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Figure 88. Frequency Meter BC-22I-AG, schematic diagram. 
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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 .  
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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. 
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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-
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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.) 
152 

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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VT-1 I6-8 
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� � o----------------------� 

VT- 1 I6 
eSJ 7 -

8+ 
A- B-

A+ • �O----------------------------------------� 
29 

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 

156 

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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NOTE ' PART NOS. 6 a 43 ARE THERMAL COMPENSATOR CAPACITORS 

DESCRIPTION REF DESCRIPTION 
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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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43 10 J'J'I 
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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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