EQUIPMENT SUPPLIED

Note 4. Spare

Crystal Unit DC-9-B is not issued on

RESTRICTED

spare batteries are issued.
Order No. 4584-Phila-42,

. P ye . Technical W ] 5
Model Fr;zuency C{/ys{al ! Cal;!bv:imn Mansal or I:‘b;] f:t Bag sr:n“c":; far
’  Meter nit o Instruction Book :
, , JAN-76 BG-81-A Bristo No.6
SCR-211-A | BC221-A | DC9-A | MC177-A | SCR-211-A JAN-77 or B‘%"’ N°' s
: JAN-6A7 BG-81-AD risto No.
JAN-6S)7 BG-81.B
SCR-211-B | BC-221-B | DC9-B | MC177-B | SCR-211-B JAN-6S)7 or Bristo No. 6
JAN-6K8 BG-81-AD
: , JAN-76 BG-81-C Bristo No.6
SCR-211-C | BC221-C | DC9-C | MC177-C | SCR-211-C JAN-77 or B‘f’“’ Ne. s
‘ : JAN-6A7 BG-81-AD tisto No.
, , JAN-76 Bristo No. 6
SCR-211-D | BC221-D | DC9-D | MC177-D | SCR-211.D JAN-77 BG-81-D Tista . SN0,
: . JAN-6A7 . Bristo No. 8
- : JAN-7C7 BG-81-E - i P
SCR211'E | BC221E | DG9-E | MC-177-E | SCR-211-E 7B8 “or Bristo No.
- JAN-7A4 BG-81:AD | Bristo No.8
JAN-76 , )
SCR-211-F | BC221-F [ DCO-F | MC.177.F | SCR-211-F JAN-6SJ7Y | BG-81-F Bristo No. 8
: JAN-6A7
' : TJAN-76
SCR-211-J | BC221] | DCoj MC177-] | SCR-211-] JAN.6S)7Y | BG-81-] Bristo No.8 | S1
~ : JAN-6A7
v JAN-76 BG-81.K
- SCR-211-K BC-221-K | DC-9-K MC-177-K SCR-211-K | JAN-6S)7Y or Bristo No. 8
JAN-6A7 BG-81-AD
_ JAN-76 '
SCR-211-L | BC221-L | DC9L | MC177-L | SCR-211-L ‘JAN-6S)7Y . | BG-81L Bristo No. 8
v | JAN-6A7 '
. , JAN-6S)7 BG-81.D -
SCR-211-M | BC221M | DCoO:M | MC177-M | scR-211-M JAN-6K8 or | Bristo No.6 | ¢y
: _ JAN-6sJ7Y | BG-81-AD | Bristo No.8
. - JAN6S)7 BG-8I'N -
SCR-211-N | BC221-N | DC9-N | MC177-N | SCR-211-N JAN-68]7 or Bristo No.8 [ ST
. ’ B JAN-6K8 BG-81-AD
DC-9-M or SCR-211-0 JAN-65)7 BG-91-0 '
SCR-211-0 BC-221-0 DC-9-Por | MC-177-0 and JAN-6S)7Y or Bristo No.8 | ST
DC9-AD ‘ | sCr-211-R JAN-6K8 BG-81-AD
1 SCR-211-P JAN-6S)7Y | BG-81.P ,
SCR-211-P BC-221-P DC-9-P MC-177-P plus one JAN-6S)7Y or Bristo No. 8
\ spare JAN6K8 | BG81-AD |-
.| DC9Q JAN.6S}7 BG-81-Q.
SCR-211-Q BC-221-Q or MC177-Q | SCR-211-Q JAN-6Sy7 or Bristo No.8 | ST
DC-9-B JAN.6K8 | BG-81-AD
DC9-Ror SCR-211-0 JAN:6S]7 BG-81-R
SCR-211-R | BC-221-R | DC9-Aor| MC177-R | and JAN-6SJ7Y or Bristo No.8 | ST
'DC9-AD SCR-211-R JAN-6K8 BG-81-AD :
_ JAN-6Ks BG-81-T
SCR-211-T | BC221-T | DCOT | MC177-T | SCR-211-T JAN-68J7Y or Bristo No. 8
' JAN-65J7Y | BG-81-AD -
’ JAN-65)7 ,
SCR-211-AA | BC221-AA | DC-9-AA | MC-177-AA | SCR-2i1-AA JAN-65)7 BG-81:-N "Bristo No.8 | ST
* . J AN-6K8 Note 6 .
DC9-M : JAN-6S]7
SCR-211-AC | BC221-AC | DC9-P | MC-177-AC| SCR-211-AC JAN-6SJ7Y Btisto No.8 | ST
DC-9-AD | JAN-¢Ks
TM11-300AE JAN-65)7
SCR-211-AE | BC-221-AE | DC9-AE | MC-177-AE | plus ofe - JAN:68)7 Bristo No.8 | ST
. spare JAN-6Ks
T JA,N'-6$§7 .
SCR-211-AF | BC221-AF | DC9-AF | MC-177-AF | TM11-300AF JAN-6SJ7Y Bristo No.8 | ST
v ~ JAN-6Ks
Note 3. ’E“"“.qg;"g Mere Sot SCRITIM Draec Yoo, ATBCHAL does mot include spare cryeal.
Note 3. On Order No. 17930-NY-39 and Order No. 4584-Phila-42, no
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(6) CRYSTAL UNIT DC-9-(*).—This is a 1000-
kilocycle crystal used as the frequency standard in the
crystal oscillator circuit. It is also used in the calibration
of the heterodyne oscillator,

(7) SPARE CRYSTAL.—A clip is provided in the
spare parts compartment or on the frequency meter
chassis to hold a spare crystal when issued.

(8) WRENCH.—A wrench is mounted in the cab-
inet to release or tighten all setscrews used on dials,
knobs, and other parts of the assembly.

b. HEADSET.—The headset, necessary for the opera-
tion of the frequency meter, is carried in the compart-
ment on the top of Bag BG-81-(*) or in a special com-
partment in the cabinet.

Figure 1-2. Bag BG-81-(*)

¢. BAG BG-81-(*).—The carrying bag (see fig. 1-2)
is designed to include all components of the frequency
meter set. The bottom is felt-padded. The top, hinged
at the rear, has overhanging sides and front to exclude
dust and water. This cover is fitted with webbing straps
so that it may be conveniently secured by buckles on
the front of the bag. Suitable rings are secured with
webbing to each side of the bag to which an adjustable
strap may be attached. Frequency Meter Sets SCR-211-
AC, -AE, -AF, and the wood cabinet model of Fre-
quency Meter Set SCR-211-AA have a two-piece cover
as illustrated in figure 1-3.

Section |
Paragraph 5

Figure 1-3. Two Piece Non-Removable Cover

d. TUBES.—Refer to table 1-1 for the exact tube
complement of the various models of the frequency
meter set. Three tubes are used in each set, one for the
heterodyne oscillator circuit, one for the combination
crystal oscillator and detector, and one for the audio
amplifier circuit. The spare tubes furnished with each
set can be interchanged with those in the meter circuit
of that set without need for recalibration except for the
usual procedure of resetting the “CORRECTOR” con-
trol.

RESTRICTED ' 1-5
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SECTION 11
III!TAI.I.A'I‘ION AND ADJUSTMENT

1. UNPACKING THE FREQUENCY METER.

The frequency meter set comes from the factory in-
closed in a carrying bag. All tubes are inserted in their
sockets and stamped. The batteries are not ordinarily
installed at the factory.

Unpack the equipment and thoroughly inspect all
compartments of the cabinet for possible damage dur-
mg shipment. Use caution in handlmg the equipment as

it is a precision laboratory instrument even though
ruggedly built. :

2. INSTALLATION OF IATT!RI!S.

. Note
This procedure applies to all models except
Frequency Meters BC-221-B and BC-221-Q

For their installation refer to paragraph
~ below.

Remove the frequency meter chassis from the cabinet
as a precaution while installing and connecting batter-
ies.

a. Select fout Batteries BA-23,;each of which meas-
ures 1.35 volts or higher. Select six Batteries BA-2, each
of which measures 20.25 volts or higher. (Test batteries
under loads as indicated in sec. VI, table 6-1.)

Note
If there is any choice of batteries, use those
with the hlghest voltages as they will give the
longest service. Do not install batteries which
measure lower than the above mentioned volt-
ages except as an emergency measure.

b. Open the battery compartment in the lower rear
of the cabinet. Loosen the binder-head screw on the
right outer side (looking from the rear) in order to
release the metal strap which clamps the filament bat-
teries.

Note v
Frequency Meter BC-221-AF has a battery re-
taining board which must be removed by turn-
ing the thumb screw to the left.

c. Insert four Batteries BA-23 under the strap with
‘their terminal posts facing out and push well forward.
Turn the batteries so their terminals are in the posi-
tions shown in figure 1-1, and connect in series. (See
fig. 2-1.)

Note
In Frequency Meter BC-221-A turn the four
negative posts inward along diagonals through
the four positives. In Frequency Meter BC-
221-AF turn the batteries so the special connect-
ing board will fit over the proper terminals.

d. Hold the wiring harness so that the two lugs of
the main cables reach the “A-}"” and the “A—" ter-

~ minals on the battery terminal board Tighten the secur-

ing strap.

e. Connect the six Batteries BA-2 in series as shown
in figure 2-1. Tape all joints securely to prevent an
accidental short circuit of any of the batteries and ar-
range the batteries in two layers of three each. Have

B+ 5 ‘3

e ]

A+
Oz

36

IR

Figure 2-1. Frcquo'nc'y Meter BC-221-(*)—Wiring of Balferies
2-0 , RESTRICTED
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the batteries in the bottom row right side up and those
on the top row upside down.

f. Connect the positive (red) lead of the Battery
BA-2 group to the “B+" terminal of the strip at the
left side of the battery compartment. Connect the nega-
tive (black) lead to the “B—" terminal.

g Check the battery connections for 6- and 135-volt-
meter readings, respectively, at the battery terminal
board. Check all connections for tightness and see that
the wiring harness will not prevent closing the rear
door.

3. INSTALLATION OF BATTERIES IN FREQUENCY
METERS BC-221-B AND BC-221-9Q.

Remove the frequency meter chassis from the cabinet
as a precaution while installing and connecting batteries.

a. Select four Batteries BA-23, each of which meas-
ures 1.35 volts or higher. Select six Batteries BA-2,
each of which measures 20.25 volts or higher. (Test
batteries under loads as listed in sec. VI, table 6-1.)

Note
If there is any choice of batteries, use those
“with the highest voltages as they will give the
longest service. Do not install batteries which
measure lower than the above mentioned volt-
ages except as an emergency measure.

Figure 2-2. Frequency Meter BC-221-B—Lloaded Bat-
tery Tray With Sections Separated To Show
installation

Section I
Paragraphs 2-4

b. Release the two small catches at the lower rear
of the set by revolving them a half turn with a screw
driver. Open the door to the battery compartment.

c¢. Pull out the battery tray by grasping the ring at
the top of the tray. (See fig, 2-2.) Do not detach the
cables.

d. Release the two hooks which hold the two halves
of the battery tray together.

e. Place three Batteries BA-2 right side up in the
lower-right section of the tray, close to the terminal
board.

f- Bring the black lead of the first battery through
the first minus hole in the lower row of holes in the
terminal board. Connect it to the top screw of the double
connector marked “A-B.”

g Bring the red lead through the adjacent plus hole
and connect it to the screw under it.

b. Successively pull through the leads of the other two
batteries and connect them to the respective posts.

i. Put the other three Batteries BA-2 upside down over
the first group. Pull their wires through the top row of
the holes in the terminal board and connect them to the
respective screw posts.

j- Remove the nuts on the binding posts of Batteries
BA-23. Put these batteries in the tray so that their out-
side (negative) terminals pass through the holes in the
small terminal plate which is permanently connected to
the remaining wires of the large terminal board.

k. Connect Batteries BA-23 in series with the wires on
the small terminal plate.

l. Check the battery connections for 6- and 135-volt-
meter readings, respectively, at the battery terminal
board. Check all connections for tightness and see
that the wiring harness will not interfere with closing
the tray.

m. Close the tray, locking the hooks, and place it in
the battery compartment with the removing ring facing
outward. Close the door.

4. INSTALLATION OF ANTENNA.

Some form of antenna is necessary on the frequency
meter in order that an adequate signal may be received
or radiated.

a. RIGID ANTENNA.—Use a rigid antenna when
the frequency meter is to be used in fixed service or
carried over small distances. Attach about 1 foot of
No. 12 wire to the antenna terminal of the meter.
Bend the wire so that it will be free and will run paral-
lel and close to the antenna lead of the receiver or
transmitter.

b. FLEXIBLE ANTENNA.—Use a flexible antenna
where conditions do not permit the use of the rigid
antenna.

(1) Skin the insulation from one end of a piece
of flexible insulated wire. Fasten this end to the antenna
terminal of the meter.

(2) If a small test clip is available, make a cou-

RESTRICTED 2-1
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pling device by dulling the sharp edges of the jaws of the

clip and insulating with tape. Attach this clip to the

other end of the wire, and use it to couple the frequency
‘meter to any desired point.

CAUTION
Never connect the antenna terminal of the fre-
quency meter directly to any part of a trans-
mitter or receiver.

| SECTION 111
' OPERATION

NOTICE

‘For greatest accuracy, carry out all operations in the shortest possible time. Other-

wise changes in voltage or temperatures may cause the frequency meter to drift.
However, turn on the power switch and plug in the headset at least 10 minutes
before the meter is to be used.

1. CORRECTING THE FREQUENCY METER TO
CALIBRATION.

Preparatory to using the frequency meter, proceed
as follows:

a. Push the plug of the headset into the “PHONES”
jack.

b, Turn the “POWER” switch to the “ON" posmon
and allow the tubes to heat for 10 minutes. (On Fre-
quency Meters BC-221-M, -P, -T, -AA, and -AE the
power switch is incorporated in the “OFF- CRYSTAL-
OPERATE-CHECK” switch.)

¢. Turn the crystal oscillator on in the check position
as follows:

On Frequency Meters BC-221-A, -C, -D, -F, -], K,
and -L turn the “CRYSTAL” switch to the “ON" posi-
tion. On Frequency Meters BC-221-M, -O, -P, -R, -T,
-AC, and -AF turn the “HET. OSC.-XTAL CHECK-
XTAL ONLY” switch to the “XTAL CHECK” position.
On:Frequency Meters BC-211-B, -E, -N, -AA, and -AE
turn the “OFF-CRYSTAL-OPERATE-CHECK” switch
to the “CHECK” position.

d. Turn the “FREQ. BAND?” switch to “LOW” if the
desired frequency value is between 124 and 2000 kilo-
cycles, or to “HIGH” if the desired frequency value is
between 2000 and 20,000 kilocycles.

e. Open the calibration book to the page- hstmg the
desired frequency. At the bottom of this page, the near-
est crystal check point (refer to par. 3, this section) will
appear in red and the associated dial setting in black.

f. Set the main tuning dial (refer to sec. VI, par. 1)
to correspond with the appropriate dial setting as found
according to instructions in paragraph ., above.

g Rotate the “GAIN” control clockwise about half
way or until a sound is heard in the headset.

b. Turn the “CORRECTOR” control until exact zero
2-2—3-0

beat is obtamed (Refer to sec. VI, par 2 for further
explanation of zero beat.)

Note )
Do not disturb -the “CORRECTOR” control
adjustment from -here on. When correcting the
heterodyne oscillator to- calibration, numerous
beat points will be heard. (For further explana-
tion refer to sec. IV, par. 4.)

2. TUNING A TRANSMITTER TO A DESIRED
FREQUENCY VALUE.

The method of tumng a transmitter to a desired fre-
quency value consists of zero beating the transmitter
signal with the proper heterodyne oscillator signal.

a. Correct the heterodyne oscillator to calibration at
the crystal check pomt nearest to the desired frequency
value as explained in paragraph 1, above.

b. Dependmg upon the model being used, set the
switches in the following positions:

(1) On Frequency Meters BC-221-A, -C, -D, -F, -],
-K, and -L set the “CRYSTAL ON-OFF” switch to the
“OFF” position.

(2) On Frequency Meters BC—221 -M, -O, -P, R,
-T, -AC, and -AF, set the *“HET. OSC.-XTAL CHECK-
XTAL ONLY” switch to the “HET. ©SC.” position.

(3) On Frequency Meters BC-221-B, -E, -N, -AA,
and -AE, set the “OFF-CRYSTAL-OPERATB-CHECK”‘
switch in the “OPERATE" position.

¢. From the calibration book determine the dial set-
ting for the desired frequency. (Refer to sec. IV, par. 4.)

d. Turn the main tuning dial to the correct dial set-
ting. Lock the dial.

e Loosely couple the frequency meter antenna to the
transmitter output and tune the transmitter to give an
audible sound in the headset. Adjust the “GAIN” con-
trol to obtain a2 comfortable volume in the headphone.

RESTRICTED
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f- Tune the transmitter to zero beat with the fre-

quency meter. The transmitter is now radiating at the
same frequency value as the frequency meter.

3. USE OF THE CALIBRATION BOOK.

a. FINDING THE MAIN TUNING DIAL
SETTING FOR A GIVEN FREQUENCY.

(1) Open the book to the page on which the main-

tuning dial settings for a particular frequency are listed.
Use index of frequencies listed at the top of the page
as an aid in locating the correct page.

(2) Look down the right-hand columns until the

desired frequency is found. Look along the same line

‘to the left to find the correspondingly correct dial
setting.

b. FINDING THE FREQUENCY FOR A GIVEN
MAIN TUNING DIAL SETTING.

(1) Open the book to the page in the calibration
book on which the main tuning dial setting is listed.
Use the index of dial settings listed at the top of each
page as an aid in locating the correct page.

(2) Look down the left-hand column of dial set-
tings until the dial setting nearest the desired setting
is found. Look along that same line to the appropriate
column of ftequencxes and find the corresponding
frequency.

¢.. DETERMINING INTERMEDIATE VALUES
BETWEEN LISTED FREQUENCIES.

" (1) The error introduced by merely reading the
nearest frequency listed instead of splitting the differ-
ence, does not exceed 0.025 percent in the high band,
or 0.04 percent on the low band.

- (2) If an accuracy equal to or better than 0.012"

percent on the high band and 0.02 percent on the low
band is desired, compute mid-points between the listed
values and read the frequency or the dial setting as a
listed point or a mid-point, whichever is closer.

4. MEASURING THE FREQUENCY OF A LOCAL
TRANSMITTER, APPROXIMATE VALUE
KNOWN.

a. Correct the heterodyne oscillator to calibration at
the crystal check point nearest the approximate fre-
quency as explained in paragraph 1, this section.

b. Depending upon the model being used, set the
switches in the followmg positions:

(1) On Frequency Meters BC-221-A, -C, -D, -F,
-J, ‘K, and -L set the “*CRYSTAL ON-OFF” switch to
the “OFF” position.

(2) On Frequency Meters BC-221-M, -O, -P, -R,
-T, -AC, and -AF, set the “HET. OSC.-XTAL CHECK-
XTAL ONLY” switch in the “HET. OSC.” position.

(3) On Frequency. Meters BC-221-B, -E, -N, -AA,
and -AE, set the “OFF-CRYSTAL-OPERATE-CHECK”
switch in the “OPERATE” position.

¢. Loosely couple the meter to the transmitter. Turn
the main tuning dial to the frequency to be checked
by turning the tuning dial from the low frequency end

Section lil
Paragraphs 2-6

to the high frequency end of the dial and obtain zero
beat at the unknown frequency.

d. Open the calibration book to the dial setting found
according to the directions in paragraph c. above, and
read the corresponding frequency.

5. TUNING A CW RECEIVER TO A DESIRED
FREQUENCY.
a. Correct the heterodyne oscillator to calibration at
the crystal check point nearest to the desired frequency
as explained in paragraph 6, this section.

'b. Depending upon the model being used, set the

switches in the following positions: -

(1) On Frequency Meters BC-221-A, -C, -D, -F, -J,
-K, and -L set the “CRYSTAL ON-OFF” switch to the
“OFF” position.

(2) On Frequency Meters BC-221-M, -O, -P, -R,
-T, -AC, and -AF, set the “HET. OSC.-XTAL CHECK-
XTAL ONLY?” switch in the “HET. OSC.” position.

(3) On Frequency Meters BC-221-B, -E, -N, -AA,

.and -AE, set the “OFF-CRYSTAL-OPERATE-CHECK”

switch in the “OPERATE” position.

¢. Open the calibration book to the page on which
the desired frequency is listed.

d. Turn the main tuning dial to the correct dial set-
ting. Lock the dial.

e. Connect a headset or loudspeaker to the output
of the radio receiver. (Do not remove the headset from
the frequency meter jack as this will open the filament
circuit and render the meter inoperative.)

~ f. Loosely couple the frequency meter antenna to the
radio receiver and tune the receiver to produce an
audible tone.

g Adjust the tuning control of the radio receiver
to a zero beat.

Note

If the receiver has a beat oscillator, turn it on
and tune in the signal from the frequency
meter in the same manner as tuning for any
other signal. (On Radio Receiver BC-312-(*),
turn the “CW-OSC. ADJUST” control so that
the arrow is in the horizontal position.). If the
receiver is of the regenerative type, advance
the regenerative control until the detector
starts to oscillate. In this condition the receiver
will respond to CW signals and may be set
to a frequency in the same manner as the re-
ceiver with a beat oscillator.

- 6. TUNING A RECEIVER TO A DESIRED FRE.

QUENCY WHEN THE RECEIVER HAS NO
MEANS OF PRODUCING A BEAT NOTE.
a. Use the following method when a local transmitter
is available which can be modulated and operated either .
with a normal antenna at reduced power or with a
phantom antenna,

(1) Adjust the transmitter to the desired ftequency
by the method desctibed in paragraph 2, this section.
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(2) Tune the receiver to the transmitter signal
while the latter is modulated either by its built-in tone
generator, if it has one, or by voice. v

b. Use the following method when operation of a
transmitter is undesirable.
(1) Correct the heterodyne oscillator to calibration
at the crystal check point nearest to the desired frequency
as explained in paragraph 7, this section.

(2) Tune the receiver across the signal from the
frequency meter and listen carefully for a change in the
tone of the natural noise of the receiver. If static or other
noise is low, operate the receiver at relatively high sensi-
tivity to produce a rushing noise. A change in the char-

acter of the rushing or hissing noise will be noted when

the receiver is tuned past the frequency meter signal.
To distinguish the frequency meter signal from signals
received from other transmitters, touch the antenna
terminal of the frequency meter with a bare finger
many times in rapid succession. This will produce a
corresponding number of changes in signal strength
. which can be identified.

7. MEASURING THE FREQUENCY OF A DISTANT
TRANSMITTER.
a. This procedure requires the use of a radio receiver
in conjunction with the frequency meter.
(1) Tune in the signal from the distant transmitter
on the radio receiver. Determine the approximate fre-

quency from the dial setting.
Note

If the transmission is CW, use either a receiver
with a beat oscillator or a regenerative type
receiver. Turn on the beat oscillator or turn up
the regeneration control until the receiver oscil-
lates. Tune the receiver to zero beat.

(2) Tune the beat oscillator or adjust the regenera-
. tive receiver to a nonoscillating condition before pro-
ceeding. ‘

b. Correct the heterodyne oscillator to calibration
at the crystal check. point nearest the approximate fre-
quency indicated by the receiver dial, as explained in
paragraph 1, this section.

c. Depending upon the model being used, set the
_ switches in the following positions: .

(1) On Frequency Meters BC-221-A, -C, -D, -F, -],
K, and -L set the “CRYSTAL ON-OFF” switch to the
“OFF"” position. )

(2) On Frequency Meters BC-221-M, -O, -P, -R,
-T, -AC, and -AF, set the “HET. OSC.-XTAL CHECK-
XTAL ONLY” switch in the “HET. OSC.” position.

(3) On Frequency Meters BC-211-B, -E, -N, -AA,
and -AE, set the “OFF-CRYSTAL-OPERATE-CHECK”
switch in the “OPERATE” position. - '

d. Loosely couple the frequency meter to the receiver
anteana lead. While listening to the receiver with a
‘head set, turn the main tuning dial of the frequency
meter in the region of the approximate frequency until

RESTRICTED
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a beat note is heard between the transmitter signal and
the signal from the frequency meter.

Note

It may be necessary to vary the coupling be-
tween the meter and the receiver in order to
obtain a satisfactory beat note. When the re-
ceived signal is weak, the coupling must be
loose, and when the signal is strong, the
coupling must be correspondingly tighter. The
coupling may be varied by changing the amount
of antenna on the frequency meter or the spac-
ing between the meter and the receiver.

e. Refer to the dial setting in the caibration book
and read the corresponding frequency.

8. MEASURING THE FREQUENCY OF A TRANS-
MITTER, APPROXIMATE FREQUENCY
UNKNOWN. :

4. Determine the frequency to an approximation
with an absorption type wavemeter. Then follow pro-
cedure described in paragraph 4, this section.

b. When absorption type wavemeter is not available,
follow the procedure below.

(1) Correct the heterodyne oscillator to calibration
at the 181.8-kilocycle crystal check point as explained
in paragraph 1, this section. -

(2) Loosely couple the frequency meter antenna to
the source of the unknown frequency. v

(3) Depending upon the model in use set the
switches in the following positions:

(a) On Frequency Meters BC-221-A, -C, -D, -F,
-J, K, and -L set the “CRYSTAL ON-OFF” switch to

-the “OFF” position.

(5) On Frequency Meters BC-211-M, -O, -P, -R,
-T, -AC, and -AF, set the *HET. OSC.-XTAL CHECK-
XTAL ONLY” switch in the “HET. OSC.” position.

(¢) On Frequency Meters BC-221-B, -E, -N, -AA,
and -AE, set the “OFF-CRYSTAL-OPERATE-CHECK”
switch in the “OPERATE” position. ' ‘

(4) Turn the main tuning dial from the low to the
high end. Listen carefully for beat notes.-

(5) If only one loud beat note is heard between
125 and 250 kilocycles, determine the heterodyne oscil-
lator fundamental frequency which corresponds to the
zero beat point dial setting (left columns of the cali-
bration book). The frequency so indicated is approxi-
mately the unknown frequency.

(6) If more than one loud beat note is heard, con-
secutive harmonics of the heterodyne oscillator signal are
beating with the signal of unknown frequency. For
example, if the unknown frequency signal were 1000
kilocycles, consecutive harmonic beat notes would be
obtained at the 8th harmonic of 125 kilocycles, the 7th
of 142.8, the 6th of 166.7, the 5th of 2003, and the 4th
of 250 kilocycles. Determine the heterodyme oscillator
fundamental frequencies corresponding to the dial set-
tings for any two adjacent, consecutive, harmonic, zero-
beat points, and apply the following equation:
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f><f

£, + 1,
where f, =the hlgher heterodyne oscillator fundamen-

tal, obtained from the left frequency column in the -

calibration book, and f = the lower heterodyne oscil-

lator fundamental, also obtained from the left frequency -

column in the calibration book.

(7) If no useable consecutive-harmonic beat notes
are found in the “LOW"” band, switch to the *HIGH”
band and correct the heterodyne oscillator to the 3000-
kilocycle check point.

(8) Search the “HIGH” band following the pro-
cedure given in this paragraph.

Note
Do not use this method when the signal being
-measured contains any appreciable harmonics,
because it will be difficult to distinguish be-
tween the many beat notes produced.

9. DIRECT USE OF THE CRYSTAL FREQUENCY.

Frequency Meter BC-221-(*), when the appropriate
switch is set, will radiate a 1000-kilocycle signal and its
harmonics. The switch settings for each model are as
follows:

a. On Frequency Meters BC-221-F, -], -K, -L set the
“CRYSTAL ON-OFF” switch in the “ON” position.
Set the “"FREQ. BAND” switch in the “CRYSTAL
ONLY” position.

b. On Frequency Meters BC-221-M, -O, -P, -R, -T,

-AC, and -AF set the “HET. OSC-XTAL CHECK-
XTAL ONLY” switch in the “XTAL ONLY” position.

¢. On Frequency Meters BC-221-B, -E, -N, -AA, and
-AE set the “OFF - CRYSTAL - OPERATE - CHECK”
switch in the “CRYSTAL” position.

d. It is pot advisable to use Frequency Meters BC-
221-A, -C, and -D in this manner,

10. MEASURING THE FREQUENCY TO WHICH
A RECEIVER IS TUNED.

a. Correct the heterodyne oscillator to calibration at’

a crystal check point nearest to the approximate fre
quency to which the receiver is tuned. Refer to para-
graph 1, this section.
b. Depending upon the model in use, set the switches
in the following positions:
4 (1) On Frequency Meters BC-221-A, -C, -D, -F, -],
K, and -L set the “CRYSTAL ON-OFF” switch to the
“OFF” position.
(2) On Frequency Meters BC-221-M, -O, -P, -R,
-T, -AC, and -AF, set the “HET. OSC.-XTAL CHECK-
XTAL ONLY” switch in the “HET. OSC.” position.
. (3) On Frequency Meters BC-221-B, -E, -N, -AA,
and -AE, set the “OFF- CRYSTALOPBRATE-CHECK”
switch in the “OPERATE” position.

¢. Place the frequency meter with its antenna near
and parallel to, but not touching the receiver antenna
or antenna lead.

Section Il
Paragraphs 8-11

d. If the receiver has a beat frequency oscillator, turn
it on. Then turn the main tuning dial of the frequency
meter to a position near the approximate frequency at
which the maximum audio output is obtained from the
receiver under test. At the same time, vary the frequency
of the CW oscillator in the receiver in such a way as to
keep the audio output at some convenient frequency.

e. Read the main tuning dial of the frequency meter
and look up the corresponding frequency in the cali-
bration book.

f- If the receiver has no local CW oscillator, couple
an external oscillator loosely to the receiver antenna.
Use the external oscillator in the same manner as the
receiver heterodyne oscillator in paragraph 1, this
section,

11. SETTING UP A RADIO NET.

A radio net consists of a group of .three or more sta-
tions transmitting and receiving on the same frequency.
Any one of the group may transmit, while the others
listen.

a. SETTING UP A NET OF LOCAL
STATIONS DURING RADIO SILENCE.

(1) Connect each transmitter to a2 phantom antenna
which will permit setting the transmitter to frequency
without radiating a signal strong enough to be picked

up by the enemy. (For instructions- on connection of

phantom antenna refer to the handbook of maintenance
instructions for the transmitter.)

(2) Tune each transmitter to the desired frequency
by the method described in paragraph 2, this section.
Use the same frequency meter for ad;ustments

(3) If no phantom antenna is available, set the
transmitter frequencies according to their calibration
charts.

(4) Set the receivers to the desired frequency. Fol-
low procedures given in paragraphs 5 or 6, this section,
whichever is most applicable.

b. SETTING UP A NET OF DISTANT
STATIONS DURING RADIO SILENCE.

(1) Adjust each transmitter to the desired fre-
quency as described in paragraph 2, this section. Use
a separate frequency meter for each transmitter.

(2) Adjust each receiver to the desired frequency.
Follow procedures given in paragraph 5 or 6, this sec-

tion, whichever is most applicable.

(3) If necessary, make further desired adjustments
after radio silence is broken. .

¢. SETTING UP A NET OF LOCAL
STATIONS WHEN RADIO SILENCE
IS NOT REQUIRED.

(1) Adjust the net control transmitter to the de-
sired frequency. Follow the directions given in para-
graph 4, this section.

(2) Adjust the net control receiver to the same .
frequency according to the directions given in para-
graphs 5 and 6, this section.
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(3) Attach a 10- to 25-foot antenna to the “ANT.”
_terminal of the frequency meter.

(4) Direct one of the stations to operate and trans-
mit a series of easily identified characters. Tune the
frequency meter to zero beat.

(5) Read the dial of the frequency meter and de-
termine the frequency by reference to the calibration
book.

(6) Notify the operator of the remote transmitter
which way and how far to shift the frequency of his
transmitter to get it on the net freqnency

(7) Repeat this process of measuring ‘and shifting
until the first transmitter is on frequency.

(8) Repeat the process with each of the remammg
stations until the entire net is set up.

Note

In some locations, where several radio nets may
be operating simultaneously, considerable inter-
ference may be experienced. In such cases and
in cases where the transmitters are too far
distant to give an adequate signal in the fre-

quency meter, measure the signal frequencies
according to the procedure outlined in para-
graph 7, this section. Then give instructions to
the distant operator which will ‘allow him to
adjust his transmitter to the net frequency.

d. SETTING UP A NET OF DISTANT
STATIONS WHEN RADIO SILENCE
IS NOT REQUIRED. -

(1) Instruct each station with a frequency meter
to tune its own transmitter and receiver according to
directions given in paragraphs 2, 5, and 6, this section.
After these adjustments are made, the net control station
can check the frequency of each station and give direc-
tions to bring all stations to the-same frequency if cor-
rection is desired.

(2) If a frequency meter is available at only one
station, that station should set its own frequency cor-
rectly first, and then measure the frequency of each
distant transmitter according to directions in paragraphs
4, 7, and 8, this section. Each remote operator should
have instructions to permit him to set his transmitter
to the correct frequency and all receivers be set by tuning
to the net control stations.

SECTION 1V
MECHANICAL AND ELECTRICAL CHARACTERISTICS

1. GENERAL.

Frequency Meter Set SCR-211-(¥*) consists of an elec-
trical circuit made up of four principal parts. Figure
4-1 shows these parts.

HETERODYNE

> DETECTOR > AUpIO m
OSCILLATOR AMPUFRIER

l‘ CRISTAL

OSCHLATOR |

Figure 4-1. Block Diagrom of Funclion of
 Individval Circvils

The functions of the circuits are as follows:

a. HETERODYNE OSCILLATOR CIRCUIT.—This
circuit generates a signal whose frequency can be accu-
rately adjusted to any value between 125 and 250 kilo-
cycles, and between 2000 and 4000 kilocycles. The signal
contains many strong harmonics.

b. CRYSTAL OSCILLATOR CIRCUIT.—This circuit
generates a signal whose frequency is mrately set at
1000 kilocycles. The signal also contains many strong
harmonics,

¢. DETECTOR CIRCUIT.—This circuit mixes two sig-
nals together to produce a beat frequency signal at the
output. The two signals mixed may be either:

(1) The heterodyne oscillator sngnal and crystal os-
cillator signal.

(2) The heterodyne oscillator signal and any signal
feceived by the frequency meter antenna.

d. AUDIO AMPLIFIER CIRCUIT. —This circuit
amplifies the beat-frequency signal produced by the
detector circuit so that it. may be heard in the headset.

2. ELECTRICAL AND MECHANICAL FEATURES
OF COMPONENT PARTS.

As an aid in explaining the electrical features of the
various models of Frequency Meter BC-221-(*), a sim-
plified schematic diagram, figure 4-2, which shows the
principal’ parts, is included and will be referred to in
this paragraph. Because of differences in the circuits of
the various -models, such parts as voltage-dropping re-
sistors, bypass capacitors, and circuit constants have not
been included in this diagram. For this information,
see the schematic diagram and the table of replaceable
parts for the specific model.
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POST
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r TEMPERATURE DRIFT COMPENSATOR
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- TRIMMER
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rCRYSTAL TUNING

GRID COUPLING

(CMAIN TUNING INDUCTOR

B+

~CRYSTAL
SHUNT
VOLUME
ICONT|
PLATE
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B+ B+ B8+

Figure 4-2. Frequency Meter BC-221-(*)—Simplified Schematic Diagram

4. HETERODYNE OSCILLATOR CIRCUIT.

(1) MAIN TUNING CAPACITOR.—The main
tuning capacitor is part of the tuning circuit which
determines the frequency of the heterodyne oscillator
signal. It is rotated by the main tuning dial on the
panel, through a worm and worm wheel designed to
reduce backlash.

(2) MAIN TUNING INDUCTORS.—The main
tuning inductors are part of the tuning circuit. (There
are two inductors: one for the “LOW” band, and one
for the “HIGH” band.) They are wound on ceramic
forms and are treated with wax to reduce any changes
in characteristics caused by absorption of moisture.

(3) TRIMMER CAPACITORS.—These capacitors
aré connected in parallel with the main tuning capacitor
and are of relatnvely low capacity. They are provided
to aid in obtaining a uniform distribution- of frequency
values over the main tuning dial. Adjustment is made

_at the factory and further adjustments are generally not
require.. (If readjustment becomes necessary refer to
sec. V, par. 8.)

(4) TEMPERATURE - DRIFT COMPENSATOR
CAPACITORS.—These ‘capacitors are also connected in
parallel with the main tuning capacitor and have a low
capmtance They are small, tubular, ceramic dielectric

. capacitors which reduce the effect of temperature upon
the frequency of the heterodyne oscillator signal. This
is accomplished through the use of a dielectric material
which changes dielectric constant slightly with tem-
petature.

5) BAND-SELECTOR SWITCH. (Not shown on
simplified diagram.)—This switch is used to select either

one of two tuning circuits, one for the *HIGH” fre-
quency band and one for the “LOW” frequency band.
It may be a two-, three-, four-, five-, or six-pole switch,
depending upon the model of the meter.

(6) “CORRECTOR” CAPACITOR.—This capaci-
tor is connected in parallel with the main tuning capaci-
tor and is controlled from a knob on the panel of the
meter. Its function is to make it possible to set the
heterodyne oscillator to calibration when compared with
the crystal oscillator.

(7) GRID LEAK RESISTOR AND GRID COU-
PLING CAPACITOR.—This resistor and capacitor
cause the heterodyne oscillator to be self-biased.

(8) PLATE LOAD RESISTOR.—This resistor is
connected in series with the plate of the heterodyne
oscillator tube. The output voltage of the tube is devel-
oped across this resistor.

b. CRYSTAL OSCILLATOR CIRCUIT.

(1) Crystal Unit - DC-9-(*) is a 1000-kilocycle crystal
whose cut and mounting are such as to cause a minimum
of frequency shift with temperature changes. The crystal
is contained in a hermetically-sealed, octal, metal-tube-
type envelope and is plugged into a ceramic octal socket.

(2) The grid leak resistor shunted across the
crystal is necessary because the crystal is an insulator
and does not furnish a conducting path from grid to
cathode of the tube. The resistor provides a path for
grid current similarly to the gnd leak resistor in the
heterodyne oscillator tube circuit. :

(3) The crystal shunt variable capacitor (on most
models) is provided for tuning the crystal oscillator to
a more accurate value than could economically be ob-
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tained by grinding the crystal alone. The total amount
of possible shift is about 30 cycles. The capacitor is
adjusted at factory s0 as to produce a signal frequency
of 1000 kllocydes or —5 cycles at 20°C (68°F).

(4) The crysml shunt fixed capacitor’ (on most
models) minimizes any change in the crystal oscillator

frequency caused by small changes in crystal capacitance..

(5) The crystal plate choke is found in the plate
circuit (grid 2 of some detector tubes) of all models
and furnishes the plate load for the crystal oscillator.
On some models it is tuned by a fixed capacitor to a
frequency. slightly higher than the crystal oscillator
frequency. ’

¢. DETECTOR CIRCUIT.

(1) The heterodyne coupling capacitor couples the
output of the heterodyne oscillator to the grid of the
detector.

(2) The detector grid leak resistor provndes self
~ grid bias for the detector tube.

(3) The audio choke and associated bypass capaci-
tor make up the plate load on the detector tube. The
output circuit of the detector is made responsive to low
audio frequencws by using a choke of high inductance
which is resonated to a frequency below 500 cycles by
the capacitor connected across it.

(4) The antenna coupling capacitor couples the
signal received at the antenna post to the grid of the
‘detector tube.

d. AUDIO AMPLIFIER CIRCUIT.
(1) The audio input grid coupling capacitor couples
the output of the detector to the audio amplifier.
(2) The gain control potentiometer regulates the
sound level in the headset by adjusting the mputtothe
audio amplifier.

(3) The audio phte resistor is connected in series
with the plate of the audio amplifier tube, The output
voltage of the tube is developed across this resistor.

Note
Frequency Meter Sets SCR-211-AE and SCR-
211-AF use transformer coupling from the
output of the audio amplifier.

(4) The audio output coupling apwtot couples
theoutpmofﬂneaudmmphﬁcttubetothehadset.
It also prevents any high voltages from existing between
the headset and ground. Refer to note, above.

3. THEORY OF OPERATION.

a. The heterodyne oscillator is designed to generate
an adjustable, fundamental-frequency signal accompa-
nied by many strong harmonics. These harmonics cover
the total- frequency range of the meter from 125 to
20,000 kilocycles. To cover this band of frequencies,
low and high frequency tuning circuits are provided.

(1) On the low band, the fundamental frequency
oftheosulhtornleStozsohlocyda The frequency
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range from 250 to 500 kilocycles is covered by the 2nd
harmonic of the fundamental,.while the range from 500
to 1000 kilocycles is covered by the 4th harmonic, and
from 1000 to 2000 kilocycles by the 8th harmonic. Other
harmonics such as the 3rd, 5th, 6th, and 7th are-also
present in the output and are relatively strong. They
will also produce beat notes but are not listed in the
calibration book. It is therefore essential that the op-

erator know the approximate frequency of the device

he is measuring or adjusting.

. (2) On the high band, the fundamental frequency
covers 2000 to 4000 kilocycles. From 4000 to 8000 kilo-
cycles is covered by the 2nd harmonic and from 8000
to 16,000 kilocycles by the 4th harmonic. The range
from 16,000 to 20,000 kilocycles is covered by a part of
the 5th harmonic. The harmonics beyond the 5th are
present in decreasing strength and capable of giving
correspondmgly weaker beat notes. The presence of
many unlisted harmonics makes it possible to obtain
notes that can cause errors.

b. The output of the heterodyne oscillator is fed to
the antenna post and to the grid of the detector tube.
Thus its signal may be radiated from the antenna post

or it may be fed into the detector to be mixed with a-

second signal.

¢. To increase the accuracy of the meter, the hetero-
dyne oscillator is arranged so that it may calibrate
against a crystal oscillator whose frequency is more
stable. The active tube elements of the crystal oscillator
circuit consist of the cathode, inner grid, and anode grid
of the combination crystal oscillator-detector tube. The
remaining elements of this tube, comprising the control
grid, screen grid, and plate are used as a high gain
screen gnd detector, to which, by structure, the crystal
oscillator is electronically coupled. Thus, whenever the
crystal oscillator is operating, its signal output is mixed
with any signal impressed on the grid of the combina-
tion oscillator-detector tube. To stop the operation of
the crystal oscillator, it is necessary either to short cir-
cuit the crystal or to disconnect the plate voltage. A
switch is provided for this purpose.

d. Calibration of the heterodyne oscillator with a
crystal’ oscillator may be accomphshed at any one of
numerous crystal check points uniformly selected over
the range of the meter. These crystal check points utilize
harmonics of both the heterodyne oscillator and "the
crystal oscillator. For example, a crystal check point
may be found at 153.84 kilocycles on the low range.
The lowest harmonics which will beat together at this
frequency are the 13th for the heterodyne oscillator and
the 2nd for the crystal oscillator. Thus it will be the
2000-kilocycle signal harmonics for each escillator which
are beating together, (e.g. 13 ) 153.84 and 2 X 1000).
This will serve to calibrate the dial of the heterodyne
oscillator in the neighborhood of 153.8 kilocycles or the
listed harmonics of 307.6, 615.2, and 1230.4 kilocycles.

e. The detector tube rectifies the radio frequency

potentials that are applied to its operating grids. If two
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potentials with identical frequencies are apphed to the
grids of this tube, the combined energy is rectified and
a steady, non-varying plate current results. If the two
frequencies differ even slightly, the plate current will
increase and decrease at a rate depending upon their
differences and will produce a signal frequency that is
‘equal to the difference between them. This is the beat
frequency.

f- The beat frequency signal is amphﬁed by the audio
amplifier tube. The amount of gaih in this circuit is
adjustable by means of the gain control potentiometer.

g No locking-in will occur between the heterodyne
oscillator and any source of radio frequency with which
it may be coupled at any beat frequency down to 5 cycles-
per-second in the low fundamental range or down to
50 cycles-per-second in the high fundamental range.

4. BEAT POINT IDENTIFICATION.

a. When correcting the heterodyne oscillator to cali-
bration, it will be found that there are numerous beat
points which are not listed as crystal check points in the
calibration book.

b. The crystal check points are made at harmonic
combinations at which the output is relatively high.

¢. The intensity of the unlisted beat points is generally
low relative to the listed crystal check points.

d. The various lowest harmonic combinations of the

. Section IV
. Paragraphs 3-5
two oscillators which produce beat points are listed in
table 4-1. The relative output intensity for a typical fre-
quency meter is listed in the right-hand column. Observe
that many of the points of highest output are also crystal
check points (as designated by asterisks for a typical
frequency meter).

e. The location and number of crystal check points
is not uniform for all models of frequency meters. For
further information, refer to the calibration book.

5. SPECIAL FEATURES OF SOME MODELS OF
FREQUENCY METER BC-211-(*).

a. The grid circuit tape on some tuning coils of the
heterodyne oscillator are made well away from the ends
of the coils to reduce the effect of vanauom, in inter-
electrode capacities of the tbe, upon the frequency.

b. Detuning and anti-resonant functions are accom-
plished in some cases by short circuiting all or part of
the heterodyne tuning coil which is not being used, or
by connecting a capacitor across a portion of it. For
example, when a high band is in use, the detuning ar-
rangements are made on the low coil.

¢. In some cases, the audio amplifier tube obtains its
grid bias by having the cathode connected to the “A4”
side of the filament. Connection of the one end of the
volume control potentiometer to the “A—" or ground
side then causes a grid bias voltage equal to the A bat-
tery voltage.

TABLE 4-1. FREQUENCY METER BEAT POINTS

Lowest Lowest : Lowest Lowes:
Beat Point Heterodyne Crystal Relative Output Beat Point Heterodyne - Crysial Relative Outpus
(in kilocycles) | Harmonic Harmonic (500 cps beat) (in kilocycles) | Harmonic Harmonic (500 cps beat)
For Typical For Typical

Low Band Meters Low Band Meters
125.00* 8 1 19.0 : '
128.21 39 5 4 185.18 27 5 3.0
129.03 31 4 1.2 187.50 16 3 10.0
130.43 - 23 3 3.2 19047 . 21 4 40
131.57 38 5 0.1 192.31 26 5 0.5
133.33% 15 2 15.0 200.00% 5 1 205

- 135.13 37 5 0.2 208.33 24 5 0.3
136.36 22 3 6.5 210.53 19 4 16.0
137.93 29 4 3.0 214.29* 14 3 9.0
138.88 36 5 0.2 217.39 23 5 20 .
142.86 7 1 21.0 222.22% -9 2 ‘ 26.0
147.05 34 5 0.1 230.77% 13 3 R 10.0
148.14 4 27 4 1.6 235.29 17 4 19.0
150.00 20 3 9.0 238.09 21 5 2.5
151.51 33 5 1.2 250.00% 4 1 17.0
153.85 13 2 19.0 2000* 11 2 40.0
156.25 32 5 29 - 2125 8 17 17.0
157.89 19 3 13.5 2143 7 15 20.0
160.00 25 4 45 2167 6 13 220
161.29 31 5 - 2.0 2200 5 11 25.0
166.67% 6 1 19.0 2250% 4 9 30.0
17241 29 5 2.5 2286 7 16 13.5
173.91 23 4 7.5 - 2333 3 7 30.0
176.47 - - 17 3 -16.0 2375 8 19 7.0
178.57 ) 28 5 45 2400 5 12 24.0
181.82 - 11 2 225 2429 7 17 125 :

4-3
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TAILE 4-1. FREQUENCY HETER BEAT POINTS (Continued)

. . Lowest Lowest Lowest Lowest ‘
Beat Point Heterodyne Crystal Relative Output " Beat Point Heterodyne Crystd Relative Output
(in kilocycles) | Harmonic Harmonic | (500 cps beas) (in kilocycles) | Harmonic -| Harmonic | (500 cps beat)
For Typical ‘ For Typical
Low Band Meters Low Band Meters
2500% 2 5 340 3286 7 - 23 5.0
2571 7 18 ‘14.0 3333.3% 3 10 28.0
2600 6 13 23.0 3375 8 27 ) 1.2
2625 8 21 5.5 3400 5 17 ' 17.0
2666.7* 3 8 - - 300 3429 7 24 - 4.0
2714 7 9 - 85 "3500% 2 7 300
2750* 4 11 26.0 3571 7 25 4.0
2800 5 14 . 21.0 3600 5 18 : 15.0
2833 6 17 120 3625 8 29 1.0
2857 7 20 5.0 3666.7 3 11 - 26.0
2875 8 23 0.3 3714 7 26 2.0
3000* 1 .3 35.0 3750% 4 15 ’ 20.5
3125 25 4.0 3800 5 19 13.0
3143 7 22 65 3833 6 23 5.0
3167 6 19 . 15.0 3857 7 27 > 14
3200 5 16 17.0 3875 8 31 ‘0.4
3250% 4 13 ) 25.0 4000* 1 4 , 32.0
*Crystal check points.
SECTION V
MAINTENANCE
IMPORTANT d. Measure the A voltage between the “A” and “A—

Repairs listed under paragraphs 4 to 10, in-
clusive, are authorized only at Signal Corps
repalt depots and ngnal Corps radio sections
at air depots.

1. LUBRICATION.

Occasionally put a single drop- of Pioneer Ball Bear-
ing Oil for Aircraft Instruments No. 2, or watch oil, on
the worm and worm gear of the main tuning capacitor.
Do not lubricate any other part of the meter and do
not use common lubricating oils or greases as they will
interfere with smooth operation at low temperature.

2. BATTERY CHECK.

During normal service, check the battery voltages
under normal load at weekly intervals. Also check
" them after periods of idleness of more than one week.

a. Place the meter in operation in the crystal check
position and allow about a minute for the tubes to
warm up.

b. Open the battery compartment to expose the bat-
tery terminal strip.

¢. Measure the B-voltage between the “B-|—” and the
“B—, A—" terminals. Use a 1000-ohms-per-volt volt-
meter with full scale range of at least 150 volts. If this
voltage is below 120 volts, replace Batteries BA-2.
(Refer to sec. II, pars. 2-3.)

4-4—5-0

B—" terminals. Use a 1000-ohms-per-volt voltmeter
with full scale range of at least six volts. If this voltage is
below 5.4 volts, replace Batteries BA-23. (Refer to

sec. I1, pars. 2-3.)

3. SIMPLE TESTS FOR CIRCUIT TROUBLES.

Note
When the meter fails to operate, make the
following tests. If the fault is not found, send
the ‘meter to a Signal Corps repair shop or '
. Signal Corps radio section at an air depot.

a. Open the battery compartment and inspect all
battery connections to see that they are tight.

b. Check battery voltages. (Refer to par. 2, above.)

¢. Check headset and cord for continuity of circuit
between the tip and the sleeve of the headset plug
with a continuity meter or ohmmeter. If no such meter
is available, open the battery compartment of the fre-

 quency meter and touch the tip of the headset plug

to one terminal of the A— battery while the sleeve
is in contact with the other terminal. A distinct click
should be heard at each make and each break of the
circuit. »

d. Remove the meter from the case. Push all tubes
firmly into their sockets. Tighten all connections to
tube top caps by pinching the clip together with the
fingers. Feel each tube with the bare hand after allow-
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ing the meter to operate for 5 minutes. Replace from
the spare parts compartment any tube which feels
colder than the others.

e Replaqe the tubes one at a time. Test the meter
after each replacement until the meter operates or until
all tubes have been replaced. Return original good
tubes to their sockets.

f- Replace the crystal with a spare one or with one
from another frequency meter. If a faulty crystal is
not found, be sure to return crystals to original loca-
tion. If the crystal is faulty and a new one is installed,
readjust the crystal oscillator circuit to produce exactly
1000 kilocycles. (Refer to par. 9, this section.)"

Note

Use all tubes of a given type supplied with the
equipment before using tubes from the general
stock.

4, DETERMINATION OF A FAULTY CIRCUIT.
a. Faulty operation may be due to the failure of
the following:
(1) The heterodyne oscillator circuit.
(2) The crystal oscillator circuit.
(3) The detector circuit.
(4) The audio amplifier citcuit.
b. To find the circuit in which the trouble is located,
make the following tests:

(1) To determine whether the crystal oscillator
circuit has failed, put the meter into operation accord-
ing to the method given in section III, paragraph 5.
Loosely couple the receiver (regenerative type or one
equipped with a beat oscillator) to the frequency meter

antenna and tune the receiver to 1000 kilocycles. A

beat note heard in the receiver headset will indicate
that the crystal oscillator is operating.

(2) To determine whether the heterodyne oscil-
lator circuit has failed, put the meter into operation
as for tuning a CW receiver to a desired frequency.
(Refer to sec. III, par. 5.) Use a separate receiver (re-
generative type or one equipped with a beat oscilla-
tor) loosely coupled to the frequency meter antenna
and tune both to the same frequency. Listen for a beat
note with the receiver headset, which will indicate that
the heterodyne oscillator is operating.

(3) An alternative method of isolating a faulty
circuit is as follows:

(2) Remove the meter chassis from the cabinet
and connect it to batteries by means of laboratory test
leads.

(b) Place the frequency meter in operation in a
crystal check position and allow the tubes to become
warm, Advance the “GAIN” control- to maximum
clockwise position.

(¢) Hold one end of a wire ot screw driver in
contact with the chassis. Touch the other end a few

Section V
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times in rapid succession to the connection between
the crystal and the crystal oscillator grid terminal of
the detector tube. If a loud click is heard each time
the wire makes or breaks contact, the crystal oscillator

is operating.

(d) Touch the finger a few times in rapid suc-’
cession to the lead connected to the stator of the “COR-
RECTOR” capacitor. If a loud click is heard each
time the finger makes or breaks contact with the lead,
the heterodyne oscillator is operating.

(¢) Remove the detector tube from the socket
a few times. If a loud click is heard in the headset
each time, the audio amplifier and the detector tube
plate circuit are operating.

IMPORTANT

The tests described in paragraph (3) above
are indications that the circuits are operating.
Absence of clicks, however, does not indicate
that they are not operating.

5. LOCATING THE TROUBLE WITHIN A FAULTY
CIRCUIT. :

When one of the tests indicates the fault is within

the crystal oscillator, heterodyne oscillator, detector, or

audio amplifier circuits, and if all simple tests have
been made with no success, measure the various socket
voltages. Use a 1000-ohm voltmeter with a scale of .
at least 150 volts for “B-}-” voltage measurements and
a scale of at least 6 volts for “A” measurement; com-
pare the measurement result with the values given in
paragraph 6, this section for the model concerned. The
voltages may vary as much as 15 per. at from the listed
values and still be satisfactory. When any test shows
zero where a voltage should be present, trace the cir-
cuit with the aid of the appropriate wiring and schematic
diagrams (sec. VIII) until a point is reached where the
voltage present agrees reasonably well with the volt-
age specified. Find the defective element and replace it
with a spare. If there is a bypass capacitor connected
from the chassis to the point of zero voltage, first check
across the capacitor with a continuity meter or ohm-
meter. Turn the power off or disconnect batteries while.
making this check. If the ohmmeter reading is nearly zero,
it is likely that the capacitor is shorted.

6. TUBE AND CIRCUIT VOLTAGES.

a. FREQUENCY METER BC-221-A.—The following
tabulation shows vacuum-tube terminal voltages with
tespect to ground (chassis) when the controls are set
in the listed positions:

Switch Position
“GAIN™ _ Maximum
“FREQ BAND” “LOW™”
“CRYSTAL” ' uONu
“POWER"_ : " uONu'
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Section V RESTRICTED
Paragraph 6 AN 08-40SCR211-2
Sock Voltage to Grownd b. FREQUENCY METERS BC-221-B  AND BC-
t , .

T,:;,:d VT-77 6A7 VT-76 221-Q.—With all tubes in place and filaments heated,
Filament 1 6.0 6.0 0.0 the following socket voltages will be noted in a set
Filament 2 , 0.0 0.0 6.0 . . .
Cathode 17.5 0.0 6.0 operating normally. These voltages are measured with
Inner grid none —4.0 none i t volt . ,
Anode axid none 1320 B respf':ct to gtound using the lowest voltmeter-scale range
Control grid - 0.0 —0.2 0.0 consistent with the voltage to be measured. The “OFF-
Screen 100.0 65.0 none " %4 g » : :
Suppressor 175 none none CRYSTAL-OPERATE-CHECK” switch shou@ be set in
Plate 90.0 130.0 105.0 the “CHECK” position.

Tube v Terminals of Sockets

Type Function | | 2{ 3 4 5 6 7 8 Cap

658J7 Heterodyne | 0 0 0 none none 120.0 6.0 45.0 (with “FREQ. BAND”

Oscillator : o switch at “HIGH”)
115.0 (with “FREQ. BAND”
‘ switch at “LOW™)
6K8  Mixer 0 0 [133.0 110.0 0 135.0 6.0 04 0
68)J7  Audio
Amplifier | 0 0 | 80.0 0 14| 800 6.0 80.0
¢. FREQUENCY METERS BC-221-C AND BC- d. FREQUENCY METER BC-221-E.—The following

221-D.—The following tabulation, showing vacuum-tube
terminal voltages with respect to ground (chassis), is
typical for G-volt filament and 135-volt plate supply
with “GAIN" control set at maximum:

Socket Voltages to Ground

Terminal VI-77 647 VI-76
Filament 1 6.0 6.0 0
Filament 2 0 ‘ 0 6.0
Cathode 20.0 ] 6.0
Inner Grid none —10.0 none
Anode Grid none 132.0 none
Control Grid 0 —0.2 0
Screen 100.0 58.0 none
Suppressor 23.0 none none
Plate 134.0 125.0 103.0

Note

The above values were obtained with a 1000
ohms-per-volt voltmeter with a head set plugged

. into the “PHONES” jack and the switches °
set to the following positions:

Switch Position
“FREQ. BAND"” “LOW”
“CRYSTAL” “ON”
“POWER” “ON”

tabulation, which shows vacuum-tube terminal voltages
with respect to ground (chassis), is with 6-volt filament
supply and 135-volt plate supply, with “GAIN” con-
trol set at zero, operation switch in “CHECK” posi-
tion, phone plugged in, and the “FREQ. BAND”
switch on the high-frequency band. (Set the main tun-
ing control for a frequency of approximately 2000
kilocycles.)

Tube Pin Numbers

Socket 1 2 3 4 5 6 7 8
VT-192 [ +120.0]--120.0{4-120.0|+120.0f 0 |+5.95[+5.95
VT-193 +5.95| +29.0{ +120.0 0 olo|lo-] o
VT-208 +5.95 |4+127.0 |4+135.0 0 106.0{—1.5| © 0

The following tabulation, also showing vacuum-tube
terminal voltages with respect to grouhd (chassis), is
under all the above conditions of operation except that
the “FREQ. BAND” switch is on the low frequency
band. (Set the main tuning control for a frequency
of approximately 125 kilocycles.)

Tube Pin Numbers
Socket 1 2 3 4 5 6 7 8

VT-192 0 120.0 | 120.0 { 120.0 | 120.0 0 595 5.95
VT-193 | 595| 68.0 | 120.0 0 0 0 10 0
VT-194 | 5.95 | 127.0 | 130.0 0 106.0

—401}0 0
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‘e. FREQUENCY METERS BC-221-F, BC-221-], BC-
221-K, and BC-221-L.—The following tabulation, which
shows vacuum-tube terminal voltages with respect to
ground (chassis), is typical with 6-volt filament and 135-
volt plate supply with “GAIN” control set at maximum:

Socket Voltage to Ground

Terminal 6SJ7Y 6A47 VT-76
Filament 1 -7 6.0 6.0 0
Filament 2 0 0 6.0
Cathode 0 0 6.0
Inner Grid none —6.0 none
Anode Grid none 130.0 none
Control Grid 0 —0.2 0
Screen 120.0 60.0 i none
Suppressor 0 none none
Plate 80.0 125.0 110

Note

The above values were obtained with a 1000
ohms-per-volt voltmeter with a headset plugged
into “PHONES” jack and the switches set to the
following positions:

Switch Position
“FREQ. BAND” *“LOW™
“CRYSTAL” “ON”
!lmWER" Q!ON"

f- FREQUENCY METER BC-221-M.—The following -
diagram (fig. 5-1), which shows vacuum-tube terminal
voltages with respect to ground (chassis), is typical with
6-volt filament and 135-volt plate supply with “GAIN”
‘control set at maximum:

Figure 5-1. Frequency BC-221-M-—Socket
Pin Voltages

Note
The above values were obtained with a 1000-
ohm-per-volt voltmeter with a headset plugged
into the “PHONES” jack and the switches set
to the following positions:

Switch Position
“FREQ. BAND” “LOW”
“CRYSTAL” *XTAL CHECK”
) "POWER” uONn

Section V
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g- FREQUENCY METERS BC-221-O
AND BC-221-R.—See figure 5-2.

bh. FREQUENCY METERS BC-221-P
AND BC-221-T.—See figure 5-3."

i. FREQUENCY METER BC-221-AA.—The follow-
ing tabulation, which shows vacuum-tube terminal volt-
ages with respect to ground (chassis), is typical with
6-volt filament and 135-volt plate supply with “GAIN"
control set at maximum.

Oscillator Detector Audio
Socket Pin (VT-166) (VT-167) (VT-116)
1 0 0 0
2 0 o - 0
3 0 125.0 65.0
4 —0.2 70.0 0
5 0 —0.05 14
6 105.0 —0.05 65.0 -
7 5.8 58 5.8
8 14.0 - 1.1 65.0
Grid Cap —0.05 )
Note

The above values were obtained with a 1000
ohms-per-volt voltmeter. Variations as much
as 10 percent may, be expected. Control set-
tings are as follows:

‘Switcb Position
! "OFF'CRYSTAL-OPERATE-CHECK" .......................... “CHECK”
“FREQ. BAND” “LOW”
“CORRECTOR” Center
‘CmWER,) I(ON”

j. FREQUENCY METER BC-221-AC.—See figure 5-4.

k. FREQUENCY METER BC-221-AE.—The follow-
ing tabulation, which shows vacuum-tube terminal volt-
ages with respect to ground (chassis), is typical with
6-volt filament and 135-volt plate supply with “GAIN”
control set at maximum.

Socket Oscillator Detector . Audio
Pin (JAN-65]7) | (JAN-6K8) | (JAN-6SJ7)
1 0 0 0
2 (1] 0 0
3 0 . 135.0 135.0
4 C—02 105.0 0
5 0 -—0.05 1.4
6 105.0 —0.05 135.0
7 5.8 5.8 5.8
8 85.0 1.1 135.0
Grid Cap —0.25
Note

The above values were obtained with a 1000
ohms-per-volt voltmeter. Variations as much as
10 percent may be expected. Control settings
are as follows: .
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. 5600 ONMS
p A
@ °

— 6

1| MEGOHM 6
* VT1-167 PLATE
1385 v * VT-167 SCREEN

*Yaries with resistance of voltmeter. Voltage measurements
made with oscillator tube removed from socket. Resistances shown
are measured to chassis with power switch “OFF,” operation switch

in IfxTAL" CHECK position.

Resistances shown are measured to chassis with power switch

off. Operation switch in “XTAL CHECK” position. Oscillator tube

VT116-B operahng
*Yoltage varies over wide limits from one bun;l to the other and

from one end to the other.

Note 1. This point cted to tip contact of jack. i phones
are plugged in its resistance to chassis is the d-c resistance of the
phones.

Note 2. Resistance to chassis: 0-250 ohms when “GAIN" control
set at minimum (counterclockwise); %2 megohm when “GAIN" co

120 V. NOTE 2.

trol set at maximum (clockwise).

Note 3. When “POWER" switch is in ““OFF" posmon, all volioges
in Frequency Meter except these two are zero,

Note 4. Measurements ot any terminal of this jack should be
the same as at corresponding terminal of other jack.

Figure 5-2. Frequency Melers BC-22I -0 and BC-221-R—Voltage Check Points _

Switch Position
“OFF-CRYSTAL-OPERATE-CHECK” ... “CHECK”
“FREQ. BAND” “LOW”
“CORRECTOR” Center
“POWER” “ON"

1. FREQUENCY METER BC-221-AF.—See ﬁgute 5-5.

7. RESISTANCE VALUES FOR CHECKING FRE-
QUENCY METERS BC-221-B, BC-221-D,-
BC-221-Q. BC-221-AA, AND BC-221-AE.

a. FREQUENCY METER BC-221-B.

5-4 :  RESTRICTED



Section V

RESTRICTED
AN 08-40SCR211-2 Paragraph 7
4
K
p i { @ ANT.
\ W VT-167GRID
} : ] VT-1168 PLATE
134 V. .ygv'_..a inse )
L 10 cHasSIS
| __pinti-i3sv.
PIN'2-130V.

Figure 5-3. Frequency MeM BC-221-P and BC-221 -'T—Tube Operating Voltages

(1) To make resistance measurements with Test 31-2, and 31-3 during these tests. .

Set I-56-A, remove the frequency meter set from its  (2) With the fre . ’
S « 2. frequency meter disconnected fr.
. cabinet ,f“?d; turn “the 5 .,OEF'CBY,_STAL'OPERATE’ its power source and the headset removed, the indg
CHECK” switch to “CHECK _posttion. tion on the test set across capacitors 6-2, 7, 8-2, 9a, 9b,
.. CAUTION 10-1, 12, and 13 should be infinity. '

. (3) The resi.étance indicated across capacitors 1 and

RESTRICTED ' 5-5
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157,500 OHMS LOW BAND
150,100 OHMS HIGH BAND 6
\ ¢ 6 ¢
\ ] 7
\ 4
RS A0V 1.5
: - 1l
> 135y
130V
4,000 OHMS "
ON LOW i
0.1 OHMS ON 138 v
_mou BAND

uoo OHNS
p
1| MEGOHM
vr-msmrs
35V 'vmsa SCREEN
L]

*Variés with resistdnce of voltmeter. Voltage measurements
made with oscillator tube removed from socket. Resistances shown
are ed to chassis with power ‘switch “OFF,” operation switch
in "XTAL CHECK" position.

i~~~

Resistances shown are measured to chassis with power switch
off. Operation switch in “XTAL CHECK” position. Oscillator tube
VT116-B operating.

*Voltage varies over wide limits from one band to the other and
from one end to the other.

=

LSV. | 70V

Note 1. This point cted to tip contact of jack. If phones
are plugged in its resistance to chassis is the d-c resistance of the
phones.

Note 2. Resistance to chassis: 0-250 oh‘ms when “GAIN” control
set at minimum (counterclockwise); % megohm when “GAIN" con-

120V. NOTEZ2.

trol set at maximum (clockwise).

Note 3. When “POWER" switch.is in “OFF” position, all voliages
in Freq Yy Meter pt these two are zero.

Note 4. Measurements at any terminal of this jack should be
the same as at corresponding terminal of other jack.

Figure 5-4. Frequency Meter BC-221-AC—Voltage Check Points

2 is that of the oscillator inductor connected by the
“FREQ. BAND” selector switch. The resistance of the
low band inductor is approximately 28 ohms, and that
of the high band is about 1 ohm. The resistance from
the cathode tap to ground is about one-tenth of the total
resistance of the inductor in each case. Measurement

from the grid tap on each inductor to ground will show
resistor 18 or 21-1 in series.

(4) The resistance across the other capacitors is as
follows: 3-1 and 4a about 1 ohm, 3-2 and 4b about 28
ohms, 5 about 0.15 megohm, 6-1 about 4500 ohms, 8-1
about 2 ohms, 11 about one megohm.
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Section .V

S ANT,
33v VT-167 GRID -
ov. VT=1168 PLATE
134V 138 v:
. > 120V,
TO CHASS!:

TO PHONES /]
onn 7]

PIN'2-130V.

pIN*-138V.

Figure 5-5.VFreq'uency Meter BC-221-AF—Voltage Check Poinis
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b. FREQUENCY METER BC-221-D.—The resistance
values should agree to within 10 percent of the values
given below. All measurements are made from the indi-
cated terminal to ground. During the measurements

Section V
Paragraph 7

switch “ON,” plug the headset into the jack, and plug
all tubes into their sockets. Disconnect all power supply
connections during these tests.

(1) Resistance values measured at the tube sockets

turn the “POWER” switch "OFF," the “CRYSTAL” are listed in the fouowing table.
TUBES .
Tabe Sockets Tube VI-77 Type 6A7 Tube VI-76
Pin #1 0 ohm 0 ohm 10 ohm
Pin #2 125,000 ohms 80,000 ohms 90,000 ohms
Pin #3 65,000 78,000 ohms 0 to 500,000 ohms (pot.)
Pin #4 15,000 ohms 75,000 ohms 0 ohm
“FREQ. BAND” Switch
“LOW" llHlGH')
Pin #5 10,000 ohms 5000 ohms 50,000 ohms Crysta. Switch. “ON” 0 ohm
0 ohm Crystal |Switch “OFF”
Pin #6 0 ohm 0 ohm
Pin #7 ‘ . ] 0 ohm
 |“FREQ. BAND"” Switch
“LOW” “HIGH” .
Cap 50 ohms 50 ohms 1 megohm

(2) External antenna post to ground 5000 ohms.

(3) Set the “POWER” switch to “ON” and meas-
ure the resistance from the terminals of terminal board
34 to ground.

“B- 75,000 ohms
*A—B--" 0 ohm
A e Infinity ohm (with headset re-

moved from jack)
0 ohm (with headset in jack)

(4) With a set of headphones plugged into the
phone jack, check the ‘resistance across the terminals of
phone jack 15a. (See schematic diagram, fig. 8-4.) The
resistance indicated should be equal to the resistance
of the headset (usually marked on the case of each tele-
phone receiver). The resistance should be infinity with
the phones rémoved from the jack.

(5) The procedure above will furnish a fairly
complete continuity check of the unit. Generally, a low
reading will indicate a short circuit (check associated
capacitor) and a high reading will indicate either a
burned out resistor, a loose connection, or an open
circuit. If the tubes are removed from the circuit, or if
the tube filaments are burned out, the following tube
socket terminals will have a resistance reading of infinity
to ground: Tube VT-76 #4 and #5, Tube VT-T! #1,
and commercial type tube 6A7 #1.

¢. FREQUENCY METER BC-221-Q.

(1) To make resistance measurements with Test
Set 1-56-A remove the frequency meter set from its cabi-
net and turn the operation switch to “CHECK” peosition.

CAUTION

Do not supply voltage to terminal jacks 30-1,
30-2, and 30-3 during these tests.

(2) With the frequency meter disconnected from
its power sources and headset removed, the indication
on the test set across capacitors 5-1, 5-2, 7, 8-1, 9-1, 11,
and 8-3 should be infinity.

(3) The resistance across capacitors 1 and 2 is that
of the oscillator inductor which is connected by the
“FREQ. BAND?” selector switch. The resistance of the
low band inductor is approximately 28 ohms, and that
of the high band inductor about 1 ohm. The resistance
from the cathode tap, measured to ground, is about one-
tenth of the total resistance of the inductor in each case.
Measurement from the grid tap on each inductor to
ground will show resistor 12 or 191 in series.

(4) Table 5-3 lists the resistance to ground from
each socket terminal.

(5) Table 5-4 lists the resistance across other com-
ponents of the circuit.

d. FREQUENCY METER BC-221-AA.—Resistance
measurements made from tube pins to ground (chassis)
in ohms, with batteries and tubes removed are as
follows:

s

. Oscillator  Audio Detector
Socket Pin (VT-116) (VT-116) (VT-167)
1 0 [+] . 0
2 0 ] 0
3 (1] open open
4 330,000 500,000 open
s 0.1 350 1 meg.

RESTRICTED . - 5-9
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Oscillator Asdio Detector

Socket Piw | (VI-1I6) | (vI-116) | (VI-167)
6 ~ open open open

7 14 14. 14
8 open open 150

Grid cap of Tube VT-167 is 1 megohm above gtbund.

Control settings are as follows:

Switch Position
“GAIN” “MAXIMUM”
“OFF-CRYST. AI.-OPERATE-CHECK" .......... “CHECK”

“FREQ. BAND” “HIGH”

e. FREQUENCY METER BC-221-AE. — Resistance
measurements made from tube pins to ground (chassis)
in ohms, with batteries and tubes removed are as

follows:
] Oscillator Axdio Detector
 Socket Pin (JAN-6SJ7) | (JAN-6S5]7) (JAN-6K8)
1 0 0 0
2 0 0 (1]
3 0 open open
4 330,000 500,000 open
5 0.1 560 470,000
6 open open open
7 14 14 14
8 open . -open 150

Grid cap of the JAN-6KS8 tube is 1 megohm above

ground.

Control settings are as follows:

Section V
Paragraph 7-8
ing which corresponds to this frequency. Set the “DIAL
UNITS” and “DIAL HUNDREDS” to agree with this
reading.

e. Set the “CORRECTOR” dial at midscale. Set meter
for crystal check. (Refer to sec. III, par. 1.)

f- Recheck obtained according to instructions
in paragraphs c., d., and e. (Refer to sec. 111, par. 1.)

g- Rotate the trimmer capacitor (“LOW™) toward
the right with a small screw driver until a zero beat
is obtained. The “LOW” and “HIGH” trimmer capaci-
tors are adjusted through holes in the right-hand wall
of the frequency meter chassis. (On Frequency Meters
BC-211-B, -E, -N, -AA, and -AE the trimmer capacitors
are adjusted from the bottom side of the chassis.) (See_
figs. 5-6 and 5-7.) .

f\ N
%:l: O Os
' |
D >
(<]
HIGH LOwW b
[
. ;

ad- L B

L [

Switch Position
“GAIN” “MAXIMUM”
"OPF—CRYSTAL—OPERATE-CHECK ... “CHECK”

“FREQ. BAND” “HIGH”

8. READJUSTMENT OF TRIMMER CAPACITORS.

When the heterodyne oscillator cannot be corrected

to agree with the calibration, reset the heterodyne trim-

mer capacitors according to the method described in this

- paragraph. Do not touch these trimmer capacitors under
any other conditions. In general, this capacitor adjust-

ment will be required only when the meter is to be used

in a locality where either extremely high or low hu- -

midity prevails.

a. Remove the frequency meter from the cabinet and
place .. a firm foundation to the right and in front of
the cabinet.

b. Interconnect the power input plugs and jacks with

laboratory test leads. Operate the meter for at least

10 minutes before proceeding.
¢. Set the “FREQ. BAND” switch to “LOW.”

d. Open the calibration book to the page listing the
frequency value of 250 kilocycles. Observe the dial read-

'RESTRICIED

Figure 5-6. Frequency Meters BC-221 -A, -C, -D, -F, -d,
-K,-L,-M, -0, -P, -Q, -R, -T, -AC and -AF—Right
Side View of Chassis

b. Check the ability of the “CORRECTOR" capacitor
to reset to zero beat at all crystal check points listed for
the low frequency band. 4

i. If the “CORRECTOR” reaches 10 and there are
some crystal check points that cannot be corrected, re-
peat steps g. and b, with the “CORRECTOR” set 1
division to the left of center. If zero beat still cannot be
reached at all crystal check points, set the “CORREC-
TOR” 2 divisions to the left of center and repeat, etc.
until all of the crystal check points can be brought to
zero beat.

j- If, instead of going off scale at 10, the “COR-
RECTOR?” reaches 1 without being able to produce zero
beat at all crystal check points, repeat steps g. and b.
with the “*CORRECTOR” set 1, 2, or 3 divisions to the
right of midscale as required.

k. Repeat the above described process with the

“FREQ. BAND” switch set to “HIGH” and the “DIAL
UNITS” and “DIAL HUNDREDS" scales set to agree

5-11
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Figure 5-7. Frequency Mefers BC-221-B, -E, -N, -AA
and -AE—Bottom View of Chassis

~ with the reading given for 4000 kilocycles in the cali-
bration book. Adjust the “HIGH” trimmer capacitor
until it is possible to adjust the “CORRECTOR" to zero
beat at each of the crystal check points in the high band.

Note

Many beat notes will be heard for a very slight
rotation of the trimmers because of the abun-
dance of harmonics. Select the loudest one in
the vicinity of the above mentioned position.

' 9. ADJUSTING THE FREQUENCY OF THE
~ CRYSTAL OSCILLATOR.
Note

Make this adjustment only when the crystal
is replaced or when the accuracy of the crystal

RESTRICTED
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oscillator is suspected. Make this adjustment
only in models which contain a variable capaci-
tor connected across the crystal. -

4. Set up a radio receiver capable of receiving the
standard frequency signals (5000 or 15,000 kilocycles)
of station WWYV, the Bureau of Standards Station. If
these signals cannot be received, use another frequency
meter whose adjustments are believed to be correct.

b. Prepare the frequency meter for operation of the
crystal oscillator only. (Refer to sec. III, par. 9.) Allow
it to operate for about 20 minutes.

¢. Couple the frequency meter that is to be adjusted
to the antenna lead of the radio receiver.

d. Tune the radio receiver to hear the beat note re-
sulting from the crystal oscilator signal beating with
the standard signal.

e. Loosen the locknut around the shaft of the crystal
capacitor. (On some models the crystal variable shunt
capacitor can be reached after removing the nameplate
on the Tront panel. On other models it is found in the
approximate center of the bottom of the chassis and
can be reached after the chassis has been removed from
the cabinet.)

f- Rotate the capacitor until exact zero beat is ob-
tained in the reveiver headset. (When possible, make
this adjustment with the chassis in the cabinet.)

g Tighten the locknut. Replace the nameplate if it has

been removed. )

10. REPAIR OF PANEL AND CHASSIS ASSEMBLY.

The repair of panel and chassis assembly of field units
is prohibited. If such repairs are believed necessary,
send the equipment to an authorized depot where suf-
ficient test equipment is available for this work.

SECTION VI
SUPPLEMENTARY DATA

1. READING THE MAIN TUNING DIAL.
a. The adjustment of the main tuning capacitor is

indicated directly by reading the “DIAL HUNDREDS”

control.

b. One revolution of the “*DIAL UNITS” control
advances the *DIAL HUNDREDS” control one division.
This subdivides each division on the “DIAL HUN-
DREDS” control into 100 patts.

c. A vernier (see fig. 6-1) is provided to subdivide
each division accurately on the “DIAL UNITS” control.
To read the vernier, observe which graduation on the
vernier scale aligns with a graduation on the “DIAL
UNITS” control. Start with the arrow as zero, count
over to this graduation. The resulting number expresses
in tenths, the fraction of a “DIAL UNITS” division.

5-12—6-0

SEVENTH GRADUATION ON THE VERNIER
DIAL UNITS

DIAL HUNDREDS

IIIIITIIIIT

- SEVENTH GWTIONA
COUNT! OCKWISE BEYOND
61 ON DIAL.

Figure 6-1. Main Tuning Dial Scale
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d. For example, observe the dial setting in figure 6-1.
The setting is as follows:

“DIAL HUNDREDS” 0900
“DIAL UNITS” . .. 6l
Vernier 0.7
Correct reading 0961.7

e. Before using the frequency meter for actual meas-
urements, practice on the dial until settings can be
established or read off quickly and accurately.

2. ZERO BEAT. )

a. When two signals of slightly different frequencies
are combined (such as in the detector circuit of the
frequency meter) a signal results whose frequency is
equal to the difference between the original two. This
is called the beat frequency.

b. When the beat frequency is a few thousand cycles

Section VI
Paragraphs 1-3

or less, it is in the audible range and can be heard in
a headset.

¢. As the frequencies of the two signals come closer
together, the beat frequency becomes lower. Thus, the
whistle or tone heard in the headset decreases in pitch.

" d. When the frequencies of the two signals become
nearly equal, a continuous series of muffled beating
sounds is heard in the headset,

e. When these sounds disappear and there is complete
silence in the headset, the frequencies of the two signals
are exactly equal, This is the point of zero beat.

f- As the tuning dial is rotated slowly to either side
of the zero beat point, muffled beating sounds are heard
and then the tone rises in pitch. '

3. CURRENT REQUIREMENTS.

The current requirements at the specified voltage
limits are given in table 6-1.

TABLE 6-1. FREQUENCY METER BC-221-(*)—CURRENT REQUIREMENTS

Frequency Filament Filament Plate Plate
Meter Voltages . Current Voltage Current
Sets (volis) (amperes) (volts) (amperes)
SCR-211-A 5.4 to 6.0_ 0.86 to 0.91 121.5 to 135.0 0.0091 to 0.0106*
SCR-211-B 5.4 to 6.0 0.86 to 0.91 121.5 to 135 0.0145 to 0.0170%
SCR-211-C 5.4‘ to 6.0 0.86 to 0.92 121.5 to 135 0.0131 to 0.0173*
SCR-211-D 54 to 6.0 0.79 to 0.86 121.5 to 135 0.013 to 0.017
SCR-211-E 6 0.71 135 0.0109 “CHECK"”
0.0141 “OPERATE”
0.0078 “CRYSTAL”
SCR-211-F 5.4 to 6.0 0.86 to 0.92 121.5 to 135.0 0.0126 to- 0.0146%
SCR-211-] 5.4 to 6.0 0.86 to 0.92 - 121.5 to 135.0 0.0126 to 0.0146*
SCR-211-K 5.4 to 6.0 0.86 to 0.92 121.5 to 135.0 0.0126 to 0.0146%
SCR-211:L 5.4 to 6.0 0.86 to 0.92 121.5 to 135.0 0.0126 to 0.0146*
SCR-211-M 5.4 to 6.0 0.8 to 0.9 121.5 to 135.0 0.012 to 0.014%
SCR-211-N 6 0.85 135 0.014 “CHECK”
0.018 “OPERATEY
0.012 “CRYSTAL"”
SCR-211-O 5.4 to 6.0 \0.86 to 0.91 121.5 to 135 0.015 to 0.017%
SCR-211-P 54 t0 6.0 0.86 to 0.92 121.5 to 135.0 0.015 to 0.017%
SCR-211-R 5.4 to 6.0 0.86 to 0.91 121.5 to 135 0.015 to 0.017%
SCR-211-T 5.4 to 6.0 0.86 to 0.91 121.5 to 135 0.015 to 0.017%
SCR-211-Q 5.4 to 6.0 0.86 to 0.91. 121.5 to 135 0.0145 to 0.017
SCR-211-AA 6 0.85 135 0.014 “CHECK”
0.018 “OPERATE”
00.012 “CRYSTAL
*CRYSTAL" switch in “"OFF’’ position for plate currents.

tThe cabinet and circuit of this meter are so arranged that a ‘suitable power line voltage source can be substituted for the batteries without
chanm% the wiring or affecting the calibrations. A power supply unit has been designed for this service, operating from 115-volt, 60-cycle
lines. is unit ‘'occupies the battery compartment tray md connects to the power line through the small hole in the side of the cabinet.

1" XTAL CHECK" position for maximum current.
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SECTION VII
TABLE OF REPLACEABLE PAK'!'S

ORDERING SPARE PARTS

Each Setvice using this list has established certain depots and service groups for the
storage and issue of spare parts to its organizations requiring them. The regulations
of each Service should be studied to determine the method and source for requisi-
tioning spare parts. The information in this list, as to manufacturer’s or contractor’s

name, type, model, or drawing number, is not to be interpreted as authorization to
field agencies to attempt to purchase identical or comparable spare parts direct from -
the manufacturer or a wholesale or retail store except under.emergency conditions as

covered by existing regulations of the Service concerned. -

U. S. ARMY PERSONNEL: This table is for information ONLY and is not to be
used as a basis for requisitioning parts. Authorities for obtaining maintenance items
are as follows: for using organizations, applicable service publications of the 00-30
series of ‘Army Air Forces Technical Orders; for higher maintenance and supply
echelons, the applicable Standard Maintenance List.

RMA COLOR CODES

CAPACITORS (MMFD) RESISTORS (OHMS)
FIRST - SECOND A B C
B ICANT SIGNIFICANT agr Color ‘1st Digit 2nd Digit  Multiplier
Silver 0.01
P Gold 0.1
3500Vv.D.C. \\@ 20 PERCENT Black . o ‘ 'o
WORKING TOLERANCE Brown 1 1 10
Red 2 2 100
CAPACITORS (MMFD) Orange 3 3 1,000
Color Numeral Volts  Multiplier  Tolerance Yellow 4 4 10,000
Black 0 . 1 i Green 5 5 100,000
Brown 1 100 10 1% Blue 6 b 1,000,000
Red 2 200 100 2% . Purple 7 7 10,000,000
Orange 3 300 1,000 3% Gray 8 8 100,000,000
Yellow 4 400 10,000 4% White 9 9
Green 5 500 100,000 5% D - TOLERANCE CODE:
Blue 6 600 1,000,000 6% GOLD = 5% SILVER = 10% NO COLOR = 20%
Violet 7 700 10,000,000 7% DA C A B
Gray 8 800 100,000,000 8% 7
‘g':;e 9 900 1,000,000,(:100 9: BAND OR DOT~ %
L 1000 .1 5
Silver 2000 001  10% OLD COLOR ARRANGEMENT
No Color 500 20%
FIRST SECOND THIRD. —
SIGNIFICANT SIGNIFICANT SIGNIFICANT Y COLOR
FIGURE \ rlstlms /nsuns NEW COLOR ARRANGEMENT ‘
_ é , Body Color (New Color Arrangement Only) Indi-
_———> > cates Type of Resistor, as Follows:-’
. /'@ @ 0. Black: Composition, Non-Insulated
D. C. WORKING -~ 1 \mofc'm" Tan, Olive, or White: Composition, Insulated
voLTAGE TOLERANCE TIPLIER Dark Brown: Wire-Wound, Insulated

7-0
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TABLE OF REPLACEMENT PARTS—Continved

MODEL: FREQUENCY METER SET SCR-211-Q MAJOR UNIT: FREQUENCY METER SET BC-221 -Q
Army Stock No. . .
Referemce Navy Stock No. Name of Part and Description Function Mfr. and Desig. Cont. or Gout.
Symbol  British Ref. No. . AWS Type Dwg. or Spec. No.
1 CAPACITOR: variable; 200 micromicrofarads Tuning Cardwell Cardwell A-4.080
2 CAPACITOR: variable; 1 micromicrofarad Connector Radio Condenser | Cardwell 5.038
3.1 CAPACITOR: variable; 29 micromicrofarads Trimmer | Cardwell Cardwell A-5.082
3.2 CAPACITOR: same as 3.1 Cardwell A-5.095
4 3D9100-25 CAPACITOR: molded mica; 100 micromicrofarads 209, Coupling Cornell-Dubilier | Cardwell 5.505
—10%3; 500 volts d.c. ! : )

5-1 3DA2-50 CAPACITOR: molded mica; 2000 micromicrofarads =+109% ;| Bypass Cornell-Dubilier | Cardwell 6.012
500 volts d.c.; low loss

5-2 CAPACITOR: same as 5-1 , .

6 3D9050-20 0>M>Qw.owu molded mica; 50 micromicrofarads +109,; Coupling Cornell-Dubilier | Cardwell 7.010
500 volts d.c. - .

7 3DA1-29 9v>QHO~M : molded low loss; 1000 micromicrofarads +10%; Bypass Cornell-Dubilier | Cardwell 9.010
: 500 volts d.c.
81 '3D284 CAPACITOR: molded bakelite; 50,000 micromicrofarads Coupling Micamold .| Cardwell 9.016
- —10%; +30%; 400 volts d.c.

8-2 CAPACITOR: same as 8-1

8-3 - CAPACITOR: same as 8-1 . )

9-1 3D9012-8 n>~u>0~.mﬂ.0w" molded mica; 12 micromicrofarads 2% ; 500 | Coupling Cornell-Dubilier | Cardwell 8.009

" volts d.c.

9-2 ' 3D9006-5 CAPACITOR: 6 micromicrofarads 310%; 500 volts d.c. Crystal shunt Erie Cardwell 8.009 spec
10 CAPACITOR: variable; 12 micromicrofarads Crystal shunt Radio Condenser | Cardwell 8.021
11 3DB2.6200-1 CAPACITOR: oil-filled paper; 2 microfarads +149%, —69, . Coupling Cornell-Dubilier | Cardwell 10.012
12 3Z6450-6 RESISTOR: 4500 ohms +20%; 1 watt Suppressor resistor >—~oﬂ.wu»m_o< Cardwell 5.024
13-1 3Z6715-10 RESISTOR: 150,000 ohms =20%; 1 watt Grid leak Allen-Bradley Cardwell 7.008
13-2. RESISTOR: same as 13-1
14 3Z6801-22 RESISTOR: 1 megohm +20%; 1 watt Grid leak Allen-Bradley Cardwell 8.011
15-1 3Z6587ES-1 RESISTOR: 8750 ohms +10%; 1 watt Screen resistor Allen-Bradley Cardwell 9.013
15-2 RESISTOR: same as 15-1 _

16 32/6650-33 RESISTOR: 50,000 ohms +20%; 1 watt Plate resistor Allen-Bradley Cardwell 9.012

17 3Z6007ES-4 RESISTOR: 75 ohms +5%; 1 watt Grid bias Allen-Bradley Cardwell 9.014
18 3Z6612A5-12 RESISTOR: 12,500 ohms +=20%; 1 watt .Plate resistor Allen-Bradley Cardwell 9.017
19-1 3Z6035-13 RESISTOR: 350 ohms =+10%; 1 watt- Resistor ' Allen-Bradley Cardwell 9.015
19-2 RESISTOR: same as 19-1 Cathode resistor
22 INDUCTOR: 0.735 millihenries; 9 ohms Plate choke Cardwell Cardwell 8.004
23 3C306-1 INDUCTOR: 300 henries Plate choke Cardwell Cardwell A-6.023
24 287285-1 POTENTIOMETER: 1.0 megohm +20%, Volume control Centralab Cardwell 10.021
25 2C1411B/St SWITCH: 3-pole; 2-position Range switch Oak Cardwell A-5.090
26 2C1411B/S2 SWITCH: 2-pole; 4-position Power switch Centralab Cardwell 10.006
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DESC - REF DESC REF DESC
Hll.u.od e I 15 mmf 17 uﬂlﬂ.l.ll.uqmqodlm_ll #The noﬁoa»:m values
2% 1.2 mmf 8-1 25 mmf 15 1500 ohm 22 25.84 microh apply to BC=221-AA
3=-1# 15 mmf g8-2 25 mmf 16 10,000 ohm 23 0.735 B»ou.ow 2 360 mmf
3-2# 15 mmf 9 0,002 mf 17 15,000 ochm 24 40 h 3=1 18,0 mmf
4a 10,0 mmf 10-1 O.,1 mf 18 50,000 ohm 26 0.5 meg 3-2 18.0 mmf
4b 10.0 mmf 10-2 O,1 mf 19 330,000 ohm 30 7.06 millih & 6.5 mmf
4c 10,0 mmf 11 0,26 mf 20-1 1.0 meg 37#% 8.0 mmf 37 151 mmf
S# 8.5 mmf 12 2.0 mf 20-2 1.0 meg 38 20,000 ohm
6 250 mmf 13 0,001 mf 21-1 5000 ohm 39 150 ohm
, . 40 350 ohm
ﬂ Figure 8-8. Frequency Meters BC-221-N and BC-221-AA—Schematic Diagram

(eETbel} JREE

HA uoHdeg

N



3
-

RESTRICTED
AN 08-405CR211-2

TY-0itYd-19Lp "ON #apiQ soj woiboIq SyowWdyds—O-1ZT-29 919W Kouanbsij -pi-g enByy

:‘&gu 4N 1IMANYD 0 zu.jd ﬂxh

: - . L] S00 {¢-8
1S0d ONIONIE | wm.wxwio.: HIOLIMS | 92/|SNHO 0000S | 91| c00 |28
dI10 . WNNILINV | I1€] (ONVE) HOLIMS | S2|SWHO 0628 [2-GI| M SO0 -8
nove m.en WHOOIN | »2| SWHO. 0S8 [I-Si] " 1000 L
NV SIUNIH 00t | €2 O3IN: 1 ¥i] nd oS 9
nowe ~.on HITUN 6EL°0 22| 93N cro ﬁ.n. ' 2000 |2-C
9N1d [£-62] HITHN $20'0 12| 93N ¢10 |i-gyf 2000 |i1-¢
ond 282 HITUN €9 | O2|SWHO 00S¥ | 2i v oot | ¢
! oNd [1-62] SWHO  OGE [2-61] 4 2z T LL v+62 |2-¢€
NOVP L3SQV3IH [2-82] SWHO  OSE [1-61 411 21| of im bige |I-€
NOVF L3SQV3IH |1-82] SWHO 00621 g} jud 2l [2-6] inn | 2|
© IVASAND | 22| swHO @S2 i ynv 2! [1-6] v o2z 1
NOILJIIOS3C |[33¥] NOILJINOS3Q |33u|  NOILJINDS3A |[43H] NOILJWIS3C |43y
=|? | L : n&ﬂn a....._‘.m_u wm,
28T 1 .J.—.X.«l.— W MNO3IHI -£ ﬁ —— ‘Nﬂ‘ld'ﬂ‘_-_-_-:-ﬂ_l
B SU 31vy¥3d0-2 : (2va9) A el
B . utOIO v hb)d’bﬂb.? -l 4.»4»1 bqhdhd = l
o e-si | Y 9l K&l s
e :
182 ol - .
d |2 || 2
s 2 2 s =
I TrEES
9l-1A ‘nw 191-1A " 9Hi-1A
2¢

&

RESTRICTED

e e



(.

RESTRICTED
- AN 08-405CR211-2

wpiBp1q SupWeysrs—|-[ZZ

=38 PUD d-1ZT-09 s18j9W Adousnbeiy -|[-g ainB1y

Y

-
-

_ 8-9N-1A
S
oi-4A

. ﬁ" — - i ———

L. 6¥ T& Toe T00°0 T-0¥ W40 000'ST 92 wqo 000S 02  Jwm L 9
© #® L0 GP WYO 000‘OST 6C VOIOTW §°GT P2 YOJOTW G¢L BT  Jum OT 2-9
cdmT0 PP wyo 08¢ g-8¢ Sew T 2-¢2 UTITII® 0°6 LT Jum OT T-¢
o st 0T €% uwyo 09¢ 1-8¢ Sow T 1-¢3 YoJoTw 0°%¢ 9T Juw OT 2-¢
. Jum 00T -~ g¥ wyo 00Sy LS wjo 0SL8 2-33 Ju g0 0% Jum OT T-¢
ua 100° o n..e«.,_. . 9.09%  0¢ WMo 0gL8 T-23 Jug°0 6 Jumg g
_ m.m W40 000°0S  1Ig W0 08T L JWHSGYL 1
- 0sEd  dmy O0SE@ J9d  0SHd gay

M t

RESTRICTED

g1



RESTRICTED

;
z

woibo1q 2ypWIYIS—IY-~ZZ-OF .::oi A>uanbousy ..N.-w, 24nB1y

_ P
S110A 8’1 ‘€2°V@ 3dAL ¥ ~8-v
S170A §°22 ‘2-va w.&t L] +8 ‘ASEL

GIUINO3Y SIHILIVE AT ge o€

33
X sz’c | Toasz

dNN 08 L¥ | HOLIMS vOo0oo'eS | 6t adN 20° []

Vv 000y OF | HOLIMS | %62 | v 009'S | 8t ad i 100° L)

ANWN 9 | Z¥¥ | HOLIMS | 82 [IVISAMD | 41 ANNW SZ | T9
‘ANWN 9 | v | HOLIMS | PLZ | Hyy 98 -0 AN ST (%]
Q4N 1'0 |9Z-E¥| HOLIMS | 222 | HN ¥OL st ANWN L 92z-€
Q4N 1'0 |*2-E¥| HOLIMS | aLZ2 |Hw S9E | ¥ 4NN 01 | e2-¢
Q4N 1’0 ®.Z | HOLIMS - ‘ANN L a1-¢

MIIA IO.-FO& $1NOAYY 38NL

az ey N..H'
L

11 4 - T

ez-pl ‘ : - (8 £ 4

Nu

L

vyvyy

RESTRICTED

8-



Section Vil

) )

, wpiboig m..:qucumIm«T_NN-un 1agoy Adusnbasy .n_..nv ainb14

z2-%

RESTRICTED
AN 08-40SCR211-2

+) N
e2h \ n_ 1

)
, o
1 SN
S
' =12
] S -
1]

2 Tt

. o€

H
14

RESTRICTED

8-14



t o ) “N

..Ggﬁiﬁzuz«-&u.ua Japow Aruenbesy ‘vi-g cnyy

Sechon Vit

4

-,

i
2
H

£ 3
go2R2ergly
] —szazsehagg o

|
WL

v

i sangfedadzs

(5.2
In]
|5l
e
18
os
[
o |
4]
9%
]
ook
(1

| E '

RESTRICTED
AN 08-405CR211-2

~ RESTRICTED

v
~
3

0

b
L
. -
e @

PHONES

. GORRECTOR

p-]
e}

GE



~ 'RESTRICTED
AN 08-40SCR211-2

woiboiq Bupip sissoyy—y-

b

1ze

-3g 1910 Aousnbesy ‘gi-g 2inbyy

a8y

NOVI6 311G 53-8
NIFD AT < 94

NOVIQ a3y NE-H
I8 034 =84
NMOYE=18
¥OVIg=xg
JLHM M
MOT12h24
NZIy9= 9
IMe=g

034 - ¥

:GNIOFT M

0
-
®




R R O S e

;%
W . umBoiq Bupipm ssspyd—g- 12220 10iew ouenbesy 9 <g wehByy
DA BN ﬁ . , 2

b
AWHEBUIN GIONVHLE ~rveme- -—
BYIM U340 QINNIL —mmm

UM OTTINYNT e e
. N:J,ﬂn » = 18-0Y
30._.5»4 » = A-QY
YIOVML ILIHATA3Y - w_.msdt
,_ c 3118 - 18
J : C N33¥D - YD
: JOVI8 - X8

JONVHO - ¥O

NMOYS - ug
C U HEHM < HM

RESTRICTED
AN 08:4DSCR211-2




RESTRICTED

Section VHI

AN 08-40SCR211-2

e-1

woiBo1q BuIM $1530YD—Q- [ZT-29 PUD D- [ZZ-4 S10i0 W Aswanbeuy -/ {-g sinBiy

)

¥

A b

s-18



Section VI

* RESTRICTED
AN 08-40SCR211-2

woiBoyq Buim sissoyd—3- 1ZT-39 JIeW Asuenbesy g|-g siniy .

SIESVHO JACEY
SLUvd $ILON3O ,AQY,

© 310N

aav ||]

-9



 Section Vill

AN 08-405CR211-2

.

(e R

ASCd YNNEINY 82

/P
ove Lre Ql”o

~e

-

STt

'RESTRICTED

RAINM 07705 ~— M
SUIIVNL ORUP HWVI& ¥-HF

MWoYL

oy

-

AMOTIE SV SHIIVNL NLIM FLINM T¥ SIVAM TI00D
‘A0 TINNUYL JNVE T8V \N‘(‘\\( LoN SOVIT

8-20




T —-
]

A : , woiBo)q Bupim s1ssoys—w- 1TT-06 12joy A>uanbaiy *0z-g einbiy

L LT E SRy P O

B I Ly

RS i TR g

WYRDVI(] ONIHIM ‘STESVRD) ‘IN-1G0-Of WeIAN--ANAbEE
2l wunok .

(¥8) 260d WWNIING oL

2

R ~
Fro/] =

>N

| \

—— =

~ RESTRICTED
AN '08-40SCR2]1-2

=

FWIL) 4O LU §! TILVIONI ONIJVT T

DUIM TY O $1 JNM_OXLYINEN! TW-T

ON(MITIOS TOSIR

FJUNITS ATTUNNOUNIIW T8 OL JWW ELNIOP TIW-T
18310N

8-

i b




RESTRICTED
AN 08-405CR211-2

Section VI

wpibp1q BupiMm s1ssoYI—Y- 1 ZL-D8 PUD 0~ 1TT-09 S431oW Adxuanbauy * 1Z-g sunBiy

{32) 1864 wnnaanw 1

RESTRICTED

3 i X <
— - — p
-5
e i . o e o sk . v e e . f i
PR ¢ § Rpagp—— .t ot g =
HE-MPD = o o crcfnfrons oo o v e i l..I.IAuT.I,ll-.ll.lfn - N A 1 .,-4\5,
i & N il : .
i g4 S E
Ay [ ] » ! m %
”°v 'Y
: & i
ey sfit)s ‘LE
A W
4 ¢
- i -
. 4]
SRR |
o : .
a1 ! .,
-
g - 44 i
41 I - b il
g - st 8 |
— 134908080 . L )
' 3 qd
— = 3
[ g et s, Lt AN’ i ,
e e s o o e S 2 .
o ‘i
4 R 4 Y
1 o .
i
— 4
llllllllll
\ ! >
L
2
-/
I
ﬁl:.l.tvl"lltll..l.l.llllll.lllls
- — —_— ! - —
et b
LTIRERS A i
ALIHA )
[T ] ]
FONVUO, o >
[TEITY o »
Nmoue | we :
FEA] £
3ne @
L2
¥0T100 | 3909
GNISIT  ONIUIA.

822



Section VI

RESTRICTED
AN 08-40SCR211-2

woiBpiqg Bumip SIssbyYI—O-12Z-D9 J2i2W Adusnbaiy ‘gz-g 3inbij

i-0€ 2-0¢ €-0€

3UVE JUIM QIAGNVULS o v omm coomm
3FYIM Y3dd0D Q3NNIL e mer e e

QY37 QIATIIHS e o s o e

AAAAAA AAAAA

VVVWYV VVVYVY

2GSl et

3Ine-q3y =18-qQy
MOTI3A-Q3Y = A-QH
¥3DOVYHL ILIHM-C3IY = HM-QY
ane =18
Alvis =S
N334 = ¥d

HM-QY )

(GNNOYD) MOVTE = HE

3FONVYHO = 0

NMOYS = b8

FLIHM =HM

a3y =qy

GN3O937 HIM

¥e
19-aY

AV
e
v

HM- Q=

HM

AY
LY
K>

Iy
A\

-G

HM-QY

8-23

RESTRICTED



RESTRICTED
AN 08-40SCR211-2

Section VI

~

woibo1q Bulipp sisspYdI— - | ZZ-DG PUP d-[ZT-DF S W Adusnbaiy ‘gg-g aunbiy

LSO YNNILNY OL +—1(

i 4

oo LrlA Qlﬂ °

|

u(n

NMONS 13 H208 SO
MIAONT TYNIWNYTL

=1

L]

O] [

Y~y

62

FLHM g1708
SUIIVYL INTG EOIN

SHYFIVIL NIWIF P 0Ty
SYIIVYL NIIYD P O3

YIOVYL NG

YIoVYL \<\$ka f-4

HIOIVYL N7 -

YIIVL NIFYD -5 l.nwm. \anﬂ:.w\
YIOVL MOT73A ~A MIIn Wodwvie
HIOVY.L oy -Y

IMOTIF SV SYIIVHL HAIAL FLINAL FHY SIYIM OF000
YISO OINNIL FHVE TV OINYVIV LON SOVIT

.

RESTRICTED

8-24



wpibolq Bulip sisspYI—JVY-1ZZ-D9 1942 Aduanbaiy ‘pz-g 9.nbiy

Section VIil

RESTRICTED
AN 08-40SCR211-2

WVADVIC] SNISH, VOOV “IV-182-04 UELHN AON: W] BT AN Ay 4243
¥
I
{25) 1504 vNIINY OL % vZ-£t
» —
Qw9 L9i-1A
) S g - £ -
. ——— o e o e e o o e e et o o e -
RS e i 9
& Ifq ‘ASCH lT - 11
TID . FETan ) |
H 1 ~ o~ - t) B N Y
i = I ———axo-m H ORN=) Y
& - b4
é " W oier 3-8 - MR OZ1 2
a1
— 0 :
+ = 8- 3a- O & AOL E 2 -
=== 0 e—
_ < HH gy 2 mx®._a £
2 9 2@
— i —=; N0 e 1l
. = Ad 91-1A 13
ip Hit 3
10l
omann [
o 40 AWviS
B a1 o
finjnel 41y i
= | A\ %} - JIID
4~ M s - o
.- ARE] .
== 4 = az5y b2ty 139508
-v TeLSA¥D =
< [ = 1 E - ) m
T N
—~ o \\\ sink
AL a0z &
AO2) ¢
7 & ae g
¥ % 35 (TP A= Mmmed & ~ o
et L § | -
v wo-me—d | AGRI
AOL
AOL - 1
o11=1A >
' _|||I|||||I.|||I||I.l||__
1
——— . —— e ]
MOI134 A
EPYLL) )y
gan N
F0NvNO )
NidNo 2

Nmous ve i

wovie e B oy
3070 [] N
¥0703_[3005

ON2837  ONIIA

8-25

RESTRICTED




woibpiqg Bullipp s1ssoyYd>—4V-12T-09 1219 W Aduanbauy *sz-g 24nb14

‘WANONS LINIOS SO
MR OND TeNINaTL

MIFIA SOL

———— |M\|_|_II —_
'

RESTRICTED
AN 08-405CR211-2

vé2z

L.

FLINM Q1708 -m N
SyIovNL TG BOIN  T-¥
S¥IOVNL NIVID B OTY NT-¥

~M
SWIOVNLNIIHO P OF  D-¥ ‘ M
wIOVHL »ov1g -M§ R W_ H
1227 ~AONE - W& =
YIOVML 7779 - @ N3dImSONYE == i e
yIOVHL NIFYO -9 SO VIV SO ¢
vIOVIL MOTPIA - A MIIA WOLNVIS =S
I¢214 7 oy  -¥ )
JAMOTIG SV SWIOVNL MNilA RLi/HAA 2oV SI¥/M 0F00D . Q;
Y3403 CINNIL FOVE JYV OINSVIV LON ST¥TT |
»€ ) '
L__ - - - - IO

RESTRICTED

8-26

Section VIl





