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THIS SUPPLEMENT WILL • .,.IN IN 
EFFECT ONLY UNTIL TH�lNFORMA
TION IS PUBLISHED IN AN OFFICIAL 
WAR DEPARTMENT PUBLICATION. 

. 'SUPPLEMENT 
<) FEBRUARY 1945 

SUPPLEMENT TO 

1M 11-300 
FREQUENCY METER SETS SCR-211-A, B, C, D, E, F, J, 

K, L, M, N, 0, P, Q, R, T, AA, AC, AE, AF, AC, AH, �J, AK, AL 

The following information, published on Order No. 17527-Phila-45-07, supplements TM 11-300, 20 July 

1944. The serial numbers of Frequency Meter Set SCR-21l-AK, covered in this supplement, are: 

NAME 

Frequency Meter Set SCR-21l-AK 
.. 

SERIAL NO. 

1 through 6000 

Personnel using the equipment and having custody of this technical manual will enter suitable notations beside 

each affected paragraph and figure in the technical manual to indicate the presence of this supplmentary in

formation. 

Page 138. Par. 276. Add the following material 

at the end of paragraph 276: Frequency Meter Set 

SCR-21l-AK is shipped in one crate, 20% x 171h x 
14% inches. The total weigI:t of the packed crate 

is zpounds. 

Page 140. Par. 292. Add the following material 

at the end of paragraph 292: A shield has been 

added to the crystal socket to reduce crystal-oscil-

. , 

lator signal strength. Without the shield, zero beat 

produced by heterodyne action between the crystal 

oscillator and the variable frequency oscillator 

covers three divisions of the dial vernier. This is 
particularly true when the tuning dial is set at the 

CRYSTAL CHECK POINT that corresponds to 2 
megacycles. With the shield, zero beat coverage on 

the vernier is reduced to one division. This results 

in improved accuracy of the meter. 

768-3606 



WAR D �:S ART MEN T TECHNPifAL MANUAL 
T M 11-300 

This manual supersedes TM 11-300, 19 December 19P; TM 11-300F, 26 February 1942; TM 11-300J, 30 June 1942; TM 11-300L, 11 Mall 
1942; TM 11-300Q, 17 March 1943; TM 11-300T. 15 May 1945; TM 11-S00AA, 28 June 1943; TM 11-300AC,15 June 1943; TM 11-S00AE. 7 AUgU8t 1943; TM 11-300AF, 2 November 1943; TM 11-300AG, 9 December 1943 and 14 January 1944; TM 11-300AH, 20 December 1943; 
TM 11-300AJ, 26 November 1943; TM 11-S00AL. 10 March 1944; and section I, Training Circular No. 4, War Department. 1943. 

FREQUENCY METER SETS 

SCR-211-A ,B,C,D,E,F, J ,K,L,M,N ,O,P,Q,R,T. 

AA,AC,AE,AF,AG,AH,AJ ,AK,AL. 

WAR DEPARTMENT 20 JULY 1944 

United States GO'IJernment Printing Office 
Washington: 1944 

I 



• 

II 

WAR DEPARTME� 
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TM 1 1-300, War Department Technical Manuel, Frequency Meter Sets 
SCR-2 1 1-A, -B, -C, -D, -E, -F, -J, -K, -L, -M,  -N, -0, -P, -Q. -R, -T, 
-AA , -AC, -AE, -AF, -AG, -AH , -AJ, -AK, and -AL, is published for the 
information and guidance of all concerned. 
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By ORDER OF THE SECRETARY OF \V AR: 

OFFICIAL: 
J. A. DLIO, 

Major General, 
The Adju tant General. 

DISTRIBUTION: 
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Chief of Staff. 

As prescribed in paragraph ga, FM 2 1-6 ; IR 4 (2 ) ; IC & H 1 (3) ; IC 2 , 4-7, 
1 1 , 1 7- 1 9, 44 (3) ; Sig C Deps (5) ; Sig C Rep Shs (2) ; ASF Deps (Sig 
Sec) (2); AGF Deps (Sig Sec) (2); AAF Deps (Sig Sec) (2). 

IR 1 :  T /0 1-2 52 ; 1-3 12. 

IR 4 :  T /0 4-6 1 .  

IBn I :  T /0 1-2 7 ; 1-37 ; 1-47 ; 1-67 ;  1-1 1 7 ;  1- 1 2 7 ; 1- 1 3 7 ; 1- 1 47 ; 1-267; 
1-300- 1 ; 1-317; 1-4B7S; 1-547; 1-6 1 8 ; 1-637; 1-638 ; 1-687S-6 ; 1 -757; 
1-758 ; 1-759 ; 1-767 ; 1-777S ; 1-800-1 ; 1-977· 

IC 1 :  T/O 1-687 . 

IC 2 :  T/O 2- 1 2 ; 2-1 3 ;  2-2 2 ; 2-26 ; 2-27; 2-72 ; 2-73 .  

IC 4 :  T /0 4-46.  

IC 5 :  T/O 5-1 6 ; 5-2 1 6 ;  5-4 1 2 ; 5-4 1 6 ; 5-456 ; 5-5 1 2 S; 5-5 1 6S. 

IC 6 : T/O 6-1 0- 1 ; 6-1 2 ; 6-50-1 ; 6-1 66. 

IC 7: T /0 7-1 2 ;  7-2 2 .  

I C  1 1 : T/O 1 1-7 ; 1 1- 1 8 ; 1 1-47 ;  1 1-57 ;  1 1-77 ;  1 I-86S ; 1 1- 1 07 ;  1 1- 1 2 7 ;  
1 1 / 147S ; 1 1-2 1 7 ; 11-237; 1 1-247 ; 1 1-2 57 ; 1 1-267 ; 1 1-2 87 ;  1 1-2g7 ; 
1 1-3 1 7 ; 1 1-32 7 ;  1 1-400; 1 1-4 1 8S ;- 1 1-437 ; 1 1-460-1 S; 1 I-488S; 1 1-5 1 0; 
1 1-5 1 7S ; 1 1-537S; 1 1-557 ; 1 1-587 ;  1 1-677S .  

IC 1 7 :  T/O 1 7-2 ; 1 7- 1 2 ;  1 7-20-1;  17-22 ; 1 7-46S; 17-56 ; 1 7-60-1 . 

IC 1 8: T /0 1 8-2 6 ; 18-36 .  

IC I g :  T /0 1 9-56 ;  19-57. 

IC 44 : T /0 44- 1-3S ;  44- 1 0-1 ; 44- 1 0-2S; 44-1 2; 44-26 ; 44- 1 1 6 ; 44- 1 26; 
44- 1 36 ; 44- 1 47S; 44-2 26S; 44-3 1 2 ;  44-3 1 6. 

For explanation of symbols see FM 2 1-6. 
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WARNING 

WHEN BATTERIES ARE BEING LOADED INTO THE BATTERY 

COMPARTMENT, DO NOT TOUCH THE CONNECTING LEADS 

OR TERMINALS. A SEVERE SHOCK MAY RESULT. DO NOT 

SHORT-CIRCUIT THE TERMINALS OF THE TERMINAL BOARD 

WHILE MAKING CONNECTIONS. 

WHEN USING THE FREQUENCY METER TO CALI BRATE A 
TRANSMITTER, NEVER MAKE ANY DIRECT CONNECTION BE

TWEEN THE METER AND THE TRANSMITTER. 
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DESTRUCTION NOTICE 

WHY - To prevent the enemy from using or salvaging this equipment for 
his benefit. 

WHEN-When ordered by your commander. 

HOW - 1. Smash-Use sledges, axes, handaxes, pickaxes, hammers, crow
bars, heavy tools, etc. 

2. Cut-Use axes, handaxes, machetes, etc. 

3. Burn-Use gasoline, kerosene, oil, flame throwers, incendiary 
grenades, etc. 

4. Explosives-Use firearms, grenades, TNT, etc. 

5. Disposal-Bury in slit trenches, fox holes, other holes. Throw 
in streams. Scatter. 

USE ANYTHING IMMEDIATELY AVAILABLE FOR 
DESTRUCTION OF THIS EQUIPMENT 

WHAT-I. Smash-Oscillator ceramic coil forms and all other parts on un
derside of chassis of frequency meter after removing chassis 
from cabinet by loosening holding screws on front panel. 

2. Cut-As many wires and cables as time permits. 

3. Bend and/or break-Calibration dial and knobs on front panel 
of frequency meter. 

4. Burn-Calibration books, manuals, circuit label, and remainder 
of entire frequency meter. 

5. Bury or scatter-Any or all of the above pieces after breaking. 

DESTROY EVERYTHING 

r J 
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This manual supersedes TM 11-300, 19 December 1941; TM II-300F, 26 February 1942; TM 11-300J, 30 June 1942; TM II-300L, 11 May 1942; TM 
11-300Q, 17 March 1943; TM II-300T, 15 May 1943; TM 11-300AA, 28 June 1943; TM 11-300AC, 15 June 1943; TM II-300AE, 7 August 1943; TM 
11-300AF,2 November 1943; TM 11-300AG, 9 December 1943 and 14 January 1944; TM 11-300AH, 20 December 1943; TM 11-300AJ, 26 Nooember 1943; 
TM 11-300AL, 10 March 1944; and section I, Training Circular No.4, War Department, 1943. 

CHAPTER 1 

GENERAL INFORMATION AND INSTRUCTIONS 

Section I. DESCRIPTION circuits. 

1. Introduction 
a. This manual is intended to give a detailed 

description of the operation and use of Fre
quency Meter Set SCR-211- (&) . The models 

. covered are as follows: SCR-211-A, -B, -C, -D, 
-E, -F, -J, -K, -L, -M, -N, -o,-P, -Q, -R, 

c. The remammg chapters describe the de
tailed functioning of the component parts and 
other necessary information for each frequency 
meter set. 'Vhere two or more models are almost 
identical, they are covered in the same chapter 
with an explanation of all differences between 
them. 

-T, -AA, -AC, -AE, -AF, -AG, -AH, -AJ, 
-AK, and -AL. Each model letter denotes a dif-
ferent order, in most cases, and very often a 
different manufacturer. All of these models are 
similar as far as basic operation is concerned, 
but there are many differences in the mechanical 
arrangement of the cabinets and controls as well 
as in electrical circuit and vacuum tube arrange
ments. 

d. As additional models of the frequency 
meter set are made, the special information per
taining to these new models will be issued in 
the form of supplements which will be made a 
part of this manual. Before using any particular 
model, read this chapter. Then read the chapter 
pertaining to the model that is going to be used, 
making all cross-references to other chapters as 
noted specifically in the text. 

b .  Chapter 1 contains information and in
structions which are applicable to all the fre
quency meter sets described in later chapters. 
It contains a detailed description of these fre
quency meter sets and their use, and a general 
description of the component parts and their 

e. The symbol (&) as used throughout this 
manual applies to all models of Frequency Meter 
Set SCR-211. Similarly, the symbol (&) applies 
to all models of Frequency Meter BC-22 1. For 
an explanation of all other suffix symbols used 
in this manual refer to the following chart: 

Symbol Refers specifically to-

( &) . . . . . . All models of Headset HS-30 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

( I ) . . . . . . .  Models A, C, and D of Frequency Meter Set SCR -2 I I or 
its components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .  

(2) . . . . . .  , Models B and Q of Frequency Meter Set SCR -2 I I or 
its components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

E. . . . . . .. Model E of Frequency Meter Set SCR -2 I I or its components . 

(3) . . . . . . .  Models F ,], K, and L of Frequency Meter Set SCR-2 1 I' 
or its components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(4) . . . . . . .  Models M, 0, R, and AC of Frequency Meter Set SCR-2 1  I 
and its components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(5) . . . . . . .  Models N and AA of Frequency Meter Set SCR -2 I I and its 
components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . • . . • . • . . .  

Chapter covering 
equipment 

I through I I 
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Symbol Refers specifically to Chapter cove ring 
equipment 

(6) . . . . . . .  Models P, T, AF, and AH of Frequency Meter Set SCR -2 I I 
or its components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

(7)· ...... Models AE and AG of Frequency Meter Set SCR-211 or 
its components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

AK . . .. . . Model AK of Frequency Meter Set SCR- 21 I or its com-

ponents .. . . . . . . .. . . . . . .. . .. . . .. . . . . . . . . . . . . . . . . . . . . . 10 

(8) ....... Models A] and AL of Frequency Meter Set SCR-21 I or its 
components . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II 

2. General 
a. The Frequency Meter Set SCR-211- (&) 

is a precision instrument designed to measure 
or radiate radio-frequency impulses between 125 
and 20,000 kilocycles (kc) . It is a portable, 
completely self-contained instrument used main
ly to calibrate field radio receivers and trans
mitters by direct comparison with the calibrated 
variable frequency oscillator of the frequency 
meter. Each meter contains a 1,000-kc crystal
oscillator circuit which is used both as a source 
of accurate radio-frequency signals at multiples 
of 1,000 kc, and for calibrating the variable fre
quency oscillator of the instrument at a number 
of points. These points of frequency calibration 
are called "Crystal Check Points. " 

b .  The principal component of the set is Fre
quency Meter BC-221- (&), a heterodyne-type 
frequency meter, which is supplied in either of 
two types of cabinet: a black wrinkle-finished 
aluminum-alloy cabinet (fig. 1) , or an olive-drab 
finished wooden cabinet. (See fig. 2.) The upper 
and largest compartment of the cabinet contains 
the frequency meter chassis and sometimes some 
of the spare parts. The next smaller compart
ment, at the bottom rear, contains the batteries. 
The smallest compartment, at the bottom front, 
contains either spare parts or the headset. (See 
figs. 19, 20, 21, and 25 for representative views.) 
A carrying handle and one or two snap latches 
are mounted on the top surface of the cabinet. 
Two small rings to which carrying Strap 
ST -lg-A can be hooked, are mounted at the 
sides of the cabinet. The BC-221-Q, BC-221-
AA, BC-221-AC, BC-221-AE, BC-221-AF, 
BC-221-AG, BC-221-AH, BC-221-AJ, BC-
221-AK, and BC-221-AL frequency meters are 
normally supplied with the wooden cabinet. 
Some BC-221-Q and BC-221-AA frequency 
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meters come with the aluminum-alloy cabinet. 
All other models are supplied with the alumi
num-alloy cabinet. 

c. Frequency Meter BC-221- (&) is calibrated 
in two ranges : 125 to 250 kc, and 2,000 to 4 ,000 
kc. By the use of the 2d, 4th, and 8th harmonics 
of the low-frequency range, any frequency be
tween 250 and 2,000 kc can be obtained; by 
the use of the 2d, 4th, and 5th harmonics of the 
high-frequency range, any frequency between 
4,000 and 20,000 kc can be obtained. The crystal 
oscillator has a fundamental frequency of 1,000 
kc. Its fundamental and harmonic frequencies 
are used to check the calibration of the variable 
frequency oscillator at a large number of points. 

d. The various models of Frequency Meter 
BC-22 1- (&) come wi th six different types of 
control panel arrangement. Some of these ar
rangements are further modified in the location 
of the antenna post, ANT, and sometimes a 
grounq. post, GND, mounted on the control 
panel instead of on top of the cabinet. These 
modifications are shown on the figures of the 
particular models. (See figs. 3 through 8, incl.) 

NOTES. 1. I n  addition to the control s  sh own on figure 4, 
the control pane l  of the BC-221-AA and BC-221-AE con
tains an ante nna post, ANT, and the control pane l  of the 
BC-221-AG contains both an ANT and GND post. 

2. I n  addition to the con trol s shown on figure 6, 
the control pane

.
l of the BC-221-AC, BC-221-AF, and 

BC-221-AH contam s  both an A�T and G;S-D post. 

e. A careful study of these panel lay-outs will 
indicate that there are certain controls which 
are the same in all models of Frequency Meter 
BC-221- (&). These are: DIAL HUNDREDS, 
DIAL UNITS, CORRECTOR, GAIN, and 
PHONES. The function of these items is the 
same in all cases. Some models contain a 
POWER ON-OFF switch while in other models 
this function is combined with other switching 
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operations. All models have a FREQ. BAND 
LOW-HIGH switch. In the case of figure 5, it 
will be seen that a third function, CRYSTAL 
ONLY, is combined with this switch. The great
est difference between the various models lies 
in the switch which controls the operation of 
the crystal oscsillator. This switch is called the 
operation switch throughout this manual. In 
figures 3 and 5, it is marked CRYSTAL OFF
ON; in figure 4, it is marked OFF-CRYSTAL
OPERATE-CHECK; in figure 8, OFF-WARM
UP - CRYSTAL - OPERATE - MOD ULA TE
CHECK; in figure 6, HET. OSC-XT AL 
CHECK-XTAL ONLY; and in figure 7 ,  MOD. 

Cause 

OSC.-HET. OSC-XTAL CHK-XTAL ONLY. 
The use of these controls will be described in 
detail in the chapter on each particular model. 

3. Frequency Setting Error 
Frequency Meter Set SCR-2Il- (&) is a reliable 
frequency measuring instrument, but it is sub
ject to certain errors, a condition common to 
all such equipment. 

a. The greatest possible error in frequency 
setting of the frequency meter occurs at a set
ting of 4,000 kc (and its harmonics) when the 
temperature is -300 C. Most frequent causes of 
error are as follows: 

Error 
(1) Small shocks (caused by handling, and the thrust on the dial and 

pressure on the panel when using the equipment) ................. .. . 
(2) The action of locking the dial ............................. . . 
(3) \Varming up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

(4) Changing of load on the antenna post . . .. . ........ .... ....... . 
(5) A drop of 10 percent in battery voltage or a change of 50 centigrade, 

in the surrounding temperature . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  . 
(6) Error in calibration ...... . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(7) Error in crystal frequency . . . . . . . . . . . . .............. ....... . .  . 

Total . . . . . . . . . . . . . . . . . .. . .. . . . . .  . 

100 cycles maximum 
30 cycles maximum 

100 cycles maximum 
50 cycles maximum 

325 cycles maximum 
500 cycles maximum 
250 cycles maximum 

1,355 cycles maximum 
or 0.034 % at 4,000 kc. 

b. This is the theoretical maximum error. It 
should be noted that even normal handling of 
the instrument, such as manipulation of the con
trols, locking the dial, etc., may cause errors as 
shown in the table. Also, variation in the value 
of the battery supply voltage, antenna load, cali
bration, as well as deviations in crystal frequency 
and during warm-up of the tubes, may cause 
errors. In actual operation, however, the errors 
listed will not necessarily add together, as some 
may cancel others. For example, locking the dial 
and changing the antenna load may not result 
in an error totaling exactly 80 cycles. Actual 
tests show that, in most cases, the average error 
can be assumed to be no greater than 50 percent 

of the values given in the table. Maximum pos
sible errors at other frequencies are: 985 cycles 
at 2,000 kc; 180 cycles at 250 kc; and 180 cycles 
at 125 kc. 

4. Components 
A complete listing of the various components 
normally furnished with each model of Fre
quency Meter Set SCR-2Il- (&) cannot be made 
because of differences in contractual require
ments of the various manufacturers as well as 
variations in policy of issue of the supply depots. 
Each Frequency Meter Set SCR-2 11- (&) must 
be equipped with the following component parts 
before it is ready for use: 

Quantity Component 

I . . . . . . . . . .  Frequency Meter BC-22 I-(&)  includes : 
I Calibration Book MC-I 77-( &). 
I Crystal Unit DC-g-(&)  (in operating position) . 

I . . . . ... . . .  Set of vacuum tubes in place (applicable types) .  
I .  . . . . . . . . .  Set of batteries (installed) includes : 

6 Batteries BA-2 .  
4 Batteries BA-23 ·  

I . . . . . . . . . .  Headset and cord (applicable types). 
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In addition to the aboye items necessary for 
operation (all not necessarily furnished with 
the set) , some models come supp l i ed with vari
ous spare parts: carryi ng straps, bags, tools, etc. 
In order to avoid confusion, those extra items 
normal ly  supplied with the equipment are l i s ted 
in detail under that portion of this manual ap
plying to a parti cular model or series of models. 

5. Replaceable Parts 
Replaceable parts and components are depend
ent upon the model of Frequency :Meter Set 
SCR-21 1- (K:). Therefore, separate replaceable  
parts lists have been made up  for each different 
model and will be found in the appropriate 

chapter. For models in which some parts have 
been changed during production, the difference 
in parts is noted and explained. 

6. Power Consumption 
All power required for the operation of Fre
quency Meter Se t  SCR-21 1- (&) is supplied by 
the batteries listed in paragraph 4. Because of 
the different types of tubes used and differences 
in circuit arrangements, the power supply cur
rent drain of the various models may differ. For 
this reason, the power drain of each model or 
series of models w i ll be described in the chapter 
on the model in question. 

TL,.-IOI23 
Figure 9. Frequency Meters BC-22I-B, BC-22I-Q, battery tray. 
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Spetion II. 
INSTALLATION AND OPERATION 

7. Initial Procedure 
l'npack FleqllL'n(\ �retcr Set SCR-!o 1- (&) 
\rith Call', relllmc the instrument from its pro
tective G lI I \ 'as hag or cover, and thoroughly in
spect all compartments of the frcquency meter 

cahinct for possible damage during shipment. 

Check all components against the listing in the 

#It 

chaptt:r Oil the 1Il0del ill <Jut:stioll to s('c th�lt all 

necessary cumpuncnts for the particular model 
ha\'e becn issued. See that the vacuulII tubes 

and the crystal unit are seated properly in the 
correct sockets. 
8. Installation of Batteries 

n. GE;\;FRAI.. Frcqllcllcy �lctcr BC-:!:! J- (R-:'j 
ohtaiIlS all of its o]Jnating \'()ltag<:s frolll bat
teries. These are not ordillarily illclllded \\'!Jen 

TL-IOI24 

Figure 1 I. Battery COllljJartme11t, wooden cabinet, showing Jibel connecting board and A battery leads. 
6 
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shipment is made, since batteries may deterio
rate and cause damage to the interior of the 
equipment. Before the instrument can be oper
ated, however, four A Batteries BA-23, and six 
B Batteries BA-2 must be installed. Select these 
batteries from fresh stock whenever possible. 

b .  TYPES OF BATTERY INSTALLATION . There 
are three different types of battery installation 
used in the various models of Frequency Meter 
Set SCR-211- (&) . These are as follows: 

(I) The use of a battery tray or chassis as 
supplied with Frequency Meters BC-221-B and 
BC-221-Q. (See fig. g.) 

(2) The use of a battery clamp and wiring 
harness as supplied with all metal cabinet mod
els with the exception of those listed in (I) 
above. Supplied with Frequency Meters BC-
221--A, BC-221-C, BC-221-D, BC-221-E, BC-

5 + 3 + 
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c. BATTERY CONNECTION. In all models of 
Frequency Meter BC-22I- (&), the series con
nection of the A battery is taken care of auto
matically by proper installation of the wiring 
harness. There are two methods of making the 
proper arrangement of the B baHeries. ) 

(I) When the battery tray or chassis is used 
(fig. g) , connect the six Batteries BA-2 individ

ually to the proper screws on the terminal board 
at the end of the tray, which is so arranged as 
to connect the individual batteries in series. 
This method applies to the BC-221-B and BC-
22I-Q, only. 

(2) For all other models, connect the six Bat
teries BA-2 in series before installation in the 
cabinet, and cover the splices with friction tape 
or spaghetti in order to avoid short circuits. 
(See fig. 12.) 

+ 

TL-IOI29 
Figure 12. Battery connection details, metal cabinet. 

221-F, BC-221-J, BC..-221-K, BC-221-L, BC-
221-M, BC-221-N, BC-22 1-0, BC-221-P, BC-
22I-R, BC-221-T, and BC-22I-AA (with metal 
cabinet). (See fig. 10.) 

(3) The use of a fiber connecting board to
gether with a wiring harness and battery retain
ing board as supplied with all wooden cabinet 
models with the exception of Frequency Meter 
BC-221-Q, b (I) above. These items are sup
plied with BC-221-AA (with wooden case), 
BC-221-AC, BC-221-AE, BC-221-AF, BC-
221-AG, BC-22I-AH, BC-22I-AJ, BC-22I
AK, and BC-22I-AL. (See fig. 11.) 

d. TESTING BATTERIES. The most satisfactory 
methods of testing dry cell batteries is to test 
them under full load conditions in the equip
ment with which they are to be used. Make a 
load voltage test with a thousand-ohm-per-volt 
voltmeter after new batteries are installed, or 
if the ones installed previously are suspected of 
having low voltage output. Turn on the BC-
221- (&) . 'With the controls set so that the meter 
is working under full-load conditions (described 
under "Power Consumption" in the chapter on 
the model being tested) , check the voltage of 
the batteries at the connection board in the 
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battery compartment. The correct readings ob
tained under these conditions should be as 
follows: 

frequency meter before correcting the calibra
tion of the meter with the crystal oscillator. This 
will eliminate the effe€t of the frequency shift 

Terminals '" ormal d = c Voltage Minimum d = c Voltage 

A-B-to A+ 6. 0 5 · 4  

A-B-to B+ 135.0  121 · 5  

If the vol tages obtained are less than the mini
mum values, replace the batteries . If a sufficient 
number are available, always replace wi th a 
complete se t of fresh bat teries . 

9. Antenna 
a. In order that the frequency meter may pick 

up an adequate signal from a transmitter being 
checked, or radiate an adequate signal to a re
ceiver being calibrated, some form of antenna 
is required on the frequency meter. "\Vhere the 
meter is to be used in fixed service or is carried 
about over small distances, a rigid antenna is 
most convenient. One to two feet of No. 1 2 
copper wire is usually quite satisfactory. Fasten 
this wire to the antenna post on the frequency 
meter and bend it so that its free end ,\'ill run 
parallel, and close to the antenna lead of the 
receiver or transmitter being checked. Adjust 
the amount of coupling by moving the fre
quency meter or bending the antenna wire, or 
wrap a few turns of insulated wire around the 
frequency meter antenna and connect one end 
of this wire to the receiver being checked. 

Caution :  Neyer connect the frequency meter 
antenna directly to transmitter. Important 
operating circuits of the frequency meter may 
be burned out by the high r-f voltage present 
and make the meter unfit for further use. 

b. "\Vhere conditions do not permit the use 
of a rigid antenna, use a flexible insulated wire 
of suitable length with means provided to pre
vent its becoming a safety hazard. Remove the 
insulation from one end of the wire and fasten 
this end to the antenna post. If a test clip is 
available, a very convenient coupling device can 
be made by first dulling the sharp edges of the 
jaws of the clip, then insulating each jaw with 
friction tape. Attach this clip to the other end 
of the wire. By means of this insulated clip, it 
is possible to couple the frequency meter to al
most any desired coupling point without actually 
making contact. 

Caution :  Always attach the antenna to the 
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caused by attachment of the antenna. 

10. Headset 
The various models of the Frequency Meter Set 
SCR-211- (&) make use of different headsets. 
Some of the earlier models use Headset P-18 or 
P-20, whereas the later models use Headset 
HS-3°- (&) and Cord CD-60S. Some models 
have space provided within the frequency meter 
cabinet for storage of the headset, while in 
others, the headset is carried in the top portion 
of the protective cover. In any model, it is neces
sary that the headset be plugged into the 
PHONES jack before the meter will operate, 
because the filament circuit of the vacuum tubes 
is controlled by a set of springs on the PHONES 
jack. In some cases where only one headset is 
available and two are needed, such as during the 
calibration of a receiver, it is possible to energize 
the filament circuit of the meter by inserting a 
pencil or similar object of the proper size into 
the PHONES jack. If this procedure is used, 
extreme care should be exercised to avoid dam
age to the jack. 

II. Reading the Dial 
a. GENERAL. Before attempting to turn the 

main tuning dial (DIAL UNITS) , always make 
sure the dial lock is loosened. The drum-dial 
behind the small window (fig. 13) indicates, in 
hundreds, the reading of the dial setting. The 
large dial provides the units, and the vernier 
scale, above and on the outside edge of the large 
dial, provides the tenths place of the setting. 
The large dial is provided with the simple fric
tion lock so that a predetermined setting can 
be kept fixed. This feature is of particular value 
"'hen the instrument is subjected to vibration. 

b .  USE OF THE DIAL. ( I ) Se t t ing the dial. To 
set this control, having loosened the locking 
screw: 

(a) Turn the dial until the proper hundred 
graduation is directly under the line marked 
on the window. 

(b )  Turn the dial clockwise until the proper 



whole unit graduation on the dial is directly 
opposite the fixed arrow. 

(c) Beginning with the next higher graduation 
on the dial as 1, count in a counterclockwise 
direction a number of graduations equal to the 
number of tenths in the decimal, count the same 
number of graduations on the vernier, then turn 

gears of the dial mechanism. 
(2 )  Reading the dial. To read the vernier, 

find that line of the vernier scale which coin
cides most closely with a line of the large dial. 
The number of this vernier line (counting the 
index arrow as zero) , gives the tenths place of 
the complete dial setting. On the large dial the 

DIAL HUNDREDS ® SEVENTH GRADUATION ON THE VERNIER. 
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READING 
MAIN TUNING DIAD 

TL-I 013 0 
Figure 13. Frequency Jleter BC-22I-(&), main tuning dial. 

the dial clockwise until the last graduation 
counted on the dial coincides exactly with the 
last graduation counted on the vernier. 

(d) Figure 13 is an illustration of the dial set
ting 3876.7. 

Caution :  Always approach the final setting of 
the dial by turning it in a clockwise direction 
to eliminate errors caused by backlash in the 

line to the right of the index arrow gives the 
value of the units place of the complete dial 
setting, while the line directly above the line 
in the small window to the left of the large dial 
gives the hundreds value. Before using the fre
quency meter for actual measurements, it is a 
good idea to practice on the dial until settings 
can be made and read off quickly and accurately. 



12. Calibration Book MC-177-(&) 
The cal ibration book is kept in the frollt cover 
of the meter chassis compartlllcnt. '''hen the 
cover is opened to expose the control panel of 
the meter, it s"'ings elmnl to a position "'hich 
permits ready reference to the contl�nts of the 
book. In the early models of the 1)C-221- (R:) 
(type letters A through A.n, a tramparent 

shield is supplied to protect thc book, anc! can 
be pulled open readi ly for tum ing the pages. 
In the later models (type letters AG and up) , 
a solid me ta l cover is supplied. The ca lihration 
books .'llpplicd ,,,ith the \alioll� llIodch Illay 
differ slight ly a'i far as illtCTnal arrangements are 
cUlHerllccl. hut ;t1] con L lin e,sentia]]Y tile same 
informatioll, ,\IlY cxceptions to this general ru le 
arc noted he]m\'. 

II. Ft�CTl()�. The calihration book is a list 
o[ dial sellings and the corresponding freq uen-

des produced by the meter at those dial settings. 
Altogether 1,251 dial.fre<juency settings spaced 
100 cycles apart have been determined in the 
LO' \' freq ueney range, and 2,001 settings spaced 
1,000 cycles apart have been deterl11i ned in the 
HIGH frequency range. Inasmuch as the vari
able frequency oscillator circuit of the meter 
prod uces more than one frequency at a given 
setting (funcLl!llelltal and harmon ic frequen
cies), seyeral of the harmonics prodllced are 
giyen at each dial setting, The hook also contaillS 
concise operating instructions for makin g com
InOIl measurements. 

"Olr, Tile \allle, li,led ill the C:llihralioll ,,'clion Jcfcr 
(lnl\ 10 tlte lllcln lliJo,c ,el ial nllrnber i, III intl'(l on lire Ilv 
leaf. I he ctlilJlatioll hO"K rn!hl he l'lOte<Ied. It j, a yailiahle 
tool. a \en important pal I of the e(luipmcnt, and take, a 
great ,kal of time to dllplicate. 

li. hDFXI�G (fig', q). ( 1 )  Each section or 
the calibratioll book is cross-indexed in the foJ-

L TL-IOI2.5 
Figure 14. Calibration Book MC-177-(&). 
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lowing way: across the top of the large pages in 
either section of the book, is an INDEX OF 
DIAL SETTINGS (called GUIDE TO DIAL 
SETTINGS in some books) , spaced 500 divi
sions apart. Beneath each dial setting of this 
guide is the tab containing the number of the 
page on which that setting is found. For ex
ample, note that the edge of the tab marked 
"16" falls between the figures 2 500 and 3000. 
Then note that the dial readings on page 16 in 
the figure run from 2577.5 to 2756.3, in the 
range of 2500 to 3000. Immediately under this 
INDEX OF DIAL SETTINGS is found an 
INDEX OF FREQUENCIES-KILOCYCLES 
(called "Guide to frequencies" in some books) 
listing columns of frequencies in both ranges. 
The tab of the page on which those frequencies 
are found, is located directly under the appro
priate column. For example, note that tab 16 
is directly under the figure 190 and that the 
right edge of tab 17 leaves all of the 190 column 
exposed. The figures thus exposed are the fre
quencies contained in the first line and the first 
column of the FREQUENCY RANGE on page 
16. (Note that the indexing described above 
was omitted in the book included with the 
BC 221-A.) 

(2) In addition to the tubular index de
scribed above, general indexes of the calibration 
ranges and an INDEX OF FREQUENCIES AT 
CRYSTAL CHECK POINTS are found at the 
center of the book. 

(3) The red figures, at the bottom of each 
page, opposite the CRYSTAL CHECK POINT 
dial setting, list the frequencies emitted by the 
variable frequency oscillator when tuned to 
zero beat at that crystal point. 

(4) Some calibration books have the A VER
AGE NUMBER OF DIAL DIVISIONS PER 
KILOCYCLE for that page listed at the bottom 
of the right-hand column on each page. This 
practice has been discontinued on the later 
models. 

c. FINDING A DIAL READING FOR A GIVEN FRE
QUENCY. (1) Open the calibration book to the 
INDEX OF FREQUENCIES found on the long, 
center page and find the number of the page 
on which the desired frequency is to be found; 
or use the convenient INDEX OF FREQUEN
CIES printed at the top of the long pages, b ( 1 ) 
above which enables the operator to open the 
book to the proper page by the use of the thumb 
tab desired. 

(2) After the page has been found, examine 
the appropriate column of frequencies to locate 

the desired frequency. In the left-hand column, 
on the same line, the correpsonding dial reading 
will be found. 

d. FINDING THE FREQUENCY FROM A GIVEN 
DIAL READING. (1) Open the calibration book 
to the long center page. From the INDEX TO 
LOW FREQUENCY DIAL SETTINGS pre
ceding the center page, or the INDEX TO 
HIGH FREQUENCY DIAL SETTINGS fol
lowing the center page, determine the number 
of the page on which the desired dial reading 
appears; or use the convenient INDEX OF 
DIAL SETTINGS printed at the top of the 
long pages, b (1) above, which enables the opera
tor to open the book at the proper page by the 
use of the thumb tab. 

(2) After the page has been found, examine 
the left-hand column to locate the dial setting 
nearest the desired value. Move along the same 
line to the appropriate column of frequencies, 
and the frequency corresponding to a given dial 
setting may be read with generally satisfactory 
accuracy. '\Then greatest accuracy is required, 
and the dial reading obtained in the measure
ment falls between dial readings listed in the 
book, exact interpolations, as described below, 
should be made. 

e. DETERMINING INTERMEDIATE VALUES BE
TWEEN LISTED FREQUENCIES. The desired fre.
quency (when the frequency meter is being used 
to calibrate a radio transmitter) , or the observed 
dial setting (when the frequency meter is being 
used to measure an unknown frequency) may 
often fall between the value listed in the cali
bration book. To aid in the calculation of the 
proper dial setting or the frequency correspond
ing to these intermediate values, the following 
method (called interpolation) should be used. 

( 1) Given : The observed dial setting is 
2754.2. (See fig. 14.) This setting lies between 
the two successive book values 2756.3 and 2752.7. 
The corresponding frequencies for these book 
values are 195.0 and 194.9 kc (fundamental) , 
respectively. 

Pro b lem:  To find the unlisted frequency 
corresponding to a dial setting of 2754.2. 

Solu tion : The facts are stated numerically in 
the following form: 

Dial settings Corresponding frequencies he 
195.0 } 
F Diff. 0. 1 kc 
194 ·9 
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F = Unknown frequency. 
(a) 0 . 1 kc -7- 3 .6  div. = 0.02 77  kc per dial 

division. 
(b) 0.02 77  kc x 1 . 5 div. = 0.04 1 5  kc change 

from lowest calibration frequency to F. 
(c) 1 94 .9  kc + 0.04 1 5  kc change = 1 94 .94 1 5  

kc = F. 
In the above problem, a change of 3 .6  dial divi
sions (from 2752 . 7  to 2 756 .3 )  causes a change 
of 0 . 1 kc in frequency (from 1 94 .9  to 1 95 .0  kc) . 
This represents a change of 0.02 77  kc per dial 
division, (a) above. Since there are only 1 . 5 dial 
divisions ben,oeen 2 752 . 7  and 2754 . 2 ,  the dif
ference in frequency between these settings will 
equal 0.02 77 kc x 1 . 5 div, (b) above. This dif
ference (0.04 1 5  kc) is then added to the lower 
known frequency ( 1 94 .9  kc) at the dial setting 
of 2752 .7, (c) above to give the unknown fre
quency F. 

(2 )  Given : It is desired to set the frequency 
meter to a frequency of 1 9 1 .95 kc. This fre
quency lies between the two successive book 
values 1 95 .0  and 1 94 .9  kc. 

Pro b lem : To fmd the dial setting which cor
responds to the frequency 1 94 .95 kc. 

Solu t io n :  The facts are stated numericaTIy in 
the fol lowing form: 

Diff. 

Dial settillgs Correstwll ding frequencies ke { 2 756 ·3 1 95 .OO} 
3 .6 D 

Diff 0.05 kC{ " 94 ·95 Diff. 0. 1 kc 
2 75 2 . 7  1 94 ·9 

D = Unknown dial setting. 

(a) 3 . 6  div. -7- 0 . 1 kc = 36 dial divisions per 
kc. 

(b) 36 di v. x 0.05 kc = 1 . 8 dial di visions
change from lowest dial reading to D. 

(c) 275:q + 1 . 8 = 2754 .5 , the dial setting D 
for a frequency of 1 94 .95 kc. 
In the above problem, changing the dial setting 
from 2752 . 7  to 2 756 . 3  ( 3 . 6  dial diyisions) causes 
a change of 0 . 1 kc in frequency (from 1 94 .9  kc 
to 1 95 .0  kc) . This represents a change of 36 dial 
divisions per kc, (a) above. An increase in fre
quency from 1 94 . 9  kc to 1 94.95 kc is a change 
of 0.05 kc. Since a change of 36 dial divisions 
causes a change of 1 .0 kc in the frequency, an 
increase of 0.05 kc requires a change of 36 divo 
x 0.05 kc equal 1 . 8 dial divisions, (b) above. 
This increase ( 1 . 8 div.) is then added to the 
dial reading ( 275 2 . 7) corresponding to the lm,oer 
known frequency ( 1 94 .9  kc) , to obtain the dial 
setting D corresponding to a frequency of 1 94 .95 
kc, (c) above. 
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( 3 )  The methods demonstrated above are ac
curate for all frequency columns (harmonics) 
in the calibration book. 

13. Operating Circuits 
The frequency meter has four principal operat
ing parts : a variable frequency oscillator, which 
is a source of radio waves of adjustable frequency 
and is controlled by the main tuning dial; a 
crystal oscillator circuit, which enables the oper
ator to check the frequencies emitted by the 
variable frequency oscillator circuit; a detector 
or mixer circuit, which detects the difference 
of the frequencies of the preceding two oscillator 
circuits after combining the two frequencies 
electronically; and an audio-amplifying circuit 
" ohich amplifies the difference or beat frequen
cies produced in the detector or mixer circuit 
when impulses from the crystal oscil lator, or 
from an outside source (applied to the ANT 
post) , encounter impulses from the variable 
frequency oscillator. 

14. Zero Beat Detection 
\'\Then two frequencies are present in the input 
of a detector or mixer circuit, the difference be
tween the two will appear in the output circuit 
as a third frequency. This difference is called 
the beat frequency. If the two original frequen
cies are very close to the same value, the differ
ence may be only a few thousand cycles or less. 
Such a low frequency lies within the audible 
range, and can be heard in the headset as a defi
nite tone. This region of beat frequencies is 
shown schematically in figure 1 5 .  Starting at 
point (A) on the figure, a very high pitched 
note can be heard in the headset. As the two 
frequencies are brought closer to the same value 
(decreasing difference) , the tone decreases in 

pitch down to point (B) where the tone is re
placed by a series of rapid clicks. As the process 
continues still further, the clicks decrease in 
rapidity until they stop altogether at point (C). 
This is the point of zero beat (where the two 
original frequencies are exactly the same, that 
is, their difference value is zero) . Matching of 
the nm frequencies, for all practical purposes, 
is obtained when clicks are heard at rather in
frequent intervals. It is extremely difficult to 
maintain a condition of absolute silence in the 
headset over prolonged intervals of time. If one 
of the two original frequencies is varied still 
further, the rapidity of the clicks increases to 
point (D). At this point a low pitched tone is 
heard. Further variation in the same direction 

" Ii-, )t 
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causes a gradual increase in pitch until point 
(E) is reached where the beat note becomes 
inaudible again. This region of increasing pitch 
on both sides of the zero beat point is character
istic of this procedure. (See par. I Sb.) The fre
quency-mixing circuit of the frequency meter 
and its associated amplifier are designed to am
plify tones of a few cycles per second. \Vhen 
the incoming signal is fairly strong, the clicks 

ABOVE 
AUDIBLE 
RANG E  

PITCH OF 
BEAT NOTE 

REGION OF CLI CKS 

OR NO SOUND 

to permit the operating temperature inside of 
the cabinet to become stable. Figure 7 shows 
that Frequency Meters BC-221-AJ and BC-
221-AL have a \VARM UP position on their 
pm\'er s,,,itches. Figure 8 shows that Frequency 
Meter BC-22 I-AK has a \VARM UP position 
on its operation switch. \Vhen the proper switch 
is in the \V ARM UP position, the filament of 
the variable frequency oscillator tube only is 

POINT OF 
EXACT 

ZERO BEAT 

FREOUENCY D IF F E R ENCE 

INCRE ASING �-----II-----"- INCREASING 

TL- 7588 

Figure 15. Beat frequency diagram, :::ero beat region. 

are sharp and distinct. If the signal i s  "'eak, the 
zero beat condition i s  evi denced by a slowly 
changing sw ish in the headset. 

1 5. Correction in Calibration 
a. GENERAL. Before making a correction in 

the calibration of the meter, or using it for 
measurements, the meter should be turned on 
and allowed to "'arm up for 15 to 20 minutes 

connected to the A battery circuit. This results 
in a considerable saving of A battery power 
,,·hile permi t ti ng the interior of the meter to 
warm up to proper operating temperatures. 

b .  CALIBRATION AT CRYSTAL CHECK 
POINTS. By calibrating and correcting at a 
crystal check point, the meter is so adj usted that 
the frequency generated by th e variable fre
quency oscil lator a t  a giV <:ll dial setting is ac-
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tually the same as the frequency listed opposite 
the dial setting in the calibration book. This 
is accomplished by matching the output fre
quency (or a harmonic) of the variable fre
quency oscillator with a known fundamental (or 
harmonic) frequency of the crystal oscillator. A 
great many harmonic frequencies generated by 
the crystal oscillator circuit have been recorded 
and assigned definite positions on the main tun
ing dial. These are called CRYSTAL CHECK 
POINTS. Figure 1 6  shO\\'s a typical tuning curve 
of the BC-22 1- (&) , together with CRYSTAL 

which can always be identified by the increase 
in pitch on either side. Figure 1 7  is a block 
diagram which shows the adjustment of the 
variable frequency oscillator to a CRYSTAL 
CHECK POINT. I t  is desired to check the vari
able frequency oscillator at 3 ,000 kc, for ex
ample. After the meter has been warmed up, 
the tuning dial set according to the calibration 
book for 3 ,000 kc, and the crystal oscillator cir
cuit put in operation, a beat note of 300 cycles 
is heard in the headset. This would indicate 
that the 3rd harmonic of the crystal oscillator 

:!:t-rullt!!� , 

Ei :KEf:OI N;T: 

l :; 
l:��i 

�1;� :::l,: :r-:i?:::  
- . - TL-IOI26," 

Figure 16. Frequency Meter BC-221-(&) , typical frequency meter tuning curves. 

CHECK POINTS. Whenever the frequency of 
the variable frequency oscillator becomes equal 
to one of those frequencies, at the time of cali
bration, no sound should be heard in the head·· 
set. On ei ther side of this matching position, 
however, a definite tone will be heard as ei ther 
the tuning dial or the CORRECTOR control 
is turned, increasing in pitch unti l it vanishes 
completely. The operator using the equipment 
must exercise extreme care not to mistake this 
point of no sound for the true zero beat point 
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(3 ,000 kc) i s  beating with the output frequency 
of the variable frequency oscillator in such a 
manner as to produce a difference frequency of 
300 cycles . Since the crystal oscil lator is known 
to be accurate, it is evident that the variable 
frequency oscillator is off calibration. Simple 
arithmetic will indicate that a variable frequency 
oscillator output frequency of ei ther 2 ,999.7 kc 
or 3 ,000.3 kc would produce a difference of 300 
cycles. Proper adjustment of the CORRECTOR 
control will bring the variable frequency osciIIa-

Q 
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tor output to the correct frequency of exactly 
3,000 kc, when zero beat is obtained. 

c. TYPICAL CORR.ECTION PROCEDURE. The vari
ous models of the Frequency Meter BC-2 2 1- (&) 
use several different methods of making the 
correction setting because of variations in the 
marking of controls, and differences in circui t  
arrangements. The following procedure, on  the 
BC-22 I-AA, is typical for the majority of mod
els. (For details regarding other models, see the 
chapter on the specific model involved.) 

( I )  Determine whether the frequency at 
which the meter is to be calibrated lies in the 
LOW or the HIGH band. Turn the FREQ. 
BAND selector switch to the proper position. 

(2) Open the panel cover which holds lhe 
calibration book. Using the index as described 

VAR I A BL E 
FREOUE NCY 
OSC I L L A TOR DETECTOR 

2999.7 K.C. OR 2999.7 KC CONV E R T E R  
3000.3 K.C. OR 

30OO.3 1<C 

no sound is heard, that is, their beat frequency 
is out of the audible range. A change of the 
CORRECTOR control in the proper direction 
will produce an audible sound. 

(c) The set is defective. In this case no sound 
will be heard at any point within the range of 
the CORRECTOR control. 

(5) Assuming that a beat tone has been heard, 
move the CORRECTOR control knob in the 
direction of decreasing pitch unti l no sound is 
heard. This zero beat position of the COR
RECTOR control knob must not be disturbed 
unless an entirely new crystal check point is 
to be used. 

(6) After setting the main tuning dial to a 
CRYSTAL CHECK POINT as described -above , 
check the accuracy of the frequency meter still 

BEAT FREO AU DIO " OUTPUT FREQ 
F - Q.3 KC AMP LIFI ER F=o.'3KC (300 CYCLES) 

F = 3000 KC 

CRYSTAL 
OSC I LL ATOR 
3000 K C  

TL- 7587 

Figure 17. Block diagram, correction at a CRYSTAL CHECK POINT. 

in paragraph I 2b ,  locate the page on which the 
desired frequency is to be found. At the bottom 
of the page, the dial setting of the nearest crystal 
check point is found in the dial column opposite 
the designation CRYSTAL CHECK POINT 
which is  printed in  red. 

(3) Turn the operation switch to CHECK. 
Both the crystal and variable frequency oscilla
tor circuits are now' in operation. 

(4) Set the main tuning dial at  the selected 
CRYSTAL CHECK POINT. A beat tone 
should be heard. If not, its absence will be due 
to one of the following possible conditions : 

(a) The meter is exactly on calibration. If 
this is the case, then a slight change in either 
direction in the setting of the CORRECTOR 
control ,dll  produce a sound of increasing pitch 
in the headset. 

(b) The two frequencies are so far apart that 

further by rotati ng the main tuning dial to the 
next higher audible CRYSTAL CHECK 
POINT and noting the new dral  reading. The 
difference between this dial reading and that 
listed on the next higher CRYSTAL CH ECK 
POINT in the calibration book should be within 
1.8 dial divisions on the LO\V frequency band 
and 1 .2 dial divisions on the HIGH frequency 
band. If this is not the case, always check the 
battery voltages before turning in the meter for 
repaIr. 

(7) Turn the operation switch back to OP
ERA TE. The calibration i s  now completed. 
The main tuning dial may now be turned to 
select any frequency covered by the crystal check 

NOTE. Switch ing from low to h igh ba nd, switching from 
ch eck to crysta l  or vice versa ,  or opera ting a ny of the con
trols, ma y ca use th e detector grid to block a nd the instru
ment to stop opera ting. I f  this ha ppens, turn the i nstrument 
off a nd th en on a ga in.  
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point used, and the instrument dial settings will 
give the proper frequencies. 

16. Crystal Check Points 
Accumulated errors due to temperature, humid
ity, and battery voltage variations, and to rough 
handling can be corrected at a number of places 
along the tuning range of the instrument. This 
can be done by means of the beat notes between 
the fundamental frequency (or harmonics) of 
the variable frequency oscillator and the funda
mental frequency (or harmonics) of the crystal 
oscillator. Since the harmonics of both osci llators 
are present in an unbroken series decreasing 

Variable 
frequency 
oscillator 

fundamental 
frequency 

1 25 .00 kc 
1 33 .33  kc 
1 42 .86 kc 
1 53 .85 kc 
1 67 .67  kc 
1 8 1 .82 kc 
200.00 kc 
2 1 4. 29  kc 
222 . 2 2  kc 
230. 7 '1 kc 
250 .00 kc 

2 ,000.00 kc 
2 , 1 66 . 7  kc 
2 , 250.0 kc 
2 ,333 . 3  kc 
2 ,500 .0  kc 
2 ,666 . 7  kc 
2 , 750.0 kc 
3,000 .0  kc 
3, 250.0 kc 
3 ,333 .3  kc 
3,500 .0  kc 
3 ,666 . 7  kc 
3 ,750.0 kc 

4,000.0 kc 

x 

x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

I X  
X 
X 
X 
X 

/ 

Lowest 
variable 

frequency 
oscillator 
harmonic 

8 
1 5  
7 

1 3  
6 

I I 
5 

1 4 
9 

1 3 

4 
I 
6 

4 
3 
2 
3 

4 
I 
4 
3 
2 

3 
4 
I 

;"\OTE. �ra ny other combina tions of frequencies of the 
yariable frequellcy oscil la tor and the crysta l oscillator wil l  
p roduce hea t points which w o u l d  confuse t h e  opera tor ex
cept for the fa ct  tha t ,  in most ca ses, th e i ntensi ty of these 
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in strength as  the order of the harmonic in
creases, and since any harmonic of one oscillator 
beating with any harmonic of the other can 
produce a beat note, there is considerable varia
tion in the strength of the beat notes as the dial 
is turned across the tuning range. For conveni
ence and accuracy, the relatively strong beat 
notes are chosen as CRYSTAL CHECK 
POINTS (with a very few exceptions) . To 
avoid confusion as to the actual CRYSTAL 
CHECK POINTS, the lowest harmonic com
binations of the two osciI Iator frequencies which 
"'i l l  produce zero beat (CRYSTAL CHECK 
POINTS) are given in the following tabulation 

Crystal 
oscillator 

fundamental 
frequency 

1 ,000 kc 
1 ,000 kc 
1 ,000 kc 
1 ,000 kc 
1 ,000 kc 
1 ,000 kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
I ,OOO kc 
1 ,000 kc 
1 ,000 kc 
1 ,000 kc 
1 ,000 kc 
1 ,000 kc 

x 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

I X  
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Lowest 
crystal 

oscillator 
harmonic 

I 
2 
I 
2 
I 
2 
I 
3 
2 
3 
I 
2 

I 3 
9 
7 
5 
8 

I I 
3 

1 3 
1 0 
7 

I I  
1 5  

4 

unlisted bea t poi nts is rela ti vely low. If, when ca li brating 
the dial against a crysta l ch eck poin t , two beat notes are 
heard in the range of the CORRECTOR control, ALWAYS 
zero hea t on the stronger of the two. 



17. Frequency Measurements 
a. GENERAL. Frequency Meter Set SCR-2 1 1-

(&) may be used for measuring accurately a 
frequency emitted from an outside source, 
whether it be of local or remote origin, provided 
that the frequency lies within the calibrated 
range. Measuring such a frequency consists of 
adjusting the main tuning dial of the frequency 
meter until the frequency of the beat note heard 
in the headset is reduced to zero cycles per s�c
ond, or zero beat. Rotating the main tuning 
dial varies the frequency of the variable fre
quency oscillator. When zero beat is obtained, 
either the frequency of the variable frequency 
oscillator is of the same frequency as the signal 
being measured, or some harmonic of the vari
able frequency oscillator is of the same frequency 
as the signal being measured. In order to know 
which of these conditions exists , it is necessary 
to know approximately the frequency of the 
signal being measured before measurement is 
made. This is very important, because in  certain 
cases a condition of zero beat will be obtained 

o ANTENNA 

INCOMING 

FREOUENCY 

has been warmed up, calibrated, and set for 
operation at exactly 2 ,{00 kc. Under these con
di tions a tone of 1 kc ( 1 ,000 cycles) is heard in 
the headset. Adjustment of the tuning dial in 
one direction causes the pitch of the tone to 
increase. This indicates moving away from the 
point of zero beat and is, therefore, the wrong 
direction. The operator must move the dial in 
the direction which causes the pitch of the tone 
to decrease and continue this movement until 
the zero beat poin t  i s  reached. He must then 
note the dial reading, see the calibration book, 
and obtain the frequency of the incom ing signal . 
In this particular example, the incoming fre
quency could be e i ther 2 ,399 kc or 2 ,40 1 kc to 
produce the the original beat note (difference 
frequency) of 1 kc. In actual practice, the fre
quency of the incoming signal will not fall ex
actly on a point in the calibration book; and 
it will be necessary to interpolate. To do this, 
see paragraph 1 2e.  

b .  MEASUREMENT OF LOCAL TRANSMITTER, 
ApPROXIMATE FREQUENCY KNOWN. To measure 

F = 23 9 9  KC OR 2 4 0 1  K C  

VAR I A B L E  '---
FRE O U E NCY 

DETE CTOR 
BEAT FREa AUDIO 

OUTPUT FREa 
OSCILLATOR 

2400 KC 2400 KC CONVERTER F = I KC AMPUFIEiR F= I KC (1000 eye LES) 

T L- 7586 

Figure I8. Block diagram, measurement of an external signal. 

at several d i ff.erent settings of the main tuning 
dial , and for each dial setting four frequencies 
are given i n  the calibration book. 'Vhen the ap
proximate frequency is  known, however, the 
operator should refer to the calibration book 
for the approximate dial setting, and then find 
the exact frequency by varying the dial setting 
s l igh tly from the approximate setting until zero 
beat is obtained. Fi gure 18 is  a block diagram 
showing the operation of the frequency meter 
in determining the frequency of an external 
signal . The signal is known to be approximately 
2 ,400 kc, as indicated by a receiver dial, for ex
ample .  It is assumed that the frequency meter 

accurately the emi tted frequency of an adj acent 
transmitter or osci l lator whose approximate fre
quency i s  known, first correct the variabl e  fre
quency oscillator to the CRYSTA L C H E C K  
POINT nearest to th e approximate known fre
quency. Loosely couple the frequency meter 
antenna to the source, turn the operation switch 
to the proper operating condition, and move 
the frequency meter tuning control to the zero 
beat point found nearest the setting given for 
the approximate frequency. 'Vi th the resultant 
dial setting, refer to the appropriate column 
i n  the calibration b09k to obtain the actual 
frequency. (See par. 1 2 d.)  
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c. MEASUREMENT OF LOCAL TRANSMITTER, 
ApPROXIMATE FREQUENCY UNKNOWN. To meas
ure accurately the emitted frequency of an ad
jacent transmitter or oscillator, the frequency 
of which is unknown, determine first the ap
proximate frequency with the aid of an absorp
tion type wavemeter or a radio receiver; then 
determine actual frequency, b above. If the re
ceiver is being used for the above measurement, 
make sure that it is no t  tuned to a harmonic of 
the transmitter under measurement. 

d. MEASUREMENT OF SIGNAL OF REMOTE 
ORIGIN.  To measure accurately a frequency of 
remote origin, first tune the signal in on a radio 
receiver and note the approximate frequency 
from the receiver calibration. Next, correct the 
variable frequ�ncy osci llator to calibration at 
the CRYSTAL CHECK POINT nearest to the 
approximate frequency. Throw the operation 
switch of the frequency meter to the proper 
operating position, and loosely couple the fre
quency meter antenna to the receiver antenna 
lead. Then turn the frequency meter tuning 
control until i ts signal is heard in the receiver 
headset. If the signal in question is C-W, tune 
the receiver to zero beat, and tune the frequency 
meter to zero beat with the receiver. If the signal 
is  modulated, first adjust the receiver for maxi
mum response to the signal in the m-c-w condi
tion ; then tune the frequency meter to zero beat 
with the signal . (In some cases, the incoming 
signal may be of such low intensity that i t  will 
be blotted out by the strong signal from the fre
quency meter. If this occurs put the receiver 
into operation for c-w reception, zero beat the 
receiver to the incoming signal, and then zero 
beat the frequency meter to the receiver. If this  
cannot be  done, reduce the coupling of the fre
quency meter.) For both the c-w signal and the 
modulated signal, the frequency read from the 
appropriate column in the calibration book is 
the desired frequency. 

18. Precautions ,During Operation 
a. ACCURACY. The most important precaution 

to observe in the use of the frequency meter is 
proper adjustment of the CORRECTOR con
trol. This adjustment conects the accumulated 
errors due to temperature, humidity, and battery 
voltage variations, warm-up drift, and rough 
handling. For most accurate results, allow the 
frequency meter to warm up for about 15 to 20 
minutes before giving the CORRECTOR con
trol i ts final adjustment ,and making frequency 
measurements .  If measurements are to be made 
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over a long period of  time, recheck the COR
RECTOR at intervals at the CRYSTAL 
CHECK POINT used; readjust if the meter 
has drifted. Always adj ust the CORRECTOR 
at the same temperature at which the instrument 
i s  used. For example, if the meter is taken from 
a heated building to be used outside when the · 
weather is very cold, the greatest accuracy and 
greatest freedom from drift will be obtained i f  
the meter i s  allowed to  stand in the cold for a 
period of 30 minutes or more before the meter 
is turned on for the warm-up period. After the 
warm-up period under these conditions, the 
meter should be corrected in the usual fashion. 
Where circumstances do not allow such a long 
waiting period, the meter may be changed from 
one temperature to another without impairing 
its accuracy if it is recorrected immediately be
fore making each measurement. 

b. FALSE ZERO BEATS. The frequency meter 
emits a number of frequencies simultaneously, 
the most useful of which are l isted in the cali
bration book. On the LO"W band, the funda
mental frequency of the oscillator is 12 5 to 2 50 
kc, and is listed in  the left-hand column of the 
calibration chart. The second harmonic is two 
times the fundamental, covers 250 to 500 kc, 
and is listed in the second column. The third 
harmonic) although not  listed in the cali bration 
book) is presen t  in the ou tput  of the frequency 
meter and can produce a beat no te almost as 
s trong as the second. I t  covers the frequency 
range of 375 to 750 kc. The fourth harmonic 
covers 500 to 1,000 kc and is  listed in the third 
column. The fifth) six th) and seven th harmonics) 
not listed) are also presen t) and can produce 
relatively strong beat notes .  The eighth har
monic, 1,000 to 2,000 kc, is the highest harmonic 
regularly used for measurement. Harmonics 
above the eighth also exist but are progressively 
weaker as the order of harmonic increases. They 
can produce beat notes of corresponding lower 
strength . On the HIGH band the fundamental 
covers 2,000 to 4,000 kc, the second harmonic 
covers 4,000 to 8,000 kc, the fourth harmonic 
covers 8,000 to 16,000 kc, and the fifth harmonic 
covers 10,000 to 20,000 kc. These are all listed 
in the calibration book. The th ird harmonic) 
covering 6,000 to I2pOO kc) is presen t and can 
produce a s trong beat  note) but  is no t  lis ted in 
the calibration book.  The harmonics beyond the 
fifth are present in decreasing strength and are 
capable of giving correspondingly weaker beat 
notes. The presence of many unlisted harmonics 
makes i t  possible to obtain beat notes that are 

� 
l I 

t 
� f � I 

It. 



... 

very misleading and can be the cause of bad 
errors in frequency measurement or frequency 
adjustments. 

NOTE. To be sure of the correct beat note, it is essential 

that the opera tor kno w the approxima te calibra tion of the 
device he is measuring or adjusting. 

c. BATTERY LIFE. Batteries of rather limited 
capacity are provided in the frequency meter set 
so that the instrument will not be too heavy. I f  
used sparingly, the batteries wi l l  last for a long 
time. In most instances, the I s-minute warm-up 
periods far exceed the actual periods of measure
ment; therefore, any reduction in warm-up time 
prolongs the useful battery life .  To determine 
the minimum length of time required for suffi
cient warm up, set the operation s,,-itch of the 
meter for check of the calibration at the nearest 
CRYSTAL CHECK POINT and leave the 
CORRECTOR control in such a position that 
an audible beat note is obtained. Then listen 
until the beat note has stopped drifting in fre
quency or is drifting very slowly to decide when 
the meter is stabi lized enough to make reliable 
measurements. Readjust the CORRECTOR 
within 10 or I S  seconds of the time of actual 
mea.surement, thus cutting the warm-up period 
to a very few minutes, and lengthening the use
ful battery life .  (Some of the later models of the 
SCR-2 I I- (&) equipped with a vVARM-UP posi
tion on the POvVER or operation swi tch are 
preferable in this respect to the earlier models .) 

Caution : High temperatures quickly shorten 
the life of the batteries. Never keep the instru
ment in a warm place. Store spare batteries, par
ticularly B batteries, in  a cool dry place. 

d. STORAGE. ·When the Frequency Meter Set 
SCR-2 I I- (&) is to be stored for a period exceed
ing 2 weeks, remove the batteries from the in
strument. If this is not done, severe damage to 
the interior of the meter may be the result of 
deterioration of the batteries. 

19. Adjustments for Field Upkeep 
In case of fai lure of the frequency meter due to 
defective tube, or oscillator crystal , spare tubes 
can be inserted in the proper sockets without the 
necessity of recalibrating the instrument. 

Caution : Never disturb the adjustment of any 
of the interior trimmer capacitors . Avoid  moving 
wires in any of the r-f circuits. This may cause 
the frequency of the instrument to vary from the 
corresponding frequency on the calibration chart. 

Section Ill. FUNCTIONING OF PARTS 

20. General 
The functioning of the various parts of the Fre
quency Meter Set SCR-2 I I- (&) is discussed in 
a general way in  the paragraphs below. For more 
detai led functioning of parts and circuits and for 
all diagrams of any particular model or group of 
models, refer to the appropriate chapter. 

2 1 .  Circuit Components 
The circuit of the '  frequency meter may be  
divided into four parts . 

a. Standard of reference, provided by a crystal
. controlled oscillating circuit .  

b .  Variable frequency oscillating circuit, which 
generates frequencies determined by the setting 
of the main tuning dial . 

c. Detector-converter stage, which detects the 
difference of the frequencies of these two inde
pendent circuits after combining the two fre
quencies electronically. 

d. Audio-amplifyi ng circuit ,  which amplifies 
the detected frequencies and feeds them to the 
PHONES jack, or jacks. 

22. Crystal Circuit 
The crystal-oscillator circuit uses a portion of 
the detector-converter stage. (See par. 2 I C .) It can 
be switched in and out of operation without dis
turbing the rest of the circuit .  In some cases, the 
crystal i tself i s  shorted out, and in others , plate 
voltage is  removed from one of the elements of 
the tube. For exact details ,  see the chapter cov
ering the model in question. The crystal has a 
natural frequency of 1 ,000 kc and will  not 
change appreciably if  the surrounding temper
ature, the tubes, and the power supply voltage 
are within the specified limits .  The crystal is 
securely inclosed within an air gap type holder 
mounted in a standard metal tube envelope 
which has an octal base. The holder protects the 
crystal and shock, vibration, and humidity 
changes, therefore, cause l i ttle variation in i ts 
fundamental frequency. F 

a. CRYSTAL HA�:\IO:-';ICS . The crystal controls 
a tube osci llator, ,,·hich generates a const;>nt  fre
quency of 1 ,000 kc plus i ts harmonics. These 
harmonics are integral multiples of the funda
mental ; that is 2 ,000, 3 ,000, 4 ,000 kc, and so on. 
These harmonics have the same percentage of 
accuracy as the fundamental and can be used as 
reference frequencies throughout the range of 
the meter. 

19 



b .  ApPLICATION OF THE CRYSTAL CIRCUIT. ( I ) 
The crystal circui t  has two functions. 

(a) It serves as a standard frequency reference 
against which to test the variable frequency 
oscillator circuit . 

(b)  It  i s  a source of 1 ,000 kc and harmonics 
of 1 ,000 kc, to be radiated from the meter an
tenna to some external instrument. (This is not 
the case in the BC-2 2 I-A, BC-2 2 1 -C, or BC-
2 2 1 -D , s ince no provision is made in. these 
models for allowing the crystal-oscillator circui t  
to  operate with the variable frequency turned 
off.) 

(2 ) The two functions are controlled by the 
operation switch of the frequency meter. For 
exact details see the chapter on the model in  
question. 

23. Variable Frequency Oscillator Circuit 
The variable frequency oscillator circuit of the 
frequency meter consists of several essential ele
ments .  

a .  TUNING CAPACITOR. This capacitor is very 
stable and is a feature inherent in the circui t  
design. It  i s  rotated by  a precisi on type worm 
wheel and worm. The tuning dial is attached to 
the worm shaft and can be locked at any setting 
by means of the dial lock. The dial lock i s  de
signed so that locking will not cause a shift of 
more than 30 cycles at 4,000 kc. A small adjust
able padding capacitor across the tuning capaci
tor is the CORRECTOR control. 

b .  COILS.  There are two coils in  the variable 
frequency oscillato.r circuit ,  one for the LOvY 
band and one for the HIGH band. The ter
minals of ei ther coil are connected across the 
terminals of the tuning capacitor by the FREQ. 
BAND LOW-HIGH band selector switch . Each 
coil and i ts associated capacitors constitute the 
resonant circuit that determines the output fre
quency of the variable frequency oscillator tube. 
In these circuits ,  every effort has been made to 
reduce to a minimum all frequency variations 
due to warming up of the tubes and circui t  com
ponents, variations in battero/' output voltage, 
and temperature and humidity changes. These 
results are obtained in different ways in the vari
ous models. For specific details see the chapter 
on the model in question. 

c. BAND SELECTOR SWITCH. This switch changes 
the internal circuits of the variable frequency 
oscillator to either L(}W or HIGH band oper
ation. See the chapter on a specific model for 
further details. 
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d. CIRCUIT CORRECTOR. The CORRECTOR 
is a small variable capacitor across the mair. 
tuning capaci tor. It enables the operator to so 
control the total capacitance across the oscillator 
tuned @ircuit ,  as to compensate for slight changes 
in the circuit. 

e. TRIM MER CAPACITORS. To insure a straight 
l ine frequency operating curve and a frequency 
range that covers virtual ly the entire dial, it i s  
necessary to control carefully the fixed capaci
tance in the resonant circuits. This is  done by 
adjusting ei ther one of the two padding capaci
tors depending upon the position of the FREQ. 
BAND LO'Y-HIGH switch. These capacitors 
are used to build up the fixed capacitance of each 
circui t  to the exact values called for by the 
design of the variable tuning capacitor. 

Caution : The trimmer capacitor settings are 
made at the factory. Do not tamper with them. 
To do so may throw the meter completely off 
calibration and necessitate expensive realign
ment. 

f. OSCILLATOR FUNCTION . The variable fre
quency oscillator is the source of the frequencies 
used in making frequency checks on receivers 
and transmitters . I ts operation is  controlled by 
the operation switch of the frequency meter. In  
one posi tion of the switch, the output o f  the 
oscillator is  mixed with the output frequency of 
the crystal-oscillator circuit .  The resulting fre
quency, the beat frequency, is equal to the dif
ference between the two and is used in calibrat
ing the meter at a crystal check point. In another 
position of the operation switch, the variable 
frequency oscillator circui t is in operation, but 
the crystal circuit is turned off. I f  the antenna i s  
in position, the frequency meter is  used to re
ceive or radiate any frequency in i ts range ; that 
is, it is used as a radio receiver or transmitter. 
For further detai l s  of operation as applied to a 
particular model, refer to the chapter on that 
model. 

24. Detector Tube Circuit 
A dual-purpose type vacuum tube is used in the 
detector-converter stage of all models of Fre
quency Meter B C-2 2 1 - (&) . In the early models, 
a pentagrid-converter type circuit  is  used, where
as the later models use a triode-hexode type of 
tube .  In either case, the tube can be considered 
as having two control grids : the osci llator con
trol grid and the detector control grid. 'Nhen 
measurements are made on transmitters, energy 



from the transmitter is picked up by the antenna 
of the frequency meter and fed through coupling 
capacitors to the control grid of this detector 
tube. Output voltage from the variable frequency 
oscillator is coupled to the same grid by means 
of another capacitive coupling arrangement. 
When the frequencies differ by only a few hun
dred cycles, a distinct audio beat note (equal i n  
frequency t o  the difference between the two im
pressed frequencies) is produced in  the plate 
circuit of the detector and passed on to the audio 
amplifier. When the operation switch of the fre
quency meter is thrown to the position used for 
checking the frequency of the variable frequency 
oscillator against the output of the crystal oscil
lator, the output voltage from the variable fre
quency oscil lator is again impressed on the con
trol grid of the detector tube. There it is mixed, 
by electron coupling, with the output of the 
crystal oscillator. The output (plate) circui t  of 
the detector-converter stage is made responsive 
to low audio frequencies by the use of a high 
inductance choke coil in i ts plate circuit. In some 
models, the high frequency response of this coil 
is reduced by means of a capacitor across this 
choke. 

25. Audio-Amplifying Circuit 
The audio amplifier is a conventional, self
biased, triode-connected circuit .  Some of the 
early models employ a triode tube in this circuit 
while the later models use a pentode tube, con
nected as a triode. This is done in order to sim
plify the supply problem on replacement tubes 
since in most cases, the tube so used is the same 
type as the tube used in the variable frequency 
oscillator stage. Some variations in this pro
cedure may be noted by reference to the chapter 
on the particular model involved. The audio 
signal passed on to the headset can be adjusted 
manually by means of the GAIN control to suit 
the operator's requirements .  As a precaution to 
prevent shocks to the operator, the headset is 
operated at the same d-c potential as the chassis .  
In some models, the high plate voltage is blocked 
off the headset by means of a b locking capacitor. 
In the later models, an audio-output transformer 
is used. Since there are no terminals that have 
an appreciable voltage difference between them
selves and the chassis, there is no danger of the 

NOTE. Switch ing from l ow to h igh band, switch ing from 
the ch ecki ng posi ti on to the crystal posi ti on or vi ce versa, 
or operati ng any of th e control s, may cause the d�tector 
gri d to bl ock and th e instrument to stop operati ng. If th is 
happens, turn the instrument off and then on again. 

operator receiving a shock during operation, pro
vided the instrument is in i ts case, and there i s  
no connection from the case or the ANT con
nection to any other object at a voltage above 
ground. 

Section IV. MAINTENANCE 
NOTE. Unsati sfactory performance of th is equipment will 

be reported immedi ately on W.D . ,  A.G.O. Form No. 468 . If 
form is not avail able see TM 38- 250. 

26. General Instructions 
This equipment is ex tremely accurate and sensi
tive. Handle it as carefully as any precision 
instrument. 

a. REPLACEMENT OF PARTS. The accuracy of 
calibration is affected by replacement of certain 
parts . In view of the precision required, the 
policy governing the maintenance of Frequency 
Meter Set SCR-2 1 1- (&) is given below. 

( 1 ) Zone of the in terior. (a) Repairs and re
placement of parts , other than tubes, within the 
variable frequency oscillator circuits and crystal 
oscillator circui ts of Frequency Meter Set SCR-
2 1 1- (&) , and/or recalibration of these instru
ments, are designated fifth-echelon maintenance, 
and are limited to the following signal depot 
repair shops : 

Philadelphia Signal Depot Repair Shop. 
Sacramento Signal Depot Repair Shop. 
Chicago Signal Depo·t Repair Shop. 

(b) Frequency Meter Set SCR-2 1 1- (&) ,  re
quiring repairs and/or recalibration as outlined 
in ( 1 )  (a) above, will  be replaced through nor
mal supply channels if possible, or shipped to 
one of the above depots . 

I. First, Second, Third, and Fourth Serv
ice Commands will forward units to 
Philadelphia Signal Depot Repair 
Shop. 

2. Fifth, Sixth ,  Seventh, and Eighth Serv
ice Commands will  forward units to 
Chicago Signal Depot Repair Shop. 

3.  Ninth Service Command will  forward 
units to Sacramento Signal Depot 
Repair Shop. 

. (c) For Frequency Meter Set SCR-2 1 1- (&) in 
need of repairs other than those specified in (a) 
above, normal echelons of maintenance will be 
followed. 

(d) Unserviceable Frequency Meter Set SCR-
2 1 1- (&) which is considered justifiable to repair  
wi l l  be completely recondi tioned and recali
bra ted at the Phi ladelphia, Sacramento, or Chi
cago Signal Depot Repair Shops. 
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(e) Unserviceable Frequency Meter Set SCR-
2 1 1- (&) which is considered beyond justifiable 
reconditioning will be disposed of in accordance 
with existing regulations for the reclamation of 
usable parts or salvaging, as the case may be. 

(2 ) Theaters of operation.  (a) Repairs and 
replacement of parts, other than tubes , within 
the variable frequency oscillator circuit and 
crystal oscillator circuit  of Frequency Meter Set 
SCR-2 1 1- (&) , are designated fifth-echelon main
tenance and will be limited to those shops, in  
addition to  the three shops mentioned in ( 1 )  (a) 
above, having the following equipment: 

I .  Primary and secondary frequency 
standards. 

2. Temperature-controlled chamber, cap
able of housing the SCR-2 1 1- (&) 
and capable of varying and main
taining temperature from -400 C. 
to +600  C. 

3 .  Adequate indicating equipment for 
determining temperature of fre
quency meter under test. 

4. Recalibration of these instruments will 
be designated fifth-echelon mainten
ance and will  be limited to those 
fifth-echelon shops having primary 
and secondary frequency standards . 

(b )  If return of Frequency Meter Set SCR-
2 1 1- (&) to any of the repa.ir shops designated in 
(2 ) (a) above is not practical, or the condition of 
the frequency meters does not warrant their re
condi tioning, they will be salvaged within exist
ing regulations. 

(c) For those Frequency Meter Sets SCR-
2 1 1- (&) in need of repairs i n  the audio ampli
fier stage and/or replacement of tubes in all cir
Cli its ,  normal echelons of maintenance will be 
followed. 

b. FIGURES AND DIAGRAMS. The figures and 
diagrams in this manual are useful in locating 
the causes of trouble. Each circui t  element is 
identified by means of a symbol number which 
appears in the wiring diagrams. For complete 
understanding of the operation of the equipment 
these diagrams should be refer�ed to frequently . 
A diagram is always furnished as part of the fre
quency meter cabinet. In case of doubt concern
ing the accuracy of a diagram in this manual 
(minor changes may have been made during 
manufacture) , always be governed by the dia
gram accompanying the equipment. 

c .  SERVICING. Little servicing should be re
quired other than checking the battering volt-
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ages occasionally and testing the tubes after every 
6 months of operation. No lubrication of any 
part is required except for two or three drops of 
'PS-Oil ,  lubricating, preservative, special (all 
temperature, Specification No. AXS-777) applied 
to worm and worm gear of the main tuning 
capacitor after each 1 ,024 hours of operation or 
whenever the set is  being serviced at Signal 
Corps repair depots. I f  the interior of the battery 
compartment shows damage due to unavoidable 
chemical deterioration of the batteries, clean the 
compartment thoroughly with aqueous ammonia 
solution, naptha, benzine, or pure gasoline to 
neutralize the effects of the battery chemicals . 

d. SPARE TUBES. Stock tubes selected at ran· 
dom should work satisfactorily in the detector
converter and audio-amplifier stages of this 
equipment. The variable frequency oscillator 
tube is the most critical . For best results, use 
tubes furnished with the equipment as running 
spares whenever possible. Stock tubes may show 
somewhat less stability particularly against hu
midity and temperature variations or against 
initial warm-up drift ; however, they will operate 
and can be used in an emergency even thmlgh 
the accuracy of the meter may be slightly im
paired. 

e. CLEANING. An air blast is recommended for 
cleaning the instrument, provided the air is ab
solutely free from moisture and oi l .  The blast 
should be low in pressure , otherwise the trimmer 
and CORRECTOR capacitor plates may be bent, 
thereby destroying the accuracy of the calibra
tion. 

Caution : Do not unwire or remove any parts, 
nor disturb the position of the wiring. To do so 
may necessi tate complete recalibration of the 
meter. 

f. CONTROL KNOBS. If the control knobs be
come loose on their shafts, tighten the'iietscrews 
holding the knobs with the wrench or wrenches 
provided. N ever use these wrenches for any other 
purpose. 

g. RE:\WVAL FROM SERVICE. 'Vhen the set i s  
not in use, always be sure that the switches are 
set to the OFF position. It is true that removal 
of the headset plug from the PHONES jack 
opens up the filament circuit ,  but in some of the 
early models (BC-22 1-A, BC-22 1-C, and BC-
22 1-D) a constant drain on the B battery will 
take place if the POWER switch is left ON. 
Keep the meter and the headset in the bag; keep 
the strap attached to the bag. I f  the set is to 
remain unused for a period exceeding 2 weeks, 
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remove the batteries. 

27. Circuit Trouble 
Faulty operation may be due to failure of the 
power supply, the headset, the crystal-oscillator 
circuit, the variable frequency oscillator circuit, 
the detector-converter circuit ,  or the audio-am
plifier circuit .  If the following simple tests are 
applied, the trouble may be located easily, and 
the amount of necessary checking or testing re
duced greatly. 

a. CHECKING POWER SUPPLY . The batteries 
may be checked under normal load conditions 
as follows : Plug a headset into the PHONES 
jack, turn on the frequency meter in the maxi
mum load posi tion of the operation switch (see 
chapter on applicable model) , and allow about 
1 minute for the tubes to warm up. Open the 
battery compartment, and on the battery ter
minal strip measure the B voltage between B+ 
and A-B- terminals with a volmeter having a 
full scale range of at least 1 50 volts, and 1 ,000 
ohms per volt sensitivity. 

Caution': Do not touch both terminals at the 
same time. A serious shock may result. 
Measure the A voltage between the A+ and 
A-B- terminals with a voltmeter having a full 
scale range of at least 6 volts. If  the total B volt
age is below 1 2 1 . 5 volts, or the total A voltage 
below 5 .4 volts, replace the batteries. vVhen re
placement of the batteries is necessary, installing 
an entirely new set of batteries is recommended, 
rather than replacing individual cells or bat
teries that may read low. 

b. CHECKING HEADSET. To test the headset, 
proceed as follows : Remove the plug from the 
frequency meter and open the battery compart
ment. Then listening to the headset, touch the 
tip of the phone plug several times to one ter
minal of a I . S-VOlt A battery cell (known to be 
good) , while holding the sleeve of the plug in 
contact with the other terminal of the cell. A 
distinct click should be heard each time the con
tact is made or broken. If no click is heard, the 
headset or cord is defective. An alternate method 
of testing is to check the circuit with an ohm
meter or continuity meter by making connec
tions to the tip and sleeve of the plug. 

c. CHECKING CRYSTAL OSCILLATOR. To test the 
crystal-oscillator circuit, turn the operation 
switch of the meter for use of the crystal oscil
lator only (see chapter on model involved) . 
Under normal conditions , the meter is radiating 
the crystal frequency at this position, and an 

__ �O _ _ __ __ _ 

oscillating receiver, or one adjusted for COw re
ception, tuned to this frequency ( 1 ,000 kc. or 
any whole multiple of 1 ,000 kc) should readily 
detect the radiated signal . 

d. CHECKING VARIABLE FREQUENCY OSCIL
LATOR. To check the variable frequency oscil
lator circuit, turn the operation switch of the 
frequency meter for normal operating conditions 
(crystal oscillator not operating) and repeat the 

operations described in c above. In this test, how-
ever, the main tuning dial of the meter will have 
to be set to a known value of frequency and 
picked up on the receiver tuned for the same 
frequency. 

e.  CHECKING DETECTOR-CONVERTER AND AUDIO
AMPLIFIER CIRCUITS .  If all of the preceding tests 
indicate that the i tems or circuits tested are in 
operating condi tion, and trouble still persists, 
the detector-converter or audio-amplifier circuits 
may be defective. To test the audio-amplifier 
circuit, remove the frequency meter chassis from 
the case and connect i t  to the power supply by 
means of clip leads, or more conveniently, by 
means of an adapter cable made, up for that pur
pose. vVith the meter in operating condition, 
turn the GAIN control clockwise (to the right) .  
vVhile listening in the headset, remove the de
tector-converter tube from i ts socket. If the 
audio-amplifier circuit  is operating, a loud click 
will result .  In any defective circuit, withdraw 
and reinsert the tube or crystal once or twice to 
insure good contact in the socket. I f  there is no 
improvement, replace the doubtful i tem with its 
spare. I f  the trouble still exists, i t  will be neces
sary to turn the meter in for repair. 

28. Moistureproofing and Fungiproofing 
a. GENERAL. Failures commonly occur when 

Signal Corps equipment is operated in tropical 
areas where temperature and relative humidity 
are extremely high. The following problems are 
typical : 

( I )  Resistors and capacitors fail. 
(2 ) Electrolytic action takes place in coils, 

chokes, transformer windings, etc . ,  causing even
tual break-down. 

(3) Hook-up wire and cable insulation break
down. Fungus growth accelerates deterioration. 

(4) Moisture forms electrical leakage paths on 
terminal boards and insulating strips causing 
flash-overs or leakage. 

b. TREATMENT. A moistureproofing and fungi
proofing treatment has been devised which, i f 
properly applied, provides a reasonable degree 
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of protection against fungus growth, insects, cor
rosion, salt spray, and moisture. The treatment 
involves the use of a moisture- and fungi-resist
ant varnish applied by means of a spray gun.  A 
brief description of the method of application 
follows : 

( 1 ) All repairs and adjustments necessary for 
the proper operation of the equipment are made. 

(2) Equipment to be processed is thoroughly 
cleaned of all dirt, dust, rust, fungus, oil, and 
grease. 

I (3) Equipment is partially disassembled and 
certain points, such as open switches, air capaci
tors, sockets, bearings, etc . ,  are covered with 
masking tape. 

(4) Equipment is thoroughly dried by heat to 
dispel moisture which the circui t  elements have 
absorbed. 

(5) All circuit elements and all parts of the 
equipment are sprayed or painted with three 
coats of moistureproofing and fungi proofing 
varnish. 

(6) The equipment is given a final opera
tional check;  radio sets receiving a 24- to 36-hour 
aging period, when time permits, before return 
to service. 

c. STEP-By-STEP I NSTRUCTIONS. The following 
are step-by-step instructions for the treatment of 
Frequency Meter BC-22 1- (&) : 

( 1 )  Disassemb ly .  (a) Remove the chassis of 
Frequency Meter BC-22 1- (&) from the cabinet. 

(b) Remove the crystal, and spare crystal if 
one is  present, from the chassis. 

(2) Masking. (a) Cover contacts and openings 
of PHONES jacks with masking tape. 

(b) Cover prong or clip of antenna contactor 
with masking tape. 

(c) Cover grid cap of detector-converter tube 
with masking tape. 
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(d) Cover CORRECTOR trimmer capacitor 
with masking tape. 

(e) Cover contacts, or push paper in so that 
it covers contacts, on all switches. 

(I) Cover all prongs on power supply plug 
assembly with masking tape. 

(g) Cover openings on variable capacitor cover 
shield with masking tape. 

(h) Cover the HIGH and LOW trimmer 
capacitors with masking tape. 

(i) Cover any openings in the shield of the 
main tuning capacitor with masking tape. 

Caution :  Make sure that a complete job of 
masking has been done on the i tems listed above. 
If the spray chemicals get on any of the variable 
capacitors, the calibration of the instrument will 
be destroyed. 

d. GENERAL INSTRUCTIONS. For general instruc
tions in the spray method of moistureproofing 
and fungi proofing see TB SIG 1 3 . 

Section V. SUPPLEMENTARY DATA 

29. General 
a. Components and parts are dependent upon 

the model of Frequency Meter Set SCR-2 1 1-
(&) . Therefore, a list of components and a tabu
lar list of maintenance parts have been made up 
for each different model or group of models, and 
these lists will be found in the chapter on the 
model in question. I f  the schematic diagrams of 
the various models of a group of models happen 
to differ, each variation will be covered by a sep
arate diagram. In cases in which most of the parts 
are identical but have different circuit  number 
designations, these differences are pointed out. 

b. A number of photographs covering miscel
laneous views of various models are included at 
the end of this chapter. (See figs. 1 9  to 27 ,  incl.) 
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Figure [9· Frequency Meter BC-22[ - T, view of spare parts compartment. 
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Figure 20. Frequency Ateter BC-22I-B, view of cabinet interior and calibration book. 
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Figure 2[. Frequency .Ueter BC-22I-AF, , iew of cabinet interior and calibration book. 
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Figure 22. Frequency ,Meter BC-22I-F, rear view of chassis. 
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Figure 23. Freqllenry .\Jeter BC-22I -B, boltom t ieeL' of chassis tL'ith coil shield remoLed. 
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Figure 24. Frequency j.\[eler BC--22I-AA, rear l iew of chassis. 
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Figure 25. Frequency "Heter BC-221-(& ) ,  typical wooden cabinet, showing headset comjJartment. 

3 1  



oJ 

32 

I ) 

+-4 -fi -
Lr A 1 ,. 

- *  

D o 0 

• 0 

• 0 

0 

I -- - --- - -- - - -- - - - - -... " 

(,-- -- - - ------- -
I 
I 
\ , 

\ \ \ \ , , 
'-'14-----9 t"------; .. �I 

Figure 26. Frequency Meter BC-22I-(&), typical dimensions, metal cabinet (subject to slighJ variations.) 
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CHAPTER 2 
FREQUENCY METER SETS SCR-2 I I-A, SCR-2 1 1-C, AND SCR-2 11-D 

Section I. DESCRIPTION 

30. General 

connection of the suppressor grid of the variable 
frequency oscillator tube, the . circuit of the 
SCR-2 1 1-C or the SCR-2 1 1-D is identical with 
that of the SCR-2 1 1-A. It should be noted also 
that the part numbers in the schematic diagram 
of the SCR-2 1 1-A differ from the part numbers 
of the SCR-2 1 1-C and the SCR-2 1 1-D, but the 
value and function of similar parts is the same 
in spite of the difference in part numbers. For 
further general information see paragraph 2 .  
The symbol ( 1 )  a s  used throughout this chapter 
refers to either the SCR-2 1 1-A, SCR-2 1 1-:-C, or 
SCR-2 1 1-D. 

Frequency Meter Sets SGR-2 1 1-A, SCR-2 1 1-C, 
and SCR-2 1 1-D have been manufactured by the 
Bendix Radio Corporation on several different 
orders. Sets SCR-2 1 1-C and SCR-2 1 1-D are 
identical in all major respects and are treated 
as such in this chapter. Set SCR-2 1 I-A differs 
from the SCR-2 1 1-C and the SCR-2 1 1-D in 
two minor respects. The only noticeable differ
ence in internal appearance between the SCR-
2 1  I-A, the SCR-2 1 1-C, and the SCR-2 1 1-D is 
that in the two latter sets the spare crystal is 
mounted on the under side of the chassis instead 
of on the left side wall. Electrically, except for 
the addition of two 'small fixed resistors, 20-1  
and 2 1- 1 ,  capacitor 7-1C, and a change in the 

3 1 .  Components 
Each Frequency Meter Set SCR-2 1 1- ( I ) In
cludes the following component units :  

Quantity Component 

I .  • • • • • • • • .  Frequency Meter BC-22 1 -'-( I )  includes : 
I Crystal Unit DC-g-( I )  (in operating position) . 
I Crystal Unit DC-g-( I )  (spare, mounted on chassis) . 
I Calibration Book MC-I 77-( I ) .  
I Calibration Book MC-I 77-( I )  (spare, untyped, in chassis compartn;tent) . 
I wrench for Bristo No. 6 setscrew (spares compartment) . 
1 wrench for Bristo No. 8 setscrew (spares compartment) . 

2 .  . . . . . . . . .  Tube VT -77,  type 77 (one in use, one spare) . 
2 . . . . . . . . . .  Commercial tube type 6A 7 (one in use, one spare) . 
2 .  . . . . . . . . .  Tube VT -76, type 76 (one in use, one spare) . 
I . . . . . . . . . .  Preliminary instruction book, or technical manual for Frequency Meter Set SCR 

-2 1 1 -1 ( 1 ) .  

I .  . . . . . . . . . Bag BG-8 I -( I ) .  

I . . . . . . . . . . Additional spare set of vacuum tubes (one each; supplied in bulk) . 

32. Additional Equipment Required the orders, is required to complete each Fre
quency Meter Set SCR-2 1 1- ( I ) : The following equipment, not furnishecT with 
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Quantity Article 

1 .  . . . . . . . . .  Headset P-I 8  or P-20. 

6 . . . .  . . . .  . .  Batteries BA-2. 

4 .  . . . . . . . . .  Batteries BA-23·  
I . . . . . . . . . .  Strap ST-I g-A. 

.. 



33. Total Weight 
Frequency Meter Set SCR-2 I l- ( 1 ) , complete 
and ready for service, weighs 38 .5  pounds. For 
typical ·dimensions, see figure 26 .  

34. Power Consumption 
All power required for the operation of this 
equipment is  supplied by the batteries listed in 
paragraph 3 2 .  The following are the current 
drains at the specified voltage limits. 

a. For the SCR-2 1 1-A: 
Filaments : 5 .4 to 6.0 volts, 0.86 to O.g l 

ampere. 
Plates, etc. : 1 2 1 .5 to 1 35.0 volts, O.OOg l 

to 0.0 1 06 ampere. 

b. For the SCR-2 1 1-C and SCR-2 1 1-D : 
Filaments : 5 .4 to 6 .0 volts, 0 .86 to O.g l 

ampere. 
Plates, etc. : 1 2 1 . 5 to 1 35 .0 volts, 0 .0 1 3  to 

0.0 1 7  ampere. 
c. These values are typical for operation with 

the CRYSTAL switch in the OFF position, 
under which condition maximum plate current 
is drawn. 

35. Controls (par. 2e) 
'When the snap latch is rel���sed and the front 
cover lowered, the control panel and calibration 
book are exposed. There are seven operating 
controls (fig. 3) : 

a. A single PHONES jack accommodates the 
headset issued with the frequency meter. The 
headset must be plugged in before the meter 
can be set in operation because of the series fila
ment supply switch built into the jack. 

b . The PO"WER OFF-ON switch breaks both 
the filament and plate supply voltages and, in 
connection with the PHONES j ack, controls the 
operation of the meter. 

c. The GAIN control is a volume control used 
to adjust the input voltage to the audio-amplifer 
tube and, in turn, the level of sound in the 
headset. 

d. The CRYSTAL OFF-ON switch permits 
the insertion or removal of the crystal oscillator 

Function 

VT -77 . . . . . .  Variable frequency oscilla-
tor. . . . . . . . . . . . . . . . . . .  . 

6A7 . . . . . . . . .  Crystal oscillator and de
tector. 

Audio-frequency amplifier. 

from the meter circ;:uit . In the OFF position of 
the swi tch, the crystal is shorted out. In the ON 
position the short around the crystal is removed. 

,
The CRYSTAL ON position is  used primarily 
for checking the variable frequency oscillator at 
CRYSTAL CHECK POINTS. 

Caution :  In the frequency meter set SCR-
2 1 1- ( 1 )  , the circuit design is such that the vari
able frequency oscillator is always in operation 
with the power switch in the ON position. 
Therefore, the crystal oscillator cannot be used 
as a source of 1 ,000 kc (and whole multiples of 
1 ,000 kc) because confusion will be caused by 
the output of the variable frequency oscillator. 
To obtain 1 ,000-kc signals, adjust the variable 
frequency osci llator in the usual way for the fre
quency desired. 

e .  The FREQ. BAND LOW-HIGH switch 
permits the selection of the appropriate band of 
operation of the variable frequency oscillator as 
indicated by the frequency being checked or 
calibrated. 

f. The frequency of the variable frequency 
oscillator is control led by setting the dial labeled 
DIAL UNITS which is graduated into one hun
dred divisions. One revolution of the DIAL 
UNITS dial moves the DIAL HUNDREDS dial 
one division. (See par. I I .) 

g. The CORRECTOR knob controls a small 
variable capacitor across the variable frequency 
oscillator tuned circuit ,  and is used to compen
sate for small changes in capacitance ' brought 
about by temperature, humidity, and mechani
cal changes . It is adjusted at each CRYSTAL 
CHECK POINT to make the calibration of the 
instrument as accurate as possible over that part 
of the scale centered at a given CRYSTAL 
CHECK POINT and extending halfway to the 
next higher and next lower CRYSTAL CHECK 
POINTS. 

36. Vacuum Tubes 
The vacuum tubes used in Frequency Meter Set 
SCR-2 1 1- ( 1 )  are shown in the following tabu
lation : 

Signal Corps type 
nomenclature 

VT-77 · · · · · · · · · · · ·  . 

None . . . . . . . . . . . . .  . 

VT-76 . . . . . . . . . . . . . . 

Commercial 
equivalent 

Base 

77 . . . . . . . .  Small 6=pin 

6A 7 . . . . . .  Small 7=pin 

76 . . . . . . .  Small 5=pin 
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Section II. 

INSTALLATION AND OPERATION 

37. Initial Procedure (par. 7) 

If the second set of spare tubes, inclosed in a 
carton, is stored in the battery compartment, 
remove it when inspecting the equipment and 
place it  in stock. 

38. Installation of Batteries (par . 8) 
Remove the frequency meter chassis from the 
cabinet when installing the batteries. Open the 
battery compartment in the lower rear of the 
frequency meter cabinet and loosen the binder
head screw on the right-hand outer side, in order 
to release the metal strap which secures the fila
ment battery. Insert the four Batteries BA-23 
under the strap and push them well forward 
with the terminal posts facing the rear of the 
cabinet. Before tightening the securing strap, 
hold the wiring harness in such a position that 
the two lugs of the main cables align with the 
A+ and A-B- terminals on the battery terminal 
board, and arrange the four battery cells so that 
the terminal posts match up with the individual 
battery lugs on the harness (the eight  terminals 
on the circumference of a circle as in fig. 1 2 ) . 
Tighten the securing strap with the batteries in 
this position. Then connect the six Batteries 
BA-2 in series, and insulate the splices with 
friction tape or spaghetti to prevent short cir
cuits .  Assemble th e six batteries in two layers of 
three each , with the top layer inverted. See that 
the minus and plus 1 3S-volt leads are free for 
connection to their respective terminals on the 
terminal board. Insert the batteries in the cabi
net, connect them to the terminal board, and 
install the filament battery wiring harness . 

Caution :  'When batteries are being loaded 
into the battery compartment, do not touch the 
connecting leads. A severe shock may result. Do 
not short-circuit the terminals of the terminal 
board while making connections. 
After replacing the frequency meter chassis ,  
check the battery installation as indicated in 
paragraph 8d. 

39. Antenna (par. 9) 

40. Headset (par. 1 0) 

Plug Headset P- 1 8  or P-20 in the PHONES 
jack. Then turn the POWER and CRYSTAL 
switches to the ON positions . Allow the vacuum 
tube filaments to heat for I S  to 20 minutes. The 
equipment will then be ready for use. 
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41 . Reading the Dial (par. 1 1 ) 

42. Calibration Book MC-1 77- ( I )  
(par. 1 2 ) 

43 . Operating Circuits (par. 1 3) 

44. Zero Beat Detection (par. 1 4) 

45. Correction in Calibration 
With the POWER and CRYSTAL switches 
turned to the ON position, follow the procedure 
described in paragraph I S .  After completion of 
this procedure, turn the CRYSTAL switch to 
the OFF position and proceed with any measure
ments .  

46. Crystal Check Points (par. 1 6) 

47. Frequency Measurements 
The proper position for the CRYSTAL switch 
for all measurements other than the correction 
of the variable frequency oscil lator is in the OFF 
position. For details on making frequency 
measurements read paragraph 1 7 .  

48. Precautions During Operation (par. 1 8) 

49. Adjustments for Field Upkeep (par. 1 9) 

Section III. FUNCTIONING OF PARTS 

50. General 
The part numbers of Frequency Meters BC
U l-C and BC-22 1-D are exactly alike. The 
part numbers of the BC-22 1-A differ, however, 
although the circuit functions of similar parts 
are the same. In order to describe all three sets 
together, a special numbering system is used in 
this section. The numbers in  parentheses apply 
to the BC-2 2 1-C and the BC-2 2 1-D,  while 
those not in parentheses apply to the BC-22 I-A. 
For example, the designation 2 2  ( 1 8) means part 
No. 2 2  of the BC-22 1-A and part No. 1 8  of the 
BC-22 1-C or BC-2 2 1-D.  This numbering sys
tem applies throughout this section. For further ' 
details see figures 3 1  and 3 2 .  

51 .  Circuit Components (par. 2 1 ) 

52. Crystal Circuit 
The cathode, the inner grid, and the anode grid 
of the type 6A7 tube constitute the active ele
ments of a crystal-controlled triode oscillator 
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Figure 28. Frequency Meter BC-nr-(r) , functional diagram, crystal-oscillator circuit. 

(fig. 2 8) , which operates at a fixed frequency of 
1 ,000 kc when CRYSTAL switch 36 (2 8) is 
placed in the ON position. The crystal circui t  is 
removed from operation ,vhen CRYSTAL 
switch 36 (2 8) i s  turned to the OFF position 
thus placing a short circuit around the crystal . 
The crystal circuit is designed to generate con
siderable harmonic energy so that it can be used 
to calibrate the variable frequency oscillator at 
several points over i ts entire range. The neces
sary plate circui t impedance is built up across an 
untuned inductance 22 ( 1 8) housed in a bake
lite case of rugged construction and thoroughly 
sealed against moisture. Resistor 3 1  (2 1-3) 
shunted across crystal 23 ( 1 9) serves as the crys
tal oscillator grid leak. Resistor 32 (24) supplies 

voltage to the screen grid of the type 6A7 tube. 
Capacitors g .2 (7-2b) and 9.3 (7-2C) in parallel 
bypass the screen grid to ground. Capacitor g . 1 
(7-2a) is a bypass capacitance across the plate 

voltage supply. For further details of the crystal 
oscillator circuit ,  see paragraph 2 2 .  

NOTE. I n  Frequency Meter Set SCR-2 1 1- ( 1 )  the variable 
frequency oscillator is in  opera tion when the power switch 
is o n ,  regardless of the position of the crystal switch. There· 
fore, the crystal oscillator cannot be u sed as described in 
paragraph 22b ( 1 )  (b) ,  because of interference from the vari· 
able frequency oscillator. 

53. Variable Frequency Oscillator Circuit 
(par. 2 3) 

Tube VT -77 (77) is used in an electron coupled 
circuit as the variable frequency oscillator. (See 
fig. 2g .) 

r - - - - - _ _ _ _ _  1.39 (31 ) 
I 7( 5-2) 6(5-1) S A7 

a: 
� <.) .... 0: 0: o <.) 

6� . � 
- - - � 

L-+-----------�-----------+----� T O A+ � 
V--1---�-� T O B + 

82(7- I B )  

NOT E : - ITEMS SHOWN I N  DASHED L I NES A R E  I NCLUDED I N  B C - 221-C A N D  B C - 2 2 1 -D ONLY.  T H E  CONNECT I O N  A T  JUNCTION OF 
PARTS (25-2) AND 24(2 1 - 1 )  TO GROUND,SHOWN �.� I N DICATES AN OPEN C I R CUIT ON T HE BC- 22 1 - C AND BC-22 1-D.  

T L  1 0093 

Figure 29. Frequency Meter BC-22 r -( r) , functional diagram, variable frequency oscillator circuit. 
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a. COILS. The two inductors 20 ( 1 6) and 2 1  
( 1 7) in the tuned circuits are wound on ceramic 
forms and thoroughly sealed against moisture to 
eliminate the influence of changing atmospheric 
conditions on the stability of the meter. The 
active terminals of these coils are connected 
across the terminals of main tuning capacitor 
1 ( 1 ) by means of band selector (FREQ. BAND 
LOW-HIGH) switch 35 (27) . Each coil and the 
tuning capaci tor, together with other capacitors 
mentioned below, constitute the resonant circuit 
that determines the output frequency. The cor
rect operating bias on the control grid of the 
oscillator tube is provided by resistor 30 (22 -2 )  
in the tube cathode lead in the LOW frequency 
position of the band selector switch, and by the 
capaci tor and resistor combination 5 (6) and 
29 (20-2 ) in the cathode lead in the HIGH 
posi tion. The position of the cathode taps on 
the coils serves to control the amount of feed
back in the oscil lator circuit. Resistor 2 6  (2 1-2 )  
i s  the oscillator tube plate circui t  load, and the 
voltage developed across it is coupled to the 
detector-converter tube 6A7 through capacitor 
6 (5- 1 ) , or to antenna plug 39 (3 1 )  through 
capacitor 7 (5-2 ) . Resistors 2 5  (2 �- l )  and 24  
(2 1- 1 )  comprise a voltage divider network for 

obtaining screen grid voltage in the oscillator 
tube. In the BC-22 1-C and BC-22 1-D, a third 
resistor (25-2 ) is added to the network in order 
to supply a small posi tive voltage to the sup
pressor grid of the osci llator tube. Part No. 8 . 1  
(7- 1 a) is the screen grid bypass capacitor to 
ground. Capacitor (7- 1 C) in the BC-22 1-C 
and BC-2 2 1-D bypasses the suppressor grid to 
ground. Capacitor 8 .2  (7- 1b) bypasses the plate 
voltage supply. Resistor (20- 1 )  in the BC-22 1-
C and BC-22 1-D provides a shunt from the 
antenna post to ground. 

b. BAND SELECTOR SWITCH. Swith 35 (27)  is  a 
double-throw, double-pole switch with all con
tacts mounted on ceramic plates . To minimize 
abnormal capaci tive effects, all contacts are made 
as small as possible and are of the self-aligning, 
self-wiping type. The switch has a heavy detent 
which locates the rotor plate accurately in either 
the LUW or HIGH frequency position. 

c. CORRECTOR CONTROL. Capacitor 2 (2) , the 
CORRECTOR control ,,-ith a range of 2 micro
microfarads (2/-L/-Lf) ,  enables the operator to 
control the variable capaci tance of the tuned 
circuit in order to compensate for slight changes 
in the circuit . (See par. 35g.) 

d. TRIMMING CAPACITORS. The trimming 
capaci tors are parts 3 (3) and '1: (4) . These capaci-
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tors are adjusted at the factory to build up the 
fixed capacitance of the LOW and HIGH fre
quency circui ts to the exact values called for by 
the design of the variable tuning capacitor. 

Caution : Do not tamper with these trimmer 
capacitor settings. To do so will  throw the meter 
completely off calibration. 

e. OSCILLATOR FUNCTION. ( 1 )  The variable 
frequency oscillator is in operation at all times 
when the POWER switch is  in  the ON position 
and when a headset i s  plugged into the PHONES 
jack, regardless of the posi tion of the CRYSTAL 
OFF-ON switch. (See figs . 3 1  and 32 .) 

(2 ) At the CRYSTAL ON position, the out
put of oscil lator Tube VT -7;7 is applied to one 
of the grids of detector-converter tube 6A7 where 
it is mixed with the output frequency of the 
crystal circuit . The result is  a frequency equal 
to the difference of the two and is  used to adjust 
the frequency of the oscillator with the COR
RECTOR control. 

(3) At the CRYSTAL OFF posi tion, the vari
able frequency oscillator is in operation, while 
the crystal oscillator is not. I f  the antenna is in 
position, the frequency meter may be used to re
ceive or send any frequency in i ts range; that is , 
i t  may be used as a radio receiver or transmitter. 

54. Detector Tube Circuit 
It has been stated that the three inner elements 
of the type 6A7 tube are used in the crystal oscil
lator circuit .  The remaining elements of this 
tube (comprising the control grid, screen grid, 
and plate) are used as a high gain screen grid 
detector to which, by tube structure, the crystal 
osci llator is electronically coupled. (See fig. 30.) 
The r-f voltage, developed across load resistor 26  
(2 1-2 )  in the plate output circui t  o f  the variable 
frequency oscil lator, is coupled to the control 
grid of this detector through a small fixed capac
i tor G (5- 1 ) . Antenna plug 39 (3 1 ) ,  mounted on 
the chassis, is also coupl ed to the control grid of 
the detector, through coupling capacitors 7 (5-2) 
and 6 (5- 1 )  in series. Resistor 2 7  (23 )  is the de
tector tube grid leak. As a result of these coupl
ings to the control grid, the detector mixes the 
variable frequency oscillator output with the 
fundamental and successive harmonics of the 
crystal oscillator, when the CRYSTAL switch is 
in the ON position and with the radio trans
mitter frequency to be measured, when the 
CRYSTAL switch is in the OFF posi tion. \Vhen 
the CRYSTAL switch is thrown to the OFF 
posi tion, crystal 23 ( 1 9) and i ts shunt resistor 
3 1  (2 1-3)  are short-circuited and the inner grid 



of the type 6A7 tube is grounded. (See fig. 2 8 .) 
By reference to figures 2g and 30, i t  can be seen 
that antenna plug 39 (3 1 )  i s  also coupled directly 
to the variable frequency oscillator output 
through capacitor 7 (5-2) alone. Thus, antenna 
plug 39 (3 1 )  serves the dual purpose of a detector 
input terminal for the measurement of frequen
cies of external origin and of a variable fre
quency oscil lator output terminal for use in cali
brating receivers. When the unit is employed for 
the latter purpose, a minimum of 2,000 micro
volts of radio frequency energy wil l  be available 
between the antenna terminal and ground (the 
chassis) at any frequency within the calibrated 
range. 

high-impedance ( 1 5 ,000 ohms) or low-impedance 
(2 ,500 ohms) headsets may be used without any 
change-over adjustments being necessary. 

56. Power Supply Circuit (figs .  3 1  and 32) 
All power required for the operation of the 
meter is introduced through battery terminal 
board 44 (36) . The common negative filament 
and negative plate battery leads are connected 
to the middle terminal which is  grounded to the 
chass is .  A fabricated wiring harness is  provided 
for intercell and filament battery to terminal 
board connections. Section 37 . 2  (2 ga) of the 
POWER swi tch closes the posi tive 6-volt supply 
terminal (A+) to the vacuum tube filaments 

14 ( 10-3) 

r-O-+-___ 19. 1 ( I 5b) 
l� �IO:::...--=2:!j) -+.-1-<>-____ PHONES. 

19.2 (150) 

� • A+ 

10 • B+ en 
r*--------�������--�----�------����----��------_. A-B-

TL_I0088 
Figure 30. Frequency Meter BC-22I-(I) , junctional diagram, detector and audio-amplifier circuits. 

55. Audio-Amplifying Circuit (par. 25) 

The detector plate works into an audio-fre
quency choke coil 38 (30) , which is bypassed by 
capacitor 1 0  (8) to reduce the response to high 
frequencies. The beat-frequency voltages built 
up across the choke coil are coupled through 
capacitor 1 1  (g) and GAIN control potentiometer 
34 (26) to the grid of Tube VT -76 (76) . The 
grid of Tube VT -76 returns to ground through 
potentiometer 34 (2 6) ,  the desired bias voltage 
being obtained by connecting the cathode to the 
posi tive side of the filament. The plate of Tube 
VT -76 returns to the positive plate supply volt
age through load resistor 33  ( 25- 1 ) , the latter 
being bypassed to ground through capacitor 
1 3 ( 10 -2 ) .  The plate of Tube VT-76 is also 
coupled to PHONES jack I g .2 ( 1 5a) through 
capacitor 1 4 ( 1 0-3) , so that no d-c voltage will 
be present in the output circuit .  The character
istics of the output circui t  are such that either 

through auxiliary switch I g . 1  ( I Sb) when the 
headset plug is inserted into the PHONES jack; 
and section 37 . 1 (2 gb) connects the posi tive 1 35-
volt terminal (B+) to all plate and screen cir
cuits. Since the door covering the control panel 
cannot be closed with the headset plug in place , 
the A batteries cannot be discharged when the 
meter is  put away, even though the POWER 
switch may be left ON. A voltage divider method 
of obtaining screen grid voltage on the variable 
frequency oscillator tube is  used, however, and, 
if the meter is put away with the PO\VER switch 
ON, a constant load wi l l  be present on the B 
batteries. Rapid deterioration of the B batteries 
might take place under certain conditions and 
cause severe damage, by chemical action, to the 
battery compartment of the frequency meter. 

Caution : The power switch must be turned 
off before taking the SCR-2 1 1-A, SCR-2 1 1-C, 
or SCR-2 1 1-D out of service. 
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Section IV. MAINTENANCE 
57. General 
For all details of fiel(l maintenance, see paragraphs 26, 2 7 ,  and 28. 

Section V. SUPPLEMENTARY DATA 
58. Tabular List of Maintenance Parts 

a. FREQUENCY METER BC-22 I-A. 
NOTE. Order maintenance parts b y  stock number name and description , , 

Reference 
No . Signal Corps "'arne of part and description 

symbol stock No. 

2Z48 r A  . .  • • • • • • 1 BAG : BG-8 r -A; carrying . . . . . . . . . . . . . . . . . .  

2Z55 I - I 60 . . . . . .  BAG : BG-I 6o-( & )  IS ; available for amphibi-
ous operations . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3A2 . . . . . . . . . . . .  BAT:ERY: BA2 ; 22 . 5=v : . . . . . . . . . . . . . . . . . . 1 
3 A23 · · · · · · · · · · . BAT fERY: BA23 ; 1 . 5=v . . . . . . . . . . . . . . . . . . . 1 
3 E I 605-6 · 5 · · · ·  . CORD : CD-605 ; 6 %=ft ;  2=cond . ;  PL-55 �t 

one end ; Transformer C-4 I O  at other. 

3 E r S74 · · · · · · · . .  CORD : CD-874; 6 %=ft ;  2=cond . ;  PL-55 on 
one end; JB-47 on other end . . . . . . . . . . . . . 

2BS30 (&)  . . . . . . 1 HEADSET : HS-30-( &) ; component t 
HEADSET : HS-30- ( & ) ; repair partsf . . . . . .  

2B r 300 . . . . . . . . .  INSERT : M-300 . . . . . . . . . . . . . . . . . . . . . . . . . .  

2Zgo r gA . . . . . . . .  STRAP : ST- r g-A . . . . . . . . . . . . . . . . . . . . . . . . . j 

Quan. 
per 

equip. 

1 .  

1 .  

6 . 

. . .  

. . .  

. . . 

4 · · ·  . 

1 .  . . .  

I .  . . . 

I .  . . .  

2 . 

1 .  

. .  . 

. . . 

Lowest 
maint. 

echelon 

3d . . . . . . •  

Orgn stock 

3d 

3d 

3d 

3d 

Orgn stock 

Orgn stock 

3d 
------------------------------------------------------------------------�-- - -----

b. FREQUENCY M ETERS BC-22 I-C A:'-;D BC-22 I -D . 
NOTE Order maintenance parts by stock number, name, and description 

Reference No. 
symbol 

Signal Corps 
stock No. 

2Z48 r C  . . . . . . 1 
2Z48 I D  . . . . .  . 

2Z55 r -I 60 . .  . 

3A2 . . . . . . . .  . 

3A23 · · · · · · ·  . 

3E I 605-6·5 · . 

3E I 874 · · · · . .  

2B830 ( &) . . . .  

Name of part and description 

BAG : BG-8 1 -C ;  carrying . . . . . . . . . . . . . .  . 

BAG : BG-8 1 -D ;  carrying . . . . . . . . . . . . . .  . 

BAG : BG- 1 60-( &)  IS ; available for amphi-
bious operations . . . . . . . . . . . . . . . . . . . . .  . 

BATTERY: BA2 ; 2 2 .5=v . . . . . . . . . . . . . . .  . 

BATTERY: BA2 3 ;  1 .5=v . . . . . . . . . . . . . . . . 

CORD : CD-605 ; 6 %=ft ;  2=cond . ;  PL-55 
at one end; Transformer C-4 1 o  at the 
other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

CORD : CD-874; 6%=ft; 2=cond. ; PL-55 
on one end ; J�-47 on other end . . . . . .  ' "  . 

HEADSET: HS-30-( &) ; component } 
HEADSET : HS-30- ( &) ; repair parts . . .  . 

2B I 300 . . . . . .  INSERT : M-300 . . . . . . . . . . . . . . . . . . . . . .  . 

2Zgo r gA. . . . . STRAP : ST- r g-A . . . . . . . . . . . . . . . . . . . . .  . ----------�----���----�------------�* Only one Bag BG-81-C or BG-81-D is furnished per equipment. 
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Quantity Lowest 
per maint. 

equip. echelon 

1 * . 3d 

1 * . 

I .  . . Orgn stock 

6 . . . 3d 

4 . .  · 3d 

1 . . .  3d 

1 . . .  3d 

1 . . . Orgn stock 

2 . . . Orgn stock 

1 . . .  3d 
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T L.  1 0 0 9 4  

c 

. FREQ. BAND 
L.OW H I G H  

t-

REF DESCRI PTION 

1 1 50 )J}lf 
2 2 }I}lf 
3 1 0  }I}If 
4 1 0  }lpf 
5 500 p}lf 
6 25 )lpf 
7 50 }lpf 
8.1 &.2 0.1 JJf 
9.1 . . 2 • .  3 0.1  pf 

R E F  

1 0  
1 1  
1 2 
1 3  
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ANT. 
® 41 
. 40 
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-T"" 7 

Et.f�t l
3 2 

9 . 1 9 . 3 

6 V  4 B A - 2 3 
DESCRIPTION 

.00 1 }If 

.02 pf 
0.5 )If 
0.5 )If 
2.0 }If -
Filo SWITCH 
JACK 
38.5 MICROHY 
1 0. 1  MlllIHY 

REF 

22 
23 
24 
25 
26 
27 
29 
30 
3 1 
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a o 0 
o 0 

D ESCRI PTION 

1 .7 MllLlHY 
CRYSTAL 
50.000 OHM 
1 0.000 OHM 
50.000 OHM 
1 MEGOHM 
5.000 OHM 
1 0.000 OHM 
50.000 OHM 

n 

POWER 42 O F F  ON 

8 37.2 
R E F  DESCRIPTION 

32 30.000 OHM 
33 1 5.000 OHM 
34 500.000 OHM 
35. 1 &.2 SWITCH 
36 SWITCH 
37. 1 &.2 SWITCH 
38 600 HEN RYS 
39 ANT. PLUG 
40 ANT. JACK 

Figure 3I. Frequency Meter BC-22I-A, schematic diagram. 
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41 BINDING POST 
42 POWER PLUGS 
43 POWER JACKS 
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REF 
1 
2 
3 
.. 
5-1 &2 
6 
7-1 A 
7-1 8 

FREQ. BAN D  
LOW H I G H  

DESCRI PTION REF 

1 50 )J}Jf 7-1 C 
2 ppf 7-2A 
1 0  ppf 7-2B 
1 0  }Jpf 7-2C 
1 0  ppf 8 
250 ppf 9 
0.1 }Jf 1 0-1 ,2.3 
0.1  )Jf 1 5A 

� �. 

I o '" 

ANT. @ 33 
� 32 

3 1 

C:P��T-��11I:r�: r • 

/ 
POWER 

36 35 34 O FF ON 

- d d ,  l±-LLJ� � 
.., 

2 9 A  6 V  4 B A - 2 3  

DESCRI PTION REF DESCRI PTION REF DESCRIPTION 

0.1 pf 1 5B FIt. SWITCH 23 1 MEGOHM 
0.1 pf 1 6  HIGH FREQ. COi l  24 30,000 OHM 
0. 1 pf 1 7  lOW FREQ. COi l  25-1 &2 1 5,000 OHM 
0.1 pf 1 8 1 .7 MllLlHY 26 0.5 MEGOHM 
.001 ).If 1 9 CRYSTAL 27 I SWITCH 
.02 }Jf 20-1 &2 5 .000 OHM 28 SWITCH 
0.5 IIf 2 1 -1 ,2,3 50,000 OHM 29 SWITCH 
JACI< 22-1 &2 1 0,000 OHM 30 450 HEN RYS 

Figure 32. Frequency A-feters BC-22I-C and BC-22I-D. schematic diagram. 
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Figure 33- Frequency Meter BC-22I-A, chassis wiring diagram_ 
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CHAPrER 3 

FREQUENCY METER SETS SCR-21 1-B AND SCR-21 1-Q 

Section I. DESCRIPrION 

59. General 
Frequency Meter Sets SCR-2 1 1-B and SCR-
2 1 1-Q have been manufactured by the Allen D.  
Cardwell Mfg. Corporation on several orders . 
These two models are essentially alike in all im
portant details, but there are several important 
differences that are specified in this chapter . 
Early models of the SCR-2 1 1-B differ from the 
later models of the same set, and all of the SCR-
2 1 1-B mode�s differ slightly from the SCR-
2 1 1-Q. The later models of the SCR-2 1 1-B con
tain a revision in the antenna circuit, the value 

of the grid leak of the detector-converter tube, 
and in the crystal circuit .  Part numbers on the 
schematic diagrams differ also, and in some cases, 
the electrical values of the parts vary. For this 
reason three schematic diagrams are printed 
here ; two for the two types of the SCR-2 1 1-B 
and one for the SCR-2 1 1-Q. For further general 
information see paragraph 2 .  The symbol (2)  as 
used throughout this chapter refers to the SCR-
2 I l-B or SCR-2 1 1-Q. 

60. Components 
Each Frequency Meter Set SCR-2 1 1- (2) In
cludes the following component units : 

Quantity Component 

I . . . . . . . . .  . Frequency Meter BC-22 r -(2)  includes : 

I Crystal Unit DC-g-(2 )  (in operating position) . 

r Crystal Unit DC-g-(2 )  (spare, mounted on chassis) . ' 

I Calibration Book MC-I 77-(2) . 

r Calibration Book MC- I 77-B (spare, untyped, in chassis compartment) : 

I Battery Tray. 
I Wrench for Bristo No. 6 setscrew (chassis compartment) . 

2 . . . . . . . . . .  Tube VT-I 67,  Type 6K8 (one in use, one spare) . 

4 . . . . . . . . . .  Tube VT-I I 6, Type 6SJ7 (two in use, two spare) . 

I . . . . . . . . . . Strap ST-I g-A. 

I . .  . . . . . . . . Bag BG-8 r -(2) . 

I . . . . . .  . . . . .  Instruction book or technical manual for Frequency Meter Set SCR-2 1 1 -(2) . 

I .  . . . . . . . . . Additional spare set ofvacmtm tubes (one each) ; (supplied in bulk) ' 

1 Not supplied with BC-2 2 1-Q nor with some orders of the BC-22 1-B. 
2 Not supplied with SCR-21l-Q. 
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61.  Additional Equipment Required 
The following equipment, not furnished with 
the orders, is required to complete each Fre
quency Meter Set SCR-2 1 1- (2 ) :  

Quantity 

Meter BC-22 1- (2) . In the OFF position, both 
the A and B battery circuits are open. In the 
CRYSTAL position, the A battery circuit is 
closed to the series filament supply switches 

Article 

I . . . . . . . . . .  Headset P-I B  or P-20, or Headset HS-30-(&)  with Cord CD-60S · 

6 . . . . . . . . . .  Batteries BA-2 . 

4 . . . .  . . . . . . Batteries BA-23 ·  

62. Total Weight 
Frequency Meter Set SCR-2 1 1- (2) ,  complete 
and ready for service, weighs approximately 38 
pounds. For typical dimensions, see figure 26. 

63. Power Consumption 
All power required for the operation of this 
equipment is supplied by the batteries listed in 
paragraph 6 1 .  The current drains at the specified 
voltage limits are as follows : 

Filaments : 5.4 to 6 .0 volts, 0.86 to O.g l 
ampere. 
Plates, etc. : 1 2 1 .5 to 1 35.0 volts, 0.0 1 45 
to 0.0 1 7  ampere. 

These values are typical for operation with the 
operation switch in the CHECK position, un
der which condition maximum plate current is  
drawn. 

64. Controls 
\Vhen the snap latch is released and the front 
cover lowered, the control panel and calibra
tion book are exposed. There are six operating 
controls (fig. 4) : 

a. Two PHONES jacks allow observations by 
two persons at the same time; for example, stu
dent and instructor. A headset must be plugged 
into one of the jacks before the meter can be 
set in operation because of the series filament 
supply switches built into the jacks . 

b .  The GAI N  control is a volume control 
used to adjust the input voltage to the audio
amplifier tube, and in turn the level of sound in 
the headset. 

c. The OFF-CRYSTAL-OPERATE-CHECK 
control is the operation switch of Frequency 
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which are built into the PHONES jacks, while 
the B battery circuit is closed to all tubes with 
the exception of the variable frequency oscillator. 
In the OPERATE position, the A battery circui t  
is closed as  above, and the B battery circuit is 
closed to all tubes with the exception of the 
crystal osci llator portion of the detector-con
verter tube. In the CHECK position, the A bat
tery circui t  remains closed, while the B battery 
circuit is closed to all tubes. The CHECK posi
tion places maximum load on the batteries. Since 
there are no voltage divider arrangements in this 
circuit, the meter can be taken out of service by 
removing the plug from the PHONES jack, re
gardless of the posi tion of the operation switch. 

d. The FREQ. BAND LOW-HIGH switch 
permits the selection of the appropriate band 
of the variable frequency oscillator as indicated 
by the frequency being checked or calibrated. 

e. The frequency of the variable -frequency 
oscillator is controlled by setting the dial labeled 
DIAL UNITS which is graduated into one hun
dred divisions. One revolution of the DIAL 
UNITS dial moves the DIAL HUNDREDS dial 
one division. (See par. 1 1 .) 

f. The CORRECTOR knob controls a small 
variable capacitor across the variable frequency 
oscillator tuned circuit, and is used to compen
sate for small changes in capacity brought about 
by temperature, humidity, and mechanical 
changes . It is adjusted at each CR YST AL 
CHECK POINT to make the calibration of the 
instrument as accurate as possible over that part 
of the scale centered at a given CRYSTAL 
CHECK POINT and extending halfway to the 
next higher and next lower CRYSTAL CHECK 
POINTS. 



65. Vacuum Tubes 
The vacuum tubes used in the Frequency Meter 

Reference Function 

Set SCR-2 '1 l- (2 ) are shown in the following 
tabulation : 

Signal Corps type Commercial 
nomenclature equivalent Base 

------------ -------------- -------------- - - -------- -----

VT-I I 6  . . . . . . . . .  Variable frequency VT-I I 6  . . . . . . . . . . . .  6SJ7 * · · · · · ·  . . Octal 
oscillator. 

VT- I 67 · · · · · · · ·  . Crystal oscillator VT- I 67 · · · · · · · · · · ·  . 6K8 . . . . . . . . . . . Octal 
and detector. 

VT-I I 6  . . . . . . . . . Audio-frequency VT-I I 6  . . . . . . . . . . . . 6S J7  . . . . . . . . . Octal 
amplifier. 

• Frequency Meter Set  SCR-2 1 l-Q up to approximate serial No. 
2500 was originally supplied with Tube VT-1 1 6-B ( 6SJ7Y ) .  This 
is practically the same as Tube VT- 1 1 6  ( 6SJ7 ) but has a special 
electrically low-loss base. After serial No. 2500 Tube VT-1 1 6  ( 6SJ7 ) 
was supplied and the chassis tube stamping was modified with a 
rubber stamp which indicates that either VT-116-B or VT-116 may 
be used. 

Section II. 
INSTALLATION AND OPERATION 

66. Initial Procedure (par. 7) 
If the second set of spare tubes, in the case of the 
SCR-2 1 1-B, i s  stored in the battery compart
ment, remove it ,,·hen inspecting the equipment 
and place i t in stock. 

67. Installation of Batteries (par. 8) 
Remove the frequency meter chassis from th<: 
cabinet when installing the batteries. 

a .  LOCATION OF BATTERY TRAY. At the rear 
of the cabinet, two small catches lock the door 
of the battery compartment. To release them, 
revolve them a half turn (in a counterclockwise 
direction) with a coin or screw driver. The bat
tery tray is inside this compartment. (See fig. 
;36 . )  It can be pulled out by the ring at the top 
,rithout detaching the cable. There is no need 
to disconnect the cable  from the tray or from 
the meter during the battery assembly. 

Figure 35. Frequenry Meter BC-2ZI-(2) , loaded battery tray with sections separated to show construction. 
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h .  DESCRI PTION OF BATTERY TRAY. The tray 
(fig. 35) , is hinged at one end and held in place 
by two hooks near the opposi te end. \Vhen the 
hooks are released, the tray should open easily 
and spread out to allow changing of the bat
teries. Place the opened battery tray so that the 
ring used to remove it faces the operator. Three 
of the six B Batteries BA-2 are placed in the 
right-hand section of the tray (the lower half) ,  
against the  terminal board which is secured to 
the tray. 

Figure 36. Frequency Meter BC-22I-(2) , removal of 
battery tray from frequency meter using finger ring at tap. 

C. \VIRI;\;G BATTERIES IN  TRAY. ( 1 )  The wires 
from each of the posi tive and negative battery 
terminals are brought through similarly marked 
holes on the terminal board and fastened by 
screws. The red wires are positive; the black, 
negative. Place the other three B batteries on 
top of those already wired and connect them in 
turn through the s ix holes at the top of the 
board. Remove the nuts on the binding posts 
of the A Batteries BA-2 3 and lay the batteries in 
the tray so that their outside (negative) termi
nals pass through holes in the small terminal 
plate. (See fig. g.) \Vith these connections com
pleted, all the A batteries are in series and their 
total voltage should be 6 volts .  The B Batteries 
BA-2 are also in series and should give 1 35 volts. 
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The A vol tage is read between the two A ter
minals on the terminal board and the B vol tage 
between the two B terminals. After replacing the 
frequency meter chassis, check the battery in
stallation as in paragraph 8d. 

(2)  Close the tray, lock i ts two hooks, and 
place in the battery compartment with the pull 
ring facing out. 

d. WIRING TRAY TO METER. The battery tray 
is connected to the meter proper by means of a 
black rubber-covered cable of three wires. Each 
wire is terminated at the battery tray with 
marked terminal lugs. Connect the wires as fol
lows : 

Green positive wire to the B+ screw. 
White positive wire to the A+ screw. 
Black neKative wire to the A-B-screw. 

Close the battery compartment door. The meter 
is now ready for use. 

68. Antenna (par. g) 

69. Headset (par. 1 0) 

The headset is usually kept in the compart
ment at the front of the cabinet marked "Open 
Cover for Headset." (See fig. 20 . )  The Plug 
PL-55 or Plug P L- I 2 5  of the Headset P- I 8  or 
P-20 must be inserted in one of the PHONES 
jacks before the meter wil l  operate. 

70. Preparation for Use 
a. To start the meter, insert the headset plug 

into a PHONES jack and then turn the OFF
CRYSTAL-OPERATE-CHECK switch away 
from i ts OFF position to any one of the other 
three available positions. The instrument will 
operate only when both of these steps have been 
taken. 

b. After starting the set by the method de
scribed above, allow the vacuum tube filaments 
to heat for 1 5  to 20  minutes. 

c. In order to test for normal operating con
ditions, set the operation swi tch knob at 
CHECK. \Vhile rotating the DIAL UNITS 
dial, listen in the headset for tones of increasing 
and decreasing pitch . These different tones are 
produced by the changing variable oscil lator fre
quency beating with the various crystal har
monics . The presence of these tones indicates 
normal operation. 

7 1 .  Reading the Dial (par. l l ) 
72.  Calibration Book MC-177- (2) 

(par. 1 2) 



73 . Operating Circuits (par. 1 3) 

74. Zero Beat Detection (par. 1 4) 

75. Correction in Calibration (par. 1 5) 

The information given there applies exactly to 
Frequency Meter BC-22 1- (2) .  

76. Crystal Check Points (par. 1 6) 

77. Frequency Measurements (par. 1 7) 

The proper position of the operation switch of 
the BC-2 2 1- (2)  is OPERATE for making fre
quency measurements as described in para
graph 1 7 . 

78. Precautions During Operation (par. 1 8) 

79. Adjustments for Field Upkeep (par. 1 9) 

Section III. FUNCTIONING OF PARTS 

80. General 
As stated in paragraph 59 there are a number 
of differences between early and late models of 
the BC-22 1-B, and between the BC-22 1-B and 
the BC-22 1-Q. In order to describe all three 
types at once a special numbering system is em
ployed in the descriptions to follow in this sec
tion. The numbers in parentheses apply to the 
BC-22 1-Q, while the numbers out of paren
t-heses apply to the later models of the BC-22 1-B. 

N OTE I 1 1 10 14 ( 311 

I i i ", / 
I / ,  VT- 1 67 6K8 
I 10 - 1 (9- 1 ) 

• 7 (6) I I--�t--+l' 
2 9 (27) 

19 ( 1 7) 

16 - 2 ( 1 5 - 2 )  

! A- 8- �---+-------1 1-----.... 
9b(8  - 2 ) 

B+�-------------� 

The few references needed in  the case of the 
early models of the BC-22 1-B are provided for 
by footnotes on the functional diagrams. As an 
example of the numbering system, the designa
tion 24 (2 2 )  means part No. 24 of the BC-22 1-B 
and part No. 2 2  of the BC-22 1-Q. For further 
details see figures 40, 4 1 ,  and 42 . 

81.  Circuit Components (par. 2 1 )  

82. Crystal Circuit 
The crystal circui t  uses the triode · section of 
Tube VT- 1 67 (6K8) shown in figure 37 .  The 
oscillator operates at the fixed frequency of 1 ,000 
kc when the operation swi tch 27 (2 6) is placed 
in the CRYSTAL or CHECK position. The 
operation switch controls the crystal osci llator 
by opening or closing i ts plate voltage circuit .  
The osci llator circui t  i s  designed to generate 
considerable harmonic energy so that it can be 
used to calibrate the variable frequency oscilla
tor at several points over i ts entire range, as well 
as to supply whole multiples of 1 ,000 kc for the 
calibration of receivers and similar equipment. 
The necessary plate circuit impedance is built 
up across an untuned inductance 24  ( 22 ) ,  in
closed in a metal can. Resistor 15 ( 1 4) ,  part No. 
1 5-2 in the early model BC-22 1-B, is the oscil
lator grid leak and works in conjunction with 
the tube cathode resistor 1 9  ( 1 7) .  The variable 
capaci tor 1 1 ( 1 0) is connected across the crystal 

24 ( 2 2) 

6 - 1  ( 5 - 1)' 

"30 - 1  ( 28 - 1 )  
PHONES 

3 0 - 2  ( 28-2)  
PHONES 

A+�----------------------------------� 
NOTE 1 : - C O N N ECT IO N  SHOWN DASHED AND OPEN CIRCUIT SHOWN >< APPLIES TO EARLY MODEL OF 8C- 221- B 
1I0TE 2: - PART NO. 1 5 - 1  IN EARLY MODEL OF B C - 22 1 - B  

-

NOTE 3:- PART NO. 1 5- 2 1N E A R LY MODEL OF B C - 2 2 1 - B  
NOT E 4: - PA R T  N O . I I I N  EARLY MODEL O F  B C - 2 2 1 - B 
NOT E 5 :- 0 M I T T E D  IN EAR LY MODEL OF BC - 2 2 1 - B  

T L-I 0 0 90' 

Figure 37 FrequerlCY Meter BC-221-(2) , junctional diagram, crystal-oscillator CIrcuit. 
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29  (27) for the purpose of adjusting the fre
quency of the crystal to a closer point than can 
be economically obtained by grinding alone. 
When the frequency meters are adjusted during 
manufacture, the variable capacitor is set up to 
produce a frequency of 1 ,000 kc ± S cycles at 
20 °  centigrade. The fixed capaci tor 1 0-2 (9-2) , 
shunted across the crystal , minimizes any change 
in fundamental frequency due to small changes 
in the crystal capaci tance. It should be noted, 
that part No. I I ( 1 0) was omi tted from the early 
BC-22 1-B, and that part No.  1 0-2 (9-2 ) was 
part No. 1 1 . Further reference to figure 37 shows 
that the output of the crystal oscillator is elec
tron coupled to the antenna through the NO. 3 
grid of the hexode section of Tube VT - 1 67 and 
the capacitor 1 0- 1  (9- 1 ) .  Note further, that in 
the case of the early BC-22 1-B,  this connection 
was made by capacitors 7 (6) and 10 in series. 
For further details on the crystal oscillator, see 
paragraph 2 2 .  

83 . Variable Frequency Oscillator Circuit 
(par. 2 3) 

Tube VT-1 1 6  (6S17)  is used in an electron 
coupled circuit as the variable frequency oscil
lator. (See fig. 38 . )  

a .  COILS. The two inductors 2 2  (20)  and 
23 (2 1 ) ,  in the tuned circuits, are entirely in
closed in individual ceramic containers to pre
vent mechanical inj ury and to eliminate the 
influence of changing atmospheric condi tions 
on the stability of the meter. (See fig. 2 3 . ) The 
active terminals of these coils are connected 
across the terminals of the main tuning capacitor 
I ( I )  by means of the band selector (FREQ. 
BAND LOvV-HIGH) switch 26 (2S) .  Each coil 
and the tuning capaci tor, together with other 
capaci tors mentioned below, consti tute the res
onant circui t  that determines the output fre
quency. The correct operating bias on the con
trol grid of the osci llator tube is provided by 
the capaci tor and resistor combination S (4) and 
1 4-1  ( 1 3- 1 )  (part No. 14 in the early BC-2 2 I-B) 
which connects to a tap on either coi l  through 
the band selector swi tch 2 6 ( 25 ) .  The frequency 
of oscillation is made relatively independent of 
variations in tube characteristics when the grid 
connection is tapped dmnl an appreciable dis
tance from the high-potential end of the coi l .  
The resistors 18 ( 1 2 )  and 2 1-1  ( 1 9- 1 ) ,  which 
carry li ttle current, are connected in series with 
the taps, and serve to stabilize the operation of 
the oscil lator circuit by suppressing undersirable 
oscillations. These resistors are mounted inside 
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of the coil contamers and seldom require re
placement. The second coil tap, located near 
the grounded end of each coil , and connected 
to the cathode of the osci llator tube through 
another set of contacts on swi tch 26 (2S) ,  serves 
to control the amount of feedback in the oscil
lator circuit .  Resistor 1 7  ( 1 6) is the osci llator 
tube plate circuit load, and the voltage devel
oped across it is coupled to detector-converter 
Tube VT- 1 67 (6K8) through capacitor 7 (6), or 
to the antenna through capaci tors 7 (6) and 
1 0- 1  (9- 1 )  in series. (Note that in the case of 
the early BC-2 2 1-B the oscillator plate is coup
led to the detector tube by capaci tor 7 (6) and 
to the antenna by capacitor 1 0 .)  Part 1 6-1  ( I S- I )  
i s  the screen grid dropping resistor, and part 
6-2 (S-2 ) is the screen grid bypass capacitor to 
ground. Capacitor 9a (8- 1 )  bypasses the plate 
voltage supply. 

b. BAND SELECTOR SWITCH. Switch 26 (2S) is 
a double-throw, triple-pole swi tch with all con
tacts mounted on ceramic plates. To minimize 
abnormal capaci tive effects, all contacts -are made 
as small as possible and are of the self-aligning, 
self-wiping type with dual contacts. The swi tch 
has a heavy detent which accurately locates the 
rotor plate in either the LOvV or HIGH fre
quency position. 

c .  CORRECTOR CO;\)TROL.  Capacitor 2 (2) , the 
CORRECTOR control, with a range of 1 micro
microfarad ( 1 ,u,uf) , enables the operator to con
trol the variable capacitance of the tuned circuit 
in order to compensate for sl ight changes in the 
circui t .  (See par. 64f.) 

d.  T'RIM :\fING CAPACITORS. The trimming ca
pacitors are parts 3- 1 (3- 1 )  and 3-2 (3-2 ) .  These 
capacitors are adjusted at  the factory to build 
up the fixed capacitance of the LOvV and HIGH 
frequency circui ts to the exact values called for 
by the design of the variable tuning capacitor. 

Caution : Do not tamper with these trimmer 
capaci tor settings . To do so may throw the meter 
completely off calibration. These capaci tors are 
equipped ,\"i th thermal compensator capacitors 
(part Nos. 4a and 4b in the BC-2 2 1-B) which 
prevent frequency drifts due to temperature 
changes . These compensators are bui lt  into the 
trimming capaci tors on the BC-22 1-Q and do 
not carry separate part numbers . 

e. OSCILLATOR FUNCTION. ( I ) The variable 
frequency oscillator is in operation at the 
CHECK and OPERATE positions of the opera
tion s,,-i tch 27 (2 6) . (See figs. 40, 4 1 ,  and 42 .) 

(2) At the CHECK posi tion, the output of 
oscillator Tube VT - 1 1 6  (6S17) is applied to 

-'10 r 
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1 ( 1 )  
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j 
BAN D 

� 
� 
� 
8 12(2)  

5(4) 

A - B - .. ' I I '  I 
6-2 (5-2) 

B+ ........... __________ ---1 

1 7 ( 16) 

9A (e-l)  

14-2(13-2·) 
NOTE 2 

A + � .. �· --------------------------..... ----� 
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NOT E I: CONNECTION SHOWN DASHED AND OPEN CIRCUIT SHOWN --*- APPLIES TO EARLY MODEL OF B C - 2 2 1 - B .  

NOTE 2: PART NO. I S - I I N  E ARLY MODEL OF B C - 2 2 1 - B .  
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NOTE 3: PART NOS. 4A AND 4 B  ARE INTEGRAL PARTS OF 3- 1  AND 3- 2 I N  THE B C - 2 2 1 - 0 .  
NOT E 4 : PART NO. 1 4 I N  E ARLY MODEL OF B C - 2 2 1 - B .  
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One of the grids of detector-converter Tube VT-
1 67 (6K8) where i t  is mixed with the output 
frequency of the crystal circuit .  The result is a 
frequency equal to the difference of the two, 
and is used to adjust the frequency of the oscil
lator by means of the CORRECTOR control. 

(3) At the OPERATE position, the variable 
frequency oscillator is  in operation, while the 
crystal oscillator is not. If the antenna is in posi
tion, the frequency meter may be used to receive 
or send any frequency in its range, that is, i t  
may be  used as  a radio receiver or  transmitter. 

84. Detector Tube Circuit 
It has been stated that the triode section of Tube 
VT - 1 67 (6 K8) is used in the crystal-oscillator 
circuit. The remaining hexode section of this 
tube, of which the NO. 1 grid is tied to the con-

A- B-
B +  

A +  

"'OTE I 1 0 14 ( 3 1) 
I I 

r -i l--I I , /  V T - 167 I / , 6 K8 

I 7 (6 ) 10- 1(9-1) 

8-2 (7 )  16 - 2 (  1 5 - 2 )  

plate output circuit of the variable frequency I 
oscillator is coupled to the NO. 3 grid of this de
tector through a small fixed capacitor 7 (6) . The 
antenna plug or clip 34 (3 1 )  is also coupled to 
the NO. 3 grid through the coupling capacitor 
1 0-1  (g-I ) . (Note that in the early BC-2 2 1-B 
the antenna clip 34 (3 1 )  is coupled to the No. 3 
grid through capacitors 1 0  and 7 (6) in series .) 
As a result of these couplings to the control grid, 
the detector mixes the variable frequency oscil
lator output with the fundamental and succes
sive harmonics of the crystal oscillator when the 
operation switch 2 7  (2 6) is in the CHECK posi
tion, and with the radio transmitter frequency 
to be measured when the switch is in the OP
ERA TE position. By reference to figures 38 and 
39, it can be seen that the antenna plug or clip 
34 (3 1 )  is also coupled to the variable frequency 

r---<>--- 3O- 1 (2B -I) 
PHONES 

� 30-2 (28-2)  
,---+-_ 1 PHONES 

NOT E I: CONNECTION SHOWN DASHE D  AND OPEN CIRCUIT SHOWN -ft- APPLIES TO EARLY MODEL OF B C - 2 2 1 - B .  
N OTE 2: PART NO. 1 5 - I I N E ARLY MODE L O F  B C - 2 2 1 - B .  
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Figure 39. Frequency Meter BC-22I-(2) , junctional diagram, detector and audio-amplifier circuits. 

trol grid of the triode section, is used as a high 
gain screen grid detector with hexode grid NO. 3 
acting as the control grid. The joint action of 
grids No. 1 and 3 produces electron coupling 
of the signals on the two grids. (See fig. 39.) 
Resistor 1 4-2 ( 1 3-2) ,  part No. 1 5-1  in the early 
model of the BC-22 1-B, is the detector tube 
grid leak. Resistor 1 6-2 ( 1 5-2) supplies voltage 
to the screen grid of Tube VT- 1 67 (6K8) . Ca
pacitor 8-2 (7) bypasses the screen grid to 
ground. Capacitor 9b (8-2 ) is a bypass capaci
tance across the plate voltage . The r-f voltage 
developed across the load resistor 1 7  ( 1 6) in the 
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oscillator output through capacitors 1 0- 1  (g-I) 
and 7 (6) in series (coupled directly through 
capaci tor 1 0  in the early model of the BC-
2 2 1-B) . Thus, the antenna plug 34 (3 1 )  serves ' 

the dual purpose of a detector input terminal 
for the measurement of frequencies of external 
origin and of a variable frequency oscillator out
put terminal for use in calibrating receivers . 
'Vhen the unit is employed for the latter pur
pose, a minimum of 2 ,000 microvolts of radio 
frequency energy will be available between the 
antenna terminal and ground (the chassis) at 
any frequency within the calibrated range. 

't 
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85.  Audio-Amplifying Circuit (par. 2S) 

The detector plate works into an audio-fre
quency choke coil 2 5  (2 3) ,  which is bypassed by 
the capacitor 6-1 (S- I )  to reduce the response 
to high frequencies. The beat frequency voltages 
built  up across the choke coil are coupled 
through capacitor 1 3  (8-3) and the �AIN con
trol potentiometer 2 8  (24) to the gnd of Tube 
VT-1 l 6  (6SJ7) connected as a triode. The grid 
of Tube VT -1 1 6  returns to ground through 
the potentiometer 2 8  (24) ,  and the necessary grid 
bias voltage is obtained by means of the cathode 
dropping resistor 2 1-2 ( 1 9-2 ) .  The plate (tied 
to the suppressor and "creen grids) of Tube 
VT-1 l 6  returns to the positive plate supply 
voltage through the plate load resistor 20 ( 1 8) .  
The plate of this tube is coupled also to  the 
PHONES jacks 30-1 (2 8-1 )  and 30-2 (28-2) 
through capacitor 1 2 ( 1 1 ) , so that no d-c voltage 
will be present in the output circuit. The char
acteristics of the output circuit are such that 
either high-impedance ( I S ,OOO ohms) or low
impedance (2 ,500 ohms) head�ets may be u�ed 
without any change-over adjustments bemg 
necessary. 

86. Power Supply Circuit (figs. 40, 4 1 ,  and 
42)  

All power required for the operation of  the 
meter is introducetl through the battery terminal 
boa:rd 32 (2 9) , located at the end of the battery 
cable. The common negative filament and nega
tive plate battery leads are connected to the left
hand plug, facing the chassis compartment, 
which is grounded to the chassis . The operation 
switch 27 (26) closes both the positive 6-volt 
supply (A+) and the positive 1 3S-volt supply 
(B+) as described previously in paragraph 64C. 
The positive 6-volt  supply (A+) is  closed to the 
vacuum tube filaments through the auxiliary 
switches on the PHONES jacks 30-1  (2 8- 1 )  or 
30-2 (2 8':"'2 ) ,  when a headset plug is inse.rted in 
one of the jacks. Since the door covermg the 
control panel cannot be closed with the headset 
plug in place, the A and B batteries . canno� be 
discharged even though the operatIon SWltC? 
is left in an active position when the meter IS 
removed from service. 

Section IV. MAINTENANCE 
87. General 
For all details of field maintenance see para
graphs 26,  27  and 2 8 . 

Section V. SUPPLEMENTARY DATA 
88. Tabular List of Maintenance Parts 

a. FREQUENCY METER BC-22 1-B. 
NOTE. Order maintenance parts by stock number, name, and description. 

Ref. No. 
symbol 

Signal Corps 
stock No. 

2Z4B r B  . . . . .  

3A2 . . . . . . . .  . 

3A23 · · · · · · ·  . 

3E r B74 · · · · ·  . 

2BB30 (&) . . . .  

2B r 30o . . . . .  . 

Name of part and description 

BAG: BG-B I -B;  carrying . . . . . . . . . . . . . . .  . 

BAG: BG- r 60-( &) IS ; available for amphib
ious operations . 

BATTERY: BA2; 22 . 5=v . . . . . . . . . . . . . . . . 

BATTERY: BA23;  I . 5=v . . . . . . . . . . . . . . . . 

CORD : CD-60S ; 6 %=ft; 2=cond. ; PL-SS 
at one end; Transformer C-4 I O  at other. 

CORD : CD-B74; 6%=ft; 2=cond . ;  PL-55 
on one end ; JB-47 on other end. 

HEADSET: HS-30-( &) ; components } 
HEADSET: HS-30-(&) ; repair parts 

. . .  

INSERT: M-300 . . . . . . . . . . . . . . . . . . . . . . .  . 

2Zg0 I gA . . . .  STRAP: ST-r 9-A . . . . . . . . . . .  0 • • • • • • • • •  

Quan.per Lowest maint. 
equip. echelon 

I . . . 3d 

I . .  Orgn stock 

6 . . . 3d 

4 · · · 3d 

I . . .  3d 

I .  . . 3d 

I . . . Orgn stock 

2 . . .  Orgn stock 

I .  . . 3d 
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b .  FREQUENCY METER BC-221-Q. 

NOTE. Order maintenance parts by stock number, name, and description. 

Ref. No. 
symbol 

Signal Corps 
stock No. 

Name of part and description Q}lan. per Lowest maint. 
equip. echelon 

----- - ----- --------- - ------------------------- ----- -----_._--
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2Z4S r Q . . . . . BAG : BG-S r -Q; carrying . . . . . . . . . . . . . . . 

2Z55 r -r 60 . . .  BAG : BG-I 6o-(&) /S ; available for am
phibious operations. 

3A2 . . . . . . . . .  BATTERY: BA2 ; 2 2 .5=v . . . . . . . . . . . . . . .  . 

3A23 . . . . . . . .  BATTERY: BA23 ;  I .5=v . . . . . . . . . . . . . . .  . 

3E r 605-6.5 . .  CORD : CD-605 ; 6Y2=ft; 2=cond. ;  PL-55 
at one end; Transformer C-4 IO  at other. 

3E 1 S74 . . . . . . CORD : CD-S74; 6 Y2=ft; 2=cond. ;  PL-55 
on one end; JB-47 on other end. 

2BS30 ( &) . . . .  HEADSET: HS-30-( &) ; component } 
HEADSET: HS-30-(&) ; repair parts 

. . .  

2BI 30o . . . . . .  INSERT: M-30o . . . . . . . . . . . . . . . . . . . . . . . 

2Zg0 I �A . . . .  STRAP: ST-I g-A . . . . . . . . . . . . . . . . . . . . .  . 

I . . . 3d 

I • . .  Orgn stock 

6 . . . 3d 

4 · · . 3d 

I . . . 3d 

I . . .  3d 

I • . . Orgn stock 

2 • •  , Orgn stock 

I . . • 3d 
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REF i DESCRIPTION REF DESCRIPTION 

1 235 pjJI 8-1 &2 .001 )JI 
2 1 )J)JI 9A&B 0.1  )JI 
3-1 &2 25 )J)JI 1 0  8 jJ)JI 
4A&B lp)J1 1 1  25 jJjJI 
5 1 00 )J)JI 1 2  2 pI 
6--1 &2 .002 jJI 1 3  0.25 pI  
7 50 ),J11 , 1 4  1 50.000 OHM 

ANT. 

@ 33 

¢ 34 

..l!0 

32 31  

9A 1 8 - 2  

01 lelt------+-----1t-----
t 10 :11----, 
6 V  4 BA - 2 3  

REF DESCRIPTION 

1 5-1 & 2  1 MEGOHM 
1 6--1 & 2  8.750 O H M  
1 7  50.000 O H M  
1 8 4.500 OHM 
1 9  7 5  OHM 
20 1 2 .500 OHM 
2 1 -1 & 2 350 OHM 

o 

REF 

22 
23 
24 
25 
26 
27 
28 

DESCRIPTION REF DESCRIPTION 

6.5 MILLIHY 29 C RYSTAL 
24.8 MICROHY 30-1 &2 JACK 
735 MICROHY 31 " POWE R PLUGS 
300 HEN RYS 32 POWER JACKS 
SWITCH 33 BINDING POST 
SWITCH 34 ANT. CLIP 
0 .5  MEGOHM 

Figure 40. Frequency Meter BC-22I-B (earry modef), schematic diagram. 

� , .  

\ I 
2 5  

2 1-2 1 1 1 20 

0 - OFF 
I - C RYSTAL 

2 - OPER ATE 
3 - CHECK 
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LOW 
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FREQ. BAN O  
LOW H I G H  

H I G H  

NOT E : PAR T  NOS.  4 A e. 4 B A R E  T H E RMAL 
CO M P E N S ATOR CAPACIT O R S  
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R E F  DESCRIPTION R E F  DESCRI PTION 

1 2 3 5  p)J I 8- 1 &2 .001 p i  
2 1ppl 9A&B .01 pi 
3-1 & 2  2 5  p)JI 1 0- 1 & 2  1 2  p)JI 
4A&B 1 ppl 1 1  1 1  JJJJI 
5 1 00 ppl 1 2  2 JJI  
6-1 &2 .002 ..u1  1 3  .25  p i  ' 
7 50 }J)JI '--- 1 4-1 & 2  1 50,000 O H M  

. � c' 

R E F  

1 5  

1 3 5  V 6 BA - 2 3 2  �I "" " �  
6 V  4 B A- 23 

DESCRIPTION 

1 MEGOHM 

o 

1 6- 1 & 2  8.750 OHM 
1 7 50.000 OHM 
1 8  4 . 500 OHM 

REF 

22 
23  
24 25 

1 9  75 OHM 1 26 
20 1 2 . 500 OHM 27 
2.1 - 1 & 2  3 5 0  OHM 2 8  

I I 
2 1-2 f I I 20 PHONES ) 

I I I • I I • • I l '&:ft  _ 

9A 1 8-2 

3 1  

:1 I --/' 

DESCRI PTION REF DESCRI PTION 

6.5 MILL IHY 29 CRYSTAL 
24.8 MICROHY 30-1 &2 JACK 
735 MICWHY 3 1  POWER PLUGS 
300 H E N RYS 3 2  POWER JACKS 
SWITCH 33 B INDING POST 
SWITCH 34 ANT. POST 
0,5 M EGOHM 

0 - O F F  
I - CRYSTAL 

2 - O P E RATE 
3- CH ECK 

3 0 - 2  

Figure 41. Frequency Meter BC-221-B (late model) , schematic diagram • 
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CIt 
...:t 

-=-

R E F  

1 
2 
3-1 &2 
4 
5-1 & 2  6 
7 

LOW 

DESCRIPTION 

220 )J}JI 
1 )J}JI 
25 + 4 p}JI 
1 00 )J}JI 
.002 )JI 
50 )J}JI 
.001  )JI 

}. 

FREQ. BAND 
LOW H I G H  

H I G H  

REF DESCRI PTION 

8-1 .2 .3 .05 yl 
• 9-1 &2 1 2  Wi 

1 0  1 2  }J}JI 
1 1  2 pi 
1 2  4 .500 OHM 
1 3-1 &2 1 50.000 OHM 
1 4  1 MEGOHM 

tJ 

R E F  

1 5- 1 &2 
1 6 
1 7  
1 8  
1 9-1 &2 
20 
2 1  

8 - 1  I 7 

2 9  30 
- I-I 10J 

o�· -------------4--------------+. 
- of-I -----, 

DESCRIPTION R E F  DESCRIPTION REF DESCRI PTION 

8.750 OHM 22 735 MICROHY 29 POW E R  PLUGS I 
50.000 OHM 23 300 HENRYS 30 POWER JACKS 
75 OHM 24 1 M EGOHM 3 1  ANT. CL IP  
1 2 .500 OHM 2 5  SWITCH 32 BINDING POST 
350 OHM 26 SWITCH 6.5 MILL IHY 27 CRYSTAL 

-
25 MICROHY 28-1 &2 JACKS 

Figure 42. Frequency Meter BC-22I-Q, schematic diagram. 
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/ I 

, .  

19- 2 1  I I 1 8  

0 - OFF 
I - CRYSTAL 

2 - OPERATE 
3 - CH ECK 

• R E F. NO. 9 - 2  I S 6}J}Jf 

28- 2 
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1 5- . 33 0 .0 7 GAi:l 

_-.l--tH--- - - -

W I R E  LEG E N D  
R D  - R E D  

W H  - WH ITE 
BR - BROWN 
O R  - ORANGE 
BK - ·BLACK GR - G R E E N  S L  - SLATE 
BL - BLUE RD-WH - RED-WHITE TRACER 

RD-Y - .. -Y E LLOW RD-BL - .. -BLU E 
----- E N A M ELED WIRE  
----TI N N E D  COPPER WIRE. 
- · · - · · - STRAN D E D  WIRE BARE 

T L-3255 
Figure 13. Frequency Meter BC-22I-B (ear{)l model), chassis wiring diagram. 



34 I I 
�f-'" 
33 0 9 G . ...... 

_-,.J... ...... -- --

1 0-1 14·2 M 
o 7 

WIRE L EG E N D) 
�� : ���TE' 

BR - BROW N \  O R  - O R A N G E BK - BLACK 1/ GR � G R E E N SL - S LATE : BL - B LU E  R D-W H - R E D-WH I T E  TRACER 
R D-Y - .. -Y E LLOW R D-BL - .. -B LU E 

--- - - E N A M E L E D  WIRE 
- - - - T I N N E D  COPPER WIRE 
.-----· - STRA N D E D  W I R E  BARE 

Figure 44. Frequency Meter BC-22I-B (latc model) , chassis wiring diagram. 
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30-3 �0-2 �O-I 
Figure 45- Frequency Meter BC-22I-Q, chassis wiring diagram. 

60 

31 U"-, ' I \ �.�'A 
BR� 

WIRE LEGEND J 
RD - RED W H - WHITE BR - BROWN 
OR - ORANGE • BK - BLACK (GROUND) 
GR - GR E E N  SL - SLATE BL - BLUE • 

R D - W H  - RED -WHITE TRACER R D -Y - RED - V E LLOW 

RO - BL - RED - BLUE 
_ . _ . - S H I E LDED LEAD 
- - - - TINNED COPPER WIRE _ .. -.. - STRANDED WIRE BARE 

TL 1 02 5 8  
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CHAPTER 4 

FREQUENCY METER SET SCR-2 1 1-E 

Section I. DESCRIPTION 91 . Additional Equipment Required 

89. General 

Frequency Meter Set SCR-2 1 1-E has been 
manufactured by the Philco Corporation on sev
eral orders . This model is similar to the SCR-
2 1 1-B and SCR-2 1 1-Q described in chapter 3 ,  
but there are enough variations in mechanical 
and electrical details to warrant treatment in a 
separate chapter. For further general informa
tion see paragraph 2 .  

The following equipment, not furnished with 
the orders, is required to complete each Fre
quency Meter Set SCR-2 1 1-E : 

Quantity Article 

I . . . . . . . . . . Headset P- I 8  or P-20. 

6 . . . . . . . . . .  Batteries BA-2 .  

90. Components 4 . . . . . . . . .  . Batteries BA-23 .  

Each Frequency Meter Se t  SCR-2 l l -E includes 
the following component units : 

I . . . . . . . . . .  Strap ST- I g-A. 

Quantity Component 

I . . . . . . . . . . . .  Frequency Meter BC-22 r -E includes : 

2 . . . . . . . . . .  . .  

2 . . . . . . . . . . .  . 

2 . . . . . . . . . . .  . 

I . . . . . . . . . . . .  i 
I . . . . . . . . . .  . . 

3 . .  · . . . . . . . .  · 1  
! 

r Crystal Unit DC-g-E (in operating position) . 

I Crystal Unit DC-g-E (spare, mounted on chassis) * . 
I Calibration Book MC-r 77-E. 
I Calibration Book MC- I 7 7-E (spare, untyped, in chassis compartment) . 

I Wrench for Bristo No. 6 setscrew (spares compartment) . 

I Wrench for Bristo No. 8 setscrew (spares compartment) . 

Tube VT- I g3 ,  type 7G7 (one in use, one spare) . 

Tube VT-208, type 7B8LM (one in use, one spare) . 

Tube VT- I g 2 ,  type 7A4 (one in use, one spare) . 

Bag BG-S r -E.  
Instruction book for Frequency Meter Set  SCR-2 1 I -E. 

Additional spare sets of vacuum tubes (3 each of tubes 
VT- I g3,  VT-208, and VT- I g2 ,  supplied in bulk) . 

• Originally, on Order No. 247S-Chi-41, no spare DC-9-E was supplied. 
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92. Total Weight 
Frequency Meter Set SCR-2 1 1-E, complete and 
ready for service, weighs approximately 38  
pounds. For typical dimensions, see figure 26. 

93 .  Power Consumption 
All power required for the operation of this 
equipment is supplied by the batteries listed in 
paragraph 9 1 .  The current drains under the 
specified conditions are approximately as follows: 

Filaments : 6 bolts ;  0 .7 1 ampere. 
Plates, etc . : 1 35 volts ; 0 .0079 ampere with 

operation switch at CRYSTAL. 
0.0 1 4 1  ampere with operation 

switch at OPERATE.* 
0.0 109 ampere with operation 

switch at  CHECK. 

" Contrary to the general rule covering this type .of �eter. 
the SCR-211-E place s  m aximum load on the battenes In the 
O PERA TE posi tion of the operation switch. 
94. Controls (par. 2e) 
'When the snap latch is released and the front 
cover lowered, the control panel and calibration 
book are exposed. There are six operating con
trols. (See fig. 4.) 

a. Two PHONES jacks allow for observations 
by two persons at the same time; for exam;:>le, 
student and instructor. A headset must be 
plugged into one of the jacks before the meter 
can be set in operation because of the series fila
ment supply swi tches built into the jacks. 

b .  The GAIN control is a volume control 
used t.O adjust the input voltage to the audio
amplifier tube, and in turn the level of sound 
in the headset. 

c. The OFF-CRYST AL-CHECK control is 
the operation swi tch of the BC-2 2 1-E. In the 
OFF position both the A and B battery circuits 
are open . In  the CRYSTAL position, the A bat
tery circui t  is closed to the series filament supply 
switches which are built into the PHONES 
jacks while the B battery circui t  is closed to all 
tubes with the exception of the screen grid of 

Reference 

VT- I 93 · · · ·  " 

I 
VT-20S . . . . . i 

VT-I92 • • • • •  1 
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Function 

Variable frequency oscilla
tor . 

Crystal oscillator and de
tector. 

Audio frequency amplifier . 

the variable frequency oscillator tube which ef· 
fectively keeps this oscillator from operating. In 
the OPERATE position, the A battery circuit 
is closed as above, and the B battery circuit is 
closed to all tubes with th� exception of the 
crystal-oscillator portion of the detector-con
verter tube. In the CHECK position, the A bat
tery circui t  remains closed, while the B battery 
circuit is closed to all tubes. The OPERATE 
position places maximum load on the batteries. 
Since there are no voltage divider arrangements 
in this circuit, the meter can be taken out of 
service by removing the plug from the PHONES 
jack, regardless of the position of the operation 
switch. 

d. The FREQ. BAND LOW-HIGH switch 
permits the selection of the appropriate band 
of operation of the variable frequency oscillator 
as indicated by the -frequency being checked or 
calibrated. 

e.  The frequency of the variable frequency 
oscillator is controlled by setting the dial labeled 
"Dial Units" which is graduated into one hun
dred divisions. One revolution of the DIAL 
UNITS dial moves the DIAL H UNDREDS 
dial one division. (See par. 1 1 .) 

f. The CORRECTOR knob controls a small 
variable capacitor across the variable frequency 
oscillator tuned circuit, and is used to compen
sate for small changes in capacity brought about 
by temperature, humidity, and mechanical 
changes. It is adjusted at each CRYSTAL 
CHECK POINT to make the calibration of the 
instrument as accurate as possible over that part 
of the scale centered at a given CRYSTAL 
CHECK POINT and extending halfway to the 
next higher and next lower CRYSTAL CHECK 
POINTS. 

95. Vacuum Tubes 
The vacuum tubes used in the Frequency Meter 
Set SCR-2 1 1-E are shown in the following 
tabulation: 

Signal Corps type 
nomenclature 

VT-I 93 · . . . . . . . . . . 

VT-208 . . . . . . . . . .  . 

VT-192 • • • • • • • • • • •  

Commercial 
equivalent 

7G7 · · · · ·  . 

7BSLM . . . 

7A4 · · · · · · 

Base 

Loctal 

Loctal 

Loctal . . • • 



Section II. 

INSTALLATION AND OPERATION 

96. Initial Procedure (par. 7) 

Make sure a spare set of tubes is inst�lled in the 
spare parts compartment. Place additional sets 
of spare tubes in stock. 

97. Installation of Batteries (pars .  8 and 38) 

After replacing the frequency meter chassis, 
check the battery installation as indicated in 
paragraph 8d with the operation switch in the 
OPERATE position. 

98. Antenna (par. 9) 

99. Headset (par. 1 0) 

Plug P L-55 or Plug PL- 1 25 of the Headset 
P-1 8  or Headset P-20 must be inserted in one 
of the PHONES jacks before the meter will 
operate. 

100. Preparation for Use (par. 70) 

101.  Reading the Dial (par. 1 1 ) 

102. Calibration Book MC-1 77-E (par. 1 2) 

103. Operating Circuits (par. 1 3) 

104. Zero Beat Detection (par. 1 4) 

105. Correction in Calibration (par. 1 5) 

The information given there applies exactly to 
Frequency Meter BC-2 2 1-E. 

106. Crystal Check Points (par. 1 6) 

107. Frequency Measurements (par. 1 7) 

The proper position of the operation swi tch of 
the BC-2 2 1-E is OPERATE for making fre
quency measurements as described in para
graph 1 7 . 

108. Precautions During Operation 
(par. 1 8) 

109. Adjustments for Field Upkeep 
(par. 1 9) 

Section III. FUNCTIONING OF PARTS 

1 10. General 

Frequency Meter BC-2 2 1-E IS very similar lD 

operation to Frequency Meters BC-22 1-B and 
BC-22 1-Q covered in the preceding chapter, but 
contains a number of differences i n  circuit 
operation. 

I l l .  Circuit Components (par. 2 1 ) 

1 12.  Crystal Circuit 

The cathode, the inner grid, and anode grid of 
Tube VT -208 (7 B8LM) consti tute the active 
elements of a crystal-controlled triode oscillator 
(fig. 46) which operates at the fixed frequency 
of 1 ,000 kc when the operation switch 2 8  is 
placed in  the CRYSTAL or CHECK position. 
The operation switch controls the crystal oscil
lator by opening or closing i ts anode grid high 
voltage circuit .  The oscillator circuit  is designed 
to generate considerable harmonic energy so that 
it can be used to calibrate the variable frequency 
oscillator at several points over i ts entire range, 
as well as to supply whole multiples of 1 ,000 kc 
for the calibration of receivers and similar equip
ment. The necessary plate (anode grid) circuit 
impedance is built up across an inductance 2 3 .  
The capacitor 4 4  across the inductance 2 3  pro
vides a low impedance path to ground for high 
order harmonics of the crystal oscillator funda
mental frequency ( 1 ,000 kc) so that the cathode 
current corresponding to these frequencies will 
be increased. This increased cathode current 
develops a voltage across the untuned inductance 
1 3  in the cathode circuit ,  this voltage being im
pressed upon the control grid of Tube VT -208 
so that the response of the detector circuit  at  
CRYSTAL CHECK POINTS wil l  be increased. 
The fixed capacitor 6- 1 ,  shunted across the 
crystal 25, minimizes any change in fundamental 
frequency due to small changes in the crystal 
capacitance.  The resistor 2 0-2 , shunted across 
the crystal 2 5 , is the crystal oscillator grid leak. 
Further reference to figure 4:6 shows that the 
output of the crystal oscillator is electron coupled 
to the antenna through the NO. 4 grid of Tube 
VT -208 and the capaci tor 8- 1 .  For further de
tails on the crystal oscillator, see paragraph 22 . 

113 .  Variahle Frequency Oscillator Cir
cuit (par. 2 3) 

Tube VT- 1 93 (7G7) is used in an electron 
coupled circui t  as the variable frequency oscil
lator. (See fig. 47.)  
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a. COILS. The two inductors 30 and 22 ,  in the 
tuned circuits, are wound upon ceramic forms 
and coated with a special wax to eliminate the 
influence of changing atmospheric conditions 
on the stabili ty of the meter. The active ter
minals of these coils are connected across the 
terminals of the main tuning capacitor I by 
means of the band selector (FREQ. BAND 
LUW-HIGH) switch 27 .  Each coil and the tun
ing capacitor, together with other capacitors 
mentioned below, constitute the resonant circui t  
that determines the output frequency. The cor
rect bias on the control grid of the oscillator 
tube is provided by the capacitor and resistor 
combination 7 and 1 9  which connects to a tap 
on either coil through the band selector switch 
27 .  The frequency of oscillation is made rela
tively independent of variations in tube charac
teristics when the grid connection is tapped 
down an appreciable distance from the high 
potential end of the coi l .  The resistors 1 4  and 
I S ,  which carry li ttle current, are connected in  
series with the taps, and serve to  stabilize the 
operation of the oscillator circuit  by suppressing 
undersirable oscillations . The second coil tap, 
located near the grounded end of each coil, and 
connected to the cathode of the oscillator tube 
through another set of contacts on switch 27 ,  
serves to  control the amount of  feedback in the 
oscillator circuit. The capacitor 6-2 , connected 
between the cathode tap and ground on the 
LO\V frequency coi l ,  prevents interaction with 
the HIGH frequency coil when the selector 
switch 27 is in the HIGH position. Resistor 1 8  
is the oscillator plate circuit load, and the voltage 
developed across it is coupled to detector-con
verter Tube VT -208 through capacitor 8-2 , or 
to the antenna through capacitors 8-2 and 8-1 
in series. Part 1 6- 1  is the screen grid dropping 
resistor, and part 1 0-3 is the screen grid bypass 
capaci tor to ground. Capacitor 1 0-2 bypasses the 
plate vQltage supply. 

b. BAND SELECTOR SWITCH. Switch 27 i s  a 
double-throw, triple-pole switch with all con
tacts mounted on ceramic plates . To minimize 
abnormal capacitive effects , all contacts are made 
as small as possible and are of the sel f-aligning, 
self-wiping type. The swi tch has a heavy detent 
which accurately locates the rotor plate in either 
the LOW or HIGH frequency position. 

c. CORRECTOR CONTROL. Capacitor 2, the 
CORRECTOR control, with a range of 2 micro
microfarads (2flflf) , enables the operator to 
control the variable capaci tance of the tuned 
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circuit in order to compensate for slight changes 
in the circuit. (See par. 94f.) 

d. TRIMMING CAPACITORS. The 'trimming ca
pacitors are parts 3-1 and 3-2 . These capacitors 
are adjusted at the factory to build up the fixed 
capaci tance of the LO\V and HIGH frequency 
circuits to the exact values called for by the 
design of the variable tuning capacitor. 

Caution : Do not tamper with these trimmer 
capacitor settings .  To do so will throw the meter 
completely off calibration. 
Parts 4 and 5 are thermal compensator capacitors 
which prevent frequency drifts due to tempera
ture changes. 

e. OSCILLATOR FUNCTION. ( I ) The variable 
frequency oscillator circui t  is in operation at the 
CHECK and OPERATE positions of the opera
tion switch 2 8 . (See fig. 49.) 

(2) At the CHECK position, the output of 
oscillator Tube VT- 1 93 (7G7) is applied to one 
of the grids of detector-converter Tube VT -208 
(7B8LM) where i t i s  mixed with the output 

frequency of the crystal circui t. The result is a 
frequency equal to the difference of the two, and 
is used to adjust the frequency of the oscillator 
by means of the CORRECTOR control. 

(3) At the OPERATE position, the variable 
frequency oscillator is in operation, while the 
crystal oscillator is not. If the antenna is in posi
tion, the frequency meter may be used to receive 
or send any frequency in i ts range, that is , it 
may be used as a radio receiver or transmitter. 

1 14. Detector Tube Circuit 

I t  has been stated that the three inner elements 
of Tube VT-208 (7B8LM) are used in the crys
tal-osci llator circuit. The remaining elements of 
this tube (comprising the control grid, screen 
grid, and plate) are used as a high gaiu. screen 
grid detector, to which, by tube structure, the 
crystal osci llator is electronically coupled. (See 
fig. 48 . )  Resistor 2 0- 1  is the detector tube grid 
leak. Resistor 1 6-2 supplies voltage to the screen 
grid of Tube VT-208 (7B8LM) . Capacitor 1 0-4 
bypasses the screen grid to ground. Capacitor 
1 0- 1  is a bypass capacitance across the plate volt
age. Note that the antenna plug 29  is connected 
to ground through the resistor 2 I .  The r-f volt
age developed across the load resistor . 1 8  in the 
plate output circuit of the variable frequency 
oscillator is coupled to the control grid of this 
detector through a small fixed capacitor 8-2 . 
The antenna plug 2 9, mounted on the chassis, 
is also coupled to the control grid of the detector 

..... 



CJ\ � 

V T- 1 9 3 
7 G 7  r-

t- e" � t, 

2 9  

1 1  1 2  

8 - 1  

2 4  9 11  

f 8 

�. • •  • • • •  I • I I 0 - . PHON ES 
1 0 - 4 

13 + · • PHON ES 
• 

A - B - .... r_------' 
T L I0248 A +  -.. r_------------------------------------------------------__ � 

Figure 1;8. Frequency Meter BC-22I-E, Junctional diagram, detector and audio-ampiifwr circuits. 



through the coupling capacitor 8- 1 .  As a result 
of these couplings to the control grid, the de
tector mixes the variable frequency oscillator 
output with the fundamentals and successive 
harmonics of the crystal oscillator, when the op
eration switch 2 8  is in the CHECK position, 
and with the radio transmitter frequency to be 
measured, when the swi tch is in the OPERATE 
position. By reference to figures 47 and 48, i t  
can be seen that the antenna plug 2 9  is also 
coupled to the variable frequency oscillator out
put through capacitors 8- 1 and 8-2 in series. 
Thus, the antenna plug 29 serves the dual pur
pose of a detector input terminal for the 
measurement of frequencies of external origin 
and of a variable frequency oscillator output 
terminal for use in calibrating receivers . When 
the unit is employed for the latter purpose, a 
minimum of 2 ,000 microvolts of radio frequency 
energy will be available between the antenna 
terminal and ground (the chassis) at any fre
quency within the calibrated range. 

1 15. Audio-Amplifying Circuit (par. 25) 

The detector plate works into an audio-fre
quency choke coil 24 ,  which is bypassed by the 
capaci tor 9 to reduce the response to high fre
quencies. The beat frequency voltages built up 
across the choke coi l are coupled through capaci
tor 1 1  and the GAIN control potentiometer 2 6  
t o  the grid o f  Tube VT- 1 92 (7A4) . The grid of 
Tube VT - 192 returns to ground through the 
potentiometer 26 ,  and the necessary grid bias 
voltage is obtained by connecting the cathode 
to the positive side of the filament. The plate of 
Tube VT- 1 92 returns to the positive plate sup
ply voltage through th�" plate load resistor 1 7 .  
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The plate of this tube is coupled also to the 
PHONES jacks 3 1- 1  and 3 1-2 through capacitor 
1 2 ,  so that no d-c voltage will be present in the 
output circuit . The characteristics of the output 
circuit are such that either high-impedance 
( 1 5 ,000 ohms) or low-impedance (2 ,500 ohms) 

headsets may be used without any change-over 
adjustments being necessary. 

1 16. Power Supply Circuit (fig. 49) 

All power required for the operation of the 
meter is introduced through the battery ter
minal board 36 .  The common negative filament 
and negative plate battery leads are connected 
to the middle terminal which is grounded to the 
chassis. A fabricated wiring harness is provided 
for intercell and filament battery to terminal 
board connections. The operation switch 2 8  
closes both the positive 6-volt supply (A+) and 
the positive 1 35-volt supply (B+) as described 
previously in paragraph 94C. The positive 6-volt 
supply (A+) is closed to the vacuum tube fila
ments through the auxiliary switches on the 
PHONES j acks 3 1- 1  and 3 1-2 , when a headset 
plug is  inserted in one of the jacks . Since the 
door covering the control panel cannot be closed 
with the headset plug in place, the A and B bat
teries cannot be discharged even though the op
eration switch is left in an active position when 
the meter is  removed from service. 

Section IV. MAINTENANCE 

1 1 7. General 

For all details of field maintenance, see para
graphs 26 ,  2 7 ,  al'ld 28 .  
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Section V. SUPPLEMENTARY DATA 

1 18. Tabular List of Maintenance Parts for Frequency Meter BC-221-E 

NOTE. Order maintenance parts by stock number, name, and description. 

Ref. No. 
symbol 

Signal Corps 
stock No. 

Name of part and description 

2Z48 I E  . . . . .  BAG : BG-8 I -E ;  carrying . . . . . . . . . . . . . .  . 

2Z55 1 - 1 60 . .  BAG : BG-I 6o-( &) IS ; available for am-
phibious operations . . . . . . . . . . . . . . . . . . .  . 

3A2 . . . . . . . . .  BATTERY: BA2 ;  22 .5=v . . . . . . . . . . . . . . .  . 

3A23 . . . . . . . .  BATTERY: BA23 ;  I .5=v . . . . . . . . . . . . . . . . . 

3E I 605-6.5 . .  CORD : CD-605 ; 6 Yz=ft; 2=cond. ;  PL-55 
at one end; Transformer C-4 1 O  at other. 

3E I 874 CORD : CD-874 ; 6 Yz=ft; 2=cond. ;  PL-55 
on one end ; ]B-47 on other end. 

2B830 ( &) . . . .  HEADSET : HS-30-(&) ; component } 
HEADSET : HS-30-(&) ; repair parts ' . . .  

2BI 300 . . . . . .  INSERT : M-300 . . . . . . . . . . . . . . . . . . . . . .  . 

2Zg0 I gA . . . .  STRAP : ST- I g-A . . . . . . . . . . . . . . . . . . . . .  . 

Quan. per Lowest maint. 
equip . echelon 

I . . .  3d 

I . . .  Orgn stock 

6 .  , .  3d 

4 · · ·  3d 

I . . . 3d 

I . . . 3d 

I . . . Orgn stock 

2 . . .  Orgn stock 

I . . . 3d . . . . . . . . .  
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Figure 49. Frequency Meter BC-22I-E, schematic diagram. 
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'quency Meter BC-22I-E, chassis wiring diagram. 
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CHAPTER 5 

FREQUENCY METER SETS SCR-2 1 1-F, SCR-2 1 1-J, 

SCR-2 1 1-K, AND SCR-2 1 1-L 

Section I. DESCRIPTION 

1 19. General 
Frequency Meter Sets SCR-2 1 1-F, SCR-2 1 I-J,  
SCR-2 ll-K, and SCR-2 1 1-L have been manu
factured by the Zenith Radio Corporation on 
several orders . These four models are similar to 
the SCR-2 1 1-A, SCR-2 1 1-C, and SCR-2 1 1-D 
series described in chapter 2 .  The four models 
included in this chapter are electrically and me
chanically alike, wi th two exceptions : The values 
of parts 1 8 , 49, and 50 vary; and parts 49 and 50 
were omitted from the early production of the 
SCR-2 I I-F. Except for the above, the part num
bers on the diagrams are the same, with varia
tions in electrical value noted where necessary. 
For further general information read paragraph 
2 .  The symbol (3) as used in this chapter refers 
to either the SCR-2 1 1-F, SCR-2 1 1-J, SCR-
2 ll-K, or SCR-2 1 1-L. 

120. Components 
Each Frequency Meter Set SCR-2 1 1- (3) lll
cludes the following component units : 

121 .  Additional Equipment Required 
The following equipment, not furnished '\'ith 
the orders, is required to complete each Fre
quency Meter Set SCR-2 1 1- (3) : 

Quantity 

I . . . . . .  . .  
6 . . . . . .  . . 
4 . . . . . .  . . 
I . . . . . . .  . 

Article 

Headset P-1 8  or P-20. 
Batteries BA-2 . 
Batteries BA-23 .  
Strap ST-I g-A* . 

• Required for the SCR-2 11-F only. 

122. Total Weight 
Frequency Meter Set SCR-2 1 1- (3) , complete 
and ready for service, weighs 38 pounds. For 
typical dimensions, see figure 26 .  

123.  Power Consumption 
All power required for the operation of this 
equipment is supplied by the batteries listed in 

Quantity Component 

I . . . . . . . . . . . .  Frequency Meter BC-22 I -(3)  includes : 

2 . . . . . . . . . . .  . 
2 . . . . . . . . . .  . . 
2 . . . . . . . . . .  . . 

I . . . . . . . . . . .  . 
I . . . . . . . . . .  . . 
I . . . . . . . . . .  . .  
I . . . . . . . . . . .  . 

I Crystal Unit DC-9-(3) (in operating position) . 
1 Crystal Unit DC-9-(3) (spare, mounted on chassis) 1 . 
I Calibration Book MC-I 77-(3) .  
1 Calibration Book MC-I 77-(3)  (spare, untyped, in chassis compartment) . 
1 Wrench for Bristo No. 8 setscrew (spares compartment) . r.;., 

Tube VT-I I 6-B, type 6SJ7Y (one in use, one spare) . 
Commercial tube, type 6A7 (one in use, one spare) . 
Tube VT -76, type 76 (one in use, one spare) . 
Bag BG-8 1 -(3) .  
Instruction book for technical manual for Frequency Meter Set SCR-2 1 1 -(3) .  
Strap ST-I g-N. 

Additional spare set of vacuum tubes (I each of Tubes VT-I 1 6-B, 6A7, and VT-
76) 3. 

1 Not supplied with the BC-221-J, BC-22 1-K, and BC-221-L. 2 Not supplied with the SCR-2 1 1-F. 
8 Three additional sets of spare vacuum tubes are supplied with the 

SCR-2 1 1-F. (One set in use, four sets spare, total) . 
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paragraph 1 2 1 . The current drains at the speci
fied voltage limits are as follows : 

Filaments : 5 .4 to 6 .0 volts, 0 .86 to 0.92 
ampere. 

Plates, etc. : 1 2 1 .5 to 1 35 .0 volts, 0 .0 1 2 6  
t o  0.0 146  ampere. 

These values are typical for operation with the 
CRYSTAL switch in the OFF position, under 
which condition maximum plate current is 
drawn. 

124. Controls (par. 2e) 

When the snap la�ch is released and the front 
cover lowered, the control panel and calibration 
book are exposed. T\;J.ere are seven operating 
controls . (see fig. 5 . )  

a .  Two PHONES jacks allow observations by 
two persons at the same time; for example, stu
dent and instructor. A headset must be plugged 
into one of the jacks before the meter can be set 
in operation because of the series filament sup
ply switches built into the jacks. 

b .  The POWER ON-OFF switch breaks both 
the filament and plate supply voltages and, in 
connection with the PHONES jacks, controls 
the operation of the meter. 

c. The GAIN control is a volume control 
used to adjust the input voltage to the audio
amplifier tube and, in tum, the level of sound 
in the headset. 

d. The CRYSTAL OFF-ON switch permits 
the insertion or removal of the crystal oscillator 
from the meter circuit. In the OFF position of 
the switch, the crystal is shorted out; in the ON 
posi tion, the short around the crystal is removed. 
The CRYSTAL ON position is used primarily 

Reference Function 

for checking the variable frequency oscillator at 
CRYSTAL CHECK POINTS, and to furnish 
whole multiples of 1 ,000 kc for the calibration 
of receivers and similar equipment. 

e. The FREQ. BAND LOW-HIGH-CRYS
TAL ONLY switch permits the selection of the 
appropriate band of operation of the variable 
frequency oscillator as indicated by the fre
quency being checked or calibrated and, in the 
CRYSTAL ONLY position, prevents operation 
of the variable frequency oscillator so that the 
crystal oscillator can be used alone, d above. 

f. The frequency of the variable frequency 
oscillator is controlled by setting the dial labeled 
DIAL UNITS which is graduated into one hun
dred divisions. One revolution of the DIAL 
UNITS dial moves the DIAL HUNDREDS dial 
one division. (See par. I I .) 

g. The CORRECTOR knob controls a small 
variable capacitor across the variable frequency 
oscillator tuned circuit, and is used to compen
sate for small changes in capacity brought about 
by temperature, humidity, and mechanical 
changes . It is  adjusted at each CRYSTAL 
CHECK POINT to make the calibration of the 
instrument as accurate as possible over that part 
of the scale centered at a given CR YST AL 
CHECK POINT and extending halfway to the 
next higher and next lower CRYSTAL CHECK 
POINTS. 

125. Vacuum Tubes 

The vacuum tubes used in the F:requency Meter 
Set SCR-2 1 1- (3) are shown in the following 
tabulation : 

Signal Corps type Commercial Base 
nomenclature equivalent -------- ----- ---------------- -------------- ----------- ------

VT-J J 6-B* . . . . . .  Variable frequency 
oscillator . 

6A7 · · · · · · · · · · · · . Crystal oscillator 
and detector. 

VT-76 . . . . . . . . . .  Audio-frequency 
amplifier. 

• Tube VT-1 16-B is practically the same as Tube V T-116 but has a 
special electrically low-loss base. In an emergency, a Tube VT-116 

VT-I I 6-B* . . _ .  _ .  

None . . . . . . . . . . . .  

VT-76 . . . . . . . . . . .  

6SJ7y* · · · · ·  . 

6A7 . . . . . . . 

76 . . . . . . . . . . 

Octal 

Small 7 
pin 

Small s 
pm 

can be used in the variable freq"ency oscillator, but temperature and 
humidity changes might cause undesirable effects. 
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Section II. 

INSTALLATION AND OPERATION 

126. Initial Procedure (par. 7) 

I f  extra spare sets of vacuum tubes, inclosed in 
a carton, are stored in  the battery compartment, 
remove them when inspecting the equipment 
and place them in stock. 

127. Installation of Batteries (pars . 8 and 38)  

128. Antenna (par. 9)  

129. Headset (par. 1 0) 

Plug PL-55 or Plug P L- 1 2 5  of the Headset P-1 8  
or Headset P-20 must be inserted into one of the 
PHONES jacks before the meter 'will operate. 

130. Preparation for Use 
a. To start the meter, insert the headset plug 

into a PHONES jack and then turn the PU',VER 
switch to the ON posi tion. The instrument will  
operate only when both of these steps have been 
taken. The meter cannot be left on after the 
cover is closed since the headset plug must be 
removed in order to close it. 

b .  After starting the set by the method de
scribed above, allow the vacuum tube fi laments 
to heat for 1 5  to 2 0  minutes. 

c. In order to test for normal operating con
ditions , set the FREQ. BAND LOW-HIGH
CRYSTAL ONLY switch to ei ther the LOW or 
H IGH position and turn the CRYSTAL switch 
to the ON position. 'While  rotating the DIAL 
UNITS dial ,  l isten in  the headset for tones of 
increasing and decreasing pitch . These different 
tones are produced by the changing variable 
osci l lator frequency beating with the various 
crystal harmonics. The presence of these . tones 
indicates normal operation. 

1 3 1 .  Reading the Dial (par. 1 1 ) 

132.  Calibration Book MC-1 77- - (3 ) 
(par. 1 2 ) 

133. Operating Circuits (par. 1 3) 

134. Zero Beat Detection (par. 14) 

135. Correction in Calibration 
With the POWER and CRYSTAL :;witches 
turned to the ON position, and ,,-i th the FREQ. 
BAN D switch turned to the LO'V or HIGH 
position as required, follow the procedure in 
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paragraph 1 5 . After completion of this proced
ure, turn the CRYSTAL switch to the OFF posi
tion and proceed with any measurements. 

136. Crystal Check Points (par. 1 6) 

137. Frequency Measurements 
The proper position for the CRYSTAL switch 
for all measurements, other than the correction 
of the variable frequency oscillator and the use 
of the crystal oscil lator alone, is OFF. For details 
on making frequency measurements see para
graph 1 7 . 

138. Precautions During Operation 
(par. 1 8) 

139. Adjustments for Field Upkeep 
(par. 1 9) 

Section III. FUNCTIONING OF PARTS 

140. General 
As stated in paragraph 1 1 9 ,  the four models de
scribed in this chapter are electrically and me
chanically alike, with two exceptions : The values 
of parts 1 8 , 49, and 50 vary, and parts 49 and 50 
were omitted from the early production of the 
SCR-2 1 1-F. One schematic diagram (fig. 54) 
covers all four models with the above exceptions 
noted thereon. 

141 . Circuit Components (par. 2 1 )  

142. Crystal Circuit 
The cathode, the inner grid, and the anode grid 
of the type 6A7 tube consti tute the active ele
ments of a crystal-controlled triode oscillator 
(fig. 5 1 )  which operates at a fixed frequency of 
1 ,000 kc when the CR YST AL swi tch 28 is placed 
in the ON position. The crystal circuit is re
moved from operation when the CRYSTAL 
switch 2 8  is turned to the OFF position, thus 
placing a short circuit around the crystal . The 
circui t  is designed to generate considerable har
monic energy so that i t  can be used to calibrate 
the variable frequency osci llator at several points 
over i ts entire range. The necessary plate circuit 
impedance is  bui l t  up across an untuned induc
tance 1 8  which is housed in a bakel i te case of 
rugged construction and thoroughly sealed 
against moisture. Resistor 2 1 -2 is the crystal
oscillator grid leak and furnishes bias for proper 
oscillator operation. The variable capaci tor 50 
is connected across the crystal 1 9  for the purpose 
of adjusting the frequency of the crystal to a 
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closer point than can be economically obtained 
by grinding alone. When the frequency meters 
are adjusted during manufacture, the variable 
capacitor is set up to produce a frequency of 
1 ,000 kc ± 5 cycles at 20 0  centigrade. The fixed 
capaci tor 49, shunted across the crystal, mini
mizes any change in fundamental frequency due 
to small changes in the crystal capacitance. Note 
that parts 49 and 50 were omitted from early 
production of Frequency Meter BC-22 I-F. Fur
ther reference to figure 5 1  shows that the output 
of the crystal oscillator is electron coupled to the 
antenna through the NO. 4 grid of the type 6A7 
tube and capacitors 5-1 and 5-2 in series. Note 
that the crystal oscil lator can be used alone (par. 
2 2 b ( I ) (b ) ,  by having the CRYSTAL and 
PO\VER switches in the ON position and the 
FREQ. BAND LOW-HIGH-CRYSTAL ONLY 
switch 2 7  in  the CRYSTAL ONLY position. 
Resistor 24 supplies voltage to the screen grid of 
the type 6A7 tube. Capacitors 7b and 7c, in 
parallel, bypass the screen grid to ground. Capac
itor 7a is a bypass capacitance across the plate 
voltage supply. For further details on the crystal 
oscillator, see paragraph 2 2 .  

143 .  Variable Frequency Oscillator Cir-
cuit (par. 2 3) 

Tube VT-1 1 6-B (6SJ7Y) is used in an electron 
coupled circuit as the variable frequency oscil
lator. (See fig. 52 .) 

a. COILS. The two inductors 1 6  and 1 7 , in the 
tuned circuits, are wound on ceramic forms and 
thoroughly sealed against m�isture to eliminate 
the inHuence of changing atmospheric conditions 
on the stability of the meter. The active ter
minals of these coils are connected across the 
terminals of the main tuning capacitor 1 by 
means of the band selector (FREQ. BAND 
LUW-HIGH-CRYSTAL ONLY) switch 27 .  
Each coil and the tuning capacitor, together 
with other capacitors mentioned below, consti
tute the resonant circui t  that determines the 
output frequency. The correct operating bias on 
the control grid of the oscillator tube is pro
vided by the grid-leak resistor 39 between grid 
and ground. Capaci tor 42 couples the grid to 
taps on the tuned circuits through the band 
selector switch. The frequency of oscillation is 
made relatively independent of variations in 
tube characteristics when the grid connection is 
tapped down an appreciable distance from the 
high-potential end of the coil .  The resistors 37  
and 38 ,  which carry li ttle current, are connected 
in series with the grid circui t taps on the coils 
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and serve to stabilize the operation of the oscil
lator circui t  by suppressing undesirable oscilla
tions. The second coil tap, located near the 
grounded end of �ach coil and connected to the 
cathode of the oscillator tube through another 
set of contacts on switch 2 7 ,  serves to control the 
amount of feedback in the oscillator circuit .  Re
sistor 2 1- 1  is the oscillator tube plate circuit 
load. The voltage developed across i t  is coupled 
to the detector-converter tube 6A7 through 
capacitor 5- 1 or to the antenna plug 3 1  through 
capacitor 5-2 . Resistor 2 2  is the screen grid 
dropping resistor, and part 44a is the screen grid 
bypass capacitor to  ground. Capacitor 44b by
passes the plate voltage supply. Resistor 20 pro
vides a shunt from the antenna post to ground. 

b .  BAND SELECTOR SWITCH. Switch 27 is a 
triple-throw, triple-pole swi tch with all contacts 
mounted on ceramic plates. To minimize ab
normal capacitive effects, all contacts are made 
as small as possible and are of the self-aligning, 
self-wiping type. The switch has a heavy detent 
which accurately locates the rotor plate in any 
one of i ts three positions. 

c. CORRECTOR CONTROL. Capacitor 2 ,  the 
CORRECTOR control with a range of 3 mi
cromicrofarads (300f) ,  enables the operator 
to control the variable capacitance of the tuned 
circui t  in order to compensate for slight changes 
in the circuit. (See par. 1 24g.) 

d. TRIM MING CAPACITORS. The trimming 
capacitors are parts 3 and 4 .  These are equipped 
with thermal compensator capacitors , parts 6 
and 43 which prevent frequency drifts due to 
temperature changes. These trimming capacitors 
are adjusted at the factory to build up the fixed 
capacitance of the LO\V and HIGH frequency 
circuits to the exact values called for by the de
sign of the variable tuning capacitor. 

Caution : Do not tamper with these trimmer 
capacitor settings. To do so will throw the meter 
completely off calibration. 

e. OSCILLATOR FU;\ICTION. ( I )  The vajiable 
frequency oscillator is in operation whenever 
the PO\VER swi tch 2 9  is in the ON position, 
the FREQ. BAND switch 27 is in ei ther the 
LOW or HIGH position, and a headset is 
plugged into a PHONES jack. (See fig. 54.) 

(2) At the CRYSTAL ON position of the 
CRYSTAL switch 28 ,  and with the FREQ. 
BAND switch 27 in the LOW or HIGH posi
tion, the output of oscillator Tube VT - 1 1 6-B 
is applied to one of the grids of detector-con-
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verter tube 6A7 where i t  is mixed with the out
put frequency of the crystal circuit. The result 
is a frequency equal to the difference of the two 
and is used to adjust the frequency of the oscilla
tor with the CORRECTOR control . 

(3) With the switches set the same as in (2) 
above, except that the CRYSTAL switch 2 8  is  
in the OFF position, the variable frequency os
cillator is in operation while the crystal oscillator 
is not. If the antenna is in posi tion, the fre
quency meter may be used to receive or send 
any frequency in its range; that is, it may be 
used as a radio receiver or transmitter. 

(4) At the CRYSTAL ON position of the 
CRYSTAL switch 28 ,  and with the FREQ. 
BAND switch 27 in the CRYSTAL ONLY posi
tion the grid and cathode of the variable fre
quency oscillator tube are connected to ground 
through resistor 45. This prevents the variable 
frequency osci llator from operating and permits 
the crystal oscillator to be used alone. (See par. 
2 2b  ( 1 )  (b) .) 

144. Detector Tube Circuit 
It has been stated that the three inner elements 
of the type 6A7 tube are used in the crystal os
cillator circuit. The remaining elements of the 
tube (comprising the control grid, screen grid .  
and plate) are used as a high gain screen grid 
detector to which, by tube structure, the crystal 
oscil lator is electronically coupled. (See fig. 53 .) 
The r-f voltage, de\'eloped across the load re
sistor 2 1- 1  in the plate output circuit of the 
variable frequency osci llator is coupled to the 
control grid of this detector through a small 
fixed capacitor 5- 1 .  The antenna plug 3 1 ,  
mounted on the chassis , is also coupled to the 
control grid of the detector through the coupling 
capaci tors 5-2 and 5- 1 in series. Resistor 23 is 
the detector tube grid leak. As a result of these 
couplings to the control grid, and dependent on 
the position of the CRYSTAL and FREQ. 
BAND switches, the detector mixes the variable 
frequency oscillator output with the funda
mental and successive harmonics of the crystal 
oscillator or ,,·ith the radi o  transmitter fre
quency to be measured. \\Then the crystal switch 
is thrown to the OFF position, the crystal 1 9 
and its associated circui t  elements are short-cir
cuited and the inner grid of the type 6A7 tube 
is grounded. (See fig. 5 1 .) By reference to figures 
52 and 53 ,  it can be seen that the antenna plug 
3 1  is also coupled directly to the variable fre
quency oscillator output through capacitor 5-2 
alone . Thus, the antenna plug 3 1  serves the dual 
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purpose of a detector input terminal for the 
measurement of frequencies of external origin 
and of a variable frequency oscillator output 
terminal for use in calibrating receivers . \\Then 
the unit is employed for the latter purpose, a 
minimum of 2 ,000 microvolts of radio-frequency 
energy will be available between the antenna 
terminal and the ground (the chassis) at any 
frequency within the calibrated range. 

145. Audio-Amplifying Circuit (par. 25) 

The detector plate works into an audio-fre
quency choke coil 30, whirh is bypassed by the 
capacitor 8 to reduce the response to high fre
quencies. The beat frequency voltages built up 
across the choke coil are coupled through capaci
tor 9 and the GAIN control potentiometer 2 6  
t o  the grid o f  Tube VT -76 (76) . The grid of 
Tube VT -76 returns to ground through the po
tentiometer 2 6  the desired bias voltage being 
obtained by connecting the cathode to the posi
tive side of the filament. The plate of Tube 
VT-76 returns to the positive plate-supply volt
age through the load resistor 25 ,  the latter being 
bypassed to ground through capaci tor 1 0-2 . The 
plate of Tube VT -76 is also coupled to the 
PHONES j acks 1 5- 1 a  and 1 5-2a through capaci
tor 1 0-3 so that no doc voltage will be present 
in the output circuit .  The characteristics of the 
output circui t  are such that either high-imped
ance ( 1 5 ,000 ohms) or low-impedance (2 ,500 
ohms) headsets may be used without any change
over adjustments being necessary. 

146. Power Supply Circuit (fig. 54) 

All power required for the operation of the 
meter is introduced through the battery ter
minal board 36. The common negative filament 
and negative plate battery leads are connected 
to the middle terminal which is grounded to the 
chassis . A fabricated wiring harness is provided 
for intercell and filament battery to terminal 
board connection. '\Then a headset plug is in
serted into one of the jacks, section 2ga of the 
PO'\TER switch closes the positive 6-volt supply 
terminal (A+) to the vacuum-tube filaments 
through the auxiliary switches 1 5- 1 b  and 1 5-2b 
on the PHONES jacks 1 5- 1 a  and 1 5-2a, and 
section 2 gb connects the posi tive 1 3S-volt ter
minal (B+) to all plate and screen circuits .  
Since the door covering the control panel cannot 
be closed with the headset plug in place the A 
and B batteries cannot be discharged even 
though the POWER switch is left in the ON 
position when the meter is removed from service. 
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Section IV. MAINTENANCE 

147. General 
For all details of field maintenance, see paragraphs 26, 2 7 , and 2 8. 

Section V. SUPPLEMENTARY DATA 
.. 148. Tabular List of Maintenance Parts for Frequency Meters BC-221-F, BC-221-J, 

BC-221-K, and BC-221-L 
NOTE. Order maintenance parts by stock number, name, and description. 

Ref. No. 
symbol 

Signal Corps 
stock No. 

Name of part and description . 

BAG : BG-8 1 -F;  carrying . . . . . . . . . . . . . .  . 
BAG : BG-8 1 -J ; carrying . . . . . . . . . . . . . . .  . 
BAG: BG-8 1 -K; carrying . . . . . . . . . . . . . .  . 
BAG: BG-8 1 -L;  carrying . . . . . . . . . . . . . .  . 

2ZSS 1 - 1 60 . .  BAG : BG-1 60- ( &) /S ;  available for am-

3A23 · · · · · · ·  . 

3E I 60S-6·S · . 

3E I 874 · · · · ·  . 

2B830 ( &) . . . .  

2B I 300 . . . . .  . 

2Zgo l gA . . . . .  

phibious operations . . . . . . . . . . . . . . . . . " . 

BATTERY: BA2 ; 22 .S=V . . . . . . . . . . . . . . .  . 

BATTERY: BA23 ;  I .S=v . . . . . . . . . . . . . . .  . 

CORD : CD-60S ; 6 Yz=ft; 2=cond. ;  PL-S5 
at one end ; Transformer C-4 I O  at other. . .  

qORD : CD-874; 6 Yz=ft; 2=cond . ;  PL-55 
on one end; JB-47 on other end . . . . . . . .  . 

HEADSET: HS-30-( &) ; component } 
HEADSET: HS-30-( &) ; repair parts . . . 

INSERT : M-300 . . . . . . . . . . . . . . . . . . . . . .  . 

STRAP : ST- I g-A . . . . . . . . . . . . . . . . . . . .  . 
• O nly one Bag BG--8 1-F, BG-81-J, BG-81-K, or BG--8 1-L is furnished per equipment. 
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Quan. per Lowest maint. 
equip. echelon 

1 * . . .  
1 * . • . 

1 * . . • 

1 * . . .  

1 . . . . Orgn stock 

6 . . . .  3d 

4 · · · · 3d 

I . . . .  3d 

I . • .  , 3d 

1 . . . .  Orgn stock 

2 . . . .  Orgn stock 

I . . . .  3d 
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Figure 54. Frequency Meter BC-22I-(3) , schematic diagram. 
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CIIAPTER 6 

FREQUENCY METER SETS SCR-2 1 I-M, SCR-2 1 1-0, 

SCR-2 1 1-R, AND SCR-2 1 1-AC 

Section I. Description 

149. General 
Frequency Meter Set SCR-2 1 1-M has been 
manufactured by the Bendix Radio Corporation 
on several orders . Frequency Meter Sets SCR-
2 1 1-0, SCR-2 1 1-R, and SCR-2 1 1-AC have 
been manufactured by the Rauland Corpora
tion. Sets SCR-2 1 1-0 and SCR-2 1 1-R are 
exactly alike in all electrical and mechanical 
details, except for the difference in nomencla
ture and order numbers. The SCR-2 1 1 -M and 
the SCR-2 I I-AC are very similar to these two 
models and to each other, but have variations 
in the arrangements of the variable frequency 
osci llator circuit and minor differences in part 
sizes and designations. These differences aye dis
cussed in detail in applicable parts of this chap
ter. For further general information see para
graph 2 .  The symbol (4) as used in this chapter 
refers to ei ther the SCR-2 1 1-M, SCR-2 1 1-0, 
SCR-2 1 1-R, or SCR-2 1 1-AC. 

I SO. Components 
Each Frequency Meter Set SCR-2 1 1- (4) In
cludes the following component units : 

Quantity Component 

1 5 1 .  Additional Equipment Required 
The following equipment, not furnished with 
the orders, is required to complete each Fre
quency Meter Set SCR-2 1 1- (4) : 

Quantity 

I . . . . . . .  . 
I . . . . . . .  . 
I . . . . . . .  , 
6 . . . . . . .  . 
4 · · · ·  . . .  . 

Article 

Headset P-I 8  or P-20'. 
Headset HS-30- ( &) '. 
Cord CD- 6052. 
Batteries BA-2. 
Batteries BA-23. 

1 Normally used with the S C R-2 1 l-l\f, SCR-2 1 1-0, and SCR-2 1 l-R, 
but can be used with the SCR-2 1 1-AC if Headset HS-30- ( & )  and 
Cord C D-605 are not available. 

2 Normally used with the S CR-2 1 l-AC, but sometimes issued for 
use with the SCR-2 1 l-0 and SCR-2 1 l-R. 

152.  Total Weight 
Frequency Meter Set SCR-2 1 1- (4) , complete 
and ready for service, weighs as follows : SCR-
2 1 1-M, SCR-2 1 1-0, and SCR-2 1 1-R, approxi
mately 38 pounds ; SCR-2 1 1-AC, approximately 
43 pounds . For typical dimensions, see figures 
26 and 2 7 . 

I . . . . . . . . . . . .  Frequency }Vleter BC-2 2  1 -(4) includes : 
I Crystal Unit DC-g-M, DC-g-P, or DC-g AD (in operating position) ' .  
I Calibration Book MC- I 77-(4) . 
I Wrench for Bristo No. 6 setscrew (spares compartment) ' . 
1 Wrench for Bristo No. 8 setscrew (spares compartment) . 

2 . . . . . . . . . . . .  Tube VT-I I 6-B, type 6SJ7Y (one in use, one spare) . 

2 . . . . . . . . . . . .  Tube VT-1 67, type 6K8 (one in use, one spare) . 
2 .  . . . . . . . . . . . Tube VT-I 1 6, type 6SJ7 (one in use, one spare) . 

I . . . . . . . . . . . . Bag BG-8 I -(4) " . 
.. 

I .  . . . . . . . . . . . Strap ST -I g-A. 

I . . . . . . . . . . . .  Instruction book or technical manual for Frequency Meter Set SCR-2 1 1 -(4) . 
I . . . . . . . . . . . . Additional spare set of vacuum tubes ( I  each of Tubes VT - I I 6-B, VT -I 1 6, and 

VT-I 67( 

1 Any crystal u n i t  w i t h  nomenclature N or higher can be used 
interchangeably with any frequency m eter set with nomenclature N or higher. 2 Includld with B C-22 1-l\I only. 

3 Bag B G-81-D is issued with the S C R-2 1 1-M. The SCR-2 1 l-AC 
com€s in a wooden cabinet and the cover Bag BG-8 1-AC is not con
sidered as a component part. 4 Supplied only with O rder No. 1 7 1 3 4-Phila-42 on the SCR-2 1 l-M. 
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153. Power Consumption 

All power required for the operation of this 
equipment is supplied by the batteries listed in 
paragraph 1 5 1 .  The following are the current 
drains at the specified voltage limits :  

a .  For the SCR-2 1 1-M, SCR-2 1 1-0, and 
SCR-2 1 1-R: 

Fibments : 5 .4 to 6.0 volts, 0.8 to o.g 
ampere. 

Plates, etc. : 1 2 1 . 5 to 1 35.0 volts, 0.0 1 2  to 
0.0 1 4  ampere. 

b.  For the SCR-2 1 1-AC: . 
Filaments : 5 .4 to 6 .0 volts, 0.86 to O.g l 

ampere. 
P lates , etc. : 1 2 1 .5 to 1 35 .0 volts, 0.0 1 5  

to 0.0 1 7  ampere. 
c. These values are typical for operation with 

. the operation switch in  the XT AL CHECK po
sit ion , under which condition maximum plate 
current is drawn. 

1 54. Controls (par. 2 e) 

"Then the snap latch is released and the front 
cover lowered, the control panel and calibration 
book are exposed. There are seven operating 
controls. (See fig. 6 .) 

a. Two PHONES jacks allow observations by 
two persons at the same time; for example, stu
dent and instructor. A headset must be plugged 
into one of the j acks before the meter can be set 
in operation because of the series filament supply 
swi tches built into the jacks. 

b. The POWER ON-OFF switch breaks both 
the filament and plate supply voltages and in 
connection with the PHONES jacks, controls 
the operation of the meter. 

c. The GAIN control is a volume control 
used to adjust the input voltage to the audio
ampli fier tube, and in turn the level of sound 
in the headset. 

rl .  The HET. OSC.-XT AL CHECK-XT AL 

Reference Function 

----- ------ ------------------

VT-I I 6-B* . .  Variable frequency oscilla-
tor. 

VT-I 67 · · · ·  . Crystal oscillator and de-
tector. 

VT-I I 6 . . . . .  Audio-frequency amplifier 

ON LY control is the operation switch of the 
BC-22 1- (4) . In the HET. OSC. position, plate 
voltage is removed from the crystal oscillator 
circui t  and all of the remaining circuits remain 
in  operation. In  the XTAL CHECK position, 
plate voltage i s  supplied to all circui ts and the 
entire meter is in operation. In the XT AL 
ON LY position, plate voltage i s  removed from 
the variable frequency oscillator, while all of the 
remaining circuits are in operation. The XT AL 
CHECK posi tion places maximum load on the 
batteries . Further details of this switch are de
scribed in section I I I  of this chapter since there 
is some variation among the models described. 

e.  The FREQ. BAND LOW-HIGH switch 
permits the selection of the appropriate band of 
operation of the var�able frequency oscillator as 
indicated by the frequency being checked or 
calibrated. 

f. The frequency of the variable frequency 
oscillator is controlled by the setting of the dial 
labeled "D ial  Units" which is graduated into 
one hundred dial  divisions. One revolution of 
the DIAL U:\, ITS dial moves the DIAL HUN
DREDS dial one division. (See par. 1 1 .) 

g. The CORRECTOR knob controls a small 
variable capacitor across the variable frequency 
oscillator tuned circuit, and is used to com
pensate for small changes in capacity brought 
about by temperature humidity, and mechani
cal changes. It is adjusted at each CRYSTAL 
CHECK POINT to make the calibration of the 
instrument as accurate as possible over that part 
of the scale centered at  a given CR YST AL 
CHECK POINT and extending halfway to the 
next higher and next lower CRYSTAL CHECK 
POINTS. 

155. Vacuum Tubes 
The vacuum tubes used in the Frequency Meter 
Set SCR-2 1 1- (4) are shown in the following 
tabulation : 

Signal Corps type Commercial Base 
nomenclature equivalent 

------------- -------- --------

VT-I I 6-B* . . . . . . . . _ 6SJ7Y* . . .  Octal 

VT- I 67 . . . . . . . .  · · ·  . 6K8 . . . . . .  Octal 

VT-I J 6 . . . . . . . . . . .  6SJ7 . . . .  · . Octal 

* Tube V T - l l S-B is practically the same as Tube VT-1 1 6  but has a s pecial electrically ]0\.\,-105s basE'. In an emergency. a Tube VT-16 caTl 
be uscd in the variable frequency oscillator, but temperature and humidity changes might cause undesirable effects. 
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Section II. 

INSTALLATION AND OPERATION 

156. Initial Procedure (par. 7) 

Make sure a spare set of vacuum tubes is in
stalled in the space provided. If an extra spare 
set of vacuum tubes, inclosed in a carton, is 
stored in the battery compartment, remove it 
when inspecting the equipment and place it in 
stock. 

157. Installation of Batteries 
For the SCR-2 1 1-M, SCR-2 1 1-0, and SCR-
2 1 1-R see paragraphs 8 and 38 . For the SCR-
2 1 1-AC see paragraphs 8 and i 87b. 

158. Antenna (par. 9) 

159. Headset (par. 1 0) 

A headset plug must be inserted into one of the 
PHONES jacks before the meter will operate. 

160. Preparation for Use 
a. To start the meter, insert the headset plug 

into a PHONES jack and then turn the POWER 
switch to the ON position. The instrument will 
operate only when both of these steps have been 
taken. 

b. After starting the set by the method de
scribed above allow the vacuum tube filaments 
to heat for 1 5 to 20 minutes. 

c. In order to test for normal operating con
ditions, set the operation switch to the XTAL 
CHECK position. While rotating the DIAL 
UNITS dial, listen in the headset for tones of 
increasing and decreasing pitch.  These different 
tones are produced by the changing variable os
cillator frequency beating with the various crys
tal harmonics . The presence of these tones in
dicates normal operation. 

161 . Reading the Dial (par. 1 1) 

162. Calibration Book MC-1 77- (  4) 
(par. 1 2 ) 

163. Operating Circuits (par. 1 3) 

164. Zero Beat Detection (par. 14) 

165. Correction in Calibration 
With the POWER switch in the ON position, 
the FREQ. BAND switch turned to the LOW 

or HIGH position as required, and the opera
tion switch turned to the XT AL CHECK posi
tion, follow the procedure in paragraph 1 5 . After 
completing this procedure, turn the operation 
switch to the HET. OSC. position and proceed 
with any measurements. 

166. Crystal Check Points (par. 1 6) 

167. Frequency Measurements (par. 1 7) 
The pioper position of the operation switch of 
the BC-22 1- (4) is HET. OSC. for making fre
quency measurements as described in para
graph 17. 

168. Precautions During Operation 
(par. 1 8) 

169. Adjustments for Field Upkeep 
(par. 1 9) 

Section III. FUNCTIONING OF PARTS 

1 70. General 
Frequency Meter BC-22 1- (4) is very similar to 
the BC-22 1-B, BC-22 1-Q, and BC-22 1-E (de
scribed in preceding chapters of this manual) 
as far as circuit  operation is concerned. The 
BC-22 1-0 and BC-22 I-R are exactly alike and 
are treated as such in this section. The BC-22 1-
M and the BC-22 1-AC are very similar to these 
two models and to each other, but vary in the 
variable frequency oscillator circuits as well as 
in part sizes and designations. These variations 
are covered by separate diagrams of the op
erating circuits, and such additional explanator) 
remarks as may be required. 

171.  Circuit Components (par. 2 1) 

1 72. Crystal Circuit 
The crystal circuit  uses the triode section of 
Tube VT-167 (6K8) shown in figure 56 .  The 
oscillator operates at the fixed frequency of 
1 ,000 kc when the operation switch 2 8 is placed 
in the XTAL CHECK or XTAL ONLY posi
tion. The operation switch controls the crystal 
oscillator by opening or closing its plate voltage 
circuit. The oscillator circuit  is designed to gen
erate considerable harmonic energy so that i t  
can be used to  calibrate the variable frequency 
oscillator at several points over its entire range 
as well as to supply whole multiples of 1 ,000 kc 
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THE BC -2 2 1 -Ae. . 
Figure 56. FrequeltCy Meter BC-22I-(4) , junctional diagram, crystal-oscillator circuit. 

for the calibration of receivers and similar equip
ment. The necessary plate circui t  impedance is 
built up across an untuned inductance 1 6 , which 
is thoroughly sealed against moisture. The vari
able capacitor 42 is connected' across the crystal 
1 7  for the purpose of adjusting the frequency of 
the crystal to a closer point than can be eco
nomically obtained by grinding alone. 'When the 
frequency meters are adjusted during manufac
ture, the variable capaci tor is set up to produce 
a frequency of 1 ,000 kc -1- 5 cycles at  20 °  centi
grade. The fixed capacitor 44 (part No . 44-2 in 
the BC-2 1 1-AC) , shunted across the crystal, 
minimizes any change in fundamental frequency 
due to small changes in  the crystal capacitance. 
Resistor 20-2 is the oscillator grid leak and 
works in conjunction with the tube cathode re
sistor 2 I to furnish b ias for proper oscillator 
operation. Further reference to figure 56 shows 
that the output of the crystal oscillator is elec-
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tron coupled to the antenna through the NO. 3 
grid of the hexode section of Tube VT- 1 67 and 
capacitors 5 and 45 in series (through capacitor 
5- 1 only in the BC-22 1-AC) . For further de
tails on. the crystal oscillator, see paragraph 2 2 .  

1 73.  Variable Frequency Oscillator Cir-
cuit (par. 2 3) 

Tube VT- I I 6-B (6SJ7Y) is used in  an electron 
coupled circui t  as the variable frequency oscil
lator. (See figs .  57 , 58 ,  and 59.) 

a.  COILS. The two inductors 14 and 1 5 , in  the 
tuned circui ts, are wound upon ceramic forms 
and coated with a special wax to eliminate the 
influence of changing atmospheric conditions on 
the stabil i ty of the meter. The active terminals 
of these coils are connected across the terminals 
of the main tuning capacitor I by means of the 
band selector (FREQ. BAND LOW-HIGH) 
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6 K8 

B+ .... I-�� 
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A+ 

TL 10261 
Figure 57. Frequency Meter BC-22I-M, junctional diagram, variablejrequency oscillator circuit. 

switch 27 .  Each coil and the tuning capacitor, 
together with other capacitors mentioned below, 
constitute the resonant circui t  that determines 
the output frequency. The correct operating 
bias on the control grid of the oscillator tube is 
provided by the grid-leak resistor 2 3 . Note the 
different connections of the grid-leak resistor em
ployed. In the BC-22 1-M, BC-2 2 1-0, and BC-
22  l-;R the grid leak is connected between grid 
and ground, and capacitor 40 couples the grid 
to the tuned circuit through the band selector 
switch . In the BC-22 1-AC the grid leak, in 
parallel with the capacitor 40, is connected in 
the coupling lead from the grid to the tuned 
circuit . The operation of both methods of con
nection is the same. The frequency of oscillation 
is made relatively independent of variations in 
tube characteristics 'when the grid connection is 
tapped down an appreciable distance from the 
high-potential end of the coi l .  The resistors 37 
and 38, which carry little current, are connected 

in series with the grid circuit taps on the coils 
and serve to stabilize the operation of the oscil
lator circui t  by suppressing undesirable oscilla
tions . The second coil tap, located near the 
grounded end of each coil and connected to the 
cathode of the oscillator tube through another 
set of contacts on switch 27 ,  serves to control the 
amount of feed-back in the oscillator circuit .  In 
the BC-22 1-AC only, resistor 46 in this lead to 
the LUW frequency coi l gives additional cathode 
bias voltage when the band selector switch is  in  
the LOW position. Resistor 19  is the oscillator 
tube plate circuit load, and the voltage devel
oped across it is coupled to detector-converter 
Tu be VT - 1 67 through ca paci tor 5 (ca paci tor 
5-2 in the BC-22 1-AC) , or to the antenna 
through capacitor 45 (capacitors 5-2 and 5-1 in 
series in the BC-2 2 1-AC) . Resistor 2 2  is the 
screen grid dropping resistor, and part 43a 
(capacitor 43- 1 a  in  the BC-2 2 1-AC) is the 

screen grid bypass capacitor to ground. 
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Figure 58. Frequency Meter BC-22I-O, and BC-22I-R,functional diagram, variable frequency oscillator circuit. 

b .  BAND SELECTOR SWITCH. ( 1 )  In Frequency 
Meter BC-2 2 1-M, the band selector switch 2 7  
i s  a double-throw, four-pole switch. (See fig. 57 .) 

(2) In the BC-22 1-0 and BC-22 1-R the 
band selector switch 27 is a double-throw, triple
pole switch. (See fig. 58 .) 

(3) In the BC-2 2 1-AC, the band selector 
switch 2 7  is  a double-throw, six-pole switch. (See 
fig. 59.) Three sets of contacts on this switch 
are used to short-circuit  the unused coil in order 
to prevent interaction between the two coils re
gardless of which one is in use. 

(4) All contacts of these switches are mounted 
on ceramic plates. In order to minimize abnor
mal capacitive effects, all contacts are made as 
small as possible and are of the self-aligning, self
wiping type. Each switch has a heavy detent 
which accurately locates the rotor plate in either 
one of its two positions. 

C. CORRECTOR CONTROL. Capacitor 2 ,  the COR
RECTOR control, with a range of 3 micromicro
farads (3fLfLf), enables the operator to control 
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the variable capacitance of the tuned circui t  in 
order to compensate for slight changes in the 
circuit. (See par. 1 54g.) 

d. TRL\L\rr:-JG CAPACITORS. The trimming 
capacitors are parts 3-1 and 3-2 (parts 3-1 a  and 
3-2a in the BC-2 21-AC). These are equipped 
with thermal compensator capacitors, parts 4 and 
46 in the BC-2 2 1-0 and BC-2 2 1-R, and parts 
3-1 b  and 3-2b in the BC-22 1-AC. In the BC-
2 2 1-M, thermal compensator capaci tor 4 is con
nected directly across the main tuning capacitor 
1 and compensates for either frequency range. 
Part 46, in this case, is used to detune the coil 
not in use in order to prevent interaction be
tween the two coi ls. This arrangement (fig. 57) 
should be studied with care. The trimming 
capacitors are adjusted at the factory to build up 
the fixed capaci tance of the LO""V and HIGH 
frequency circui ts to  the exact values called for 
by the design of the variable tuning capaci tor. 

Caution : Do not tamper with these trimmer 
capacitor settings .  To do so will throw the meter 
completely off calibration. 
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Figure 59. Frequency Meter BC-22I-AC, functional diagram, variable frequency oscillator circuit. 

e. OSCILLATOR FUNCTION. ( 1 )  The variable 
frequency oscillator is in operation whenever 
the PUWER switch 2 9  is in the ON position, 
the operation swi tch 28 is in either the HET. 
OSC. or XT AL CHECK position, and a headset 
is plugged into a PHONES jack. (See figs .  6 1 , 
62 ,  and 63 .) 

(2 )  At the XTAL CHECK position of the 
operation switch 2 8 , the output of oscillator 
Tube VT-I 1 6-B (6SJ7Y) is applied to the NO. 3 
grid of the hexode section of Tube VT - 1 67 (6K8) 
where it is mixed with the output frequency of 
the crystal circui t .  The result is a frequency 
equal to the difference of the two, and is used to 
adjust the frequency of the oscillator by means 
of the CORRECTOR control. 

(3) At the HET. OSC. position of the opera
tion switch 28 ,  the variable frequency oscillator 
is in operation while the crystal oscillator is not. 
H the antenna is  in  position, the frequency 
meter may be used to receive or send any fre
quency in its range ; that is ,  i t  may be used as a 
radio receiver or transmitter. 

1 74. Detector Tube Circuit 
It has been stated that the triode section of 
Tube VT- I 67 (6K8) is used in the crystal oscil
lator circuit .  The remaining hexode section of 
the tube, of which the NO. 1 grid is tied to the 
control grid  of the triode section, is used as a 
high gain screen grid detector with hexode grid 
NO. 3 acting as the control grid. The joint action 
of grids NO. 1 and 3 produces electron coupling 
of the signals on the two grids. Resistor 20-- 1 is 
the detector tube grid leak. Resistor 24- 1  sup
plies voltage to the screen grid of Tube VT-
1 67 (6K8) . Capacitors 7b and 7c, connected in  
parallel, bypass the  screen grid to  ground. ( In 
the BC-2 2 1-AC, part No .  43-2b is the  screen 
grid bypass capacitor.) Capacitor 7a is a bypass 
capacitance across the plate voltage (omitted in 
the BC-22 1-AC) . Note that the antenna plug 
3 1  is connected to ground through resistor 1 8  . .  
The r-f voltage developed across the load resistor 
1 9 is in the plate output circui t  of the variable 
frequency oscillator, is coupled to the NO. 3 grid 
of this detector through a small fixed capacitor 
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5 (capacitor 5-2 in the BC-22 1-AC) . The an
tenna plug 3 1  is  also coupled to the No. 3 grid 
through the coupling capacitors 45 and 5 in 
series (through capacitor 5- 1 alone in the 
BC-22 1-AC) . As a result of these couplings to 
the control grid, the detector mixes the variable 
frequency osci llator output with the fundamen
tal and successive harmonics of the crystal os
cillator when the operation switch 2 8  is in the 
XT AL CHECK position, and with the radio 
transmitter frequency to be measured when the 
switch is in the HET. OSC. position. By refer-

VT- 1 I 6-B 

31 

, / - - - ,  I _ .l _  45 - T - 5- I NOTE I 
I VT - 1 67 

6 SJ7 Y ... ' --+---'-'1 I 6 K 8  

1 8  1 9  

external origin and o f  a variable frequency os· 
cillator output terminal for use in calibrating 
receivers . When the unit is employed for the 
latter purpose, a minimum of 2 ,000 micro-volts 
of radio frequency energy will be available be
tween the antenna terminal and ground (the 
chassis) at any frequency within the calibrated 
range. 

1 75. Audio-Amplifying Circuit (par. 2 5) 

The detector plate works into an audio-fre
quency choke coil 30, which is bypassed by the 

VT - 1 1 6  
6 5 J 7 

____ ��------�--4_--�+---_4----�--�--�._+_+_;_�--� PHONES 

-

B + • 

A-B-
A+ .. 

7C 

POWER 
O� ON 

29B I 

�A 

� __ +-__ o-__ �PHONE$ 
13-2A 

TL- I 0252 

NOT E I :  CONNECTION SHOWN DASHED AND OPEN CIRCUIT SHOWN >< APPLIES TO BC-221 -AC ONLY. 
NOTE 2 :  PART NO. 5-2 I N  T H E BC -221 -AC 
NOTE 3: PART NOS. 7 8  AND 7C ARE REPLACED BY PART NO. 43 -2B, AND PART NO.7A I S  OMITTED IN THE 

BC-221 -AC 
Figure 60. Frequency Meter BC-22I-(1) , junctional diagram, detector and audio-amplifier circuits. 

ence to figure 60 i t  can be seen that the antenna 
plug 3 1  is also coupled to the variable frequency 
oscillator output through capacitor 45 in the 

• BC-22 1-M, BC-22 1-0, and BC-22 1-R and 
through capacitors 5- 1 and 5-2 , in series, in the 
BC-22 1-AC. Thus, the antenna connection 
serves the dual purpose of a detector input ter
minal for the measurement of frequencies of 
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capacitor 8 to reduce the response to high fre
quencies. The beat frequency voltages built up 
across the choke coil  are coupled through capa
citor 9 and the GAIN control potentiometer 26  
to  the grid of  Tube VT- 1 1 6  (6SJ7)  , connected 
as a triode. The grid of Tube VT- 1 1 6  returns 
to ground through the potentiometer 26 ,  and 
the necessary grid bias voltage is obtained by 



.. 

means of the cathode dropping resistor 4 1 .  The 
plate (tied to the suppressor and screen grids) of 
Tube VT-1 l 6  returns to the positive plate sup
ply voltage through the plate load resistor 24-2 . 
The plate of this tube is coupled also to the 
PHONES jacks 1 3- l a  and 1 3-2!!l through capa
citor 1 0, so that no d-c voltage wil l  be present 
in the output circuit .  The characteristics of the 
output circut are such that ei ther high-im
pedance ( 1 5 ,000 ohms) or low-impedance (2 ,500 
ohms) headsets may be used without any change
over adjustments being necessary. 

1 76. Power Supply Circuit (figs .  6 1 ,  62 , and 
63) 

All power required for the operation of the 
meter is introduced through the battery ter
minal board 36 ,  located at the end of the battery 
cable. The common negative filament and nega
tive plate battery leads are connected to the mid
dle terminal ,,·h ich is grounded to the chassis .  
A fabricated wiring harness is  provided for in-

tercell and filament battery to terminal board 
connections in the BC-2 2 1-M, BG-22 1-0,  and 
BG-2 2 1-R, while a fiber terminal board is added 
for use in the BC-22 1-AC. Section 2ga of the 
POWER switch closes the positive 6-volt supply 
terminal (A+) to the vacuum tube filaments 
through the auxil iary swi tches 1 3- l b  and 1 3-2b 
on the PHONES jacks 1 3- l a  and 1 3-2a when 
a headset plug is  inserted in one of the 
jacks ; whereas section 2 gb connects the positive 
I 35-volt  terminal (B+) to all plate and screen 
circuits .  Since the door covering the control 
panel cannot be closed with the headset plug in 
place, the A and B batteries cannot be dis
charged even though the POWER switch is left 
in the ON position when the meter is  removed 
from service. 

Section IV. MAINTENANCE 
1 77. General 
For all details of field maintenance, see para
graphs 26 ,  2 7 ,  and 28 .  

Section V. SUPPLEMENTARY DATA 

1 78. Tabular List of Maintenance Parts 
a. FREQUENCY METER BC-22 1-M.  

NOTE. Order maintenance parts by stock number, name, and description. 

Rcf. No. 
symbol 

Signal Corps 
stock No. 

2ZS5 I - r 60 . . . 

3A2 . . . . . . . .  . 

3A23 · · · · · · ·  . 

3E I 605-6·5 . . . 

3E r 874 · · · · ·  . 

2B r 300 . . . . .  . 

2Zg0 I gA . . . . .  

Name of part and description 

BAG : BG-8 I -D ;  carrying . . . . . . . . . . . . . .  . 

BAG : BG- I 60-(&) /S ; available for am-
phibious operations . . . . . . . . . . . . . . . . . .  . 

BATTERY: BA2 ; 22 .5=v . . . . . . . . . . . . . . .  . 

BATTERY: BA23 ;  I .5=v . . . . . . . . . . . . . . .  . 

CORD : CD-605 ; 6 Yz=ft; 2=cond. ;  PL-55 
at one end; Transformer C-4 I O  at other . 

CORD : CD-874; 6 Yz=ft; 2=cond. ;  PL-55 
on one end; JB-47 on other end . . . . . . .  . 

HEADSET: HS-30- (&) ; component t 
HEADSET : HS-30-(&) ; repair partsI ' "  

INSERT : M-300 . . . . . . . . . . . . . . . . . . . .  ' . . 

STRAP : ST-I g-A . . . . . . . . . . . . . . . . .  , . 

Quan. per 1 Lowest maint. 
equip. echelon 

I . . . .  3d 

I . . . .  Orgn stock 

6 . . . .  3d 

4 · · · ·  3d 

I . . . .  3d 

I . . . .  3d 

I . . . .  Orgn stock 

2 . . . .  Orgn stock 

I .  . . . 3d 
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b .  FREQUENCY METERS BC-2 2 1-0 AND BC-22 1-R. 

NOTE . Order maintenance parts by stock number, n ame, and description. 

Ref. No. Signal Corps :\arne of part and description i Q.uan. per 1 Lowest maint. 
symbol stock :'\0. I equip. ; echelon 

----------- ----------- 1 --------------:--------------- 1 ------ ---------2 Z48 I O  l \ BAG :  BG- 8 1 -0 ;  carrymg . . . . . . . . . . . . . . . .  I * l d 2 Z 48 1 R f \ BAG : BG-8 1 -R ; carrying . . . . . . . . . . . .. . . . I! I * f 3 

2 Z55 1 - 1 60 . .  i BAG : BG- 1 60-(  & ) 'S ; available for am- '  
phibious operations . . . . . . . . . . . . . . . . . . .  . 

I 3A2 . . . . . . . . .  BATTERY : BA2 ; 2 2 . 5=V . . . . . . . . . . . . . . . .  \ 
3A2 3 . . . . . . . .  j BATTERY : BA2 3 ;  I . 5=v . . . . . . . . . . . . . . . .  1 
3E I 605-6 . 5  . .  i CORD : CD-605 ; 6 1 Z=ft ;  2=cond . ;  PL-55 1 

at one end ; Transformer C -4 r o  at other I 3 E r 874 . . . .  " CORD : CD-874;  6 1 �=ft ;  2=cond . ;  PL--;),) , 

2 Zgo l gA . . . . 

on one end ; JB-4 7  on other end . . . . . . . . i 
HEADSET : HS-30-( & ) ; component l 
HEADSET : HS-30-( & ) ; repair parts r "  
INSERT : �I-300 . . . . . . . . . . . . . . . . . . . . . " STRAP : ST-I g-A . . . . . . . . . . . . . . . . . . . . .  I I 

* Only one Bag B G--8 1-0 or B G-8 1-R is furnished per ('(1uipment. 

c. FREQI' E:-':CY �I FTER BC-2 2 l-AC.  

:'{OTE . Order maintenance parts b y  stock number, name, and description. 

I . . . .  Orgn stock 

6 . . . .  

4 · · ·  , 

I . . . .  

I . . . .  

I . . . . Orgn stock 

2 . . Orgn stock 

I .  . . . 3 d  

Ref. No. 
symbol 

Signal Corps 
stock No. 

Name of part and description i l Q.llan. per I Lowest maint .  
equip , . echelon 

----------- ---------- ------------- ---.------------ i 
2 Z48 r AC " . . BAG : BG-8 1 -AC ; carrymg . . . . . . , . . . . . . .  \ 

• 
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255 1 - 1 60 . . . . BAG
.
: 

.
BG- 1 60 - ( � ) IS ; available for am- i 

phlblOUS operatIOns . . . . . . . . . . . . . . . . . . ' 1  
: 3A2 . . . . . . . . . BATTERY : BA2 ; 2 2 . 5=v . . . . . . . . . . . . . . . .  j 

2 Zgo l gA . . . .  

BATTERY : BA2 3 ;  I .5=v . . . . . . . . . . . . . . . .  . 

CORD : CD-605 ; 6 %=ft ;  2=cond . ;  PL-5\ 
at one end ; Transformer C - p o at other . . i 

CORD : CD-
.
8 74 ; 6 %=ft ;  2=cond . ;  PL -55 ! 

on one end , JB-47 on other end . . .  , . . .  ' 1  
HEADSET : H S-30- ( & ) ; component } . 
HE.�DS�T :  HS-30-( & ) ; repair parts " ' 1 
INSERT . M-300 . . . . . . . . . . . . . . . . . . . . . . . [ 
STRAP : ST - r g-A . . . . . . . . . . . . . . . . . . . . . : 
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I . . . .  Orgn stock 

6 . . . .  3d 

4 3d 
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I . . . .  3d 

I . . . .  Orgn s tock 

2 . . . .  Orgn stock 
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F REQ. BAND 

LOW HIGH 
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H I GH 

.... N OT E :  PA �T N0 4 I S A THERM A L  
COM P E NSATOR CAPACITOR. 

REF D ESCRIPTION REF DESCR I PTION 

1 1 60 )J)Jf 1 3-1 A JACK 
2 3 )J}Jf 1 3-1 B F IL .  SWITCH 
3-1 &2 1 0  )J)Jf 1 3-2A JACK 
4 5 }J)Jf 1 3-2B FIL. SWITCH 
5 8 }J)Jf 1 4  36.5 MICROHY 
7A.B.C 0 . 1  }Jf 1 5  l OA MllUHY 
8 .001 )Jf 1 6  844 MICROHY 
9 .02 }If 17  CRYSTAL 
1 0  0.5 }If 1 8  5 .600 OHM 

---

VT- J l 6- 8 
6S J 7 Y  .....-

POWER 

'VT- 167 
6 K 8  I 

34 
OF��O�N� ____________________ � ;) - 29B o 

� 

7A 

" 

. VT- 1 I 6  6 SJ7 

13- IA 

13- 28 
o---r PHONES + 1 � 

13- 2A , 

-I . �  i:0029A 0 I TL 10264; 

R E F  DESCRIPTION REF DEiCRI PTION REF  

1 9  56.000 O H M  2 9  SWITCH 38 
20-1 &2 1 MEGOHM 30 450 HEN RYS 39 
2 1  1 50 OHM 31 ANT. PLUG 40 
22 9. 1 00 OHM 3 2  CONTACT SPR ING 4 1  
2 3  1 50 .000 O H M  3 3  B INDING POST 42 
24-1 &2 1 5.000 OHM .34  POWER PLUGS 43A.&B 
26 0.5 MEGOHM 35 POWER JACKS 44 
27 SWITCH 36 SA TTERY TERM 45 
28 SWITCH 37 7.500 OHM 46 --

Figure 61. Frequency Meter BC-221-M, schematic diagram. 

D ESCRI PTION 

1 00 OHM 
.001 )Jf 
1 00 )J)Jf 
300 OHM 
1 2  )J}Jf 
0.1  )Jf 
5 )J)Jf 
1 5  )J}Jf 
47 )J)Jf - ----
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VT-1 I 6- B  
6S J 7 Y  

V T - 16f 
6 K 8  

\ VT-1 1 6  
6SJ7 

13- IB 
'-----+1 -tl--' I I I I I I I I ' I I ' I ;:+::il:;:; PHONES 

NOT E :  PA RT NOS. 4 A N D 46 AR E  THERMAL 
COM P E N SATOR CAPACI T O R S .  

3 6  3 5  

a o 0 
o 0 

.., 6V 4 B A- 2 3  

R E F  DESCRI PTION R E F  

1 1 70 vvf .¥ 1 3-1 A 
2 3 wf 1 3-1 B 
3-1 &2 10 uuf  1 3-2A 
.4 1 2  )Jyf 1 3-26 
5 1 0  ppf 1 4  
7-A.B.C 0. 1 )JI 1 5  
8 .001 jJf 1 6  
9 .02 )JI  1 7  
1 0  0.5 }Jf 1 8  

, .. 

I 

POW E R  
3 4 

O F� ON 

� 29A 

D ESCRI PTION R E F  DESCR I PTION 

JAC K  1 9  56.000 OHM 
FIL .  SWITCH 20- 1 &2 1 MEGOHM 
JACK 21 1 50 OHM 
FIL.  SWITCH 2 2  9. 1 00 O H M  
H IGH F R EQ. COi l  2 3  1 50.000 O H M  
lOW F R EQ. 'COIL  24-1 &2 1 5.000 OHM 
R .F .  CHOKE COIL 26 0.5 MEGOHM 
C RYSTAL 27 SWITCH 
5.600 OHM 28 SWITCH 

XTAL CHECK 7:A -----, r--4-_...J 

REF  DESCRI PTION 

29 SWITCH 
30 450 HEN RYS 
3 1  ANT. PLUG 
32 I CONTACT SPR ING 
3 3  B I N D I N G  POST 
34 

I 
POWER PLUGS 

3 5  POWER JACKS 
36 BATTERY TERM 
37 7.500 OHM 

Figure 62. Frequency Meters BC-22I-O and BC-22I-R, schematic diagram. 
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1 00 )lyf 
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1 2  )J}Jf 
0. 1  }Jvl 
6 p)Jf 
1 5  )Jpl 
4 )J)JI 

I I 

I 

13- IA 

1 3 -29\ 
--0---., 
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REF  

1 
2 
3-1 A 
3-1 B 
3-2A 
3-2B 
5-1 &2 
8 
9 
1 0  -

� 

LOW 

.. v 

H I G H  

NOT E :  PART N OS. 3- I B A N D  3 - 2 B  ARE 
T HERMAL COMPEN SATOR CAPACITORS 

36 35 

t ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 0 
10 
o 

6V 4 BA-23 

o 
o 
o 

DESCRI PTION R E F  D ESCR I PTION 

1 70 }J)Jf 1 3-1 A JACK 
3 ppf 1 3-1 B Fil o  SWITCH 
1 0  )J)Jf 1 3-2A JACK 

1 3-2B Filo SWITCH 

(; 

7 cf}Jf 
1 )J}Jf 1 4  36.5 MICROHY 
7 p)Jf 1 5  1 0.4 MILL IHY 
25 )Jpf 1 6  844 MICROHY 
.001 pf 1 7  CRYSTAL 
.02 }If 1 8  5 .600 OHM 
0.5 pf 19 56.000 OHM 

34 

GND. ANT. �2 

43 - I B 

VT- 1 67 
6 KB r---------------�'�I 

I I  
�H

E� T 43- 2 A  

/XTAL ONLY 

POWER 43 - 2 B 24- 1 O F F  ____ ON 
Ie] ""2

9 B 
0>.,:.:........-------

2 9A 

f. 

R E F  DESCR I PTION R E F  DESCRI PTION R E F  DESC R I PTION 

20- 1 & 2  1 MEGOHM 32 B INDING POST 42 1 2  }J}Jf 
2 1  1 50 O H M  33 B INDING POST 43-1 A 0 . 1  )Jf 
2 2  9. 1 00 O H M  3 4  POWER PLUGS 43- 1 B 0 . 1  }J f  
2 3  1 50.000 O H M  3 5  POWER JACKS 43-2A 0. 1 }Jf  
2 4-1 &2 1 5.000 OHM 36 BATTERY TERM 43-2B 0. 1 p f  
26 0.5 MEGOHM 37 7.500 OHM 44- 1 & 2  6 )Jpf 
27 SWITCH 38 1 00 OHM 46 4.000 OHM 
28 SWITCH 39 .001 }Jf 47 50 }J}Jf 
29 SWITCH 40 1 00 ppf 
30 450 HEN RYS 4 1  300 OHM --

Figure 63. Frequency Meier BC-22I-AC, schematic diagram. 
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"Figure 64. Frequency Meter BC-221-M, chassis wiring diagram. 
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CHAPfER 7 

FREQUENCY METER SETS SCR-2 1 1-N AND SCR-2 1 1-AA 

Section I. DESCRIPTION 

1 79. General 
Frequency Meter Sets SCR-2 1 1-N and SCR-
2 1 1-AA have been manufactured by the Philco 
Corporation on several orders. These two models 
are essentially alike in all important details, ex
cept for the fact that early models of the SCR-
2 1 1-N (serial Nos. 1 through 3800) differ from 
later models of the SCR-2 1 1-N (serial Nos. 
380 1 and up) and the SCR-2 1 1-AA. The later 
models of the SCR-2 1 1-N and the SCR-2 1 1-AA 
are exactly alike electrically. The SCR-2 1 1-AA. 

is supplied in two types of cases, metal and 
wooden, which causes some differences in weight 
as well as in the list of components furnished. 
These differences are discussed in  detail in ap
plicable parts of this chapter. For further general 
information see paragraph 2 .  The symbol (5) as 
used in this chapter refers to either the SCR-
2 1 1-N or SCR-2 1 1-AA. 

180. Components 
Each Frequency Meter Set SCR-2 1 1- (5) in
cludes the following component units : 

Quantity Component 

I . . . . . . . . . . . .  Frequency Meter BC . 22 1  . (5) includes : 

r Crystal Unit DC-g-P or DC-g-AD (in operating positiont 
r Crystal Unit DC-g-P or DC-g-AD (spare, mounted on chassis) 2. 

r Calibration Book MC- I I 7- (5) . 

r Wrench for Bristo No. 8 setscrew (spares compartment) . 

4 . . . . . . . . . . . .  Tube VT- r r 6  type 6SJ7 (two in use, two spare) . 

2 .  . . . . . . . . . . . Tube VT - r 67 type 6K8 (one in use, one spare) . 

I .  . . . . . . . . . . . Bag BG-8 r -(5) ". 

2 . . . . . . . . . . . .  TM I I -300-(5) for Frequency Meter Set SCR-2 I I -(5) . 

r .  . . . . . . . . . . . Strap ST r -g-A. 

1 Any crystal unit with nomenclature N or higher can be used interchangeably with any frequency meter set  with nomenclature N or higher. 

2 Not included with the SCR-2 1 l--AA. 

3 A bag is not furnished with the SCR-211-AA with wooden case. A suitable canvas cover is supplied with the wooden case and is not considered to be a separate component. 
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181 . Additional Equipment Required 
The following equipment, not furnished with 
the orders, is required to complete each Fre
quency Meter Set SCR-2 1 1- (5) : 

Quantity 

I . . . . . . .  . 

6 . . . . . . . . 

4 · · · · · ·  . .  

Article 

Headset HS-30-( &) with J 
Cord CD-605* .  

Batteries BA-2 . 

Batteries BA-23 .  

* If this headset and cord cannot b e  obtained, use Headset 
P-18 or P- 20. 

182. Total Weight 
Frequency Meter Set SCR-2 1 1- (5) , complete 
and ready for service, weighs as follows : SCR-
2 1 1-N,  serial Nos. 1 through 3800, 35 .82 pounds ; 
SCR-2 1 1-N , serial Nos. 380 1  and up, 36 .42 
pounds ; SCR-2 1 1-AA, with metal case, 35 .4 
pounds ; SCR-2 l 1-AA, with wooden case, 35 . 8  

Reference Function 

pounds. For typical dimensions, see figures 26  
and 2 7.  

1 83. Power Consumption 

All power required for the operation of this 
equipment is  supplied by the batteries listed in  
paragraph 1 8 1 .  The current drains under the 
specified conditions are approximately as fol
lows : 

Filaments : 6 volts ; 0 .85 ampere. 
Plates, etc. : 1 35 volts ; 

0 .0 1 2 ampere with operation switch at 
CRYSTAL. 
0.0 1 8  ampere with operation switch at 
OPERATE.  
0.0 1 4  ampere with operation switch at 
CHECK. 

NOTE. Con trary to the general rule covering th is type of 
meter, the SCR-2 1 1- (5) places maximum load on the bat· 
teries in the OPERATE position of the operation switch. 

184. Controls (pars. 2 e and 94) 

185. Vacuum Tubes 
The vacuum tubes used in the Frequency Meter 
Set SCR-2 1 1- (5) are shown in the following 
tabulation : 

Signal Corps type Commercial Base 
nomenclature equivalent 

- - - - - - - - - - - - ---------------- ---------------- - - - - - - - -------

VT I I 6 . . . . . .  Variable frequency oscilla- VT 1 1 6 . . . . . . . . . . . . . . 6SJ7 Octal 
tor 

VT 1 67 . . . . . .  Crystal oscillator and dc- VT 167  . . . . . . . . . . . . . .  6K8 Octal 
tector. 

VT I I 6 . . . . . .  Audio-frequenC) amplifier. VT 1 1 6 . . . . . . . . . . . . . .  6SJ7 Octal 

Section II. 

INSTALLATION AND OPERATION 

186. Initial Procedure (par. 7) 
l\Iake sure a spare set of vacuum tubes IS in
stalled in the spare parts compartment. 

187. Installation of Batteries 
See paragraph 8, and then proceed as fo11ows : 

n. For the BC-2 2 1-N and the BC-2 2 1-AA 
,,·i th metal case, follow the directions given in 
paragraph 38 .  

b .  For the BC-22 1-AA with wooden case, 
1 00 

proceed as follows : remove the frequency meter 
chassis from the cabinet while the batteries are 
being installed. Open the battery compartment 
in the lower rear portion of the cabinet by turn
ing the two fasteners one half turn to the left 
with a coin or screwdriver. Place the four Bat· 
teries BA-2 3 in  the right-hand portion of the 
compartment with their terminal posts facing the 
rear of the cabinet. Then connect the six Bat
teries BA-2 in series and i nsulate the spl ices with 
friction tape or spaghetti so as to prevent short 



'. 

cirCl l i  ts . Asselll ble the six batteries in two layers 
uf th ree each ,,, i th the top layer inverted. See 
tha t  t h e  ll l i l l us  and plus 1 3 S-volt  leads are free 
for cOll llt'n i () l1 to t h e i r  respect ive termi nals on 
the t e r lll i 1 l a l  b ( )a rd . Imcrt the batteries in the 
c a b i lle t ; 1 1 1 < 1  COl l l l ect  t h e1l1 to th e terminal board . 
l\rra l lge th�  fo ur Batteri es BA-2 3 so that their 

r 

terminals can be connected by means of the fiber 
terminal board placed over them as shO\\' I1 i n  
figure G 7 .  After ins ta l l i ng  t h e  battery ter m i 1 l a l  
nuts an rl secur ing  th e pos i t i ve awl l1 C'ga t i \ 'e  h a r
ness l eads , i n s t a l l  the 3 / S- i ll ch ,u ) ( )d  'paClT ; 1 11( 1 
secure ,,· j tll t h e  b o l t  prm' i dcd to prevcll t  s h o rt · 
circui ti ng the batter ies .  (See fi g.  1 1 .) 

l I T EC H N  ICAL M AN U AL 

W I R I NG 

! 

I 
! 
L 

TL 1 1 336 

Figure 67. Frequency Meter BC-22I-( &), wooden cabinet, battery installation. 

I B E R  BATTE RY 
C O V E R  A N D CO N N ECTO R .  
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Caution : Do not touch the connecting leads 
when batteries are being loaded into the battery 
compartment. A severe shock may result. Do not 
short-circuit the terminals of the terminal board 
while making connections. 

c. After replacing the frequency meter chassis, 
check the battery installation as indicated in 
paragraph 8d with the operation switch in the 
OPERATE position. 

188. Antenna (par. 9) 

189. Headset (par. 1 0) 

A headset plug must be inserted in one of the 
PHONES jacks before the meter will operate. 

190. Preparation for Use (par. 70) 

191 .  Reading the Dial (par. 1 1 ) 

192. Calibration Book MC-1 77-(5)  
(par. 1 2 ) 

193 .  Operating Circuits (par. 1 3) 

194. Zero Beat Detection (par. 1 4) 

195. Correction in Calibration (par. 1 5) 
The information contained there applies exact-
ly to Frequency Meter BC-22 1- (5) .  • 

196. Crystal Check Points (par. 1 6) 

197. Frequency Measurements (par. 1 7) 

The proper position of the operation switch of 
the BC-22 1- (5) is OPERATE for making fre
quency measurements as described in paragraph 
1 7 · 

198. Precautions During Operation 
(par. 1 8) 

199. Adjustments for Field Upkeep 
(par. 1 9) 

Section III. FUNCTIONING OF PARTS 

200. General 
As stated in paragraph 1 79, the early models of 
Frequency Meter BC-22 1-N differ from the 
later version of the same meter as well as from 
the BC-22 1-AA. Beginning with the equipment 
serial No. 380 1 ,  Frequency Meter BC-22 1-N in
corporates additional temperature compensating 
devices as well as other changes in internal con
struction. Some parts intended for use in Fre-

102 

quency Meter BC-22 1-N, serial Nos. 1 through 
3800, may not function satisfactorily in meters 
having serial Nos. 380 1 and higher. Part Nos. 5 
and 37  differ slightly in · electrical characteristics. 
The schematic diagram (fig. 7 1 ) indicates that 
it is not necessary to show separate functional 
diagrams on the two types of meters since the 
main difference consists of the temperature com
pensating devices. 

201 . Circuit Components (par. 2 1 ) 

202. Crystal Circuit 
The crystal circuit uses the triode section of 
Tube VT- 1 67 (6K8) shown in figure 68 .  The 
oscillator operates at the fixed frequency of 1 ,000 
kc when operation switch 2 8  is placed in the 
CRYSTAL or CHECK position. The operation 
switch controls the crystal oscillator by opening 
or closing its plate voltage circuit .  The oscillator 
circuit  is designed to generate considerable har
monic energy so that it can be used to calibrate 
the variable frequency oscillator at several points 
over its entire range, as well as supply whole 
multiples of 1 ,000 kc for the calibration of re
ceivers and similar equipment. The necessary 
plate circuit impedance is built up across choke 
coil 2 3 ,  shunted by capacitor 4-C, to provide a 
low impedance path to ground for high order 
harmonics of the crystal oscillator fundamental 
frequency ( 1 ,000 kc) . Resistor 20-2 is the oscil
lator grid leak and works in conjunction with 
tube cathode resistor 39 .  Variable capacitor 37  is 
connected across crystal 25 for the purpose of ad
justing the frequency of the crystal to a closer 
point than can be economically obtained by 
grinding alone .  ·When the frequency meters are 
adjusted during manufacture, the variable capa
citor is set up to produce a frequency of 1 ,000 
kc ± 5 cycles at 20 ° centigrade. Fixed capacitor 
5, shunted across the crystal ,  minimizes any 
change in fundamental frequency due to small 
changes in the crystal capacitance. Further refer
ence to figure 68 shows that the output of the 
crystal oscillator is electron coupled to the an
tenna through the No. 3 grid of the hexode sec
tion of Tube VT - 1 67 (6K8) and capacitor 
8-1 .  For further details on the crystal oscillator, 
see paragraph 2 2 .  

203. Variable Frequency Oscillator Cir-
cuit (par. 2 3) 

Tube VT-1 l 6  (6S17) is used as an electron 
coupled circuit as the variable frequency oscil
lator. (See fig. 69.) 

.. 



B+ 

-. 

A-B- ..... ---------... 

A+ 

TL 10270 
Figure 68. Frequency Meter BC-22I-(5) , functional diagram, crystal-oscillator circuit. 

PH O N ES 
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a. COILS. The two inductors 2 2  and 30 
'
in the 

tuned circui ts are wound upon ceramic forms 
and LO\V frequency coil 30 is coated with a spe
cial wax to eliminate the influence of changing 
atmospheric condi tions on the stability of the 
meter. The active terminals of these coils are 
connected across the terminals of main tuning 
capaci tor 1 by means of band selector (FREQ. 
BAND LOW-HIGH) swi tch 2 7 .  Each coil and 
the tuning capaci tor, together with other capa
ci tors mentioned below, constitute the resonant 
circui t  that determines the output frequency. 
The correct operating bias on the control grid of 

FREQ. BAN D 
LOW H I GH 

The second coil tap, located near the grounded 
end of each coil ,  and connected to the cathode of 
the oscillator tube through another set of con
tacts on switch 2 7 ,  serves to control the amount 
of feedback in the oscil lator circuit. Resistor 
2 1- 1 ,  which is in series with this connection on 
coil 30, applies additional cathode bias to the 
grid of the oscil lator tube. This cathode bias re
sistor i s  bypassed to ground by capacitor 5 .  The 
short-circui ted windings shown at the end of 
each of the coils in figure 69 are the temperature 
compensating devices added to the BC-22 1-N 
and used in the BC-2 2 1-AA. Resistor 1 8  is the 

r-�-----------------P �---------.--, 

0: o .... o 1LI Q: Q: o o 

LOW H I G H  

B+ �------------------� 
A-B- �----------------------� 

A+ �------------------------------I 

TL 1 0 271 
Figure 69. Frequency Meter BC-22I-(5) , functional diagram, variable frequency oscillator circuit. 

the osci llator tube is provided by the capacitor 
and resistor combination 7 and 1 9 , which con
nects to a tap on either coil through band 
selector swi tch 2 7 .  The frequency of oscillation 
is made relatively independent of variations in  
tube characteristics when the grid  connection i s  
tapped doml an appreciable distance from the 
high-potential end of the coil. Resistors 14 and 
1 5 , which carry l i ttle current, are connected in  
series with the grid  circuit  taps on  the coils, and 
serve to stabilize the operation of the oscillator 
circuit by suppressing undesirable oscillations. 
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oscillator tube plate circuit load. The voltage 
developed across it is coupled to detector-con
verter Tube VT- 1 57 through capaci tor 8-2 , or 
the antenna through capacitors 8-2 and 8-1 in 
series. Resistor 38  i s  the screen grid dropping re
sistor, and part 1 0-2 is the screen grid bypass 
capacitor to ground. 

b. BAND SELECTOR SWITCH. Switch 27 is a 
double-throw, triple-pole switch with al l  contacts 
mounted on ceramic plates. In order to minimize 
abnormal capacitive effects , all contacts are made 
as small as possible and are of the self-aligning, 



" 

' ¢  

self-wiping type. The switch has a heavy detent 
which accurately locates the rotor plate in either 
one of i ts two positions. 

c. CORRECTOR CONTROL. Capacitor 2, the 
CORRECTOR control, with a range of 1 .5 
micromicrofarads ( 1 . 5muf) , enables the oper
ator to control the variable capacitance of the 
tuned circuit  in order to compensate for slight 
changes in the circuit .  (See par. 94f.) 

d. TRIMMING CAPACITORS. The trimming ca
pacitors are parts 3- 1 and 3-2 . The associated 
thermal compensator capacitors, part Nos. 4-A 
and 4-B, reduce changes in circui t  capacitance 
due to temperature changes. Since the coils are 
compensated for changes in inductance, a 
above, frequency drifts due to temperature 
changes are negl igible. The trimming capacitors 
are ad j usted at the factory to build up the fixed 
capacitance of the LO"\V and HIGH frequency 
circuits to the exact values called for by the de
sign of the variable tuning capacitor. 

Caution :  Do not tamper with these trimmer 
capacitor settings . To do so will throw the meter 
completely off calibration. 

e. OSCILLATOR FUNCTION.  ( 1 )  The variable 
frequency oscillator circuit  is  in operation at the 
CHECK and OPERATE positions of operation 
swi tch 2 8 .  (See fig. 7 1 .) 

(2)  At the CHECK position, the output of 
oscillator Tube VT- 1 1 6  (6S17) is applied to one 
of the grids of detector-converter Tube VT- 1 67 
(6K8) , where i t is mixed with the output fre
quency of the crystal circuit .  The result is a 
frequency equal to the difference of the two and 
is used to adjust the frequency of the oscillator 
by means of the CORRECTOR control .  

(3) At the OPERATE position, the variable 
frequency oscillator i s  in  operation, while the 
crystal oscillator is not .  If the antenna is in posi
tion, the frequency meter may be used to receive 
or send any frequency in i ts range; that is, i t  
may be  used a s  a radio receiver or  transmitter. 

204. Detector Tube Circuit 
It has been stated that the triode section of 
Tube VT - 1 67 (6K8) is used in the crystal
oscillator circuit .  The remaining hexode section 
of the tube of which the No. 1 grid is tied to 
the control grid of the triode section, is used 
as a high gain screen grid detector with hexode 
grid  NO. 3 acting as the control grid. The joint 
action of grids Nos. 1 and 3 produces electron 
coupling of the s ignals on the two grids. (See 
fig. 70 . )  Resistor 20- 1  is the detector tube grid 
leak. Resistor 16 supplies voltage to the screen 

grid of Tube VT- 1 67 (6K8) . Capacitor 1 3  by
passes the screen grid  to the cathode of the tube. 
Antenna plug 29 (part 33 in the BC-22 1-AA) 
is connected to ground through resistor 2 1-2 . 
The r-f voltage, developed across load resistor 
1 8  in the plate output circui t  of the variable 
frequency oscillator, is  coupled to the No. 3 
grid of this  detector through a small fixed 
capacitor 8-2 . Antenna plug 29 (part 33 in the 
BC-22 1-AA) is also coupled to the NO. 3 grid 
through coupling capacitor 8- 1 .  As a result 
of these couplings to the control grid, the de
tector mixes the variable frequency oscillator 
output with the fundamental and successive har
monics of the crystal oscillator, when operation 
switch 2 8  is in the CHECK position, and with 
the radio transmitter frequency to be measured, 
when the swi tch is  in the OPERATE position. 
By reference to figures 69 and 70 i t  can be seen 
that antenna plug 29 (part 33  in  the BC-22 1-
AA) is also coupled to the variable frequency 
oscillator output through capacitors 8- 1 and 8-2 
in series. Thus, the antenna connection serves 
the dual purpose of a detector input terminal 
for the measurement of frequencies of external 
origin and of a variable frequency osc i llator out
put terminal for use in calibrating receivers . 
When the unit is employed for the latter pur
pose, a minimum of 2 ,000 microvolts of radio 
frequency energy will be available between the 
antenna terminal and ground (the chassis) at 
any frequency within the calibrated range. 

205. Audio-Amplifying Circuit (par. 25 ) · 

The detector plate works into an audio-fre
quency choke coil 24 ,  which is bypassed by 
capacitor 9 to reduce the response to high fre
quencies. The beat frequency voltages built  up 
across the choke coi l  are coupled through capaci 
tor 1 1  and GAIN control potentiometer 26  to 
the grid of Tube VT- 1 1 6 (6SJ7 )  connected as 
a triode. The gri d  of Tube VT-1 1 6  returns to 
ground through potentiometer 26 ,  and the nec
essary grjd bias voltage is obtained by means 
of cathode dropping resistor 40. The plate ( tied 
to the suppressor and screen grids) of Tube 
VT-1 1 6  returns to the posi tive plate supply vol t
age through plate load resistor 1 7 .  The plate of 
this tube is coupled also to PHONES jacks 3 1- 1 
and 3 1-2 through capaci tor 1 2 ,  so that no d-c 
voltage will  be present in the output circuit . The 
characteristics of the output circui t  arc such that 
ei ther high-impedance ( 1 5 ,000 ohms) or low-im
pedance (2 ,500 ohms) headsets may he used wi th
out any change-over adjustment being necessary. 
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206. Power Supply Circuit (fig. 7 1 ) 

All power required for the operation of the 
meter is introduced through battery terminal 
board 36, located at the end of the battery cable. 
The common negative filament and negative 
plate battery leads are connected to the middle 
terminal which is  grounded to the chassis. A 
fabricated wiring harness, or a fiber terminal 
board used in connection with a battery harness, 
is provided for intercell and filament battery 
to terminal board connections. Operation switch 
2 8  closes both the positive 6-volt supply (A+) 
and the positive I 35-volt supply (B+) . The 
positive 6-volt supply (A+) is closed to the 

B +  
A-B

A +  

vacuum tube filaments through the auxiliary 
switches on PHONES jacks 3 1- 1  and 3 1-2 when 
a headset plug is inserted in one of the jacks. 
Since the door covering the control panel can
not be closed with the headset plug in place, 
the A and B batteries cannot be discharged even 
though the operation switch is left in an active 
position when the meter is removed from service. 

Section IV. MAINTENANCE 

207. General 
For all details of field maintenance, see para
graphs 26 ,  2 7 ,  and 28 .  

TL 1 0 272 

�-O� .. PH O N ES 
31-2 

Figure 70. Frequency Meter BC-22I-(5) , junctional diagram, detector and audio-amplifier circuits. 
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Section V. SUPPLEMENTARY DATA 

208. Tabular List of Maintenance Parts for Frequency Meters BC-221-N and 

BC-22 1-AA 
NOTE. Order maintenance parts by stock number, name, and description. 

Ref. No. 
symbol 

Signal Corps 
stock No. 

2Z48 I N  . . . . . . .  . 
2Z48 I AA . . o • • • • 

Name of part and description 

BAG: BG-8 I -N; carrying . . . . . . . . . . . . . . .  . 
BAG: BG--8 I-AA; carrying . . . . . . . . . . . . . .  . 

2ZS5 1 - 1 60 . . . . .  BAG: BG- I 6o-(&) /S ;  available for amphi-
bious operations . . . . . . . . . . . . . . . . . . . . . .  . 

3A2 . . . . . . . . . . . .  BATTERY: BA2 ; 2 2 . 5=v . . . . . . . . . . . . . . .  . 

3A23 . . . . . . . . . . .  BATTERY: BA23 ;  I . 5=v . . . . . . . . . . . . . . . . . 

3E I 605-6 . 5  . . . . . CORD : CD-605 ; 6 �=ft. ; 2=cond. ;  PL-55 
at one end; Transformer C-4 I O  at other . . .  

3E I 874 . . . . . . . . .  CORD : CD-874; 6 �=ft. ; 2=cond. ;  PL-55 at 
one end; JB-47 on other end . . . . . . . . . . . .  . 

Quan. per Lowest maint. 
equip. echelon 

� :} . . .  3d 

I . . . .  Orgn stock 

6 . . . . . 3d 

4 · · · ·  . 3d 

I . . . . .  3d 

I . . . . .  3d 

2B830 (&)  . . . . . . . HEADSET: HS-30-(&) ; component} 0 t k HEADSET: HS-30-(&) ;repair parts . . . . .  I . . . . . rgn s oc 

2B I 300 . . . . . . . . .  INSERT: M-300 . . . . . . . . . . . . . . . . . . . . . .  . . 2 .  . . . .  Orgn stock 

2Zg0 I gA . . . . . . .  STRAP: ST-I g-A . . . . . . . . . . . . . . . . . . . . . . .  I . . . . .  3d 

• Only one Bag BG-81-N or BG-8 1-AA is furnished per equipment. 

• 
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Figure 71. Frequency Meters BC-22I-N and BC-22I-AA, schematic diagram • 
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Figure 72. Frequency Meter BC-22I-N, chassis wiring diagram. 

we 

Figure 73. Frequency Meter BC-22I-AA, chassis wiring diagram. 
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CHAPTER 8 

FREQUENCY METER SETS SCR-2 1 1-P, SCR-2 1 1-T, SCR-2 1 1-AF, AND 
SCR-2 1 1-AH 

Section I. DESCRIPTION 

209. General 

models and to each other, but vary in arrange
ment of the variable frequency oscillator circuit 
and in part sizes and designations . These dif
ferences are discussed in detail in applicable 
parts of this chapter. For further general infor
mation see paragraph 2 .  The symbol (6) as used 
in this chapter refers to ei ther the SCR-2 1 1-P, 
SCR-2 1 1-T, SCR-2 1 1-AF, or SCR-2 1 1-AH.  

Frequency Meter Sets SCR-2 1 1-P, SCR-2 1 1-T, 
SCR-2 1 1-AF, and SCR-2 1 1-AH have been 
manufactured by the Zenith Radio Corporation 
on several orders. Sets SCR-2 1 1-P, and SCR-
2 1 1-T are exactly alike in all electrical and me
chanical details. Nomenclature and order num
bers differ, however. The SCR-2 1 1-AF and the 
SCR-2 1 1-AH are very similar to these two 

210. Components 
Each Frequency Meter Set SCR-2 1 1-(6) In
cludes the following component units : 

Quantity Component 

I . . . . . . . . . . . .  Frequency Meter BC-22 r-(6) includes : 

r Crystal Unit DC-g-P or DC-g-T (in operating position) ' .  

r Calibration Book MC-r 77-(6) . 

r Wrench for Bristo No. 8 setscrew (spares compartment) . 

2 . . . .  . . . . .  . . .  Tube VT-I r 6-B, type 6SJ7Y (one in use, one spare) . 

2 . . . . . . . . . . . . Tube VT-r I 6, type 6SJ7 (one in use, one sparef, 

2 . . . .  . . . . . .  . .  Tube VT- 1 67, type 6K8 (one in use, one spare) . 

I . . . . . . . . . . . .  Strap ST-I g-A. 

2 .  . . . . . .  . . . . .  Technical manuals or preliminary instruction books for Frequency Meter Set 
SCR-2 1 1- (6) . 

r-

I . . . . . . . . . . . .  Cord CD-8743 for Headset HS-30-(&) .  

I .  . . . .  . . . . . . .  Bag BG-8 r - (6)', 

1 Any crystal unit with nomenclature N or higher can be used 
interchangeably with any frequency meter set with nomenclature 
N or higher. 

3 This item is not furnished with the SCR-2 1 1 -P or SCR-2 1 1 -T.  4 A bag is not  furnished with the SCR-21 1-AF or SCR-2 1 1-AH. 
A suitable canvas cover is supplied with the wooden cabinet and is 
not considered to be a separate component. 2 This item is sometimes replaced with two Tubes VT-116-B in 

Frequency Meter Sets SCR-21 1-P and S CR-21l-T. 
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2 1 1 .  Additional Equipment Required 
The following equipment not furnished with 
the orders is required to complete each Fre
quency Meter Set SCR-2 1 1-(6) : 

Quantity Article 

I . . . . . . . . . .  Headset P-I 8  or P-20\ 
I • • • • • • • . . Headset HS-30 ( &) ". 
6 .  . . . . . . . . Batteries BA-2 . 

4 .  . . . . . . . . Batteries BA-23 ·  

1 Not used with the SCR-2 1 1-AF and SCR-211-AH. 2 For use with the SCR-21 1-AF and S CR-21 1-AH. 

212. Total Weight 
Frequency Meter Set SCR-2 1 1-(6) , complete 
and ready for service, weighs as follows : SCR-
2 1 1-P, 38 .8  pounds ; SCR-2 1 1-T, 42 . 3  pounds ; 
SCR-2 1 1-AF, 39 .5 pounds; and SCR-2 1 1-AH, 
39 .5 pounds. For typical dimensions, see figures 
2 6  and 27 .  

213.  Power Consumption 
All power required for the operation of this 
equipment is  supplied by the batteries listed 
in paragraph 2 I I . The current drains at the 
specified voltage l imits are as follows : 

Filaments : 5 .4 to 6 .0 volts, 0 .86 to 0.92 
ampere. 

Plates, etc. : 1 2 1 .5 to 1 35 .0  volts, 0 .0 1 5  to 
0. 1 7  ampere. 

These values are typical for operation with the 
operation switch at the XT AL CHECK posi
tion, under which condition maximum plate 
current is drawn. 

214. Controls (pars . 2 e  and 1 54) 

215.  Vacuum Tubes 
The vacuum tubes used in the Frequency Meter 
Set SCR-2 1 1-(6) are shown in the following 
tabulation : 

Reference Function 

Section II. 

INSTALLATION AND OPERATION 

216. Initial Procedure (par. 7) 

Make sure a spare set of vacuum tubes is In
stalled in the space provided. 

2 1 7. Installation of Batteries 
See paragraph 8; then proceed as follows : 

a. For Frequency Meter BC-2 2 1-P and BC-
2 2 1-T, proceed as directed in paragraph 38 .  

b .  For the BC-22 1-AF and BC-2 2 1-AH, 
proceed as  directed in paragraph 1 87b. 

218. Antenna (par. 9) 
2 19. Headset (par. 1 0) 

A headset plug must be inserted in one of the 
PHONES jacks before the meter will operate. 

220. Preparation for Use (par. 1 60) 

221 .  Reading the Dial (par. I I ) 
222. Calibration Book MC-I 77- (6) 

(par. 1 2 )  

223 . Operating Circuits (par. 1 3) 

224. Zero Beat Detection (par. 1 4) 

225. Correction in Calibration (par. 1 65) 

226. Crystal Check Points (par. 1 6) 

227. Frequency Measurements (par. 1 7) 

The proper posi tion of the operation switch of 
the BC-22 1- (6) is H ET. OSC. for making fre
quency measurements as described in paragraph 
1 7 · 

228. Precautions During Operation . 
(par. 1 8) 

229. Adjustments for Field Upkeep 
(par. 1 9) 

Signal Corps type Commercial Base 
nomenclature equivalent 

-------------- -------------- ----------------- --------- ------
VT-1 16-B . . . . Variable frequency 

oscillator . VT- 1 1 6-B . . . . . . . . . . .  6SJ7y · · · · · ·  . Octal 

VT- I 67 · · ·  . . . . Crystal oscillator 
and detector . VT- 1 67 · · · · · · · · · · · · ·  . 6K8 . . . . . . . . .  Octal 

VT- I I 6g . . . . . .  Audio-frequency 
amplifier VT- I 1 6* ' . . . . . . . . . . . . 6SJ7 · · · · · · ·  . Octal 

• Tubes VT-1 1 6-B are sometimes substituted for Tubes VT-1 1 6  in the SCR-21 1-P and S CR-2 1 1-T. 

NOTE. Tube VT- 1 l 6-B is practically the same as Tube VT- 1 l 6 ,  but has a special electrically low-loss base. In an emergency, a 
VT-I 1 6  can be used in the variable frequency oscillator, but temperature and humidity changes might cause undesirable effects. 
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Section III. FUNCTIONING OF PARTS 

230. General 
Frequency Meter BC-22 1- (6) is very similar 
to the meters described in chapter 6 of this 
manual. The BC-22 1-P and BC-22 1-T are ex
actly alike and are treated as such in this section. 
The BC-22 1-AF and the BC-22 1-AH are very 
similar to these two models and to each other, 
but vary in the variable frequency oscillator 
circuits as well as in part sizes and designations. 
These variations are covered by separate dia
grams of the operating circuits and such addi
tional explanatory remarks as may be required. 

23 1 .  Circuit Components (par. 2 1 ) 

20 

- - --1 
_ ...1. _ 51 - TNOTE 4 

VT- IS7 
S K e  

The oscillator circui t  is designed to generate 
considerable harmonic energy so that it can be 
used to calibrate the variable frequency oscilla
tor at several points over i ts entire range, as well 
as to supply whole multiples of 1 ,000 kc for the 
calibration of receivers and similar equipment. 
The necessary plate circuit impedance is built 
up across an untuned inductance 1 8, which i s  
thoroughly sealed against moisture. Resistor 
2 3- 1  is  the oscillator grid leak and works i n  
conjunction with the tube cathode resistor 7 
to furnish bias for proper oscillator operation. 
The r-f choke 24 in the cathode lead (not in
stalled in the BC-2 2 I-AH) serves to increase 
the response of the detector circuit at harmonics 
of the crystal frequency; that is, at CRYSTAL 

30 

40- 2 2 2 - 2  
NO!E� POWER ' B  + -'IIl'_---....:O�Ffr

., Q o=-0.:..:N __ ..J 
I 29 B 

A- B -
A +  

: ./ 1 5 - 2A 01( j;.cr29A 0-------------------' 
N O T E  I :  PART N O. 24 I S  O M I T T E D  AND DASHED CONNECTI ONS I NCLUDING PART N O. 4 0 - 2  APPLY TO BC-221-AH. 
N OT E 2 : PA RT N O. 4 5 - 1  I N  THE B C - 2 21 - AH . 
NOTE 3 : PA RT N O. 5 I N T H E  B C - 22 1 - A H .  , • 

NOT E 4 : CONNECT I ON SHOW N DAS H E D  A N D  OPEN CI R CUIT SHOWN It APPLIES T O  B C - 22 1 -A HJ 
N OT E 5 : PA R T  N O. 3 1 I N  T H E  B C - 2 2 1 - "P. AN D  B C - 2 2 1 - T 

T L  1 0 2 7 7  
Figure 71 .  Frequency Meter BC-22I-(6) , junctional diagram, crystal-oscillator circuit. 

232. Crystal Circuit 
The crystal circui t  uses the triode section of 
Tube VT-I G7 (GK8) .  (See fig. 74. )  The oscil
lator operates at the fixed frequency of 1 ,000 kc 
when the operation switch 2 8  is placed in the 
XTAL CHECK or XTAL ONLY posi tion. The 
operation switch controls the crystal osci llator 
by opening or closing i ts plate voltage circuit. 

1 1 2  

CHECK POINTS. The variable capacitor 50 
i s  connected across the crystal 19 for the purpose 
of adjusting the frequency of the crystal to a 
closer point than can be economically obtained 
by grinding alone.  When the frequency meters 
are adjusted during manufacture, the variable 
capacitor is set up to produce a frequency of 
1 ,000 kc -+- 5 cycles at 20° cen tigrade. The fixed 
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capacItor 49, shunted across the crystal, mini
mizes any change in fundamental frequency due 
to small changes in the crystal capacitance. Fur
ther reference to figure 74 shows that the output 
of the crystal oscillator is electron coupled to 
the antenna through the NO. 3 grid of the hex
ode section of Tube VT- 1 67 and capacitors 5-1 
and 5-2 in  series (through capacitor 5 1 only 
in the BG-2 2 1-AH) .  For further details on the 
crystal oscillator, see paragraph 2 2 .  

233. Variable Frequency Oscillator Cir-
cuit (par. 2 3) 

Tube VT-1 1 6-B (6SJ7Y) is used in an electron 
coupled circui t as the variable frequency oscil
lator. (See figs . 75 and 76.) 

F"REQ.. BAND 

across the terminals of the main tuning capacitor 
1 by means of the band selector (FREQ. BAND 
LOW-HIGH) switch 2 7 . Each coil and the tun
ing capaci tor, together with other capacitors 
mentioned below constitute the resonant circuit 
that determines the output frequency. The cor
rect operating bias on the control grid of the 
oscillator tube is provided by the grid-leak re
sistor 39.  (Note the different connections of the 
grid-leak resistor employed. In the BG-2 2 1-P , 
BG-22 1-T, and BC-2 2 1-AF the grid leak is 
connected between grid and ground, and capaci
tor 42 couples the grid to taps on the tuned 
circui ts through the band selector s,,- itch . In the 
BC-2 2 1-AH, the grid leak is parallel with ca
pacitor 42 , is connected in the coupling lead 

VT- 1I6-B 

LOW HIGH r--------, 6SJ 7"';Y __ �I---4� 

• 

POW E R .  44 22-1 
O F F"  ON 

B+ ��� __ ��O------------------------J 
A- B- �----���-----------------------

A+ '4 �o-----------------� 
NOTE I :  
NOTE 2; 

PART NO. 3 8-1 I N  THE BC-22 1-P AND B C-2 2 1 -T. 
A\RT NO. 3 1 I N  THE BC-22 1 - P AND BC-2 2 1 -T. 

TL I0 276 

Figure 75. Frequency Meters BC-221-P, BC-221-T, and BC-221-AF, junctional diagram, variablejrequency oscillator circuit. 

a. COILS. The two inductors 1 6  and 1 7 ,  in 
the tuned circuits are wound on ceramic 
forms and thoroughly sealed against moisture 
to el iminate the influence of changing atmos
pheric condi tions on the stabil ity of the meter. 
The active terminals of these coils are connected 

from the grid to the band selector switch . The 
operation of both methods of connection is the 
same.) The frequency of oscillation is made in
dependent of variations in tube characteristics 
when the grid connection is tapped down an 
appreciable distance from the high-potential end 
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of the coil .  The resistors 37 and 38 (38- 1  in  
the BC-22 1-P and BC-2 2 1-T) ,  which carry li t
tle current, are connected in series with the 
grid circuit taps on the coils and serve to stabilize 
the operation of the oscillator circuit by sup
pressing undesirable oscillations . The second 
coil tap, located near the grounded end of each 
coil and connected to the cathode of the oscilla
tor tube through another set of contacts on 
swi tch 27 ,  controls the amount of feedback in 
the oscillator circuit .  In the BC-22 1-AH only, 
resistor 24  in  this lead to the LOW frequency 

FREQ. BAND 

sistor 2 1  is the oscillator tube plate circuit load, 
and the voltage developed across it is coupled 
to detector-converter Tube VT - 1 67 through 
capacitor 5- 1 (capacitor 5 in  the BC-22 1-AH) 
or to the antenna through capacitor 5-2 (capaci
tors 5 and 5 1 ,  in series, in the BC-22 1-AH). 
Resistor 2 2- 1  is the screen grid dropping resistor, 
and part 44 (part 9-2 in  the BC-22 1-AH) is  
the screen grid bypass capaci tor to ground. 

b. BA;\ID SELECTOR SWITCH. ( 1 )  In the BC-
2 2 1-P ,  BC-2 2 1-T, and BC-2 2 1-AF, the band 
selector switch is  a double throw, five-pole 

33 
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Figure 76. Frequency AJeter BC-22I-AH, functional diagram, variable frequency oscillator circuit. 

coil develops additional cathode bias voltage 
when the ban(� selector swi tch is in the LO\V 
posi tion. Capacitor 44 bypasses this resistor to 
ground. Note that in  the case of the BC-22 1-P, 
BC-22 1-T, and BC-2 2 1-AF, section e of switch 
27 shorts out all of coil 1 7  when the switch is 
in the HIGH position. In the case of the BC-
22 1-AH, sections b) d) and f of swi tch 2 7  ground 
coi l 1 7  at three different points when the switch 
is in the HIGH position. These circuit  arrange
ments prevent interaction between the two coils 
when the switch is in the HIGH position. Re-

1 14 

switch . (See fig. 75 . )  
(2 ) In  the BC-22 1-AH, the band selector 

switch 2 7  is a double-throw, six-pole switch . (See 
fig. 76 .) 

(3) All contacts of these switches are mounted 
on ceramic plates . In order to minimize abnor
mal capacitive effects , all contacts are made as 
small as possible and are of the self-aligning, 
self-wiping type. Each switch has a heavy detent, 
which accurately locates the rotor plate in either 
one of i ts two positions . 

c. CORRECTOR CONTROL. Capacitor 2, the 
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CORRECTOR control, with a range of 3 mI
crofarads (3fLfLf) ,  enables the operator · to 
control the variable capaci tance of the tuned 
circui t  in order to compensate for slight changes 
in the circuit. (See par. 1 54g.) 

d. TRIMMING CAPACITORS. The trimming ca
pacitors are parts 3- 1 and 3-2 . These are 
equipped with thermal compensator capacitors 
part Nos. 6 and 43 ,  which prevent frequency 
drifts due to temperature changes . Note that in 
the BC-2 2 1-P, BC-22 1-T, and BC-22 1-AF 
trimming capaci tor 3- 1 and capacitor 6 are short
circuited to ground by section e of operation 
swi tch 27 in  the HIGH position. The same oper
ation is performed by section b on swi tch 2 7  in 
the BC-22 1-AH. This is a means of reducing 
interaction between the two coils in the oscillator 
circui t .  The trimming capacitors are adjusted 
at the factory to build up the fixed capacitance 
of the LO"W and HIGH frequency circuits to 
the exact values called for by the design of the 
variable tuning capacitor. 

Caution :  Do not tamper with these trimmer 
capacitor settings . To do so will throw the meter 
completely off calibration. 

e.  OSCILLATOR FU:\'CTION. ( I ) The variable 
frequency oscillator is in operation whenever 
the POWER switch 2 9  is in the ON position, 
the operation switch 28 is in either the HET. 
OSC. or XT AL CHECK position, and a headset 
is plugged into a PHONES jack. 

(2 ) At the XTAL CHECK position of the 
operation swi tch 28 ,  the output of oscillator 
Tube VT-1 1 6-B is applied to the NO. 3 grid 
of the hexode se<:=tion of Tube VT- 1 67 where 
it is mixed with the output frequency of the 
crystal circuit. The result is a frequency equal 
to the difference of the two and is used to adjust 
the frequency of the oscillator with the COR
RECTOR control . 

(3) At the HET. OSc. position of the opera
tion switch 28 ,  the variable frequency oscillator 
is in operation, while the crystal osci llator is not. 
H the antenna is in position, the frequency meter 
may be used to receive or send any frequency 
in i ts range ; that is, it may be used as a radio 
receiver or transmitter. 

234. Detector Tube Circuit 
It has been stated that the triode section of Tube 
VT-1 67 (6KR) is used in the crystal-oscillator 
circuit . The remaining hexode section of the 
tube , of which the No. I grid is tied to the con
trol grid of the triode section, is used as a high 
gain screen grid detector with hexode grid NO. 3  

acting as the control grid.  The joint action of 
grids Nos. I and 3 produces electron coupling 
of the signals on the two grids . (See fig. 77 .) 
Resistor 2 3-2 is the detector tube grid leak. Re
sistor 2 2-2 supplies voltage to the screen grid 
of Tube VT- 1 67 (6K8) . Capacitor 40-2 ,(part 
No. 45- 1 in the BC-22 1-AH) bypasses the 
screen grid to ground. Note that the antenna 
plug 33 (part No. 3 1  in the BC-2 2 1-P and BC-
22 1-T) is connected to ground through the 
resistor 20 .  The r-f voltage, developed across the 
load resistor 2 I in the plate output circuit of the 
variable frequency oscillator, is couple to the No. 
3 grid of this detector through a small fixed 
capacitor 5- 1 (capaci tor 5 in the BC-22 1-AH) . 
The antenna plug 33  (3 1 for the BC-22 1-P and 
BC-22 1-T) is also coupled to the No. 3 grid 
through the coupling capaci tors 5-2 and 5- 1  in 
series (through capaci tor 51  alone in the BC-
22 1-AH) . As a result of these couplings to the 
control grid, the detector mixes the variable 
frequency oscillator output with the fundamen
tal and successive harmonics of the crystal oscil
lator when the operation switch 28 is in  the 
XTAL CHECK position and with the radio 
transmitter frequency to be measured when the 
swi tch is in the HET. OSC. position. By refer
ence to figures 75 ,  76 ,  and 77 it can be seen that 
the antenna plug 33  (part 3 1  in the BC-22 1-P 
and BC-22 1-T) is also coupled to the variable 
frequency oscillator output through capacitor 
5-2 (through capacitors 5 1  and 5, in series, in 
the BC-22 I-AH).  Thus, the antenna connec
tion serves the dual purpose of a detector input 
terminal for the measurement of frequencies of 
external origin and of a variable frequency oscil
lator output terminal for use in calibrating 
receivers . \Vhen the unit is employed for the 
latter purpose, a minimum of 2 ,000 microvolts 
of radio frequency energy will be avai lable be
tween the antenna terminal and ground (the 
chassis) at any frequency within the calibrated 
range. 

235. Audio-Amplifying Circuit (par. 2 5) 

The detector plate works into an audio-frequency 
choke coil 30, which is bypassed by the capacitor 
40-3 to reduce the response to high frequencies. 
The beat frequency voltages built up across the 
choke coil are coupled through capacitor 9 (ca
paci tor 9- 1 in the BC-2 2 1-AH) and the GAIN 
control potentiometer 26  to the grid of Tube 
VT-1 l 6  (6SJ7) ,  connected as a triode. The grid 
of Tube VT-1 1 6  returns to ground through the 
potentiometer 26 ,  and the necessary grid bias 
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voltage is obtained by means of the cathode drop
ping resistor 2 5  (resistor 38-2 in the BC-2 2 1-P 
and BC-22 1-T) . The plate (tied to the suppres
sor and screen grids) of Tube VT-1 l 6  returns 
to the posi tive plate supply voltage through the 
plate' load resistor 2 5  in the BC-22 1-P and BC-
22 1-T, and through the primary of the audio
output transformer 10 in the BC-2 2 1-AF and 
BC-2 2 1-AH.  In the BC-22 1-P and BC-22 1-T, 
the plate of this tube is  coupled also to the 
PHONES jacks 1 5- 1 a  and I S-2a through capaci
tor 10 ,  so that no d-c voltage will be present in 

output circuit of the BC-22 1-AF and BC-22 1-
AH is designed for the use of the low impedance 
type Headset HS-3O- (&) . Under certain condi
tions, the high impedance type Headset P-1 8  
or P-20 might be substi tuted for the HS-3O- (&) , 
but the results obtained will in  general be in
ferior. 

236. Power Supply Circuit (figs. 78, 79, and 
80) 

All power required for the operation of the 
meter is introduced through the battery terminal 

VT-1 I 6-B 
6SJ7Y....-_-.... 

VT-167 9 NOTE6 V T-1 I6  
6 S J 7  

10 6 K.,;:8 ___ ..... _---1 I , � - - -t � - - .,  

2 0  21 

POWER 
NOTE 2 ! .... ..-_OF_!'-' ON 

. 

B+ '" ?-SQ� 
A- 8-

, 298 

I I I 
N OTE 8 I 

I 

: /.  A+ -�.---�:V.�29AO---------------------------------------------------� 
NOTE I : PART NO. 24 I S  OMITTED AND DASHED CON NECTIONS INCLUDING PART NO. 40-2 APPLY TO BC-221-AH 
NOTE 2: RA.RT NO. 45- I IN THE BC -22 1-AH 
NOTE 3:  RA.RT N O . 5 I N  T H E  B C -22 1- AH , , 
NOTE 4 :  CON NECTION SHOWN DASHED AND OPEN CIRCUIT SHOWN � APPLIES TO BC-221- AH 
NOTE 5 :  RA.RT NO. 3 1 IN THE BC-22 1 - P  AND BC-2 21-T " , 
NOTE 6 :  RA.RT NO. 9 - l iN THE BC-22 1 - A H  
NOTE 7:  PART N O .  3 8-2 I N THE BC-2 2 1- P  AND BC-22 1-T , , 
NOTE 8: CONNECTIONS SHOWN DASHED AND OPEN CIRCUITS SHONN � APPLY TO BC�221-P AND BC-221-T , , TL 1 02 80 

Figure 77. Frequency Meter BC-22I-( 6) , functional diagram, detector and audio-amplifier circuits. 

the output circuit . In the BC-2 2 1-AF and BC-
2 2 1-AH, the same is accomplished by the audio
output transformer, the secondary of which is 
connected to the PHONES jacks and ground. 
The characteristics of the output circuit  of the 
BC-2 2 1-P and BC-2 2 1-T are such that either 
high-impedance ( 1 5 ,000 ohms) or low-impedance 
(2 ,500 ohms) headsets may be used without any 
change-over adjustments being necessary. The 
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board 36,  located at the end of the battery cable. 
The common negative filament and negative 
plate battery leads are connected to the middle 
terminal which is grounded to the chassis. A 
fabricated wiring harness is provided for inter
cell and filament battery to terminal board con
nections in Frequency Meters BC-2 2 1-P and 
BC-2 2 1-T. A fiber terminal board is provided, 
in addition, to the BC-22 1-AF and BC-22 f-AH 
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for connection of the A battery cells . Section 2 ga 
of the POWER switch closes the positive 6-volt 
supply terminal (A+) to the vacuum tube fila
ments through the auxiliary switches 1 5- 1  b and 
1 5-2b on the PHONES jacks 1 5- 1 a  and 1 5-2a 
when the headset plug is inserted in one of the 
jacks. Section 2gb  connects the positive 1 35-volt 
terminal (B+) to all plate and screen circuits. 
Since the door covering the control panel cannot 
be closed with the headset plug in place , the A 
and B batteries cannot be discharged even 
though the POWER switch is left in the ON 

position when the meter is removed from service. 

Section IV. MAINTENANCE 

237. General 
For all details of field maintenance, see para
graphs 26 ,  .� 7 ,  and 28 .  

Section V .  SUPPLEMENTARY DATA 

238. Tabular List of Maintenance Parts 
a. FREQUENCY METERS BC-2 2 1-P 

AND BC-2 2 1-T. 

NOTE. Order maintenance parts by stock number, name, and dt"scription. 

Ref. No. 
symbol 

Signal Corps 
stock No . Name of part and description 

2Z4B I P  . . . . . . .  BAG :-BG-B I -P;  carrying . . . . . . . . . . . . . . . .  . 
2Z4B I T  . . . . . . .  BAG: BG-B I -T;  carrying . . . . . . . . . . . . . . .  . 

2Z55 1 -1 60 . . . .  BAG: BG- 1 60- (&) /S;  available for am-
phibious operations . . . . . . . . . . . . . . . . . . .  . 

3A2 . . . . . . . . . . .  BATTERY: BA2 ; 22 . 5=v . . . . . . . . . . . . . . . .  . 

3A23 . . . . . . . . .  BATTERY: BA23 ;  I . 5=v . . . . . . . . . . . . . . . .  . 

3E I 605-6 . 5  . . . .  CORD : CD-605 ; 6 12=ft;  2=cond. ;  PL-55 at 
one end; Transformer C-4 I O  at other. . . . . 

3 E 1 B74 . . . . . . . .  CORD : CD-B74; 612=ft; 2=cond. ;  PL-55- at 
one end; ]B-47 on other end . . . . . . . . . . .  . 

2BB3o ( &) . . . . . .  1 HEADSET : HS-30-( &) ; component} 
HEADSET : HS-30- (&) ; repair parts · · · · 

2B I 300 . . .  . . . . .  INSERT : M-300 . . . . . . . . . . . . . . . . . . . . . . .  . 
I 

2Zqo l gA . . . . . . 1 STRAP : ST-I g-A . . . . . . . . . . . . . . . . . . . . . .  . 

• Only one Bag BG-81-P or BG-81-T is furnished per equipment. 

Quan. per Lowest maint.  
equip. echelon 

1 *1 
3d 1 * j" . .  

I . . . . .  Orgn stock 

6 . . . . .  3d 

4 · · · . . 3d 

I . . . . .  3d 

I . . . . . 3d 

I . . . . .  Orgn stock 

2 . . . . .  Orgn stock 

I . . . . .  3d 
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b .  FREQUENCY METERS BC-2 2 1-AF 
AND BC-2 2 1-AH. 

NOTE. Order maintenance parts by stock number, name, and description. 

Ref. No. 
symbol 

I 

Signal Corps 
stock Ko. 

2Z48 IAE . . . . . . 
2 Z48 IAH . . . .  . 

2Z55 1 - 1 60 . . . . 

3A2 . . . . . . . . . . .  

3A23 · · · · · · · · ·  . 

3E I 6oS-6 · 5 · · · . 

3E I 874 . . . . . . . .  

2B83o ( &) . . . . . .  

2 B I 300 . . . . . . . .  

2Zg0 I gA . . . . .  . 

Name of part and description 

BAG: BG-8 I -AF ; carrying . . . . . . . . . . . . . . .  
BAG: BG-8 I -AH; carrying . . . . . . . . . . . . . . . 

BAG : BG- I 6o-(&)  IS ; available for amphi-
bious operations . . . . . . . . . . . . . . . . . . . . . . . 

BATTERY: BA2 ; 2 2 . 5=v . . . . . . . . . . . . . . . .  

BATTERY: BA23 ;  I . 5=v . . . . . . . . . . . . . . . .  

CORD : CD-605 ; 6�=ft; 2=cond . ;  PL-55 at 
one end ; Transformer C-4 I O  at other . . . .  

CORD : CD-874; 6 �=ft; 2=cond. ;  PL-55 on 
one end ; JB-47 on other end . . . . . . . . . . . . .  

HEADSET: HS-30-( & ) ; co�ponentl 
HEADSET : HS-30-(&)  repair partsJ ' · · · · 1 
INSERT : M-30o . . . . . . . . . . . . . . . . . . . . . . . .  

STRAP: ST-I g-A . . . . . . . . . . . . . . . . . . . . . . .  

• Only one Bag BG-81-A F or BG-81-AH is furn ished per equipment. 
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Quan. per Lowest maint. 
equip. echelon 

I *l 
1 * J '  . .  3d 

I . . . . .  Orgn stock 

6 . . . . .  3d 

4 . . . . .  3d 

I . . . . .  3d 

I . . . . .  3d 

I . . . . .  Orgn stock 

2 . . . . .  Orgn stock 

I . . . . .  3d 
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FREQ. BAND 
LOW HIGH 

I:..i 

N OT E : PART NOS. 6 AND 43 ARE THERMAL 
COMPENSATOR CAPACITORS. 

REF DESCRI PTION R E F  DESCRI PTION 

1 1 60 )Jpf 1 9  CRYSTAL 
2 3 )Jpf 20 5.000 OHM ' 
3-1 &2 10 ppf 21  50.000 OHM 
5-1&2 1 0  pJlf 22-1 &2 8.750 OHM 
6 7 ppf 23- 1 &2 1 MEGOHM 
7 1 80 OHM 24 1 5.8 MICROHY 9 .02 Jlf 25 1 5.000 OHM 
1 0  0.5 pf 26 0.5 MEGOHM 
1 5-1 A  PHONE JACK 27 SWITCH 
1 5-1 B FIL. SWITCH 28 SWITCH 
1 5-2A PHONE JACK 29 SWITCH 
1 5-2B FIL. SWITCH 30 450 HENRYS 
1 6  34.0 MICROHY 3 1  ANT. PLUG 
1 7  9.05 MILLIHY 32 CONTACT SPRING 
1 8  735 MICROHY 33 BINDING POST 

Figure 78 . 

VT-1I6- B 
6SJ7Y r--

�
4

� 
XTAL o 

ONLY 
R E F  DESCRIPTION 

34 POWER PLUGS 
35 POWER JACKS 
36 BATTERY TERM 

• 37 4.500 OHM 
38-1 &2 350 OHM 
39 1 50.000 OHM 
40-1 .2&3 .001 Jlf 
42 1 00 JlJlf 
43 1 0  ppf 
44 0.1 }If 
45 0.7 pf 
49 6 ppf 
50 1 4.5 JlJlf 

t' 

35 34 
0 0 � 0 0 

0 

'/ 

V T- 1 I6 
6SJ7 

I"I�� � I"IN 

- 29A T L  10281 

J • NOTE : CHANGED TO 8750 O H M  IN LATER MODE L  B C - 2 2 1 -T 

Frequenry Aleters BC-22I-P and BC-22I- T, schematic diagram. 
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� � 

R E F  

1 
2 
3-1 &2 
5-1 &2 
6 
7 
9 
1 0  
1 5- 1 A 
1 5- 1 B 
1 5-2A 
1 5-2B 
1 6  
1 7  

NOT E : PART N OS. 6 A N D 43 ARE THERMAL 
COMPEN SATOR CAPAC ITORS. 

DESC R I PTION REF DESCRIPTION 

1 60 }lP' 1 8  735 MICROHY 
3 ppl 1 9  CRYSTAL 
1 0  }I}II 20 5 .000 OHM 
10 }lpl 2 1  50 .000 OHM 
7 p}l1 2 2-1 &2 8 .750 OHM 
1 80 OHM 23-1 &2 1 MEGOHM 
.02 pI 24 1 5 .8 MICROHY 
0.5  pI 2 5  1 .000 O H M  
P H O N E  JACK 26 0.5 MEGOHM 
FIL.  SWITCH 27 SWITCH 
PHONE JACK 2 8  SWITCH 
FIL.  SWITCH 29 SWITCH 
34.0 MICROHY 30 450 H E N RYS 
9 . 0 5  M I L L I H Y  3 2  B I N D I N G  POST 

a () 

R E F  

3 3  
34  
3 5  
3 6  
37 
3 8  
39 
40-1 ,2&3 
42 
43 
44 
4 5  
49 
50 

VT-1 I 6 - B  
6 SJ 7 Y  

VT-167 
6 K 8  

y� I ,,", 1: � r n l nT I "' '' 1  I XTAL o 
ONLY 

B I N DING POST 
POW E R  P LUGS 
POW E R  JACKS 
BATT E R Y  T E RM. 
8 .750 OHM 
350 OHM 

· 1 50.000 O H M  I 
.001  }II  
1 00 }I}II 
1 0  }lp l 
0. 1 p I  
0.7  )JI 
6 JJ)JI 
1 4 .5  JJJlI 

6V 4BA-23 

Figure 79. Frequency "feter BC-22I -AF, schematic diagram. 

� 

V T - 1 I 6  
6 S J 7  

T L I 0 2 6 2  
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FREQ,BAND 
VT-1I6-B lOW H IGH 
6 S J 7 Y  

l O W  HIGH 

NOTE : PART N OS,6AND 4 3  ARE THERMAL 
-::- COM PEN SATOR CAPACITORS, 

RfF 

1 
2 
3-1 &2 
5 6 
7 
9-lt<2 
1 0  
1 5-1 A 
1 5-1 B  
1 5-2A 

DESCRIPTION 

1 60 ppf 
3 ppf 
10 ppf 
1 0  )JJIf 7 ppf 
1 50 OHM \ 
.02 f \ 

OUtpUT TRANS. 
PHONE JACK 
FIL. SWITCH 
PHONE JACK 

REF 

1 5-2B 
1 6  
1 7  
1 8  
1 9  
20 
2 1  
22-1&2 
23-1 &2 
24 25 

DESCRI PTION REF DESCRIPTION 

Fil. SWITCH 26 0,5 MEGOHM 
35,0 MICROHY 27 SWITCH 
9.2 MILLIHY 28 SWITCH 
1 .0 MILLIHY 29 SWITCH 
CRYSTAL 30 1 50 H ENRYS 
5.000 OHM 32 BINDING POST 
50.000 OHM 33 BINDING POST 
1 0.000 OHM 34 POWER PLUGS 
1 MEGOHM 35 POWER JACKS 
2.000 OHM 36 BATIERY TERM 
1 .000 OHM 37 8.200 OHM 

REF  

38 
39 
40-1 . 2&3 
42 
43 
44 
45-1&2 
49 
50 
51 

DESCRIPTION 

1 00 OHM 
1 50.000 OHM 
.001 pf 
1 00 ppf 
1 0  p}lf 
50 ppf 
.25 pf 6 Wf 
1 2  ppf 
25 }JJlf 

"-

! 

: 

XTAl O 
ONLY 

Figure 80. Frequency Meter BC-22I-AH, schematic dia&ratn. 
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Figure BI . Frequency lWelers BC-22I-P and BC-22I� T, chassis wiring diagram. 
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CHAPTER 9 

FREQUENCY METER SETS SCR-2 1 1-AE AND SCR-2 1 1-AG 

--- --- ----

Section I. DESCRIPTION 

239. General 
Frequency Meter Set SCR-2 1 1-AE and SCR-
2 1 1-AG have been manufactured by the Philco 
Corporation on several orders. These sets are 
similar in  all electrical and mechanical detai ls 
but differ in  nomenclature and order numbers 
as well as in part sizes and designation. For fur
ther general information see paragraph 2 .  The 
symbol (7) used in this chapter refers to ei ther 
the SCR-2 1 1-AE or the SCR-2 1 l-AG. 

241 . Additional Equipment Required 
The following equipment, not furnished with 
the orders , is required to complete each Fre
quency Meter Set SCR-2 1 1- (7) : 

Quantity Article 

1 . . . . . . .  . Headset HS- 30-( &) * . 

4 · · · · · · ·  . Batteries BA-23 .  

240. Components Batteries BA-2 . 
Each frequency Meter Set SCR-2 1 1- (7) 1l1-
cludes the fol lowing component units : 

• If this headset cannot be obtained, use Headset P-18 or P-20. 

Quantity Component 

1 . . . . . . . . . .  . . Frequency Meter BC-2 1  1 - (7 )  includes : 

1 Crystal Unit DC-g-P or DC-g-AD (in operating position) * . 

1 Calibration Book MC-I 77-(7 ) . 

1 'Wrench for Bristo No. 8 setscrew (spares compartment) . 

4 .  . . . . .  . . . . . .  Tube VT- l 1 6, type 6SJ7 (two in use, two spare) . 

2 . . . . . .  . .  . . . . Tube VT--1 67,  type 6K8 (one in use, one spare) . 

1 . .  . . . . . . . . . . Strap ST- l g-A 

2 .  . . . . . . .  . . . . Technical manuals for Frequency Meter Set SCR-2 1 1 -(7) .  

1 . . . . . . . . . . . .  Cord CD-874 for Headset HS-30:-( �_) . __ _ 

>!< Any crystal unit with nomenclature X or higher can be used interchangeauly with any frequency meter set with nomenclature N or h igher. 

Some Frequency Meter Sets SCR-2 1 1-AE have 
been supplied wi th a spare crystal unit .  How
ever, Order No. 2 ;)8gi-Phi la-.U "'as supplied 
,,-ith one Crystal D C-g-P or DC-g-AD in use 
and no spare. 

NOT>;. A bag is not furnished with the SCR-2 1 1-AE or SCR-2 1 l-AG. 
A suitable cover is supplied with the wooden cabinet and is not con
sider�d to be a separate component. 

242. Total Weight 
SCR-2 1 1- (7) , complete and ready for service, 
,,-eighs approximately 36 .24 pounds . For typical 
dimensions, see figure 2 7 .  

243 .  Power Consumption 
All power required for the operation of this 
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equipment IS supplied by the batteries listed in  
paragraph 24 1 .  The current drains under the 
specified conditions are approximately as follows : 

Filaments : 6 volts : 0 .85 ampere. 
Plates , etc . : 1 35 volts ; 0 .0 1 2  ampere with 

operation swi tch at CRYSTAL. 
0 .0 1 8  ampere with operation switch at 

OPERATE* . 
0 .0 1 4 ampere with operation switch at 

CHECK. 
.. Con trary t o  the general rule covering this type of meter. 

Frequency l\Ieter Set SCR-2 1 1- (i) places maximum load on 
the batteries i n  the O PERATE position of the operation 
switch . 

244. Controls (pars . 2 e  and 94) 

245. Vacuum Tubes 
The vacuum tubes used in the Frequency Meter 
Set SCR-2 1 1- (7)  are shown in the fol lowing 
tabulation : 

Reference Function 

25 1 .  Reading the Dial (par. 1 1 ) 

252. Calibration Boo� MC-177- ( 7 )  
(par. 1 2 )  

253. Operating Circuits (par. 1 3) 

254. Zero Beat Detection (par. 1 4) 

255. Correction in Calibration (par. 1 5) 

The information contained there applies exactly 
to the Frequency Meter Set SCR-2 1 1- (7) .  

256. Crystal Check Points (par. 1 6) 

257. Frequency Measurements (par. 1 7) 

The proper position of the operation switch is 
OPERATE for making frequency measurements 
as described in paragraph 1 7 . 

Signal Corps type Commercial Base 
nomenclature equivalent 

----------- ---------------- ---------------- -------- -----

VT- I I 6  . . . . .  Variable frequency oscilla-
tor . 

VT- I 67 · · · · . Crystal oscillator and de-
tector . . . . . . . . . . . . . . . . .  

VT-I I 6  . . . . .  Audio-frequency amplifier . 

Section II. 

INSTALLATION AND OPERATION 

246. Initial Procedure (par. 7) 
Make sure a spare set of vacuum tubes IS in
stal led in the space provided. 

247. Installation of Batteries (pars . 8 and 
1 87b) 

24·8. Antenna (par. 9) 

249. Headset (par. 1 0) 
The headset necessary to operate Frequency 
Meter Set SCR-2 1 1- (7) is kept in the compart
ment at the lower front of the cabinet. (See fig. 
25 · )  Headset HS-3°- (&) has an impedance of 
250 ohms. A headset plug must be inserted into 
one of the PHONES jacks before the meter will 
operate. 

250. Preparation for Use (par. 70) 

1 26 

VT-I I 6  . . . . . . . . . . . 6SJ7 · · · ·  . Octal 

VT- I 67 · · · · · · · ·  . . .  6K8 . . . . . .  Octal 

VT- I I 6  . . . . . . . . . . .  6SJ7 · · · ·  . Octal 

258. Precautions During Operation 
(par. 1 8) 

259. Adjustments for Field Upkeep 
(par. 1 9) 

Section III. FUNCTIONING OF PARTS 

260. General 

Frequency Meters BC-22 1-AE and BC-2 2 1-AG 
are very simi lar to the meters described in chap
ters 4 and 7 of this manual and to each other. 
There are a number of differences in part sizes 
and designations bet,,"een the BC-22 1-AE and 
BC-22 1-AG. In order to describe both types at 
once, a special numbering system is employed 
in the descriptions to follow in this section. 
'Where there are differences in  designation, the 
numbers in parentheses apply to the BC-U I-AG 



while the numbers out of parentheses apply to 
the BC-22 1-AE. Other differences are covered 
by footnotes on the functional diagrams. As an 
example of the numbering system, th�designa
tion 39 (37)  means part No.  39 of the BC-22 1-
AE and part No.  37 of the BC-2 2 1-AG. For 
further details see figures 87 and 88 . 

261 . Circuit Components (par. 2 1 ) 

I 

( 10-2�!i· 
NOTE 2 

B+ 
A-B -

AT 

VT-161 
6 K8 

16  ( 1 6 - 1) 

CRYSTAL or CHECK position. The operation 
switch controls the crystal oscillator by opening 
or closing i ts plate voltage circuit. The oscillator 
circuit is designed to generate considerable har
monic energy so that it can be used to calibrate 
the variable frequency oscillator at several points 
over i ts entire range, as well as to supply whole 
multiples of 1 ,000 kc for the calibration of re-

� 24 
I It) .... 

,... 
It) �-t--....... -.... 

'-+--0---- PHON ES 
3 1-2 

N OTE 1 : - TH E BY- PASS CAPACITOR , PART "0. 4 - C, IS OM ITTED IN TH E BC-221-AG. 
NOT£ 2:- PART NO. I�- I IS OMITTED AN D REPLACED BY PART N O. ( 10-2) , SHOWN 
IN DASH ED LI N ES , IN TH E B C -221 -AG 

T L  1 0 635 

Figure 84. Frequency Meter BC-22I-(7) , junctional diagram, crystal-oscillator circuit. 

262. Crystal Circuit 
The crystal circuit uses the triode section of 
Tube VT-167 (6K8) . (See fig. 84 .) The oscilla
tor operates at the fixed frequency of 1 ,000 kc 
when the operation switch 2 8  is placed in the 

ceivers and similar equipment. The necessary 
plate circuit impedance is  built up across choke 
coil 2 3 (shunted by capaci tor 4-C, in the BC-
22 1-AE only, to provide a low impedance path 
to ground for high order harmonics of the crys
tal oscillator fundamental frequency of 1 ,000 

127 



kc) . Resistor 20  is the oscillator grid leak and 
works in conjunction with the tube cathode re
sistor 39 (37) ·  The variable capacitor 37 (3-3) 
is connected across the crystal 25 for the purpose 
of adjusting the frequency of the crystal to a 
closer point than can be economically obtained 
by grinding alone. '\Then the frequency meters 
are adj usted during manufacture, the variable 
capacitor is  set up to produce a frequency of 
1 000 kc ± 5 cycles at  20 °  centigrade.  The fixed 
capaci tor 5 shunted across the crystal, minimizes 
any change in fundamental frequency due to 
small changes in the crystal capacitance. Further 
reference to figure 84 shows that  the output of 
the crystal oscillator is electron coupled to the 
antenna through the NO. 3 grid of the hexode 
section of Tube VT- 1 67 and capacitor 8 . For 
further details on the crystal oscillator, see para
graph 2 2 .  

F"REQ. BAND 

a. COILS. The two inductors 22 and 30, in the 
tuned circuits, are wound upon ceramic forms 
and the low frequency coil 30 is coated with a 
special ,�x to eliminate the influence of chang
ing atmospheric conditions on the stability of 
the meter. The active terminals of these coils 
are connected across the terminals of the main 
tuning capaci tor 1 by means of the band selector 
(FREQ. BAND LO'\T-HIGH) switch 27 . Each 

coil and the tuning capacitor, together with 
other capaci tors mentioned below, constitute the 
resonant circuit that determines the output fre
quency. The correct operating bias on the con
trol grid of the oscillator tube is provided by the 
capacitor and resistor combination 7 and 1 9  
which connects to a tap o n  either coil through 
the band selector switch 2 7 .  The frequency of 
oscillation is made relatively independent of 
variations in tube characteristics when the grid 
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LOW H IGH ,.-----.... .., 

a: g � a: a: 
o u 

18 29 

8+ ----------------� 
A-8- __ --------------� 

At --------------------� 
31-2 

PHONES 
Tl.. I0636 

Figure 85. Frequency Meter BC-22I-(7) , jurutional diagram, variablejrequency oscillator circuit. 

263. Variable Frequency Oscillator Cir-
cuit (par. 2 3) 

Tube VT- I I G (6S.J7)  is used in an electron 
coupled circuit as the variable frequency oscilla
tor. (See fig. 85 . )  
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connection is tapped down an appreciable dis
tance from the high-potential end of the coi l .  
The resistors 14 and 1 5 , which carry li ttle cur� 
rent, are connected in series with the grid circuit 
taps on the coils and serve to stabilize the opera-
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tion of the oscillator circuit by suppressing un
desirable oscillations. The second coil tap, lo
cated near the grounded end of each coil and 
connected to the cathode of the osci llator tube 
through another set of contacts on switch 2 7 ,  
serves to control the amount o f  feedback in the 
oscillator circuit .  The resistor 2 1- 1  which is in  
series with this connection on coil 30 applies ad
ditional cathode bias to the grid of the oscillator 
tube. This cathode bias resistor is bypassed to 
ground by capacitor 6. The short-circuited wind
ings shown at the end of each of the coils (fig. 
85) are inductive temperature-compensating de
vices used to obtain additional temperature sta
bility. Resistor 1 8  is the oscillator tube plate 
circuit load. The voltage developed across it is 
coupled to detector-converter Tube VT-167 
through capacitor 1 2 ,  or to the antenna through 
capacitors 1 2  and 8 in series. Resistor 38  ( 1 6-2) 
is the screen grid dropping resistor, and part 
1 3-2 (9- 1 )  is the screen grid bypass capacitor to 
ground. 

b. BAND SELECTOR SWITCH. Switch 27 is a 
double-throw, triple-pole switch with all contacts 
mounted on ceramic plates. In order to minimize 
abnormal capacitive effects , all contacts are made 
as small as possible and are of the self-aligning, 
self-wiping type. The swi tch has a heavy detent 
which accurately locates the rotor plate in either 
one of i ts two positions. 

c. CORRECTOR CONTROL. Capacitor 2, the COR
RECTOR control , with a range of 1 . 2 micromi
crofarads ( 1 . 2flflf) ,  enables the operator to 
control the variable capacitance of the tuned 
circuit in order to compensate for slight changes 
in the circuit. (See par. 94f.) . 

d. TRIM MING CAPACITORS. The trimming ca
pacitors are parts 3- 1 and 3-2 . The associated 
thermal compensator capacitors , part Nos. 4-A 
(4) and 4-B (38) , reduce changes in  circu-it 
capacitance due to temperature changes . Since 
the coils are compensated for changes in induct
ance (par. 2 63a) , frequency drifts due to tem
perature changes are negligible. The trimming 
capacitors are adjusted at the factory to build up 
the fixed capacitance of the LO'V and H IGH 
fref}uency circuits to the exact values called for 
by the design of the variable tuning capacitor. 

Caution : Do not tamper with these trimmer 
capacitor settings . To do so will throw the meter 
completely off calibration. 

e. OSCILLATOR FUNCTION.  ( 1 )  The variable 
frequency oscillator circuit is in operation at 
the CHECK and OPERATE positions of the 
operation switch 2 8 . (See figs. 87 and 88.) 

(2 ) At the CHECK position, the output of 
oscillator Tube VT-1 1 6  (6S17) is applied to one 
of the grids of detector-converter Tube VT-167 
(6K8) where i t  is mixed with the output fre
quency of the crystal circuit .  The result is a 
frequency equal to the difference of the two and 
is used to adjust the frequency of the oscillator 
by means of the CORRECTOR control. 

(3) At the OPERATE position, the variable 
frequency oscillator is in  operation, while the 
crystal oscillator is not. I f  the antenna is in posi
tion, the frequency meter may be used to re
ceive or send any frequency in i ts range; that 
is, it may be used as a radio receiver or trans
mitter. 

264. Detector Tube Circuit 
It has been stated that the triode section of Tube 
VT- 1 67 (6K8) is used in the crystal-oscillator 
circuit. The remaining hexode section of the 
tube of which the No. 1 grid is tied to the con
trol grid of the triode section, is used as a high 
gain screen grid detector with hexode grid No. 
3 acting as the control grid. The joint action of 
grids NO. 1 and 3 produces electron coupling of 
the signals on the two grids. (See fig. 86.) Re
sistor 29 is the detector tube grid leak. Resistor 
1 6  ( 1 6- 1 )  supplies voltage to the screen grid of 
Tube VT- 1 67 (6K8) . Capacitor 1 3- 1 , in  the BC-
2 2 1-AE, bypasses the screen grid to the cathode. 
Capacitor 1 0-2 , in the BC-22 1-AG, bypasses 
the screen grid to ground. The antenna post 
33 is connected to ground through resistor 2 1-2 . 
The r-f voltage, developed across the load re
sistor 1 8  in the plate output circui t  of the 
variable frequency ocilIator, is coupled to the 
No. 3 grid of this detector through a small fixed 
capacitor 1 2 .  The antenna post 33 is also 
coupled to the NO. 3 grid through the coupling 
capacitor 8 .  As a result of these couplings to the 
control grid, the detector mixes the variable fre
quency oscillator output with the fundamental 
and successive harmonics of the crystal when the 
operation switch 2 8  is in the CHECK position, 
and with the radio transmitter frequency to be 
measured when the switch is in the OPERATE 
position. By reference to figures 85 and 86 it can 
be seen that the antenna post 33 is also coupled 
to the variable frequency oscillator output 
through capacitors 8 and 1 2  in series. Thus, the 
antenna connection serves the dual purpose of a 
detector input terminal for the measurement of 
frequencies of external origin an� of a variab.le 
frequency oscillator output termmal for use m 
calibrating receivers . When the unit is employed 
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for the latter purpose, a minimum of 2 ,000 mi
crovolts of radio frequency energy will be avail
able between the antenna post 33 and ground 
(the chassis) at any frequency within the cali-
brated range. 

33 

- �� -------

mary of the audio-output transformer 1 7 .  The 
secondary of the audio-output transformer con
nects to the PHONES jacks 3 1- 1  and 3 1-2 and 
ground . This is done so that no d-c voltage will 
be present in the output circuit .  The output 

__ -4 ________ -. __ +--4-4� __ ._��----�----��----���+_o-� PHO N E5 
31- 1 

--- I ' I  ( lO-2�:r 
NOTE I 16 (16 - 1) 
Itt- ... _____ ..1 

A- B- �-----------..I 
'+_�=-:- PHON Ere 

31- 2  

A +  ... ____________________________________ ..1 

NOTE I: flART NO. 13- 1 IS OM ITTED a REPLAGED BY FMT NO. ( l 0-2 ) SHOWN I N  DAS H ED LI N ES , 
I N  TH E B C- 221 -AG. 

TL 1 0 637 
Figure 86. Frequency Meter BC-22I-(7) , junctional diagram, detector and audio-amplifier circuits. 

265. Audio-Amplifying Circuit (par. 2 5) 
The detector plate works into an audio-fre
quency choke coil 24 ,  which is bypassed by the 
capaci tor 9 (9-2 ) to reduce the response to high 
frequencies . The beat frequency voltages built 
up across the choke coil are coupled through 
capacitor I I  and the GAIN control potentio
meter 26  to the grid of Tube VT-1 l 6 (6SJ7) 
connected as a triode. The grid of Tube VT -1 1 6  
returns to ground through the potentiometer 
26 ,  and the necessary grid bias voltage is ob
tained by means of the cathode dropping resis tor 
40 ( 1 3 ) .  The plate (tied to the suppressor and 
screen grids) of Tube VT -1 1 6  returns to the 
posi tive plate supply vol tage through the pri-
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circuit is designed for the use of the low im
pedance type Headset HS-3D- (&) . Under cer
tain condi tions the high impedance type Headset 
P- 1 8  or P-20 might  be substituted for the HS-
3D- (&) , but the results obtained will, in general, 
be inferior. 

266. Power Supply Circuit (figs .  87 and 88) 
All power required for the operation of the 
meter is introduced through the battery termi
nal board 36, located at the end of the battery 
cable. The common negative fi lament and nega
tive plate battery leads are connected to the 
middle terminal which is grounded to the chassis. 
A fabricated wiring harness and a fiber terminal 

.. 

, 



board used in connection with the battery har
ness are provided for intercell and filament bat
tery to terminal board connections. The opera
tion switch 2 8  closes both the positive 6-volt 
supply (A+) and the positive 1 3S-volt supply 
(B+) . The positive 6-volt supply (A+) is closed 
to the vacuum tube filaments through the aux
iliary switches on the PHONES jacks 3 1- 1  and 
3 1-2 when a headset plug is inserted in one of 
the jacks. Since the door covering the control 
panel cannot be closed with the headset plug 
in place, the A and B batteries cannot be dis
charged even though the operation switch is left 

in an active position when the meter is remove� 
from service. 

Section IV. MAINTENANCE 

267. General 
For all details of field maintenance, see para
graphs 26 ,  2 7 ,  and 2 8. 

Section V. SUPPLEMENTARY DATA 

268. Tabular List of Maintenance Parts 
a. FREQUENCY METER BC-22 1-AE. 

NOTE. Order maint('nance parts by stock number, namf', and descript ion. 

Ref. No. 
symbol 

Signal Corps 
stock No. 

2Z55 1 - 1 60 . . . . .  

3A2 . . . . . . . . . .  . 

3A23 · · · · · · · · ·  . 3E I 605-6 · 5 · · ·  · 1 

Name of part and description 

BAG : BG-8 1 -AE ; carrying . . . . . . . . . . . . .  . 

BAG : BG-- 1 60-( &) /S ; available for amphi-
bious operations . . . . . . . . . . . . . . . . . . . . .  . 

BATTERY: BA2 ; 22 . 5=v . . . . . . . . . . . . . .  . 

BATTERY : BA2 3 ;  1 . 5=v . . . . . . . . . . . . . .  . 

CORD : CD-605 ; 6 12=ft. ; 2=cond . ;  PL-55 
at one end ; Transformer C-4 I O  at other . . 

3E I 874 . . . .  . . . . CORD : CD-874; 6 12=ft . ; 2=cond . ;  PL-55 
on one end ; JB-47 on other end . . . . . . .  . 

2B83o (& )  . . . . . .  il HEADSET : HS-30-(&) ; componentt . . . . 
HEADSET : HS-30-(&) ; repair partsf . . . . 

2B I 300 . . . . . . . .  INSERT : M-300 . . . . . . . . . . . . . . . . . . . . . .  . 

2Zg0 I gA . .  . . . . STRAP : ST - I g-A . . . . . . . . . . . . . . . . . . . . .  . 

Quan. per Lowest maint. 
equip. echelon 

I . . . 3d 

1 . . .  ' Iorgn stock 

6 . . . 13d 
4 · · · 13d 
I . . . 3d 

I • • . 3d 

1 . . . Orgn stock 

2 . . . Orgn stock 

I . . .  3d 

. ------------�-----------------------------------------------
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b .  FREQUENCY METER BC-22 1-AG. 

NOTE . Order parts b y  stock number, name, and description. 

Reference No. 
Symbol 

Signal Corps 
Stock No. 

Name of Part and Description 

2Z48 IAG . . . . .  BAG: BG-8 1 -AG; carrying . . . . . . . . . . . . .  . 

2Z55 1 -1 60 . . . . BAG :-BG-1 60 (& ) /S ;  available for amphi-
bious operations . .  ' . . . . . . . . . . . . . . . . . . . .  . 

3A2 . . . . . . . . . . .  BATTERY: BA2 ; 22 . 5=v . . . . . . . . . . . . . . . . 

3A23 . . . . . . . . . .  BATTERY: BA23 ;  1 . 5=v . . . . . . . . . . . . . . . . 

3E I 605-6 . 5 . . . .  CORD : CD-605 ; 6 Yz=ft . ;  2=cond. ;  PL-55 
at one end; Transformer C-4 1 O  at other. 

3E I 874 . . . . . . . .  CORD : CD-874; 6Yz=ft. ; 2=cond. ;  PL-55 

2BI 30o . . . . . . .  . 

2Zg0 1 gA . . . . .  . 

on one end : JB-47 on other end . . . . . . .  . 

HEADSET : HS-30-(&) ; component } 
HEADSET : HS-30-(&) ; repair parts . . .  

INSERT : M-300 . . . . . . . . . . . . . . . . . . . . . .  . 

Quantity 
per 

Equip. 

Lowest 
Maintenance 

Echelon 

1 • • • 3d 

1 .  . .  Orgn stock 

6 . . .  3d 

4 · · ·  3d 

I . . . 3d 

I . . . 3d 

1 . . .  Orgn stock 

2 . . .  Orgn stock 

1 • • • 3d STRAP : ST-l g-A . . . . . . . . . . . . . . . . . . . . . .  I --------- �--------�----�----------------------------------�------�-----------
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J-I 
W 
W 
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TL 1063 8 

REF 

1 
2 
3-1 &2 
4-A.B .&C 
5 6 
7 .8 

c 

FREQ. BANO 

LOW :1IGH 

(. 

NOTE : PART NOS . 4-A AND 4-B ARE THERMAL 
'-

COMPENSATOR CAPAC ITORS 

SHORTED CO IL S AT BOTTO M OF PART 
NOS. ZZ AND 30 ARE THERMAL 

COMPENSATOR I NDUCTORS 

6V 4 BA - Z3 

DESCRIPTION REF DESCRIPTION R EF 

200 JJJJf 9 .002 JJf 1 7  
1 . 2 JJJJ f 1 0-1 &2 .5 JJf 1 8  
1 5  JJJJf 1 1  .25 lJf  1 9  
1 0  JJJJf 1 2  50 ..lWf 20 
6.5 ..lWf 1 3-1 &2 .001 ..uf 2 1 - 1 &2 
250 ..lWf 1 4  27 OHM 2 2  
1 5  ..lW f  1 5  1 .500 OHM 23 
25 ..lWf 1 6  1 0.000 OHM 24 

VT··tl6 
6SJ7 

DESCRIPTION 

t:: 

VT-tf6 
6SJ7 

I I I I I I I • I I I I .  I I I ,  I �PHONES 

REF DESCRI PTION REF DESCRIPTION 

0 - OFF t - CRYSTAL 2 - OPERATE ,, - CHECK 

31-1 

31-2 

OUTPUT TRANS 25 CRYSTAL 34 POWER PLUGS 
50.000 OHM 26 0.5 MEGOHM 35 POWER JACKS 
330.000 OHM 27 SWITCH 36 BATTERY TE RM. 
1 MEGOHM 28 SWITCH 37 1 2  lJlJf 
5.000 OHM 29 470.000 OHM 38 20.000 OHM 
25.84 MICROHY 30 7.06 MllllHY 39 1 50 OHM 
735 MICROHY 3 1 - 1 &2 JACK 40 1 .000 OHM 
40 H ENRYS 33 BINDING POST 

Figure 87. Frequency Meter BC-22I-AE. schematic diagram. 
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REF 

1 2 
3-1 .2.&3 
4 
5 
6 
7 8 

FR£Q. BANo' 
LOW HIGH 

VT-1I8 
6SJ7 

GND. �32 

I I 
13 

I I I • I I .  I I ,  I o--n PHONE"' 

31-1 
NOTE PA RT NOS 4 AND 38 ARE THERMAl. 

COMPE NSATOR CAPACITORS 

SHORTED COII.S AT BOTTOM O f  PART 
NOS. 22 A N D  30 ARE THERMAL 

COMPE NSATOR I N DUCTORS 

10 - 1  

.. � "'j 
6V 4 B A -23 

DESCRIPTION REF DESCRIPTION REF DESCRI PTION REF D ESCRIPTION REF DESCRI PTION 

200 .uu1 9-1 &2 .001 JlI 1 7  OUTPUT TRANS 25 CRYSTAL 33 B INDING POST 
1 .2 ppl 1 0-1 &2 .25 pi l B  50.000 OHM 26 0.5 MEGOHM 34 POWER PLUGS 
1 2  JJJJI 1 1 .02 JlI 1 9  330.000 OHM 27 SWITCH 35 POWER JACKS 
1 0  ppl 1 2  50 ppf 20 1 MEGOHM 28 SWITCH 36 BATIERY TERM. 
6 JJJJI 1 3  1 000 OHM 2 1 - 1 &2 5.000 OHM 29 470.000 OHM 37 1 50 OHM 
250 JJJJf 1 4  27 OHM 22 25.84 MICROHY 30 7.06 MILLIHY 38 1 0  .LIlli 
1 5  .uuf 1 5  1 500 OHM 23 1 .0 MILL IHY 3 1 -1 &2 JACK 
2 5 .uuf 1 6-1 &2 1 0.000 OHM 24 1 50 HENRYS 3 2  BINDING POST 

Figure 88. Frequency Meter BC-22I-AG, schematic diagram. 
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0 - Off 

1 - CRYSTAL 

2 - OPERATE 

3 - CHECK 

31-2 
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Figure 89. Frequency Meter BC-22I-AE, chassis wiring diagram. 

Figure 90. Frequency Meter BC-221-AG, chassis wiring diagram. 
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CHAPTER 1 0  

FREQUENCY METER SET 

Section I. DESCRIPTION 

269. General 
Frequency Meter Set SCR-2 1 1-AK has been 

Quantity Component 

SCR-2 1 1-AK 

270. Components 
Each Frequency �eter Set SCR-2 1 1-AK In
cludes the following component units : 

I . . . . . . . . . . .  . Frequency Meter BC-22 I -AK includes : 
I Crystal Unit DC-g-P or DC-g-AD (in operating position) * . 

I Calibration Book MC-I 77-AK. 

I Wrench for Bristo No. 8 setscrew (spares compartment) . 

4 · · ·  . . . . . . . .  . Tube VT- I I 6, type 6SJ7 (two in use, two spare) . 

2 . . . . . . . . . . .  . Tube VT-I 67,  type 6K8 (one in use, one spare) . 

I . . . . . . . . . . .  . Cord CD-874, for Headset HS-30- (&) . 

I . . . . . . . . . . .  . Strap ST-I g-A. 

2 . . . . . . . . . . • •  TM I I -300AG for Frequency Meter Sets SCR -2 I I -AG and SCR -2 I I -AK I 

• Any crystal unit with nomenclature N or h igher can be used 

interchangeably with any frequency meter set with nomenclature 

N or higher. 

manufactured by the Philco Radio Corporation 
on seyeral orders . The SCR-2 2 1-AK is the first 
of a new series of frequency meter sets contain
ing a modulator unit and a \\T ARM-UP position 
of the operation switch.  'Vhen the operation 
switch is at MODULATE, the output of the 
variable frequency oscillator is modulated at a 
frequency of approximately 375 cycles. This 
proyides a means of calibrating and testing re
ceiYers ,,·h ich are not equipped with a c-w oscil
lator. In the ·WARM-UP position of the opera
tion switch, only the filament of variable 
frequency oscillator Tube VT- 1 1 6  (6SJ7)  is 
turned on.  This eliminates any unnecessary 
drain on the A and B batteries during the initial 
warm-up period. As a result there is a consider
able saving in battery life. For further general 
information see paragraph 2 .  

136 

NOTE. A bag is  n o t  furnished w i th the SCR-2 1 1 -A K .  A suit
able cover is  supplied "'i th the 'moden cabinet and is not 
considered to be a separate component. 

271 . Additional Equipment Required 
The following equipment, not furnished with 
the orders , is required to complete each Fre
quency Meter Set SCR-2 1 1-AK:  

Quantity 

I . . . . . . .  . 
6 . . . . . . .  . 

4 · · · · · · ·  . 

Article 

Headset HS-30- ( &)  * . 

Batteries BA-2 . 

Batteries BA-23 .  

• If Headset HS-30- ( & ) cannot b e  obtained, Headset HS-33 may be 
substituted. 

272. Total Weight 
Frequency Meter Set SCR-2 I I-AK, complete 
and ready for service , weighs approximately 3 fi 
pounds. For typical dimensions, see figure 27 .  



273.  Power Consumption 
All power required for the operation of this 
equipment is  supplied by the batteries listed in 
paragraph 27 1 .  The current drains under the 
specified conditions are approximately as follows : 

Filaments : 6 .0 volts ; 0 .85 ampere. 
0 .30 ampere with operation switch at 

WARM-UP.  
Plates, etc. : 1 35 volts ; 0 .000 ampere with 

operation swi tch at WARM-UP.  
0.0 1 2  ampere with operation switch at 

CRYSTAL. 
0.0 1 8  ampere with operation switch at 

OPERATE. 
0 .0 1 7  ampere with operation switch at 

MODULATE. 
0.o L 1  ampere with operation switch at 

CHECK. 
NOTE. Con trary to the general rule covering this  type of 

meter, thc SCR-2 1 1-A K places maximum load on the bat
tcries in the OPERATE position of the operation switch. 

Battery life varies greatly depending upon the 
length of individual periods of operation, the 
length of time the batteries are allowed to rest 
between successive periods of operation, and the 
temperature of the place where the instrument 
is stored or used. High temperatures and long 
individual periods of operation will shorten bat
tery life. The 'WARM-UP posi tion of the opera
tion swi tch should be used during warming-up 
periods or during stand-by periods, not exceed
ing one hour, when i t  is desired to keep the 
frequency stabilized. 

274. Controls (par. 2 e) 

'When the snap latches are released and the front 
cover lowered, the control panel is exposed. The 
calibration book is exposed when the inside 
portion of the front cover is opened. There are 
six operating controls (fig. 8) : • 

a. Two PHONES jacks allow for observations 
by two persons at  the same time; for example, 
student and instructor. A headset must be 
plugged into one of the j acks before the meter 
can be set into operation because of the series 
filament supply switches built into the jacks. 

b. The GAIN control is a volume control 
used to adjm;t the input voltage to the audio
amplifier tube, and in turn the level of sound 
in the headset. 

c. T h e  O F F  -WAR M - U P - C R  Y S T A L- O P 
ERATE-MODULATE-CHECK control i s  the 
opei'ation switch of the BC-2 2 1-AK. In the OFF 
pOiition, both the A and B battery circuits are 
open. In the WARM-UP position, the A battery 

circuit, connected through the series filament 
supply swi tches built into the PHONES jacks, is 
closed to the filament of the variable frequency 
oscillator tube only, and the B battery circuit re
mains open. In the CRYSTAL position, the A 
battery circui t  to all tubes is closed and remains 
closed for all succeeding positions of the switch . 
The B battery circui t  is closed to all tubes with 
the exception of the variable frequency oscilla
tor. In the OPERATE position, the B battery 
circui t  is closed to all tubes with the exception of 
the crystal-oscillator portion of the detector-con
verter tube. In the MODULATE position, in 
addition to converting the audio-amplifier cir
cuit to an audio-frequency oscillator circuit ,  the 
operation switch causes the B battery circuit  to 
be closed to all tubes with the exception of the 
crystal oscillator, as in the OPERATE position, 
and the plate circuit  of the variable frequency 
oscillator is connected to the modulator. In  the 
CHECK position, the audio-amplifier circuit is 
restored to normal conditions and the B battery 
circuit is closed to all tubes. The OPERATE 
position places maximum load on the batteries ; 
the WARM-UP position, minimum load on the 
batteries. 

d. The FREQ. BAND LOW-HIGH switch 
permits the selection of the appropriate band 
of operation of the variable frequency oscillator, 
as indicated by the frequency being checked or 
calibrated. 

e. The frequency of the variable frequency 
oscillator is controlled by the setting of the dial 
labelled DIAL UNITS which is graduated into 
one hundred divisions. One revolution of the 
DIAL UNITS dial moves the DIAL H UN
DREDS dial one division. (See par. 1 1 .) 

f. The CORRECTOR knob controls a small 
variable capacitor across the variable frequency 
oscillator tuned circuit ,  and is used to compen
sate for small changes in capacity brought about 
by temperature, humidi ty, and mechanical 
changes . It is adjusted at each CRYSTAL 
CHECK POINT to make calibration of the in
strument as accurate as possible over that part 
of the scale centered at a given CR YST AL 
CHECK POINT and extending halfway to the 
next higher and next lower CRYSTAL CHECK 
POINTS. 

275. Vacuum Tubes 
The vacuum tubes used in the Frequency Meter 
Set SCR-2 1 1-AK are shown in the following 
tabulation : 
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. _. 
Reference Function 

VT-I I 6  . . . . . Variable frequency oscilla-
tor. 

VT-I 67 · · · ·  . Crystal oscillator and de-
tector. 

VT-I I 6  . . . . .  Audio-frequency amplifier 
and oscillator. 

Section II. 

INSTALLATION AND OPERATION 

276. Initial Procedure (par. 7) 

Make sure a spare set of tubes is installed III 
the space provided. 

277. Installation of Batteries (pars. 8 and 
1 87b) 

278. Antenna (par. 9) 

279. Headset (par. 1 0) 

The he<ldset necessary to operate Frequency 
Meter Set SCR-2 1 1-AK is kept in the compart
ment at the lower front of the cabinet. (See fig. 
2 5 · ) Heaqset HS-3Q- (&) has an impedance of 
250 ohms. A headset plug must be inserted in 
one of the PHONES jacks before the meter will 
operate. 

280. Preparation for Use 
a. To start the meter, insert the headset plug 

into a PHONES jack and turn the operation 
switch to the WARM-UP position . 

b .  After s tarting the set by the method de
scribed above, allow 1 5  minutes for variable 
frequency oscillator Tube VT-I I 6- to warm up. 

e. In order to test for normal operating con
di tions, set the operation switch knob at 
CHECK. While rotating the DIAL UNITS dial, 
listen in the headset for tones of increasing and 
decreasing pitch . These different tones are pro
duced by the changing variable  osci l lator fre
quency beating with various crystal harmonics. 
The presence of these tones indicates normal 
operation. 

281. Reading the Dial (par. I I ) 
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Signal Corps Type Commercial Base 
Nomenclature Equivalent 

." 

VT-I I 6  . . . . . . . . . . . 6SJ7 · · · ·  . Octal 

VT-I67 · · · · · · · · · · ·  . 6K8 . . . . . .  Octal 

VT- I I 6 . . . . . . . . . . . .  6SJ7 · · · ·  . Octal 

282. Calibration Book MC-177-AK 
(par. 1 2)  

283. Operating Circuits (par. 1 3) 

The BC-22 I-AK contains one principal operat
ing part in addition to the parts described in 
paragraph 1 3 :  the audio oscillator-modulator, 
which generates an audio voltage for modulat
ing the r-f signal output of the variable fre
quency oscillator. 

284. Zero Beat Detection (par. 14) 

285. Correction in Calibration (par. 1 5) 
The information contained there applies exactly 
to Frequency Meter BC-22 I-AK. 

286. Crystal Check Points (par. 1 6) 

287. Frequency Measurements (par. 1 7) 
The proper posi tion of the operation switch is 
OPERATE for making frequency measurements 
as described in paragraph 1 7 .  The modulation 
feature, provided in the BC-22 I-AK, makes 
possible the following additional measurements : 

• 
a. To MEASURE THE FREQUENCY TO WHICH A 

RECEIVER Is TUNED, WHEN RECEIVER Is NOT 
EQUIPPED \\lITH A CoW OSCILLATOR. ( 1 ) .Put 
the meter in  operation as instructed in  para
graph 2 80.  

(2) Place the antenna of the frequency meter 
near and parallel to the antenna of the l eceiver. 

(3) Turn the operation switch to MODU
LATE. 

(4) Vary the main tuning dial of the fre
quency meter until a 375-cycle note is heard in 
the speaker or headset of the receiver. 

(5) Determine the frequency at th i s  dial set
ting from the calibration book and calibrate the 



meter at the nearest CRYSTAL CHECK 
POINT. 

(6) Reset the operation switch on the fre
quency meter to MODULATE and adjust the 
main tuning dial until the 37s-cycle tone is 
heard again in the speaker of the receiver. 

(7) If the signal tunes broadly, that is, if i t  
i s  audible over several divisions o f  the DIAL 
UNITS dial of the frequency meter, decrease 
the coupling between the frequency meter and 
the receiver by moving the frequency meter an
tenna farther away from the antenna of the 
receiver. As the coupling is  decreased, the signal 
will tune more sharply, and will be audible 
over a very small portion of the DIAL UNITS 
dial. The sharper the tuning, the greater will 
be the accuracy of the measurement. 

(8) Adjust the DIAL UNITS dial for maxi
mum signal in the speaker or headset of the 
receiver, and lock the dial by turning the dial 
lock to the right. 

(9) Observe the dial setting and determine 
the frequency corresponding to this setting from 
the calibration book. If the exact frequency is 
not given, determine i t  by interpolation as in
structed in paragraph 1 2 e. 

b .  To TUNE RECEIVER, NOT EQUIPPED 'VITH 
C-w OSCILLATOR) TO A DESIRED FREQUENCY . ( I ) 
Put the meter in operation as instructed in para
graph 2 80.  

(2) Place the antenna of the frequency meter 
near and parallel to the antenna of the receiver. 

(3) Turn the operation switch to CHECK. 
(4) Set the FREQ. BAND switch to the 

proper band, ei ther LOW or HIGH. 
(S) Select the proper dial setting for the de

sired frequency from the calibration book. Then 
set the DIAL UNITS dial of the meter to the 
CRYSTAL CHECK POINT nearest this fre
quency. 

(6) Correct the frequency meter by adjusting 
the CORRECTOR control until zero beat is 
obtained. 

(7) Turn the operation switch to MODU
LATE. 

(8) Set the DIAL UNITS dial of the fre
quency meter to the desired frequency point. 
Lock the dial by turning the dial lock to the 
right .  

(9) Rotate the receiver tuning dial until the 
signal from the frequency meter is picked up, 
as indicated by a 37s-cycle note in the speaker 
or headset. 

( 1 0) For greatest accuracy, the coupling be
tween the receiver and frequency meter should 

-

be adjusted so that the signal tunes sharply on 
the receiver. At this point, the receiver will be 
tuned to within a few cycles of the frequency 
being generated by the frequency meter. 

c. MISCELLANEOUS MEASUREMENTS.  Other uses 
of the MODULATE position of the frequency 
meter may occur to the operator. For example, 
the frequency meter may be used to perform 
an emergency alignment on a receiver when a 
regular signal generator is not available. No at
tenuator is included in the frequency meter, 
however. Consequently the only means of con
trolling the input signal to the receiver that is 
being aligned, is to vary the coupling between 
the frequency meter and the antenna attached 
to the receiver. If proper allowances are made 
for this fact, the frequency meter may be used 
very conveniently as a signal generator, and the 
output frequencies obtained will be extremely 
accurate, much more so than can be expected 
from the average signal generator. 

288. Precautions During Operation 
(par. 1 8) 

289. Adjustments for Field Upkeep 
(par. 1 9) 

Section III. FUNCTIONING OF PARTS 
290. General 
The BC-22 I-AK is very similar to the BC-
22 I-AG described in chapter 9 of this manual 
with regard to the operation of the variable fre
quency oscillator, the detector and crystal oscil
lator, and the audio-amplifier circuits .  A six
position operation switch is employed, hm\"ever, 
instead of the four-position swi tch which was 
used on earlier models made by the same manu
facturer. This six-posi tion switch controls two 
addi tional circuits, one for the modulator and 
one for the filament of the variable frequency 
osci llator tube. At the WARM-UP position of 
the switch, only the filament of variable fre
quency osci l lator Tube VT- I I 6  (6S.17) draws 
current. In the MODULATE position, the cir
cuit of the audio-amplifier stage is changed to 
that of an audio oscillator which is coupled to 
the plate circui t  of the variable frequency oscil
lator so that modulation of the r-f output will 
take place. (See fig. 94.) 

291 . Circuit Components (par. 2 1 ) 
The circui t  of Frequency Meter BC-22 I-AK 
contains one component part in addi tion to those 
given in paragraph 2 I :  The audio oscillator-
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modulator circuit, which generates an audio
frequency voltage for the modulation of the r-f 
output of the meter. 

292. Crystal Circuit 
The crystal circui t  uses the triode section of 
Tube VT - 1 67 (6K8) shown in figure g 1 .  The 
oscillator operates at the fixed frequency of 1 ,000 
kc when the operation switch 2 8  is placed in  

VT�f16 
' 6 SJ7 

- - - - --�. �- -----

can. Resistor 20 is the oscillator grid leak and 
works in conjunction with the tube cathode 
resistor 37 .  The variable capacitor 3-3 is con
nected across the crystal 2 5  for the purpose of 
adjusting the frequency of the crystal to a closer 
point than can be economically obtained by 
grinding alone. vVhen the frequency meters are 
adjusted during manufacture, the variable ca
pacitor is set up to produce a frequency of 1 ,000 

5 

P H O N ES 
--+-------�I�O���1 6�-�I--�--��--------�����-3�1-- l  

BT 
A-B

A+ 

PHO N ES L--+-O�"""'-
31- 2 

TL I0 642 
Figure 91. Frequency Meter BC-221-AK, junctional diagram, crystal-oscillator circuit. 

the CRYSTAL or CHECK position. The opera
tion s,,-j  teh controls the crystal oscillator by 
opening or closing i ts plate voltage circuit. The 
osci llator circui t  is  designed to generate con
siderable harmonic energy so that i t  can be used 
to calibrate the variable frequency oscillator at 
several points over i ts entire range, as well as 
to supply whole multiples of 1 ,000 kc for the 
calibration of receivers and similar equipment. 
The necessary plate circuit impedance is built 
up across the choke coil 23, inclosed in a metal 
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kc ± 5 cycles at 20 °  centigrade. The fixed capaci
tor 5, shunted across the crystal, minimizes any 
change in fundamental frequency due to small 
changes in the crystal capacitance. For further 
details on the crystal oscillator see paragraph 2 2 .  

293 . Variable Frequency Oscillator Cir-
cuit (par. 2 3) 

Tube VT-1 1 6  (6SJ7) is used in  an electron 
coupled circuit  as a variable frequency oscillator. 
(See fig. g2 . )  
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Figure 92. Frequency Meter BC-22I-AK, functional diagram, variable frequency oscillator and audio-modulator circuits. 

Vi- 1 I6  
6SJ7 ----, 

31-2 
PHONES 

TL I0643 



a. COILS. The two inductors 22  and 30, in the 
tuned circuits, are wound upon ceramic forms 
and the LOW frequency coil 30 is coated with 
a special wax to eliminate the influence of chang
ing atmospheric conditions on the stability of 
the meter. The active terminals of these coils 
are connected across the terminals of the main 
tuning capacitor 1 by means of the band selector 
(FREQ. BAND LOW-HIGH) switch 27 .  Each 
coil and the tuning capacitor, together with 
other capaci tors mentioned below, constitute 
the resonant circui t  that determines the output 
frequency. The correct operating bias on the 
control grid of the oscillator tube is provided 
by the capacitor and resistor combination 7 and 
1 9  which connects to a tap on either coil through 
the band selector switch 27 .  The frequency of 
osci llation is made relatively independent of 
variations in tube characteristics when the grid 
connection is  tapped down an appreciable dis
tance from the high-potential end of the coil. 
The resistors 14 and 1 5 ,  which carry little cur
rent, are connected in series with the grid circuit  
taps on the coils, and stabilize the operation of 
the osci l lator circuit by suppressing undesirable 
oscil lations. The second coil  tap, located near 
the grounded end of each coil ,  and connected 
to the cathode of the oscillator tube through 
another set of contacts on switch 27 ,  serves to 
control the amount of feedback in  the oscillator 
circuit. The resistor 2 1-1  in series with this con
nection on coil 30 applies additional cathode 
bias to the grid of the oscillator tube. This 
cathode bias resistor is bypassed to ground by 
capacitor 6. The small short-circuited windings 
shown at the end of each coil in figure 92 are 
inductive temperature-compensating devices in
stalled inside of the coil forms to compensate 
for variations in inductance brought about by 
temperature changes . Resistors 1 8  and 39 con
stitute the oscillator tube plate circuit load. 
(This double resistor arrangement is used in 
order that the r-f output of the variable fre
quency oscillator may be modulated when the 
operation switch 2 8  is in the MODULATE posi
tion. See paragraph 296 . )  The voltage developed 
across these load resistors is  coupled to detector
converter Tube VT - 167 through capacitor 1 2 ,  
o r  t o  the antenna through capacitors 1 2  and 8 
in series. Resistor 1 6-2 is the screen grid drop
ping resistor, and part 9-1 is the screen grid 
bypass capacitor to ground. 

b . BAND SELECTOR SWITCH. Switch 27 in a 
double-throw, triple-pole switch with all contacts 
mounted on ceramic plates. In order to mini-

142 

mize abnormal CapaCItiVe effects, all contacts 
are made as small as possible and are of the 
self-aligning, self-wiping type. The switch has a 
heavy detent which accurately locates the rotor 
plate in either one of i ts two positions. 

c. CORRECTOR CONTROL. Capacitor 2, the 
CORRECTOR control, with a range of 1 .2 
micromicrofarads ( 1 .2M/.d) , enables the opera
tor to control the variable capacitance of the 
tuned circui ts in order to compensate for slight  
changes in these circuits. (See par. 274f.) 

d. TRIMMING CAPACITORS. The trimming ca
pacitors are part 3-1 and 3-2 . The associated 
thermal compensator capacitors, part Nos. 4 and 
38, reduce changes in circuit capacitance due 
to temperature changes. Since the coils are com
pensated for changes in inductance (par. 2 93a) , 
frequency drifts due to temperature changes are 
negligible. The trimming capaci tors are adjusted 
at the factory to build up the fixed capacitance 
of the LOW and HIGH frequency circuits to 
the exact values called for by the design of the 
variable tuning capacitor. 

Caution : Do not tamper with these trimmer 
capacitor settings .  To do so will throw the meter 
completely off calibration. 

e. OSCILLATOR FUNCTION. ( I )  The variable 
frequency oscillator circui t  is  in operation at 
the CHECK, OPERATE, and MODULATE 
positions of the operation switch 28 .  (See fig. 94) . 

(2) At the CHECK position, the output of 05-
cilator Tube VT -1 1 6  (6S17) is applied to one of 
the grids of detector-converter Tube VT- 1 67 
(6K8) where i t  is mixed with the output fre
quency of the crystal circuit. The result is a 
frequency equal to the difference of the two, 
and is used to adjust the frequency of the oscil
lator by means of the CORRECTOR control. 

(3) At the OPERATE position, the variable 
frequency oscillator is in operation while the 
crystal oscillator is not. If the antenna is  in posi
tion, the frequency meter may be used to receive 
or send any frequency in i ts range, that is, it 
may be used as a radio receiver or transmitter. 

(4) At the MODULATE position, the vari
able frequency osci llator is in operation, while 
the audio amplifier-modulator circui t  i s  changed 
to operate as an audio-frequency oscillator and 
modulator in order to modulate the variable 
frequency oscillator at a frequency of approxi
mately 375 cycles . If the antenna is in position, 
the frequency meter may be used to send any 
frequency in i ts range, modulated at a frequency 
of 375 cycles, but i t  cannot be used as a receiver 
since the audio-frequency amplifier tube has 
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been converted to an audio-frequency oscillator 
and the headset has been disconnected by the 
operation switch. 

294. Detector Tube Circuit 
It has been stated that the triode section of the 
Tube VT- 1 67 (6KS) is used in the crystal-osci l
lator circuit. The remaining hexode section of 
the tube, of which the No. 1 grid is tied to the 
control grid of the triode section, is used as a 
high gain  screen grid detector with hexode grid 

B +  
A- 8-

A+ 

1 0- 2  

No. 3 grid through the coupling capacitor S .  
As a result of these couplings to the control grid, 
the detector mixes the variable frequency oscil
lator output with the fundamental and succes
sive harmonics of the crystal oscillator when the 
operation switch 2 S  is in  the CHECK position, 
and with the radio transmitter frequency to be 
measured when the switch is in the OPERATE 
position. By reference to figures 92 and 93 ,  it 
can be seen that the antenna post 33 is also 
coupled to the variable frequency oscillator out-

T L t 0 6 4 4  

'---o-___ PHON ES 
31-2 

Figure 93. Frequency .Hefer BC-22I-AK, functional diagram, detector and audio-amplifier circuits. 

NO. 3 acting as the control grid. The joint action 
of grids Nos. 1 and 3 produces electron coupling 
of the signals on the two grids . (See fig. 93) . 
Resistor 2 9  is the detector tube grid leak. Re
sistor 1 6-1  supplies voltage to the screen grid 
of Tube VT- 1 67 (6KS) . Capaci tor 1 0-2 bypasses 
the screen grid to ground. The r-f voltage de
veloped across the load resistors I S  and 39 in 
the plate output circuit of the variable fre
quency oscillator is coupled to the NO. 3 grid 
of this detector through a small fixed capacitor 
1 2 .  The antenna post 33 is also coupled to the 

put through capacitors 1 2  and 8 in series .  Thus 
the antenna post serves the dual purpose of a 
detector input terminal for the measurement of 
frequencies of external origin and of a variable 
frequency oscillator output terminal for use in 
calibrating receivers . \Vhen the unit is employed 
for the latter purpose, a minimum of 2 ,000 
micro-volts of radio frequency energy will be 
available ben\"een the antenna post 33 and the 
ground post 32 at any frequency within the cali
brated range. 
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295. Audio-Amplifying Circuit (par. 25) 
The detector plate works into an audi6-fre
quen�y choke coil 24,  which is bypassed by the 
capaCItor

. 9-2 to reduce the response to high 
frequenCIes. The beat frequency voltages built 
up a�ross the choke coil are coupled through 
capaCItor I I  and the GAIN control potenti
ometer 26 to the grid of Tube VT-1 1 6  (6SJ7) ,  
connected as a triode, through a section of the 
operation switch 2 8. The grid of Tube VT- 1 1 6  
returns t o  ground through a section of the opera
tion switch and the potentiometer 26 ,  and the 
necessary grid bias voltage is obtained by means 
o� the cathode dropping resistor 1 3 .  The plate 
(tIed to the suppressor and screen grids) of Tube 
VT - 1 1 6  returns to the positive plate supply 
voltage through the primary of the audio-output 
transformer 1 7 . The secondary of the audio
output transformer connects to the PHONES 
jacks 3 1-1  and 3 1-2 and to ground. This is done 
so that no d-c voltage will be present in the 
output circuit. The output circuit is  designed 
for the use of the low impedance type Headset �S-3O- (&) . Under certain conditions the high 
Impedance type Headset P-I 8  and P-20 might 
be substituted for the HS-3O- (&) but the results 
obtained will in general be inferior. 

296. Audio Oscillator-Modulator Circuit 
A functional diagram of the modulator and vari
able frequency oscillator circuits, together with 
the connection of the variable frequency oscilla
tor to the detector tube, is shown in figure 92 .  
The audio oscillator-modulator unit provides 
a source of audio-frequency voltage for modu
lating the r-f output signal from the variable 
frequency oscillator. lNhen the operation switch 
2 8  is in the MODULATE position, the circuits 
are so arranged that energy is  fed back to the 
grid circuit  of audio Tube VT-I I 6  from the 
seco\}.dary of the audio-output transformer 1 7 . 
The primary winding in  the plate circuit of the 
audio tube, coupled to the secondary winding, 
completes the oscillating circuit. The capacitor 
4 1 ,  across the primary winding, to�ether with 
the inductance of the primary winding, consti
tutes the resonant circuit that determines the 
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audio output frequency of approximately 375 
cycles. The plate voltage of the audio oscillator
modulator tube is obtained from the plate cir
cuit (junction of resistors 1 8  and 39) of the 
var!able frequency oscillator tube through series 
reSIstor 40. The output of the audio oscillator
modulator is divided by resistors 39 and 40 and 
fed to the plate of the variable frequency oscil
lator tube. With this arrangement, audio-fre
quency voltage variations are introduced into 
the plate circuit of the variable frequency oscil
lator tube, causing modulation to take place. 
Note that the output connections to the 
PHONES jacks are open with the operation 
switch in the MODULATE position, and no 
sound can be heard in the headset. 

297. Power Supply Circuit (fig. 94) 
All power required for the operation of the 
meter is introduced through the battery termi
nal board 36, located at the end of the battery 
cable. The common negative filament and nega
tive plate battery leads are connected to the 
middle terminal which is gruunded to the chas
sis. A fabricated wiring harness and a fiber 
terminal board used in connection with the bat
tery harness are provided for intercell and fila
ment battery to terminal board connections. 
The operation switch 2 8  closes both the positive 
6-volt supply (A+) and the positive 1 35-volt 
supply (B+) . The posi tive 6-volt supply (A+) 
passes through the auxiliary switches on the 
PHONES j acks 3 1- 1  and 3 1-2 before going 
through the operation switch 2 8  to the vacuum 
tube filaments . The circuit  is  complete only 
when a headset plug is inserted in one of the 
j acks. Since the door covering the control panel 
cannot be closed with a headset plug in place, 
the A and B batteries cannot be discharged even 
though the operation switch is left in an active 
position when the meter is  removed from service. 

Section IV. MAINTENANCE 

298. General 
For all details of field maintenance, see para
graphs 2 6, 2 7 ,  and 2 8. 
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Section V. SUPPLEMENTARY DATA 

299. Tabular List of Maintenance Parts for Frequ .... cy Meter BC-22 1-AK 
NOTE. Order maintenance parts by stock number, name, and description. 

Ref. No. 
symbol 

Signal Corps 
stock No. ----------

2Z4S IAK . . . .  . 

2Z55 1- 160 . . . .  

3A2 . . . . . . . . . . .  

3A23 · · · · · · · · ·  . 

3E I 605-6\5 . . . • 

3E1 S74 . . . . . . . .  

2BS30 ( &) . . . . . . 

2B I 300 . . . . . . . .  

2Zg0 I gA . . . . .  . 

Name of part and description 

--------------------------
BAG : BG-S I -AK; carrying . . . . . . . . . . . . . .  

BAG: BG- I 60-(&) /S;  available for amphi-
bious operations . . . . . . . . . . . . . . . . . . . . . .  

BATTERY: BA2 ; 2 2 . 5=v . . . . . . . . . . . . . . . .  

BATTERY: BA23 ;  I . 5=v . . . . . . . . . . . . . . .  

CORD : CD-605 ; 6 Yz=ft;  2=cond . ;  PL-55 
at one end ; Transformer C--4 I O  at other . .  

CORD : CD-S74; 6 Yz=ft. ;  2=cond. ;  PL-55 
on one end ; JB-47 on other end . . . . . . . .  

HEADSET : HS-30- ( & ) ; component . } . . .  
HEADSET : HS-30-( &) ; repair parts . . . .  

INSERT : M -300 . . . . . . . . . . . . . . . . . . . . . . .  

STRAP : ST-I g-A . . . . . . . . . . . . . . . . . . . . : . 

Quan. per Lowest maint. 
equip echelon ---- --- ---
I . . . 3d 

I . . .  Orgn stock 

6 . . . 3d 

4 . .  · 3d 

I . . . 3d 

I . . . 3d 

I • • • Orgn stock 

2 . . . .  Orgn stock 

I . . . 3d 
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(" 
N OTE PART NOSAAND 39 ARE THERMAL COMPENSATOR 

CAPACITORS. . SHORTED COILS AT BOTTOM OF PART NOS. 22 AND 30 ARE � THERMAL COMPENSATOR INDUCTORS 

REF 

I 
2 
3-1 -2&3 4 5 6 7 

DESCRI PTION R E F  DESCRIPTION 

200 ��f 1 . 2 ..u..uf 1 2 ppf 10 'uJ)f 6.0 ppf 250 ""f 15 ""f 

8 25 ).Jpf 9-1 & 2  .001 "f  1 0- 1 & 2  . 25  "f  1 1 .02 "f 
1 2  5 0  pJJf 
1 3  1 .000 OHM 1 4  2 7  OHM 

� Q 
-- -- "'- _ . .-_ __ ."-,,',,,.r.-...-__ . ___ --.... -.---' ... � 

R E F  DESCRI PTION R E F  DESCRIPTION 

1 5  1 .500 OHM 22 25.84 MICROHY � 6-1 &2 1 0.000 OHM 23 1 .0 MllLlHY 1 7  OUTPUT TRANS 24 1 50 HENRYS 1 8  50.000 OHM 25 CRYSTAL 1 9  330,000 OHM 26 0.5 MEGOHM 20 1 MEGOHM 27 SWITCH 2 1 - 1 & 2  5,000 OHM 28 SWITCH 

REF DESCRIPTION REF 

29 470.000 OHM 36 30 7.06 MllL lHY 37 
3 1 - 1 &2 JACK 38 
32 BINDING POST 39 
33 BINDING POST 40 
34 POWER PLUGS 41 
35 POWER JACKS 

DESCRI PTION 

BA HERY TERM. 1 50 OHM 10 ..LIpf 1 8 ,000 OHM 1 8 ,000 OHM . 002 "f 

O - OFF 
I - WAR M - UP 

2 - CRYSTAL 3 -0PERATE 4 - MODULATE 
5- CHECK 

TL I0645 

* MAKES CONTACT TOBOTH SEGMENTS OF SWITCH. 

Figure 94. Frequency Meter BC-221-AK, schematic diagram. 

" 
__ ......-.-. � - .... . _ �� ___ �. _____ � ___ _ .M .. • ..... I • - J  



Figure 95. Frequency Meter BC-22I-AK, chassis wiring diagram. 

WIRING LEC.ENO 
COOE COLOR 
W O O  'ftti1Tt-REO-0RANG( T R .  

W- BR - Q  WIfl'[-BRDWN- R A N G E  TR 
BLACK W R ' WHITE-RID YELLOW TRACER 

W 'NHITE 

w e o  WHITt-&.1J[-GFl:E[N T R .  

WHITE -OAANGE -TRAC£R 
wo WHITE - BlA":'fI.-Tft"CER 
. ,  WHITE - YELLOW-TRAC£R 
- WHITE - MOWN-TRACER 

WR 'Mill'{ -REO ' '"'ActA 
W H I T �RE ( N - TRAC.(R 

w o  W H I T E - BLUE-TRAC(R 

\ BLUE 
eARE 

w o o  WHITE-GRttN-BLUE TR. 
W - B L - B  WHITE-8l.ACK-BLIJE TR.  

e- NOTE,. -A&V-DENOT[� PARTS ABOVE CHAS SIS. 

TL 10 6 4 &  
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CHAPTER 1 1  

FREQUENCY METER SETS SCR-2 1 1-AJ AND SCR-2 1 1-AL 

Section I. DESCRIPTION 

300. General 
Frequency Meter Set SCR-2 1 1-AJ has been 
manufactured by the Rauland Corporation, and 
Frequency Meter Set SCR-2 1 1-AL has been 
manufactured by the Zenith Radio Corporation, 
on several orders . These models are similar to 
the SCR-2 1 1-AK, discussed in the preceding 
chapter, in that they also contain a modulating 
unit and a 'VARM-UP position. In these models, 
the ·WARM-UP position is  a position of the 
PO'YER switch . 'Yhen the operation switch is at 
MOD. OSC. ,  the output of the variable fre
quency oscillator is modulated at a frequency of 
approximately 400 cycles. This provides a means 
of calibrating and testing receivers which are not 
equipped with a c-w oscillator. In  the 'Y ARM-

UP position of the POWER switch, only the fila
ment of variable frequency oscillator Tube 
VT - 1 1 6-B (6SJ7Y) is turned on. This eliminates 
any unnecessary drain on the A and B batteries 
during the initial warm-up period. This pro
vision results in a considerable saving in battery 
life. The two models included in this chapter 
are electrically alike, with two exceptions : The 
values of parts 24 and 43 vary, and part 54 was 
omitted from the SCR-2 1 1-AL. These variations 
are noted where necessary. For further general 
information see paragraph 2 .  The symbol (8) , 
as used in this chapter, refers to either the SCR-
2 1 1-AJ or SCR-22 1-AL. 

301 . Components 
Each Frequency Meter Set SCR-2 1 1- (8) lll
cludes the following component units : 

Quantity Article 

I .  . . . . . . . . . . . . . Frequency Meter BC.:-22 1 - (8) includes : 

r Crystal Unit DC-g-M or DC-g-P or DC-g-AD (in operating position) I . 

1 Calibration Book MC- r 77- (8) . 

r Wrench for Bristo No. 8 set screw (spares compartment) . 

2 . . . . . . . . . . . . . .  Tubes VT-r r 6-B, type 6SJ7Y (one in use, one spare) . 

2 . . . . . . . . . . . . . .  Tubes VT-r 67, type 6K8 (one in use, one spare) . 

I .  . . . . . . . . . . . . . Tube VT-I 1 6, type 6SJ7 (in operating position) 2 . 

I . . . . . . . . . . . . . .  Cord CD-874 for Headset HS-30-(&) . 

I . . . . . .  ', "  . .  . . .  Strap ST-I g-A. 

2 . . . . . . . . . . . . . . Technical manuals for Frequency Meter Set SCR -2 I I - (8) . 

1 Any crystal unit with nomenclature N or higher can be used inter
changeably with any frequency meter set with nomenclature N or 
higher. 2 On Order No. 36827-Phila-43, a spare Tube VT-1 1 6  was furnished 
with the SCR-2 1 l-AJ. 
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:'\OTE. A bag is not furnished with the SCR-2 1 1- (8) . A suit

able coyer is supplied with the wooden cabinet and is not 

considered to be a separate component. 

• 

• 



302. Additional Equipment Required 
The following equipment, not furnished with 
the orders, is required to complete each Fre
quency Meter Set SCR-2 1 1- (8) . 

QjJ.antity Article 

I . . . . . . .  . 

6 . . . . . . .  . 
4 · · · · · · ·  . 

Headset HS-30-(&) * .  

Batteries BA-2 . 

Batteries BA-23.  

• I f  Headset HS-30- ( & )  cannot b e  obtained, substitute Headset 
P-18 or P-20. 

303. Total Weight 
Frequency Meter Set SCR-2 1 1- (8) , complete 
and ready for service, weighs approximately 40 
pounds. For typical dimensions see figure 27 .  

304. Power Consumption 
All power required for the operation of this 
equipment is supplied by the batteries listed in 
paragraph 302 . The current drains at the speci
fied voltage limits are as follows : 

Filaments : 5 .4 to 6 .0 volts, 0 .86 to o.g l 
ampere. 
0.30 ampere with P UWER switch at 
WARM-UP.  

Plates, etc . :  1 2 1 .5 to  1 35 .0 volts, 0.0 1 6  to 
0. 1 8  ampere. 

These values are typical for operation with the 
operation switch at the XT AL CHECK position, 
under which condition maximum plate current 
is drawn. Battery life varies greatly depending 
upon the length of individual periods of opera
tion, the length of time the batteries are allowed 
to rest between successive periods of operation, 
and the temperature of the place where the in
strument is stored or used. High temperatures 
and long individual periods of operation will 
shorten battery life. The WARM-UP position of 
the POWER switch should be used during 
warming-up periods or during stand-by periods 
not exceeding I hour, when it is desired to keep 
the frequency stabilized. 

305. Controls (par. 2 e) 

When the snap latches are released and the front 
cover lowered, the control panel is exposed. The 
c�libration book is exposed when the inside por
tIOn of the front cover is opened. There are seven 
operating controls (fig. 7) : 

a. Two PHONES jacks allow for observations 
by two persons at the same time; for example, 
student and instructor. A headset must be 

plugged into one of these jacks before the meter 
can be set into operation because of the series 
filament supply switches built into the jacks. 

b. 'When the POWER-OFF WARM UP-ON 
switch is at OFF, the A battery circuit is off and 
the B battery circuit from the meter is grounded; 
when the switch is at WARM-UP, the A battery 
circuit is connected to the variable frequency 
oscillator filament only and the B circuit is open 
but not grounded; when the switch is at ON, the 
A battery connects to all three tubes and the B 
battery circuit is completed. Turn the POWER 
switch to WARM-UP position when warming up 
the meter for any long period of time. This wil l  
conserve two-thirds of the life of the battery . 
When the instrument is not in use, turn the 
POWER switch to OFF. 

c. The GAIN control is a volume control used 
to adjust the input voltage to the audio-amplifier 
tube, and in turn the level of sound in the head
set. 

d. The MOD. OSC-HET. OSC.-XT AL 
CHK-XTAL ONLY control is the operation 
switch of the BC-2 2 1- (8) . In the MOD. OSC. 
position, the audio-amplifier circuit is  converted 
to an audio-frequency oscillator circuit and in 
addition, the  B battery circui t  is  closed to  all 
tubes with the exception of the crystal oscillator. 
In the HET. OSC. position, the B battery circuit  
is closed to all tubes with the exception of the 
crystal oscillator portion of the detector-con
verter tube and the final stage of the frequency 
meter acts as an audio amplifier. In the XT AL 
CHK position, the B battery circuit is  closed to 
all tubes including the crystal oscillator and the 
final stage acts as an audio amplifier. In the 
XTAL ONLY position, the B battery circuit is 
dosed to all tubes with the exception of the 
variable frequency oscillator. The XTAL CHK 
position places maximum load on the batteries. 

e. The FREQ. BAND LOW-HIGH switch 
permits the selection of the appropriate band of 
operation of the variable frequency oscillator as 
indicated by the frequency being checked or 
calibrated. 

f. The frequency of the variable frequency 
oscillator is controlled by the setting of the dial 
labeled "Dial units" which is graduated into 100 
divisions. One revolution of the DIAL UNITS 
dial moves the DIAL HUNDREDS dial one 
division. (See par. I I .) 

g. The CORRECTOR knob controls a small 
variable capacitor across the variable frequency 
oscillator tuned circuit and is used to compensate 
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for small changes in capacity brought about by 
temperature, humidity, and mechanical changes. 
It is adjusted at each GRYSTAL CHECK 
POINT to make the calibration of the instru
ment as accurate as possible over that part of the 
scale centered at a given CRYSTAL CHECK 
POINT and extending halfway to the next 
higher and next lower CRYSTAL CHECK 
POINTS. 

306. Vacuum Tubes 
The vacuum tubes used in the Frequency Meter 
Set SCR-2 1 1- (8) are shown in the following 
tabulation : 

Relerence Function 

switch to the 'WARM-UP position. 
b .  After starting the set by the method de

scribed above, allow 1 5  minutes for variable fre
quency oscillator tube VT- 1 1 6-B to warm up. 

c. In order to test for normal operating condi
tions, set the operation switch knob at XT AL 
CHK. While rotating the DIAL UNITS dial, 
listen in the headset for tones of increasing and 
decreasing pitch. These different tones are pro
duced by the changing variable oscillator fre
quency beating with various crystal harmonics. 
The presence of these tones indicates normal 
operation. 

Signal Corps Type Commercial 
nomenclature equivalment Base 

------------ -- -------------- --.----�------------- ---------- -----

VT-r r 6-B* . . . . . Variable frequency 
oscillator. VT-I I 6-B* . . . . . . . . 6SJ7y* · · · · · · ·  . Octal* 

VT-r 67 · · · · · · · ·  . Crystal oscillator 
and detector. VT-r 67 . . . . . . . . . . 6K8 . . . . . . . . . . .  Octal 

VT-I I 6 . . . . . . . . .  Audio-frequency 
amplifier. . VT-I I 6  . . . . . . . . . . . .  6SJ7 · · · · · · · · ·  . Octal 

• Tube VT-11 6-B is practically the same as Tube V T-1 1 6 ,  but has a 
special electrically low-loss base. In an emergency, a Tube VT-116 can 

Section II. 
INSTALLATION AND OPERATION 

307. Initial Procedure (par. 7) 

Make sure a spare set of tubes is installed in the 
space provided. 

308. Installation of Batteries (pars. 8 and 
1 87b) 

309. Antenna (par. 9) 

3 10. Headset (par. 1 0) 

The headset necessary to operate Frequency 
Meter Set SGR-2 1 1- (8) is kept in the compart
merIt at the lower front of the cabinet. (See fig 
2S · )  Headset HS-30- (&) has an impedance of 
2 S0 ohms. A headset plug must be inserted into 
one of the PHONES jacks before the meter will 
operate. 

3 1 1 .  Preparation for Use 
a .  To start the meter, insert the headset plug 

into a PHONES jack and turn the POWER 
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be used in the variable frequency oscillator, but temperat'ure and 
humidity changes might cause undesirable effects. 

312.  Reading the Dial (par. l l) 

3 13. Calibration Book MC-177- (8) 
(par. 1 2) 

3 14. Operating Circuits (par. 1 3) 

The BC-2 2 1- (8) contains one principal operat
ing part in  addition to the parts described in 
paragraph 1 3 :  The audio oscillator-modulator 
which generates an audio voltage for modulating 
the r-f signal output of the variable frequency 
oscillator. 

3 1 5 .  Zero Beat Detection (par. 14); 
3 16. Correction in Calibration 
Turn the PU"WER switch to the ON pOSItIOn, 
the FREQ. BAND switch to the LOW or HIGH 
position as required, and the operation switch to 
the XT AL CHK position; then follow the pro
cedure in paragraph I S . After completing this 
procedure, turn the operation switch to the 
HET. OSC. position and proceed with any meas
urements. 



317. Crystal Check Points (par. 1 6) 

318. Frequency Measurements (par. 1 7) 
The proper position of the operation switch is 
HET. OSC. for making frequency measurements 
as described in paragraph 1 7 .  The modulation 
feature, provided in Frequency Meter BC-2 2 1-
(8) , makes possible the following additional 

measurements : 

a. To MEASURE THE FREQUENCY TO WHICH A 
RECEIVER Is TUNED, WHEN RECEIVER Is NOT 
EQUIPPED VVITH A C-w OSCILLATOR. ( 1 )  Put the 
meter in operation as instructed. (See par. 3 1 1 .) 

(2) Place the antenna of the frequency meter 
near and parallel to the antenna of the receiver. 

(3) Turn the operation switch to MOD. OSC. 

(4) Vary the DIAL UNITS dial of the fre
quency meter until a 400-cycle note is heard in 
the speaker or  headset of the receiver. 

(5) Determine the frequency at this dial set
ting from the calibration book and calibrate the 
meter at the nearest CRYSTAL CHECK 
POINT. 

(6) Reset the operation switch on the fre
quency meter to MOD.  OSC. and adjust the 
main tuning dial until the "ioo-cycle tone is  heard 
again in the speaker of the receiver. 

(7) If the signal tunes broadly ; that is, i f  it is 
audible over several divisions of the DIAL 
UNITS dial of the frequency meter, decrease the 
coupling between the frequency meter and the 
receiver by moving the frequency meter antenna 
farther away from the antenna of the receiver. 
As the coupling is decreased, the signal will tune 
more sharply and will be audible over a very 
small portion of the DIAL UNITS dial. The 
sharper the tuning, the greater will be the ac
curacy of the measurement. 

(8) Adjust the DIAL UNITS dial for maxi
mum signal in the speaker or headset of the 
receiver and lock the dial by turning the dial 
lock to the right. 

(9) Observe the dial setting and determine 
the frequency corresponding to this setting from 
the calibration book. If the exact frequency is 
not given, determine it by interpolation as in
structed. (See par. 1 2 e.) 

b .  To TUNE RECEIVER, NOT EQUIPPED WITH 
C-w OSCILLATOR, To A DESIRED FREQUENCY : ( 1 )  
Put the meter i n  operation as instructed. (See 
par. 3 1 1 .) 

(2 ) Place the antenna of the frequency meter 
near and parallel to the antenna of the receiver. 

(3) Turn the operation switch to XT AL 
CHK. 

(4) Set the FREQ. BAND switch to the proper 
band, either LUW or H IGH. 

(5) Select the proper dial  setting for the de
sired frequency from the calibration book; then 
set the DIAL UNITS dial of the meter to the 
CRYSTAL CHECK POINT nearest this fre
quency. 

(6) Correct the frequency meter by aujusting 
the CORRECTOR control until zero beat is 
obtained. 

(7) Turn the operation switch to MOD.  OSC. 

(8, Set the DIAL UNITS dial of the fre
quency meter to the desired frequency point. 
Lock the dial by turning the dial lock to the 
right. 

(9) Rotate the receiving tuning dial until 
the signal from the frequency meter is picked 
up, as indicated by a 400-cycle note in the 
speaker or headset. 

( 1 0) For greatest accuracy, the coupling be
tween the receiver and the frequency meter 
should be adjusted so that the signal tunes 
sharply on the receiver. At this point, the re
ceiver wil l  be tuned to with in  a few cycles of  
the frequency being generated by the frequency 
meter. 

C. MISCELLANEOUS MEASUREMENTS. Other uses 
of the MOD. OSC. position of the frequency 
meter may occur to the operator. For example, 
the frequency meter may be used to perform 
an emergency alignment on a receiver when a 
regular signal generator is not available. No 
attenuator is included in the frequency meter, 
however. Consequently the only means of con· 
trolling the input signal to the receiver that is 
being aligned is to vary the coupling between 
the frequency meter and the antenna attached 
to the receiver. If proper allowances are made 
for this fact, the frequency meter may be used 
very conveniently as a signal generator, and the 
output frequencies obtained will  be extremely 
accurate, much more so than can be expected 
from the average signal generator. 

319. Precautions During Operation 
(par. 1 8) 

320. Adjustments for Field Upkeep 
(par. 1 9) 
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Section III. FUNCTIONING OF PARTS 

32 1 .  General 
The BC-22 1- (8) is very similar to the meters 
described in chapter 6 of this manual with re
gard to the operation of the variable frequency 
oscillator, the detector and crystal osci llator, 
and audio-amplifier circuits. A four-position 
operation switch is employed, however, instead 
of the three-position switch which was used on 
earlier models. This four-position switch pro
vides control of one additional circuit, the mod-

VT-1I6-B 
6 SJ7Y 

B +  
POWER 

VT-167 
6 K8 

322. Circuit Components (par. 2 1 ) 

The circuit of Frequency Meter BC-22 1- (8) 
contains one component part in addition to 
those given in paragraph 2 1 :  the audio oscillator
modulator circuit, which generates an audio
frequency voltage for the modulation of the 
r-f output of the meter. 

323. Crystal Circuit 

The crystal circuit uses the triode section of 
Tube VT- 1 67 (6K8) . (See fig. 96.) The oscil-

"-t-� ... PHON ES 
15-2A 

. OFV o-=0..:...;N:....-_----' 
(A - B -

A+ �.�--h�� n�--------------------------------------� 
29 

TL 1 0 6 47 
, Figure g6. Frequency Meter BC2-2I-(B) , junctional diagram, crystal-oscillator circuit. 

ulator circuit. The POWER switch has three 
positions instead of the two positions formerly 
used. At the third position of the POWER 
switch, WARM-UP, only the filament of vari
able frequency oscillator Tube VT-l l6-B 
(6SJ7Y) draws current. (See figs. 99 and 100.) 
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lator operates at the fixed frequency of 1 ,000 kc 
when the operation switch 2 8  is placed in the 
XTAL CHK or XTAL ONLY position. The 
operation switch controls the crystal o�illator 
by opening or closing i t.- plate voltage circuit. 
The oscillator circuit is designed to generate 



considerable harmonic energy so that i t  can be 
used to calibrate the variable frequency oscilla
tor, at several points over i ts entire range, as 
well as to supply whole multiples of 1 ,000 kc 
for the calibration of receivers and similar equip
ment. The necessary plate circuit impedance is 
built up across the choke coil 1 8 . The variable 
capacitor 50 is connected across the crystal for 
the purpose of adjusting the frequency of the 
crystal to a closer point than can be economically 
obtained by grinding alone. When the frequency 
meters are adjusted during manufacture, the 
variable capacitor is set up to produce a fre
quency of 1 ,000 kc -+- 5 cycles at 20 °  centigrade. 
The fixed capacitor 49, shunted across the crys
tal, minimizes any change in fundamental fre
quency due to small changes in the crystal 
capaci tance. Resistor 2 3- 1  is the oscillator grid 
leak and works in conjunction with the tube 
cathode resistor 7 which is bypassed to ground 
by capacitor 40-2 . Further reference to figure 96 
shows that the output of the crystal oscillator 
is electron coupled to the antenna through the 
NO. 3 grid of the hexode section of Tube VT-
1 67 and capacitor 5 1 .  For further details on the 
crystal oscillator, see paragraph 2 2 .  

324. Variable Frequency Oscillator Cir-
cuit (par. 2 3) 

Tube VT- l l 6-B (6SJ7Y) is used in an electron 
coupled circuit as the variable frequency oscil
lator. (See fig. 97.)  

a. COILS. The two inductors 16 and 1 7 , in the 
tuned circuits, are wound upon ceramic forms 
and coated with a special wax to eliminate the 
influence of changing atmospheric conditions 
on the stability of the meter. The active termi
nals of these coils are connected across the ter
minals of the main tuning capacitor 1 by means 
of the band selector (FREQ. BAND LOW
HIGH) switch 2 7 .  Each coil and the tuning 
capaci tor, together with other capaci tors men
tioned below, constitute the resonant circuit that 
determines the output frequency. The correct 
operating bias on the control grid of the oscil
lator tube is provided by the capacitor and re
sistor combination 42 and 39 which connects to 
the grid tap on either coil through the band 
selector switch 2 7 .  The frequency of oscillation 
is made relatively independent of variations in 
tube characteristics when the grid connection is 
tapped down an appreciable distance from the 
high-potential end of the coil. The resistors 37 
and 38, which carry li ttle current are connected 

in series with the grid circuit taps on the coils, 
and stabilize the operation of the oscillator cir
cuit by suppressing undesirable oscillations. The 
second coil tap, located near the grounded end 
of each coil ,  and connected to the cathode of 
the oscillator tube by another set of contacts on 
switch 2 7 ,  serves to control the amount of feed
back in the oscillator circuit. The resistor 24 in 
series with this connection on the LOW coil 1 7  
applies additional bias to the grid of the oscilla
tor tube when the band selector switch is in the 
LUW position. This cathode bias resistor is by
passed to ground by capacitor 44. Resistors 2 1  
and 52-1 constitute the oscillator tube plate cir
cuit load. This double resistor arrangement is 
used in order that the r-f output of the variable 
frequency oscillator may be modulated when 
the operation switch 2 8  is in the MOD. OSC. 
position. (See par. 327.)  The voltage developed 
across these load resistors is coupled to detector
converter Tube VT- 1 67 through capacitor 5 , 
or to the antenna through capacitors 5 and 5 1  
in series. Resistor 2 2- 1  is the screen grid drop
ping resistor, and part 9-2 is the screen grid by
pass capacitor to ground. 

b. BAND SELECTOR SWITCH. The band selector 
switch 2 7  is a six-pole double-throw switch with 
all contacts mounted on ceramic plates. In order 
to minimize abnormal capacitive effects, all con
tacts are made as small as possible and are of the 
self-aligning, self-wiping type. The switch has a 
heavy detent which accurately locates the rotor 
plate in either one of i ts two positions. 

c. CORRECTOR CONTROL. Capacitor 2 ,  the 
CORRECTOR control, with a range of 1 .5 
micrornicrofarads ( 1 .5f-Lf-Lf) ,  enables the opera
tor to control the variable capacitance of the 
tuned circuits in order to compensate for slight 
changes in the circuit. (See par. 305g.) 

. 

d. TRIMMING CAPACITORS. The trimming ca
pacitors are parts 3- 1 and 3-2 . Part 6 and 43 ,  in 
parallel with these trimming capacitors, are tem
perature compensating capacitors which prevent 
frequency drifts due to temperature changes. 
The additional capacitor 54 across the HIGH 
frequency coil 1 6, in the BC-2 2 1-AJ only, pro
vides an additional fixed capacitance in this cir
cuit. The trimming capaci tors are adjusted at 
the factory to build up the fixed capacitance of 
the LOW and HIGH frequency circuits to the 
exact values called for by design of the variable 
tuning capacitor. 
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--
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NOTE 1 :  PART NO. 54 IS OMITTED F ROM THE BC - 2 2 1 - AL 
figure 97. Frequency lrteter BC-22I- (B) , jullctional diagram, variable jrequency oscillator and audio-modulator circuits. 
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Caution :  Do not tamper with these trimmer 
capacitor settings . To do so will throw the meter 
completely off calibration. 

e. OSCILLATOR FUNCTION. ( 1 )  The variable 
frequency oscillator circui t  is in operation when
ever the POWER switch 29 is in the ON posi
tion , the operation switch 2 8  is in the MOD. 
OSC. ,  HET. OSC. , or  XT AL CHK position, 
and a headset is p lugged into a PHONES jack. 
(See figs .  99 and 1 00.) 

(2 )  At the XTAL CHK position of the opera
tion switch 2 8, the output of oscillator Tube 
VT-1 1 6-B (6SJ7Y) is applied to the NO. 3 grid 
of the hexode section of detector-converter Tube 
VT- 1 67 (6K8) where it is mixed with the out
put frequency of the crystal circuit .  The resul t  
is a frequency equal to  the difference of the two, 
and is used to adjust the frequency of the oscilla
tor by means of the CORRECTOR control. 

(3) At the HET. OSC. position of the opera
tion swi tch 2 8 , the variable frequency oscillator 
is in operation while the crystal oscillator is not. 
H the antenna is in  position, the frequency meter 
may be used to receive or send any frequency in  
i ts range ; that i s ,  i t  may be used a s  a radio re
ceiver or transmitter. 

POW E R  

VT- 1 67 
6 KB 

B +  �o-=O:...:.N-=----_----, 
A- B-

(4) At the MOD. OSC. position, the variable 
frequency oscillator is in operation, while the 
audio amplifier-modulator circui t  is changed to 
operate as an audio-frequency oscillator and 
modulator in order to modulate the variable 
frequency oscillator at a frequency of approxi
mately 400 cycles. If the antenna i s  in posi tion, 
the frequency meter may be used to send any 
frequency in i ts range modulated at  the fre
quency of 400 cycles, but it cannot be used as a 
receiver since the audio-frequency amplifier tube 
has been converted to an audio-frequency oscilla
tor and the headset has been disconnected by the 
operation switch. 

325.  Detector Tube Circuit 
It has been stated that the triode section of Tube 
VT - 167  (6K8) i s  used in the crystal-oscillator 
circuit .  The remaining hexode section of the 
tube, of which the NO. 1 grid is tied to the con- · 
trol grid of the triode section, is used as a high 
gain screen grid detector with hexode grid No. 
3 acting as the control grid. The joint action of 
grids NO. 1 and 3 produces electron coupling of 
the signals on the two grids. (See fig. 98 . )  Resis
tor 2 2-2 supplies vol tage to the screen grid of 
Tube VT- 1 67 (6K8) . Capaci tor 1 4  bypasses the 
screen grid  to ground. Note that the antenna 

1 5- I B 

L..-f---o--- PHO N ES 
15-2A 

A+ �o---------------------------------� 
29 

TL 1 0 6 49 

Figure gB. Frequency Meter BC-22I-(B) , junctional diagram, detector and audio-amplifier circuits. 
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post 33 is connected to ground through the re
sistor 20. The r-f voltage developed across the 
load resistors 2 1  and 52-1 in the plate output 
circui t  of the variable frequency oscillator is 
coupled to the NO. 3 grid of this detector through 
a small fixed capacitor 5 .  The antenna post 33  
is also coupled to  the NO. 3 grid through the 
coupling capacitor 5 1 .  As a result of these coup
lings to the control grid the detector mixes the 
variable frequency oscillator output, with the 
fundamental and successive harmonics of the 
crystal oscillator, when the operation switch is in 
the XT AL CHK position, and with the radio 
transmitter frequency to be measured, when the 
switch is in the HET. OSC. position. By refer
ence to figure 98 i t  can be seen that the antenna 
post 33 is also coupled to the variable frequency 
oscillator output through capacitors 5 1  and 5, in  

. series. Thus, the antenna connection serves the 
dual purpose of a detector input terminal for 
the measurement of frequencies of external 
origin and of a variable frequency oscillator out
put terminal for use in  calibrating receivers. 
When the unit is employed for the latter pur
pose, a minimum of 2 ,000 microvolts of radio 
frequency energy will be available between the 
antenna post 33 and the ground post 32 at any 
frequency within the calibrated range. 

326. Audio-Amplifying Circuit (par. 25) 

The detector plate works into an audio-fre
quency choke coil 30, which is bypassed by the 
capacitor 40-3 to reduce the response to high 
frequencies. The beat frequency voltages built 
up across the choke coil are coupled through 
capacitor 9- 1 and the GAIN control potentio
meter 26 to the grid of Tube VT-1 1 6  (6S17) , 
connected as a triode through a section of the 
operation switch 28 .  The grid of Tube VT-1 1 6  
returns to ground through a section of the op
eration switch 2 8  and the potentiometer 26 ,  and 
the necessary grid bias voltage is obtained by 
means of the cathode dropping resistor 25 .  The 
plate (tied to the suppressor and screen grids) 
of Tube VT-1 1 6  returns to the positive plate 
supply voltage through the primary of the audio
output transformer 1 0. The secondary of the au
dio-output transformer connects to the PHONES 
jacks 1 5- I a  and 1 5-2a and to ground. This is  
done so that no d-c voltage will  be present in the 
output circuit .  The output circuit is designed 
for the use of the low impedance type Headset 
HS-3°- (&) . Under certain conditions the high 
impedance type Headset P-1 8  or P-20 can be 
substituted for the HS-3Q- (&) but the results 
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obtained will in general be inferior. 

327. Audio Oscillator-Modulator Circuit 
A functional diagram of the modulator and vari
able frequency ocillator circuits ,  together with 
the connection of the variable frequency oscilla
tor to the detector tube, is shown in figure 97.  
The audio oscillator-modulator unit provides a 
source of audio-frequency voltage for modulat
ing the r-f output signal from the variable fre
quency oscillator. When the operation switch 2 8  
i s  in  the MOD. OSC. position, the circui ts are 
so arranged that energy is fed back to the grid 
circuit of the VT-1 l 6  audio tube from the sec
ondary of the audio-output transformer 10 .  The 
primary winding in the plate circuit of the audio 
tube, coupled to the secondary winding, com
pletes the oscillating circuit. The capacitor 53  
across the primary winding, together with the 
inductance of the primary winding, constitutes 
the resonant circuit that determines the audio
output frequency of approximately 400 cycles. 
The plate voltage of the audio oscillator-modu
lator tube is obtained from the plate circuit 
(junction of resistors 2 1  and 52�1 ) of the vari-
able frequency oscillator tube through series re
sistor 52-2 . The output of the audio oscillator
modulator is divided by resistors 52-1 and 52-2 
and is fed to the plate of the variable frequency 
oscillator tube. \Vith this arrangement, audio
frequency voltage variations are introduced into 
the plate circuit of the variable frequency oscilla
tor tube, causing modulation to take place. Note 
that the output connections to the PHONES 
jacks are open with the operation switch in the 
MOD. OSC position and no sound can be heard 
in the headset. 

328. Power Supply Circuit (figs. 99 and 1 00) 
All power required for the operation of the 
meter is introduced through the battery ter
minal board 36,  located at the end of the battery 
cable. The common negative plate battery leads 
are connected to the middle terminal which is 
grounded to the chassis . A fabricated wiring 
harness and a fiber terminal board used in con
nection with the battery harness are provided 
for intercell and filament battery to terminal 
board connection. The positive 6-volt supply 
(A+) passes through the auxiliary switches on 
the PHONES jacks 1 5- 1 b and 1 5-2 b before go
ing through the POWER switch 2 9  to the 
vacuum tube filaments. The circuit is complete 
only when a headset plug is  inserted in one of 
the jacks. The positive 1 35-volt supply (B+) 



circuit is closed to the tubes of the meter only 
when the POWER switch is in the ON position. 
Since the door covering the control panel cannot 
be closed with a headset plug in place, the A and 
B batteries cannot be discharged even though 
the POWER switch is left in an active position 

when the meter is removed from service. 
Section IV. MAINTENANCE 

329. General 
For all details of field maintenance, see para
graphs 26 ,  2 7 ,  and 2 8. 

Section V. SUPPLEMENTARY DATA 

330. Tabular List of Maintenance Parts 

a. FREQUENCY METER BC-22 1 -AJ . 

NOTE. Order maintenance parts by stock number, "name, and description. 

Quan. Lowest 
Ref. No. Signal Corps Name of part and description per maint 
symbol stock No. equip. echelon 

83 · · · · · · ·  . 3A2 . . . . . . . . . . .  BATTERY: BA-2 ;  2 2 . 5=v . . . . . . . . . . . . . .  6 . . . 3d 

84 · · · · · · ·  . 3A23 · · · · · · · · ·  . BATTERY: BA-23 ;  I . 5=v . . . . . . . . . . . . . .  4 · · . 3d 

2 Z4.8 I A] . . . . . .  BAG: BG-8 I-A]; carrying . . . . . . . . . . . . . .  I . . . 3d 

2 Z55 I - I 60 . . . . .  BAG: BG-I 60-(&) /S ;  available for am-
phibious operations . . . . . . . . . . . . . . . . . . .  I . . .  Orgn stock 

3E I 605-6 · 5 · · · . CORD : CD-605 ; 6 ¥2=ft; 2=cond. ;  PL-55 
at one end; Transformer C-4 I O  at other . .  I . . .  3d 

3E I 874 · · · . . . . .  CORD : CD-874; 6 Yz=ft . ;  2=cond. ;  PL-55 
on one end; ]B-47 on other end . . . . . . . .  I . . .  3d 

2B830 (&)  . . . . . .  HEADSET: HS-30-(&) ; component . . . .  } r • • •  Orgn stock HEADSET : HS-30-( &) ; repair parts . . . .  . . 

2B I 300 . . . . . . . .  INSERT: M-300 . . .  , . . . . . . . . . . . . . . . . . . .  2 . . . Orgn stock 

2Zg0 I gA . . . . . . .  STRAP: ST-I g-A . . . . . . . . . . . . . . . . . . . . . .  I . . .  3d 
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b .  FREQUENCY METER BC-2 2 1 -AL. 

NOTE. Order maintenance parts by stock number, name, and description. 

Ref. No. 
symbol 

1 58 

Signal Corps 
stock No. 

Name of parts and description 

BAG: BG-8 1-AL; carrying 

2Z55 1 -60. . . . . .  BAG: BG- 1 60-(&) /S ;  available for am-
phibious operations . . . . . . . . . . . . . . . . . .  . 

gA2 . . . . . . . . . . .  BATTERY: BA-2 ; 2 2 . 5=v . . . . . . . . . . . . .  . 

3A23 . . . . . . . . . .  BATTERY: BA-23 ;  1 . 5=v . . . . . . . . . . . . .  . 

3E I 874 · · · ·  . . . .  

2B830 (&)  . . . . .  . 

2B I 300 . . . . . . .  . 

CORD : CD-605 ; 6 Y2=ft; 2=cond. ;  PL-55 
at one end; Transformer C-4 I O at other . .  

CORD : CD-874; 6 Y2=ft; 2=cond. ;  PL-55 
on one end ; ]B-47 on other end . . . . . . . .  . 

HEADSET: HS-30-( &) ; component } 
HEADSET: HS-30-(&) ; repair parts . . .  

INSERT: M-30o . . . . . . . . . . . . . . . . . . . . . .  . 

2Z90 1 9A . . .  . . .  STRAP: ST- I g-A . . . . . . . . . . . . . . . . . . . . . . \ 

\ Quan. Lowest 
per maint 

equip. � echelon 
I 

I . . . 3d 

I . . .  Orgn stock 

6 . . . 3d 

4 · · . 3d 

I . . .  3d 

I . . . 3d 

I . . . Orgn stock 

2 . . .  Orgn stock 

I . . . 3d 
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Figure 99. Frequency Meter BC-221-AJ, schematic diagram. 
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1 6  1 7  
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NOTE ' PART NOS. 6 a 43 ARE THERMAL COMPENSATOR CAPACITORS 

DESCRIPTION REF DESCRIPTION 

f2)1f)l' 1 8  1 MILLIHY 
1 9  CRYSTAL 

10 )1)1' 20 5.000 OHM 
10 J'»' 2 1  50.000 OHM 7 �)lf 22-1 &2 10.000 OHM 
1 50 OHM 23-1&2 1 MEGOHM .02 ", 2 4  2.000 O H M  
OUTPUT TRANS 25 1 .000 OHM 
0.7 )I' 26 0.5 MEGOHM 
PHONE JACK 27 SWITCH 
FIL. SWITCH 28 SWITCH 
PHONE JACK 29 SWITCH 
FIL. ' SWITCH 30 1 50 HENRYS 
35 MICROHY 34 POWER PLUGS 
9.2 MILLIHY 35 POWER JACKS 

REF DESCRIPTION 

36 BATT E R Y  TERM. 
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4 2  1 00 J'),I' 
43 10 J'J'I 
44 50 )1)1' 
'45 0.25 ..u' 
49 6 )1)11 
50 12 }lJ" 
5 1  �g.cf& OHM 52-1 &2 
53 .002 }II 
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Figure Ioo. Frequency Meter BC-22I-AL, schematic diagram. 
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Figure 101. Frequency Meter BC-221-AJ, chassis wiring diagram. 
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Figure 102. Frequency Meter BC-22I-AL, chassis wiring diagram. 
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