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THIS SUPPLEMENT WILL ‘R“IN IN
EFFECT ONLY UNTIL THE INFORMA-
TION 1§ PUBLISHED 1IN AN OFFICIAL
WAR DEPARTMENT PUBLICATION.
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SUPPLEMENT TO
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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-211-AK, covered in this supplement, are:

NAME
Frequency Meter Set SCR-211-AK  °

SERIAL NO.
1 through 6000

Personnel using the equipment and having custedy of this technical manual will enter suitable notstions beside

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

formaotion,

Page 138, Par. 276. Add the following material
at the end of paragraph 276; Frequeney Meter Set
SCR-211-AK is shipped in one crate, 203§ x 1714 x
1475 inches. The total weight of the packed erate

is dle& pounds,
xd

Page 140, Par. 292. Add the following material
at the end of paragraph 292: A shield has been
added to the erystal socket to reduce crystal-oscil-

lator signal strength. Without the shield, zero beat
produced by heterodyne action between the erystal
oscillator and the wvariable frequency oscillator
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

covers three divisions of the dial vernier.

the vernier is reduced to one division. This results

in improved accuracy of the meter.

758-360%
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WARNING

WHEN BATTERIES ARE BEING LOADED INTO THE BATTERY
COMPARTMENT, DO NOT TOUCH THE CONNECTING I.EADS
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 CALIBRATE A
TRANSMITTER, NEVER MAKE ANY DIRFCT CONNECTION BE-
TWEEN THFE METER AND THE TRANSMITTER.

It



o, &

DESTRUCTION NOTICE

WHY — To prevent the enemy from using or salvaging this equipment for
his beneht.

WHEN—When ordered by your commancdier.

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, TN'L, 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—1. 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. Gut—As many wires and cables as time permits.

8. 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

Bz
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CHAPTER 1

GENERAL INFORMATION AND INSTRUCTIONS

Section I. DESCRIPTION

1. Imtroduction

&. This manual is intended to give a detailed
description of the operation and use of Fre-
quency Meter Set SCR—z11—(&). The models

- covered are as follows: SCR—211-A, B, -C, -D,

-E, -F, -], -K, -L, -M, -N, -0, -P, -Q, -R,
-T, -AA, -AC, -AE, -AF, -AG, -AH, -A],
—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
simtlar as far as Dbasic 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.

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 cheir use, and a general
description of the component parts and their

circuits.

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

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 manunal. Before using any particular
maodel, 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.

e. The symbol (&) as used throughout this
manual applies (o all models of Frequency Meter
Se¢ SCR—211. Similarly, the symbol (&) applies
to all models of Frequency Meter BC—221. For
an explanation of all other suffix symbols used
in this manual refer o the lollowing chart:

Symbol Refers spectfically to— Chapter covering
equipment

(&) ...... All models of Headset HS—30.........cvvivaiiint . 1 through 11
(1}....o0 Models A, C, and D of Frequency Meter Sct SCR—211 or

115 COMPONCILS, vy vursrrrnnnvsrorosnnansns Ciieeeeeann 2
(2)....... Models B and Q of Frequency Meier Set SCR—211 or

its COmponents, .v..veeerunas Ce e raraneeaaeae, ves 3
E........ Model E of Frequency Meter Set SCR—211 or its components. 4
(3).0een.. Models I, J, K, and L of Frequency Meter Sct SCR—2r11f

OF 115 COMPONENES. s i v s veanrsuenrans fererasiarareares 5
(4).......| Models M, O, R, and AC of Frequency Meter Set SCR—211

and its components. ............ Cereiiaeaas Pveenes N 6
(5).......| Models N and AA of Frequency Meter Set SCR—211 and its

components. .. .....



Symbel Refers specifically to Chapter covering
e(juipment
{(6).......| Models P, T, AF, and AH of Frequency Meter Set SCR-211
OF IS COMPONENTS . o v vttt s it s et e eiae e evnannann 8
(..., ..| Models AE and AG of Frequency Meter Set SCR—211 orf
its components. . ... 9
AK ......] Model AK of Frequency Meter Set SCR-z11 or its com-
ponents ...... e et e Trrreera ey 10
(8)..... ..| Models AJ] and AL of Frequency Meter Set SCR-211 or its
components. . ... ... i anann e s aaa s - 11

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
mcter. Lach meter contains a 1,000-ke crystal-
oscillator circuit which is used both as a source
of accurate radio-frequency signals at multiples
of 1,000 ke, 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—2z1- (&), a heterodyne-type
frequency meter, which is supplied in either of
two types of cabinet: a black wrinklefinished
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 compatrtment, at the hottom front,
contains either spare parts or the headset. (See
figs. 19, 20, 21, and 25 for representative views.)
A carrving handle and one or two snap latches
are mounted on the top surface of the cabinet.
Two small rings to which carrying Strap
ST-19-A can be hooked, are mounted at the
sides of the cabinet. The BG-221-Q, BC—221—
AA, BC-221-AC, BC-221-AF, BC-221-AF,
BC—221-AG, BC-2z1-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 BG-221-AA frequency

2

meters come with the aluminum-alloy cabinet.
All other models are supplied with the alumi-
num-alloy cabinet.

¢. Frequency Meter BC-221— (&) is calibrated
in two ranges: 125 to 250 ke, and 2,000 to 4,000
ke. By the use of the ¢d, 4th, and 8th harmonics
of the low-frequency range, any frequency be-
tween 250 and 2,000 ke can be obtained; by
the use of the 2d, 4th, and gth 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
ke, Its fundamental and harmonic frequencies
atre used to check the calibration of the variable
frequency oscillator at a large number of points.

d. The various models of Frequency Meter
BC-221-(&) come with 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
ground post, GND, mounted on the control
panel instead of on top of the cabinet. These
madifications are shown on the figures of the
particular models, (See figs. 3 through 8, incl)

NoTrs. 1. In addition to the controls shown on figure 4,
the control panel of the BC-221-AA and BC-z2:-AE con-
taing an antenna post, ANT, and the control pancl of the
BC—221-AG contains both an ANT and GND post,

2. In addition to the controls shown on figure 6,
the control panel of the DBC—221-AC, BC-221-ATF, and
BC—221-AH contains both an ANT and GND 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 itcms 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



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 maodels 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-
OPEFRATE-CHECK: in figure 8, OFF-WARM-
UP-CRYSTAL-OPERATE-MODULATE-
CHECK: in figure 6, HET. OQSC.XTAL
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. Frequenecy Setting Error

Frequency Meter Set SCR-211- (&) 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 ol the frequency meter occurs at a set-
ting of 4,000 ke (and its harmonics) when the
temperature 1s —30° 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) Warming up
(4} Changing of load on the antenna post

...............................

....................

100 cycles maxtmum
30 cycles maximum
100 cycles maximum
50 cycles maximum

{5) A drop of 10 percent in battery voltage or a change of 5° centigrade,

in the surrounding temperature ..............

{6) Error in calibration

b. This is the theoretical maximum error. 1t
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
crrors. 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 8o cycles. Actual
tests show that, in most cases, the average error
can be assumed to be no greater than 5o percent

.........................................

825 cycles maximum
500 cycles maximum
250 cycles maximum

..................... « 1,355 cycles maximum

or 0.034%, at 4,000 ke,

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 ke; and 180 cycles
at 125 ke,

4, Components

A complete listing of the various components
normally furnished with each model of Fre-
quency Meter Set SCR—211- (&} 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~211— (&) must
be equipped with the following component parts
before it is teady for use:

Quantity Component
Toevuns ....| Frequency Meter BC—221—(&) includes:
1 Calibration Book MC-177—(%).
1 Crystal Unit DC-9—(&) (in operating position).
| SR Set of vacuum tubes in place (applicable types).
| S Set of batteries (installed) includes:
O Batteries BA—a.
4 Batteries BA-23. .
Toieiinnnns Headset and cord (applicable types).




In addition to the above items nccessmy for
operation {(all not necessarily furnished with
the set), some models conte supplied witl vari-
ous spare parts: carrving straps. bags, tools, etc.
In order to avoid confusion, those extra items
normally snpplied with the equipment are listed
in detail under thac portdon of this manual ap-
plying to a partdcnlar model or series of models.

5. Replaceable Parts

Replaceable pares and components are depend-
ent upon the model of Frequency Meter Set
SCR -z -1&h . Thervefore, separate replaceable
parts lists have been made up {or cach different
model and will be found in the appropriate

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

6. Power Consumplion

All power required for the operation of Fre-
quency Meter Set SCR—z211— (&} 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-
rene drain of the varieus models may differ. For
this rveason, the power drain ot each model or
series of models will be described in the chapter
on the model a1 question.

Figure 9. Frequengy Melers BU-231-B, BU-211-0}, batiery iray.
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Section TL
INSTALLATTON AND OPERATION

7. Initial Procedure

Unpack Freguenoy Meter Set SCR—z11-(R)
witt cares remove e Tnsirament from s pro-
lective eativas bay or cover, and thovoaughly in-
spect adl compartments of the lrequency meter
citbinet for powible damage dwing shipment.
Check all components againsg the lsting in the

o et -

chapter on the model incquestion o ~ee that all
necessary components torv the particular mocdel
have been isued. See that the vacumm s
and the avste] unit e sened propetly in the
correct sockets.
8. Installation of Batteries

A Geserar, Treguency Meter B owo1— (8
obtiins all ol its operating voltages (ron -
teries. These are not ovdinarily inclided when

TL-10124

Flawe 11, Buthey oongatriment, weosden cabingt, showing fibes conurating board and o buttery leads,
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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 4 Batteries BA~-2g, and six
B Batteries BA—2 must be installed. Select these
batteries from fresh stock whenever possible.

b. 'Types oF BaTTERY InsTaLbaTiON, There
are three different types of battery installation
used in the various models of Frequency Meter
Set SCR—211~(R). These are as follows:

{1) The use of a battery tray or chassis as
supplied with Frequency Meters BC~221-B and
BC-221-Q. (Sce 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 (1)
above. Supplied with Frequency Meters BC—
221-A, BC-221-C, BC-221-D, BC-221-F, BC—

¢. Battery CoNNECTION. In all models of
Frequency Meter BC—221— (&), the series con-
nection of the 4 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 batteries.

(1) When the battery tray or chassis is used
(fig. 9) , conncet 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~
z21-0), only.

{z) 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 tig. 12.)

Figure 12,

221-F, BCwu21-], BC-221-K, BC-221-1., BC~
221-M, BG-221-N, BC—221-0, BC—221-P, B(—
221=R, BC—221=-T, and BC—221-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 tlie exception of Frequency Meter
BC-221-Q, b(1) above. These items are sup-
plied with BC-2921-AA (with wooden case) ,
BC~221-AC, BC—221-AE, BC-s21-AF, BC-
221=AG, BC-221-AH, BC-221-A], BC-e21-
AK, and BG-221-AL. (Sce fig. 11.)

Bt
- 3 I+
A-B- ]
A+ \NNes + 6 ||+ 4 -|[+ 2 -
36
R E bz
TL-10129 BLACKE—

Battery connection details, metal cabinet.

d. TestiNc BatTeERIES. The most satisfactory
methods of testing dry cell bacteries is to test
them under full lead conditions in the equip-
ment with which they are to be used. Make a
load voltage test with a thousand-ohm-per-volt
voltimeter 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

7



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 effect of the frequency shift

Terminals ‘ Normal d = ¢ Voltage | Minimum d =¢ Voltage
A-B-lo A+ _ 6.0 5-4
|
A—B-to B+ ] 135.0 121.5

If the woltages obtained are less than the mini-
mum values, replace the baticries, If a sufficient
number arve available, always replace with a
complete set of fresh battevies.

9, Antenna

a. In order that the [requency meter may pick
up an adequate signal from a transmitier being
checked, or radiate an adequate signal to a re-
ceiver being calibrated, some form of antenna
1s required on the frequency meter. Where 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. 12
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 will run
parallel, and close to the antenna lead of the
receiver or transmitter bheing 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.

Cauntion: Never connect the frequency meter
antenna dircctly to transmitter. Important
operating circuits of the frequency meter may
be burned out by the high r-f voltage present
and make the meter untit for furcher use.

b. Where conditions do not permitc 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 cach 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
mzking contace.

Caution: Always attach the antenna to the

8

caused by attachment of the antenna.

10. Headset

The various madels of the Frequency Meter Set
SCR—211— (&) make use of diflerent headsets,
Some of the earlier models use Headset P-18 or
P—20, whereas the later models use Headset
HS5-30- (%) and Cord CD-603. Some models
have space provided within the frequency meter
cabinet for storage of the headser, while in
others, the headset is carried in the top portion
of the protective cover, In any madel, 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 PHONFES jack. If this procedure is used,
extreme cave should be exercised to avoid dam-
age to the jack.

11. 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 cdge 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 sctting can
be kept fixed. This feature is of particular value
when che instrument is subjected to vibration.

b. UsE OF THE DIAL., {1) Sefting the dial. To
set this control, having loosened the locking
SCrew:;

fay Turn the dial until the proper hundred
graduation is directly under the line marked
on the window.

(0) Turn the dial clockwise until the proper
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whole unit graduation on the dial is directly
opposite the fixed arrow.

{(¢) Beginning with the nexthigher 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

DIAL HUNDREDS

VERNIER

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 nursber of this vernier line (counting the
index arrow as zero), gives the tenths place of
the complete dial setting. On the large dial the

—SEVENTH GRADUATION ON THE VERNIER.
READING .7

DIAL UNITS

UNIT DIAL

MAIN TUNING DIAD

0 HUNDRE!
76.0 MAIN TUNING DIAL
7 VERNIER
3876.7 COMPLETE
READING
TLI10130

Figure 1y, Frequency Meter BC-y27- (8}, main funing dinl,

the dial clockwise until the last graduation
counted on the dial coincides exacily wich the
last graduation counted on the vernier.

(dy Figure 13 is an illustration of the dial set-
ting 3870.7.

Caution: Always approach the final setting of
the dial by rurning 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 idca to practice on the dial until settings
can be made and read off quickly and accurately.

9



12, Calibration Book MC-177-(&)
The ealibration book is kept in the front cover
ol dhe meter chassis compartment. When e
cover is opened to expose the control panel of
the meter, it swings down to a position which
perntits veady veterence o the contents of the
book. In the carly models of the BCG-gu1— (&)
(vpe letters A throngh AF D a0 tansparent
shield is supplied to protece the book, and can
be pulled open veadily for tmming the pages.
In the Tater models fivpe Tetters AG aned upi,
a solid metal cover is supplied. The calibration
books supplicd withy the vaions madels may
differ shizhtlv as far as interial arnaneeaneins are
concerned. but adl conain esemmiially the same
information. Any exceptions to this geneval rule
are noted hebow,

t. Fescernos: The calibvinion hook is a list
ol dial scutingy and the corresponding [requen-

¥ DAL SITIINGS
MUY I ER ]
FUINTIEE RILOUYCies
S S e e
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PYRE TN T D

cies produced by the meter at those dial settings,
Altogether 1,251 dial-frequencey setings spacud
100 cveles apart have been determined in the
LOW [requency range, and 2,001 scttings spaced
r.ooo oveles apart have been determined in the
HIGH frequency rauge. Inasmuch as the vant-
able frequency oscillator cireuie of the meter
produces more dwan one frequency at a given
secting  {lundamental and havmonic frequen-
aesy, several ef the harmonies prodoced e
given at cach dial setung. The book also contains
concise operaiing instractions for making comn-
IO s Ureents,

St T e walues Bed e the calibration scetion sefer
onlv o b et whaee serial tvenber 5 printed one e Hy
Teal, Fhe calilmiation Dok noase e prodectesd], T is o vabable
trol. o very npentant part ol e equipment, and tokes o
great deal ol vme to diplicae,

O Tanrxize hg oy, (13 Fach section of
the calibravion buok is cross-indexed in the tol-
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Figure 14, Calibration Bool MC-r77-{32).
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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 oo 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 cx-
ample, note that the edge of the tab marked
*16” falls between the figures zroo and 3ooo.
Then note that the dial readings on page 16 in
the figure run from 2557.5 to 2756.4, in the
range of 200 to gooo. Immediately under this
INDEX OF DIAL SELUTINGS 13 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 1% leaves all of the 190 column
exposed. The figures thus exposed are the fre-
quencies contained in the first ine 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 zz1-A)

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

(3) The red hgures, 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
zevo beat at that crystal point.

(4) Some calibration books have the AVER-
AGE NUMBER OF DIAL DIVISIONS PER
KTLOCYCLE for that page listed at the bottom
of the right-hand column on cach page. This
practice has been discontinued on the later
modcls.

¢. FinpinGg A Diar. RraminG FoR A GIVEN FRE-
QUENCY, {1) Open the calibration bock to the
INDEX OF FREQUENCIFES 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 lacate

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
Diar Rraving. (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 SFETTINGS 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. When 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,

¢. DETERMINING INTFRMEDIATE Values BE-
TWEEN LISTED FrREQUENCIFS. 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 serting lies between
the two successive book values 2756.3 and 2952.7.
The corresponding frequencies for these book
values are 1g5.0 and 194.9 ke {(fundamental),
respectively.

Prablem: To find the unlisted frequency
corresponding to a dial setting of 2754.2.

Solution: The facts are stated numerically in
the following form:

Dial settings Carresponding frequencies ke

an156.3 1G5.0
Diff. 3.6 2754'2}Diﬂf. Ly F Diff. 0.1 ke
2752.5 194.9

11



F = UUnknown frequency.

(@) 0.1 ke + 9.6 div. = o.0277 ke per dial
division.

(D) o0.0247 ke x 1.5 div. = 00415 ke change
from lowest calibration frequency to F.

{€) 194.9 kc 4+ v.oq15 ke change = 194.9415

ke = F,
In the above problem, a change of 3.6 dial divi-
sions (from 27527 to a750. ‘1;) causes a change
of 0.1 kc in frequency (from 194.9 to 195.0 ko).
This represents a change of o.0259% kc per dial
division, {«) above. Since there are only 1.5 dial
divisions between 27522 and 2751.2, thc dif-
ference in trequency between these settings will
equal o.0277 ke x 1.5 div, {5} above, This dif-
lerence {0.0415 ko) is chen added to the lower
known frequency {194.9 ke) at the dial setting
of 27527, {¢) above to give the unknown fre-
quency F.

{2) Given: It is desired to set the frequency
meter te a frequency of 191.95 ke This fre-
quency lies between the two successive book
values 195.0 and 194.9 ke

Probicm: To find the dial setting which cor-
responds to the frequency 194.95 ke,

Solution: The facts are stated numerically in
the following form:

gl settings Correspanding frequencies he

2756.3 195.00
Diff. 3.6{ D DIff o.05 ke 1q1.95, N 0.1 ke
2FHET - 144.9

D = Unknown dial setting.

(@) 3.6 div. + 0.1 ke = 36 dial divisions per
ke.

(b) 86 div. x o.05 k¢ = 1.8 dial divisicns—
change from lowest dial reading to D).

(¢} 27527 -+ 1.8 = 2754.5, the dial setting 1
for a frequency of 164.95 ke.
In the above problem, changing the dial setiing
[rom 27529 to 2756.3 (3.6 dial divisiens) causes
a change of 0.1 ke in frequency (from 194.9 ke
to 195.0 key . This represents a change of 36 dial
divisions per ke, {a) ahove. An increase in fre-
quency from 194.9 ke to 194.95 ke is a change
of o.05 kec. Since a change of g6 dial divisions
causes a change of 1.0 ke in the frequency, an
nerease of .05 ke requires a change of g6 div.
x 0.05 ko cqual 1.8 dial divisions, () above.
This increase (1.8 div) s then added to the
dial reading (27527} corresponding to the lower
known ireqnency {162.9 ko), to obtain the dial
setting D corresponding to a frequency of 194.95
ke, {c) above.

12

{8) The methods demonstrated above are ac-
curate for all frequency columns (harmonics)
in the calibration book.

13. Operating Circuits

The {requency meter has four principal operat-
g parts: a variable frequency oscillator, which
is a source of radio waves of adjustable frequency
and is controlled by the main tuning dial;
crystal oscillator circuit, which enables the aper-
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 twe frequencies
clectronically; and an audio-amplifying circuit
which amplifies the difference or beat frequen-
cies produced in the detector or mixer circuit
when impulses {rom the crystal oscillator, or
from an outside source (applied to the ANT
posty, encounter impulses from the variable
frequency oscillator.

14. Zero Beat Detection

When 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 differcnce is called
the beat frequency. If the two original frequen-
cies arc very close to the same value, the differ-
ence may be enly 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 15 Starting at
point (A} on the figure, a very hwh pucherl
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 potnt (B} where the tone is re-
pplaced by a series of rapid clicks. As the process
continues stili further, the clicks decrease in
rapidity until they stop altogether at poine (G).
This is the point of zevo beat (where the two
original frequencies are exactly the same, that
is, their dillerence value is zero). Matching of
the two frequencies, for all practical purposes,
is obtained when clicks are heard at rather in-
frequent intervals. It is exrremely cithcult to
maintain a condition of absolute silence in the
lieadset over prolonged intervals of time. If one
of the two original frequencies is varied still
further, the rapidity of the clicks increases to
poiut (D). At this point a low pitched wne is
heard. Further variation in the same direction

fa)
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causes a gradual increase in pitch until point
{K} is reached where the beat note becomes
mnaudible again. This region of increasing pitch
on botl sides of the zero beat point is character-
istic of this procedure. (See par. 15b.) The fre-
quency-mixing circuit of the frequency meter
and its associated amnplifier are designed to am-
plify tones of a few cycles per second. When
the incoming signal is [airly strong, the clicks

to permit the operating temperature inside of
the cabinet to become stable. Figure % shows
that Frequency Meceters BC-221-A] and BC-
221~Al have a WARM UP position on their
power switches. Figure 8 shows that Frequency
Meter BC—221—-AK has a WARM UP position
on its operation switch. When the proper switch
is in the WARM TU'P position, the filament of
the variable frequency oscillator tube only is

D /
ABOVE 7, £
2 Z
AUDIBLE / =
RANGE % %
/& %’
. ®
[
'_.
a
w0
PITCH OF || Z
BEAT NOTE |} 4
wl
S
= POINT OF
5 EXACT
z ZERO BEAT
=
5
&
3
REGIONOFCLICKS [ — — — — — — —— — st s e e b ——
OR NO SOUND

FREQUENCY DIFFERENCE

INCREASING -~

- INCREASING

TL-7588

Figure 15, Brat frequency dingram, sero beat region.

are sharp and distince. If the signal is weak, the
zero beat condiuon is evidenced by a slowly
changing swis/t 1 the headset.

15. Correction in Calibration

a. Grsrral., Before making a correction in
the calibration of the meter. or using it for
measurements, the meter should be turned on
and allowed to warm up for 15 to 20 minutes

connected to the A4 battery circnit. This results
m a considerable saving of A battery power
while permitting the meerior of the meter to
WArm up to proper operating temperatures.

b. Cansration at CRYSTAL CHECK
POINTS, By calibrating and correcting at a
crystal check point, the meter 1s so adjusred that
the frequency generated by the variable fre-
quency oscillator at a given dial setting 1s ac-

13



tually the same as the frequency listed opposite
the dial setting in the calibratton 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 16 shows a typical tuning curve
of the BC-221- (&}, together with CRYSTAL

which can always be identified by the increase
in pitch on ecither side. Figure 17 is a block
diagram which shows the adjustment of the
variable frequency oscillator to a CRYSTAL
CHECK POINT. It is desired to check the vari-
able frequency oscillator at 2,000 kc, for ex-
ample. After the meter has been warmed up,
the tuning dial set according to the calibration
book for 3,000 ke, 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 grd harmonic of the crystal oscillator
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Figurs 16.  Frequency Meter BC—-221~(&F), typical Jrequency meter luning curves,

CHECK POINTS. Whenever the frequency of
the variable frequency oscillator becomes equal
to oute of those frequencies, at the time of cali-
bration, no sound should be heard in the head-
set. On either side of this matching position,
however, a definite tone will he heard as either
the tuning dial or the CORRECTOR control
1s turned, increasing in pitch until 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

14

(3,000 k) is 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 oscillator 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 either 2,999.5 kc
or 3,000.3 ke would produce a difference of goo
cycles. Proper adjustment of the CORRECTOR
control will hring the variable frequency oscilla-

h o]



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

¢. Tyricar CorrECTiON ProcEDURE. The vari-
ous models of the Frequency Meter BC—221- (&)
use several different methods of making the
correction setting because of variations in the
marking of controls, and differences in circuit
arrangements, 'The following procedure, on the
BC-221-AA, is typical for the majority of mod-
els. (For details regarding other models, see the
chapter on the specific model involved.)

(1) 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.

{z) Open the panel cover which holds he
calibration Dook. Using the index as described

no socund 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.

(¢) 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 until 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) Afccr setiing the main tuning dial to a
CRYSTAL CHECK POINT as described above,
check the accuracy of the frequency meter still

VARIABLE
FREQUENCY
OSCILLATOR - - DETECTOR BEAT FREQ | aupIO- OUTPUT FREQ
2999.7KC. OR | 2999.7 KC| CONVERTER FsO3KC | AMPLIFIER F=O3KG (300 CYCLES)
30003 K.C, OR
3000.3 KC
AF=3000KG

CRYSTAL

OSGILLATOR

3000 KG

TL-7587

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

in paragraph 12b, locate the page on which the
desired {requency is to be found. At the bottom
of the page, the dial setting of the necarest crystal
check point is found in the dial column opposite
the designation CRYSTAL CHIECK POINT
which is printed in red.

{3} Turn the operation switch to CITECK.
Both the crystal and variable frequency oscilla-
tor circuits are now in Operation.

(4) Sct 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 will produce a sound of increasing pitch
in the headset.

{b) The two frequencies are so far apart that

further by rotating 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 CRYSTAIL CHECK
POINT in the calibration book should be within
1.8 dial divisions on the LOW 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.

{7y Turn the operation switch back o OP-
ERATE. The calibration is now completed.
The main tuning dial may now be turned to
select any {requency covered by the crysial check

Note. Switching from Jow to high band, switching from
check to crystal or vice versa, or operating any of the con-
trols, may cause the detcctor grid o block and the instru-
ment to stop operating. If this happens, ton the instrument
olt and then on again,
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paint 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
haudling can be corrected at @ number of places
along the twnng 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 harmonicsy of the crystal
osctllator, Since the harmonics of botl oscillators
are present in an unbroken series decreasing

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 heat
notes are chosen as CRYSTAL CHECK
POINTS (with a very few exceptions). To
avoid confusion as to the actual CRYSTAI,
CHECK POINTS, the lowest harmonic com-
binations of the two oscillator frequencies which
will produce zero beat (CRYSTAI. CHECK
POINTS) are given in the following tabulation

Variable Lowest
frequency vartable Crystal Lowest
vseillaror X frequency = oscillator X crystal
fundamental oscillator fundamental ascillater
frequency harmonic frequency harmonic
125.00 kc X |, 8 .= - 1,000 ke X 1
153.33 ke X | 15 = 1,000 ke X 2
142.86 kc x 7 = 1,000 ke i X I
153.85 ke X %) = 1,000 ke X 2
167.67 ke X 6 = 1,000 ke X I
181.82 ke X 11 = 1,000 ke X P
200.00 ke X 5 = 1,000 ke X I
214.29 ke X 14 = 1,000 ke X 3
222.22 ke i X 0 = 1,000 ke X 2
230.7; ke X 13 = 1,000 kc X 3
250.00 ke N 4 = 1,000 ke P X I
2,000.00 ke X 1 = 1,000 kc P X 2
2,166.7 ke X 6 = 1,000 ke X 13
2,250.0 ke X 4 = 1,000 ke X 9
2,333.3 ko X 3 = 1,000 kc DX 7
2,500.0 kc X 2 = 1,000 ke v X 5
2,666,7 ke X 3 = 1,000 ke X 8
2,750.0 kc X 4 = 1,000 ke X I1
3,000.0 ke | X I = 1,000 ke X 3
3,250.0 kc X 4 = 1,000 kc X 13
3,333.3 ke . ¢ 3 = 1,000 kc X | 1o
3,500.0 ke X 2 | = 1,000 k¢ i X v
3,060.7 ke . X 3 = 1,000 ke X It
3,750.0 ke ‘ X 4 = 1,000 kc X 15
4,000.0 ke | X t = 1,000 ke P X 4
1

Notre, Many other combinations of frequencies of the
variable freguency oscillator and he orystal oscillator will
prouce Deat points which would confuse the operator ex-
cept for the fact thar, in most cases, the intensity of these
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unlisted beat polnts is relatively Tow. If, when calibrating
the dial against a erystal heck point, 1wo beat notes arg
heard in the range of the CORRECTOR control, ALWAYS
zerto beat on the stronger of the twa.



17. Frequency Measurements

a. GeNEraL. Frequency Meter Set SCR-z11-
(&) may be used tor 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 sec-
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 ot 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
FREQUENCGY

VARIABLE

FREQUENGY

OSCILLATOR - . DETECTOR
2400 KC 2400 KC CONVERTER

BEAT FREC AUDIO

has been warmed up, calibrated, and set for
operation at exactly 2,400 ke, Under these con-
ditions a tone of 1 ke {1,000 cycles) is hieard 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, thercfore, the wrong
direction. The operator must move the dial in
the direction whicl causes the pitch of the tone
to decrease and continue this movement until
the zero beat point is reached. He must then
note the dial reading, see the calibration book,
and obtain the frequency of the incoming signal.
In this particular example, the incoming fre-
quency could be either 2,999 ke or 2.401 ke to
produce the the original beat note (difference
frequency) of 1 ke, 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 1ze.

b. MEASUREMFENT OF LocCAL "TRANSMITTER,
APPROXIMATE Freguency Kxowwn, To measure

F=2399KC COR 240I1KGC

QUTPUT FREQ _

F=IKC {1000 CYCLES)
TL-7586

T FEIKG AMPLIFIER

Figure 18.  Block dicgram, measwement of an external signal.

at several different scttings of thie main tuning
dial, awd for each dial setiting four frequencies
are given in the calibration book. When 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 [requency by varying the dial setting
slightly from the approximate setting until zero
beat is obtained. Figure 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 ke, as indicated by a receiver dial, for ex-
ample. It is assumed that the frequency meter

accurately the emitted frequency of an adjacent
transmitter or oscillator swvhose approximate fre-
quency is known, first correct the variable fre-
quency oscillator to the CRYSTAL CHECK
POINT nearest to the approximate known ire-
quency. Loosely couple the frequency meter
antenna 1o the source, turn the opetation switch
to the proper Upcrating condition, and move
the frequency meter tuning control to the zero
beat point found nearest the seiting given for
the approximate frequency. With the resultant
dial setting, refer to the appropriate column
in the calibration bogk to obtain the actual
frequency. (See par. 12d.)
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c. MEeasureMENT 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 frst 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-
cetver is being used for the ubove measurement,
make sure that it is not tuned to a harmonic of
the transmitter under measurement.

d. MEASUREMENT OF SiGNAL oF REMOTE
OriciN. To measure accuratcly a frequency of
remote origin, first tune the signal in on a radio
receiver and pote the approximate frequency
from the receiver calibration. Next, correct the
vartable frequency oscillator 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 its 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 che 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 it w i
be blotted out by the strong signal irom the fre-
quency mcter. If this occurs put the receiver
into operation for ¢-w reception, zero beat the
receiver to the incoming signal, and then zero
beat the frequency meter to the receiver. If this
catmot be done, reduce the coupling of the fre-
quency meter.) For both the c¢-w signal and the
modulated signal, the frequency read {rom the
appropriate column in the calibration book is
the desired frequency.

18. Precautions During Operation

a. Accuracy. The most important precaution
to obscrve in the use of the frequency meter is
proper adjustment of the CORRECTOR con-
trol. This adjustment corrects the accumulated
errors due to temperature, humidity, and battery
voltage variations, warm-up drift, and rough
handllng For most accurate results, allow the
frequency meter to warm up for about 15 to 20
minutes before giving the CORRECTOR con-
trol 1ts final adjustment and making frequency
measurements. If measwrements 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 uscd; readjust if the meter
has drifted. Always adjust the CORRECTOR
at the same temperature at which the instrument
is 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 if
the meter is allowed to stand in the cold for a
period of 3o 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 {ashion.
Where circumstances do not allow such a long
waiting period, the meter may be changed from
one temperature to another without impairing
its accuracy 1f it is recorrected immediately be-
fore making each measurement.

b. FaLsE Zrro Beats. The frequency meter
emits a number of frequencies simultaneously,
the most useful of which are listed in the cali-
bration book. On the LOW band, the funda-
mental frequency of the oscillator is 125 to 250
ke, and is listed in the left-hand column of the
calibration chart. The second harmonic is two
times the fundamental, covers 230 to soo kc,
and is listed in the sccond column. The third
harmonic, although not listed in the calibration
book, is present in the output of the frequency
meter and can produce a beat note almost as
strong as the second. It covers the frequency
range of 345 to 750 ke, The fourth harmonic
covers poo to 1,000 ke and is listed in the third
columnn. The fifth, sixth, and seventh harmonics,
not listed, ave also present, and can produce
relatively strong beal notes. The eightlt har-
monic, 1,000 to 2,000 kg, is the highest harmonie
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 kg, the second harmonic
covers 4,000 to 8,000 ke, the fourth harmonic
covers 8,000 to 16,000 ke, and the fifth harmonic
covers 10,000 to 20,000 kc. These are all listecl
in the calibration book. The third harmonic,
covering 6,000 to 12,000 ke, is present and can
produce a strong beat note, hut is not listed in
the ealibration book. The harmonics beyond the
fifth are present in decreasing strength and are
capable ot giving correspondingly weaker beat
notes. The presence of many unlisted harmonics
makes it possible to obtain beat notes that are
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very misleacding and can be the cause ol bad
errors in frequency measurement or frequency
adjustmerts.

NoTE. T be sure of the correct beat note, it is essential
that the operator know the approximate calibration of the
device he is measuring or adjusting.

c. BaTrrry LiFe. Batteries of rather limited
capacity are provided in the frequency meter set
so that the instrurment will not be too heavy. 1f
used sparingly, the batteries will last for a long
time. In most instances, the 15-minute warm-up
periods far exceed the actual periods of measure-
memnt; therefore, any reduction in warnm-up time
prolongs the useful battery life. To determine
the minimum length of time required {or suffi-
cient warm up, set the operation switch of the
meter for check of the calibration at the nearest
CRYSTAI, CHECK POINT and leave the
CORRECTOR control in such a position that
an audible bcat 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 stabilized enough to make reliable
measurements. Readjust the CORRECTOR
within 10 or 15 seconds of the time of aciual
measurement, 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 t1— (&) equipped with a WARM-UP posi-
tion on the POWER or operation switch 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 TFrequency Meter Set
SCR—211— (&} is to be stored for a period exceed-
ing 2 weeks, remove the batteries from the in-
strument. If this 1s not done, severe damage to
the interior of the meter may be the result of
deterioration of the barcteries,

19. Adjustments for Field Upkeep

In case of failure of the frequency meter due to
defective tubes or oscillator crystal, spare tubes
can be inserted 1n the proper sockets without the
necessity of recalibrating the instrument.

Caution: Never disturh 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 III, FUNCTIONING OF PARTS
20. General

The functioning of the various parts of the Fre-
quency Meter Set SCR—211-(&) is discussed in
a general way in the paragraphs below. For more
detailed functioning of parts and circuits and for
all diagrams of any particular model or group of
modcls, refer to the appropriate chapter.

21. Cirenit Components

The circuit of the' [requency meter may be
divided into four parts.

a. Standard of reference, provided by a crystal-

‘controlled oscillating circuit.

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

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

d. Audio-amplifying civcuit, which amplifics
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. 21¢.) It can
be switched in and out of operation without dis-
turbing the rest of the circuit. In some cases, the
crystal itself is shorted out, and in others, plate
voltage is removed from one of the elements of
the tube. Tor 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 voliage
are within the specilied limits. The crystal is
securely inclosed within an air gap type holder
mouwted in a standard metal tube envelope
which has an octal base. The holder protects the
crystal and shock, vibration, and huomidity
changes, thercfore, cause little variaton in its
tundamental frequency.

a. Crystar. Haryroxics. The crystal controls
a tube oscillator, which generates a constent [re-
quency of 1,000 ke phis its harmonics. These
harmonics are integral multiples of the funda-
mental; that is 2,000, §,000, 4,000 ke, 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.
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b. ArrvicaTion ofF THE CRYSTAL CIRCUIT. (1)
The crystal circuit has two functions.

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

(6 It is a source of 1,000 kc and harmonics
of 1,000 k¢, to be radiated from the meter an-
temma to some external instrument. {This is not
the case in the BC—-z221-A, BC—221-C, or BC-
221-D), since no provision is made in these
models for allowing the crystal-oscillator cirenit
to operate with the variable frequency turned
oft.)

{2} The two functions arc controlled by the
operation switch of the {requency meter. For
exact details see the chapter on the model 1n
questl(m.

23. Variable Frequeney Oscillator Circuit

The variable frequency oscillator circuit of the
frequency meter consists of several essential ele-
ments.

a. TuniNng CapaciTor. This capacitor is very
stable and is a feature mherent in the circuit
design. It is rotated by a precision type worm
wheel and worm. The tuning dial s attached to
the worm shaft and can be locked at any setting
by means of the dial lock. The dial lock is de-
signed so that locking will not cause a shift ot
more than g0 cycles at 4,000 kc. A small adjust-
able padding capacitor across the tuning capaci-
tor is the CORRECTOR control.

b, Cons. There are two coils in the variable
frequency oscillator circuit, ene for the LOW
band and enc for the HIGH band. The ter-
minals of either coil are connected across the
terminals of the tuning capacitor by the FREQ.
BAND LOW-HIGH band selector switch. Each
coil and its associated capacitors constitute the
resonaut circuit that determines the output fre-
quency of the variuble frequency oscillator tube,
In these circuits, every effort has been made to
reduce to & minimum all frequency variations
due to warming up of the tnbes and circuic com-
ponents, variations i battery output voltage,
and temperature and humidity changes. These
results are cbtained in different ways in the vert-
ous modcls. For specihic details see the chapter
on the model in question.

¢. Banp SeLrcTor SwrtcH. This switch changes
the internal circuirs of the variable [requency
oscillator to eithier LOW or HIGH band oper-
ation. See the chapter on a specific model for
further details.
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d. Circuit CorrEC10R. The CORRECTOR
is a small variable capacitor across the main
tuning capacitor. 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. TriIMMER CapaciTors. To insure a straight
line frequency operating curve and a frequency
range that covers virtually the entire dial, it is
necessary to control carefully the fixed capaci-
tance in the resonant circuits. This is domne by
adjusting either one of the two padding capaci-
tors depending upon the position of the FREQ.
BAND LOW-HIGH switch. These capacitors
are used to build up the fixed capacitance of each
circuit to the exact values called for by the
design of the variable tuning capacitor.

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

f. Osciirator TFuscrion, The variable fre-
quency oscillator is the source ot the frequencies
used in making frequency checks on receivers
and transmitrers. Its operation is controlled by
the operation switch of the frequency meter. In
one position of the switch, the output of the
oscillator is mixed with the output frequency of
the crystal-oscillator circuit. The resulting fre-
quency, the beat frequeicy, is ¢qual to the dif-
ference between the two and is used in calibrac-
ing the meter at a crystal check point. In another
position of the operation switch, the variable
frequency oscillator circuit is in operation, but
the crystal circuit is turned off. If the antenna 1s
in position, the frequency meter is used to re-
ccive or radiate any frequency in its range: that
is, it is used as a radio recciver or transmitter.
For further details of operation as applied to a
particular model, refer to the chapter on that
model.

24. Detector Tube Cirenit

A dual-purpose type vacuum tube is used in the
detector-couverter stage of all moedels of Fre-
quency Meter BC~zz21— (&), In the early models,
a pentagrid-converter type civcuit 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 contrel grids: the oscillator con-
trol grid and the detector control grid. When
IMeasurements arg l'l'lilde on transmitters, CnergY



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 in
frequency to 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 oscillator 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) circuit of
the detector-converter stage is made responsive
to low audio frequencies by the use of a high
inductance choke coil in its 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 operatar’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 blocking capacitor.
In the later models, an audio-output transformer
is used. Since there are no terminals that have
an apprecizble voltage difference between them-
selves and the chassis, there is no danger of the

Note, Switching from low te high band, switching from
the chiccking position to the trystal position ov vice versa,
or cperating any of the controls, may cause the detector
grid o block and the instrument to stop operating. If this
happens, turn the instrument off and then on again.

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

Section IV. MAINTENANCE

Note, Unsatisfactory perlormance of this tquipment will
be reported immediately on W.D.. A.G.0. Form No. 468, If
form s not available sce TM 38250,

26. General Instructions

This equipment is extremely accurate and sensi-
tive. Handle it as carefully as any precision
instrument,

4. REPLACEMENT OF ParTS. The accuracy of
calibration is affected by replacement of certain
parts. In view of the precision reguired, the
policy governing the maintenance of Frequency
Meter Set SCR—211—(%) is given below.

(1) Zone of the interior. (a) Repairs and re-
placement of parts, other than tubes, within the
variable frequency oscillator circuits and crystal
oscillator circuits of Frequency Meter Set SCR—
211- (&), 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 Depot Repair Shop.

(b) Frequency Meter Set SCR-211-{&), 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 dcpots.

1. 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—211— (&) in
need of repairs other than those specified in (a)
above, normal echelons of maintenance will be
followed.

{d) Unserviceable Frequency Meter Set SCR—
211—(&}) which is considered justifiable to repair
will be completely reconditioned and recali-
brated at the Philadelphia, Sacramento, or Chi-
cago Signal Depot Repair Shops.

21



(¢) Unserviceable Frequency Meter Set SCR-
211— (&)} which is considered beyond justifiable
reconditioning will be disposed of in accordance
with existing regnlations 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 wvariable frequency oscillator circuit and
erystal oscillator circuit of Frequency Meter Set
SCR—211—{&), are designated fifth-echelon main-
tenance and will be limited to those shops, in
addition to the three shops mentioned in (1) (4)
above, having the following equipment:

7. Primary and secondary frequency
standards.

2. Temperature-controlled chamber, cap-
able of housing the SCR-211- (&)
and capable of varying and main-
taining temperature from —q0° C.
to +060° C. '

3. Adequate indicating equipment for
determining  temperature of fre-
(quency mcter under test.

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

{b) If return of Frequency Meter Set SCR-
211— (&) to any of the repair shops designated in
(2} {a) above is not practical, or the condition of
the frequency meters does not warrant their re-
conditioning. they will be salvaged within exist-
ing regulations.

(¢} For those Frequency Meter Sets SCR-—
211— (&) in need of repairs in the audio ampli-
lier stage and/or replacement of tubes in all cir-
cuits, normal echelons of maintenance will be
followved.

b. Ficures axp Diacrars. The figures and
diagrams in this manual are useful in locating
the causes of trouble. ¥ach circuit element is
identified by means of a symbol number which
appears in the wiring diugrams. For complete
understanding of the eperation of the equipment
these diagrams should be referred 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.

¢. Srrvicing. 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

-‘P$-0il, lubricating, preservative, special  {all

temperature, Specification No. AXS$—477) 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. If the interior of the battery
compartment shows damage due to unavoidable
chemical deterioration of the hatteries, clean the
compartment thoroughly with aqueous ammonia
solution, naptha, benzine, or pure gasoline to
neutralize the effects of the battery chemicals.

d. Spark Tunfs. 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 though
the accuracy of the meter may be slightly im-
paired.

e. CrEaNInG. An air blast is recommended for
cleaning the instrument, provided the air is ab-
solutely free from moisture and oil. 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 necessitate complete recalibration of the
meter,

f. CoxtroL Knops. If the control knobs be-
come loose on their shafts, tighten the setscrews
holding the knobs with the wrench or wrenches
provided. Never use these wrenches for any other
purpose,

g. REMOvVAL FROM SERVICE. When the set is
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-221-A, BC-221-C, and BC-
221-D) a copstane 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. If the set is to
remain unused for a period exceeding 2 weeks,
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remove the batteries.

27. Circnit Trouble

Faulty operation may be due to failure of the
power supply, the headset, the crystal-oscillator
circuit, the variable frequency oscillator circuit,
the detectorconverter 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 Powrr 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 position 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 B4
and A-B- terminals with a volmeter having a
full scale range of at least 150 volts, and 1,000
ohms per volt sensitivity.

Caution: Do not touch both terminals at the
same time. A sericus shock may result,
Measure the A4 voltage between the A4 and
A-B- terminals with a volimeter having a full
scale range of at least 6 volts. If the total B volt-
age is below 121.5 velts, or the total A4 voltage
below 5.4 valts, replace the batteries. When re-
placement of the batterics is necessary, installing
an entirely new set of batteries 1s recommended,
rather than replacing individnal cells or bat-
teries that may read low,

b. Caecking HEADSET. To test the headset,
proceed as follows: Remove the plug from the
frequency meter and open the bartery compart-
ment. Then listening to the headset, touch the
tip of the phone plug several times to one ter-
minal of a t.5-velt 4 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 methad
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.

¢. 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

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

d. CHICKING VARIABLE FREQUENCY Oscir-
LATOR. To check the variable frequency oscil-
lator circuit, turn the operatton switch of the
frequency meter for normal operating conditions
{crystal oscillator not operating) and repeat the
operations described in ¢ above. In this test, how-
ever, the main tuning dial of the meter will have
to be set to a known valuc of frequency and
picked up on the receiver tuned for the same
frequency.

&. CHECKING DETECTOR-CONVERTER AND AUDIO-
AmpPLIFIER CirculTs. If all of the preceding tests
indicate that the items or circuits tested are in
operating condition, and trouble still persists,
the detector-converter or audio-amplifier circuits
may be defective. To test the audioc-amplifier
circuit, remove the frequency meter chassis from
the case and connect it to the power supply by
means of clip leads, or more conveniently, by
means of an adapter cable made up for that pur-
pose. With the meter in operating condition,
turn the GAIN control clockivise {to the right).
Whitle listening in the headset, remove the de-
tector-converter tube from its 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
msure good contact in the socket. If theve is no
improvement, replace the douhtful item with its
spare, If the trouble still exists, it 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 tempcerature and relative humidity
are extremely high. The fellowing problems ave
typical:

(1) Resistors and capacitors fail.

(2) Electrolytic action takes place in coils,
chokes, transtormer windings, etc., causing even-
tual break-down.

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

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

b. TREATMENT. A moistureproofing and fungi-
proofing treatment has been devised which, if
properly applicd, 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
tollows:

(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.

(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 circuit elements have
absorbed.

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

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

¢. Stee-ey-STEP INsTRUCTIONS. The following
are step-by-step instructions for the treatment of
Frequency Meter BC—221- (&) :

(1) Disassembly. (a¢) Remove the chassis of
Frequency Meter BG~221— (&) 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.

(¢) Cover grid cap of detectorconverter tube
with masking tape.
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(d) Cover CORRECTOR trimmer capacitor
with masking tape.

{¢)} Cover contacts, or push paper in so that
it covers contacts, on ail switches.

{(fy Cover all prongs on power supply plug
assembly with masking tape.

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

(4} Cover the HIGH and LOW trimmer
capacitors with masking tape.

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

Cautfion: Make sure that a complete job of
masking has been done on the items 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 fungiproofing see T SIG 13.

Section V. SUPPLEMENTARY DATA
29. General

a. Components and parts are dependent upon
the model of Frequency Meter Set SCR-z211-
(&) . 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 he found in the chapter on the
model in question. If the schematic diagrams of
the various models of a group of models happen
to differ, each variation will be covercd 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. 19 to 27, incl.)
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Figure 20,

Frequency Meter BC-20¢-B, view of cabinet interior and calibration book.
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Figure 22,

Frequency Meter BC—22r-F, rear view of chassis.
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CHAPTER 2
FREQUENCY METER SETS SCR-211-A, SCR~211-C, AND SCR-211-D

Section I. DESCRIPTION

30. General

Frequency Meter Sets SCR—-211-A, SCR-211-C,
and SCR~211-D have been manufactured by the
Bendix Radio Corporation on several different
orders. Sets SCR-211—C and SCR-211-D are
identical in all major respects and are treated
as such in this chapter. Set SCR-211-A differs
from the SCR—211—C and the SCR-211-D in
two minor respects. 'The only noticeable differ-
ence in internal appearance between the SCR-
211-A, the SCR-211-C, and the SCR-211-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, 201
and 21-1, capacitor 7-1¢, and a change in the

comnection of the suppressor grid of the variable
frequency oscillator tube, the circuit of the
SCR~211-C or the SCR~211-D is identical with
that of the SCR—211-A. It should be noted also
that the part numbers in the schematic diagram
of the SCR—z11-A differ from the part numbers
of the SCR~211-C and the SCR~211-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 s.
The symbol (1} as used throughout this chapter
refers to either the SCR-211-A, SCR—211-C, or
SCR—211-D.

31. Components

Each Frequency Meter Set SCR-211-{1) in-
cludes the following component units:

Cantity

Gompuncnt

Frequency Meter BG—221-(1) includes:
1 Crystal Unit DC—g—{1) (in operating position).
1 Grystal Unit DC~g9—(1) (spare, mounted on chassis).
t Galibration Book MC-177—(1}.
. 1 Calibration Book MC~177—(1) (spare, untyped, in chassis compartment).
t wrench for Bristo No, 6 setscrew (spares compartment).
1 wrench for Bristo No. 8 setscrew (spares compartment),

> Tube VT-77, type 77 (one in use, one spare),

—211—1{1}.

S '; Bag BG-81—(1).

Commercial tube type 6A7 (one in use, one spare).
Tube VT—76, type 76 (one in use, one spare).
Preliminary instruction book, or technical manual for Frequency Meter Set SCR

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

32, Additional Equipment Required
The following equipment, not furnishe® with

the orders, is required to complete each Fre-
quency Meter Set SCR—211-{1) ¢

Quantity Article
| I Headset P-18 or P—o0.
S P, Batteries BA—2,
N Batteries BA—23.
| SR Strap ST—-19-A.
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33, Total Weight

Frequency Meter Set SCR-211-{1}, complete
and ready for service, weighs a8.5 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 g2. The following are the current
drains at the specified voltage limits.
a. For the SCR—211-A:
Filaments: 5.4 to 6.0 volts, 0.86 to 0.1
ZIIIIIJCI'C.
Plates, etc.: 121.5 to 135.0 volts, p.0ogt
to 0.01006 ampere.

b. For the SCR—211-C and SCR-z11-D:
Filaments: g.4 to 6.0 volts, 0.86 to o.g1
ampere.
Plates, etc.: 121.5 to 145.0 volts, 0.013 to
0.017 ampere.
¢. These values are typical for operation with
the CRYSTAL switch in the OFT position,
under which condition maximum plate current
is drawn.

35. Controls (par. zc)

When the snap latch is relessed 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
headser issued with the frequency meter. The
headset must be plugged in belore the meter
can be set in operation because of the series fila-
ment supply switch built into the jack.

b, The POWER OTTF-ON switch breaks both
the filament and plate supply voltages and, in
connection with the PHONFS jack, controls the
operation of the meter.

¢. The GAIN control is a volume control used
to adjust the inpuc 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

from the meter circuit. In the OFF position of
the switch, 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—
2111}, the circuit design is such that the vart-
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 ke (and whole multiples of
1,000 ke) becavse confusion will be caused by
the output of the variable frequency oscillator,
To obtain 1,000-kc signals, adjust the variable
[requency oscillator in the usual way for the fre-
quency desired.

e. The FREQ. BAND LOW-HIGH switch
permtits 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 setting the dtal 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. 11.)

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 cach CRYSTAL
CHECK POINT to make the calibration of the
instruument as accurate as possible over that part
of the scale centered at a given CRYSTAL
CHECK POINT and extending halfivay to the
next higher and next lower CRYSTAL CHECK
POINTS.

36. Yacuum Tubes

The vacuum tubes used in Frequency Meter Set
SCR-211—{1) are shown in the following tabu-
lation:

Referenre Function Signal Corps type ' Commercial Base
nomenclature equivalent
VT-—77...... Variable frequency oscilla- )
1003 S VT—77. . it TTeinnins Small 6=pin
6A7......... Crystal oscillator and de- l
tector. None......ovvvnnnns \ 6AT7...... Small 7=pin
VT-56 Audio-frequency amplifier. VIT—76... ... ..., .. Yo PUP Small 5=pin
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: Section II,
INSTALLATION AND OPERATION
37. Initial Procednre (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
hoard, 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. 12).
Tighten the securing strap with the batteries in
this position. Then connect the six Batteries
BA—2 in serics, and insulate the splices with
friction tape or spaghetti to prevent shore cir-
cuits. Assemble the six batteries in two layers of
three each, with the top layer inverted. See that
the minus and plus 135-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 compartument, 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 Dbattery installation as indicated in
paragraph 8d.

39. Antenna (par. g)

40. Headset {par. 10}

Plug Headset P-18 or P—z20 in the PHONFS
Jack. Then turn the POWER and CRYSTAL
switches to the ON positions. Allow the vacuum
tube filaments to heat for 15 to 20 minutes. The
equipment will then be ready for use.
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41. Reading the Dial (par. 11)

42. Calibration Book MC=177-~(1)
(par. 12)

43. Operating Circuits (par. 13)

44, Zero Beat Detection (par. 14)

45. Correction in Calibration

With the POWER and CRYSTAL switches
turned to the ON position, follow the procedure
described in paragraph 15. After completion of
this procedure, turn the CRYSTAL switch to
the OFF position and proceed with any measure-
nients.

46. Crystal Check Points (par. 16)

47. Frequency Measurements

The proper position for the CRYSTAL switch
for all measurements other than the correction
of the variable frequency oscillator is in the OFF
position. For details on making frequency
measurements read paragraph 17.

48. Precautions During Operation (par. 18)

49, Adjustments for Field Upkeep (par. 19)

Section IIl. FUNCTIONING OF PARTS

50, General

The part numbers of Frequency Meters BC—
221-C and BC—221-I) are exactly alike. The
part nuinbers of the BC—221-A differ, however,
atthough 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 parcntheses apply
to the BC-221-C and the BC—221-D, while
those not in parentheses apply to the BC—2z1-A.
For example, the designation 22 {18) means part
No. 22 of the BC-221-A and part No. 18 of the
BC-221-C or BC-221-D. This numbering sys-
temn applies throughout this section. For further+
details see figures g1 and 3e.

31. Circuit Components (par. 21)

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, Freguency Meter BC221—(1), funclional diagram, crystal-asciliator eireuil.

{(fig. 28), which operates at a fixed frequency of
1,000 ke when CRYSTAIL switch g6(28) is
placed in the ON position. The crystal circuit is
remeoved from operation when CRYSTAL
switch 86 (28) is turned to the OFF position
thus placing a short circuit around the crystal.
The crystal circuit is designed to generate con-
siderable harmonic encrgy so that iv can be used
to calibrate the variable frequency oscillator at
several points over its entire range. The neces-
sary plate circuit impedance is built up across an
untuned inductance 2z (18} housed in a bake-
lite case of rugged construction and thoroughly
sealed against moisiure, Resistor 31 (21-g)
shunted across crystal 23 (19} serves as the crys-
tal oscillator grid leak. Resistor 32 (24) supplies

Fe———————

voltage to the screen grid of the type GAy tube.
Capacitors 9.2 (7-2b) and g.3 (y-2¢) 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 2z.

NoTe, Tn Frequency Meter Set SCR-211- {1} the variable
frl:‘qucucy oscillalor is in operation when the power switch
is on, regardless of the position of the crystal switch. There-
fure, the cryystal oscillalor cannot be used as described in
paragraph zzb (1) (&), because of interfercuce from tlie varj.
able frequency oscillator,

53. Variable Frequency Oscillator Circuit
(par. 23)

Tube VI'-77 (7%) is used in an electron coupled

circuit as the variable Irequency oscillator. (See

fig. 29.)
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Figure 9. Frequency Meter BC-p2:—(1), functional diagram, variable frequency oscillator circuil.
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a. CoiLs. The two inductors 20 (16) and 21
{17} in the tuned circuits are wound on ceramic
torms 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 g5 (27} . Fach coil and the
tuning capacitor, 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 tbe cathode lead in the LOW frequency
position ol the band selector switch, and by the
capacitor and resistor combination 5(6) and
29 (zo—2) 1n the cathode lead in the HIGH
position. The position of the cathode taps on
the coils serves to contrel the amount of feed-
back in the oscillator circuit. Resistor 26 (21—2)
is the oscillator tube plate circuit load, and the
voltage developed across it is coupled to the
detector-converter tube 6A7 through capacitor
6 {5-1), or to antenna plug 30(31) through
capacitor 7 (5-2). Resistors 25 (22—1} and 24
(21-1) comprise a voltage divider network for
obtaining screen grid voltage in the oscillator
tube, In the BC—221-C and BC-221-D, a third
resistor {25—2) is added to the network in order
to supply a small positive voltage to the sup-
pressor grid of the oscillator tube. Part No. 8.1
(7-1a) is the screen grid bypass capacitor to
ground. Capacitor (y-1¢) in the BC-221-C
and BC-221-I} bypasses the suppressor grid to
ground. Capacitor 8.2 (7-1b} bypasses the plate
vollage supply. Resistor {20-1) in the BC—221~
C and BC-221-D provides a shunt from the
antenna post to ground.

b. BaNp SFLECTOR SWiTCcH. Swith g5 (25) is a
double-throw, double-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 self-aligning,
selt-wiping type. The switch has a heavy detent

which locates the rotor plate accurately in either.

the LOW or HIGH frequency position.

¢. Coruecror ConTrOL. Capacitor ¢ (2), the
CORRECTOR control with a range of 2 micro-
microfarads {2put), enables the aperator o
control the variable capacitance of the tuned
circuit in order to compensate for slight changes
in the circuit. (See par. 35g.)

d. Trinnnng  Capacitors. The  trimming

capacitors are parts § (3) and 4 (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 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.

€. OsciLLATOR Funcrion. (1) The variable
frequency oscillator is in operation at all times
when the POWER switch is in the ON position
and when a headsct is plugged into the PHONES
jack, regardless of the position of the CRYSTAL
OFF-ON switch. (See figs. 31 and g2.)

(2) At the CRYSTAL ON position the out-
put of oscillator Tube VT-77 is applied to one
of the grids of detector-converter tube 6A%7 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-
RLECTOR control.

(9} At the CRYSTAL OFF position, the vari-
able [requency oscillator is in operation, while
the crystal oscillator is not. If the antenna is in
position, the frequency meter may be used to re-
ceive or send any frequency in its range; that s,
it may be used as a radio receiver or transmitter.

54. Detector Tube Cirenit

It has been stated that the three inner elements
ol 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
oscillator is electronically coupled. (See fig. g0.)
The r-f voltage, developed across load resistor 26
(21~2) in the platc output circuit of the variable
frequency oscillator, is coupled to the control
grid of this detector through a small fixed capac-
itor 6{5-1). Antenna plug 4g (31}, mounted on
the chassis, is also coupled to the control grid of
the detector, through coupling capacitors 7 {5-2)
and 6 (51} in serics. Resistor 27 (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
i the ON position and with the radio trans-
mitter frequency to be measured, when the
CRYSTAL switch is in the OFF position. When
the CRYSTAL switch is thrown to the OFF
position, crystal 23 (1g) and its shunt resistor
$1(21-8) are shortcircuited and the inner grid

&
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of the type 6A7 tube is grounded. {See fig. 28.)
By reference to ligures 29 and 4o, it can be seen
that antenna plug 39 (31} is also coupled directly
to the variable frequency oscillator ocutput
through capacitor 4 {(5—2) alene. Thus, antenna
plug 39 {31) serves the dual purpose of a detector
input terminal for the measurement of frequen-
cies of external origin and of a variable fre-
quency oscillator output terininal 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 encrgy will be available
between the antenna terminal and ground (the
chassisy at any frequency within the calibrated
range.

high-impedance {15,000 chms) or low-impedance
{2.500 ohms) headsets may be used without any
change-over adjustments being necessary.

56. Power Supply Circuit (figs. 31 and 32)

All power required for the operation of the
meter is introduced through battery terminal
board 44 (46). The common negative filament
and mnegative 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. Section 97.2 {2ga) of the
POWER switch closes the positive f-volt supply
terminal (A4) to the vacuum tube filaments
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Figure 30,  Frequency Meter BC-z2r—(1), functional diagram, detector and audio-amplifier circuits.

55. Audio-Amplifying Circuit {(par. 25)

The detector plate works into an audio-fre-
quency choke coil §8 (30}, which is bypassed by
capacitor 10 (8) to reduce the response to high
frequencies. The beat-frequency voltages built
up across the choke coil are coupled through
capacitor 11 {g) and GAIN control potentiometer
34 (26) to the grid of Tube VT—76(76). The
grid of Tube VT—46 returns to ground through
potentiometer 34 (26), the desired bias voltage
being obtained by connecting the cathode to the
positive side of the filament. The plate of Tube
VT—456 returns to the positive plate supply volt-
age through load resistor 33 (2r—t), the latter
being bypassed to ground through capacitor
14 (10—2). The plate of Tube VT-46 1s also
coupled to PHONES jark 19.2 (15a) through
capacitor 14 (10-3), so that no d-c voltage will
be present in the output circuit. The character-
istics of the output circuit are such that either

through auxiliary switch 1g.1 {15b) when the
headset plug is inserted nto the PHONES jack;
and section $7.1 (2gb) connects the positive 145-
volt terminal (B4} to all plate and sercen 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 POWER switch
ON, a constant load will 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—zr1-A, S5CR—211-C,
or SCR-=211-D out of service.
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57. General

Section IV. MAINTENANCE

For all details of field maintenance, sce paragraphs 26, 27, and 28,

Section V. SUPPLEMENTARY DATA

58. Tabular List of Maintenance Parts
a. FREQUENCY METER BC-221-A.

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

Reference Chuan { Lowest
Na. Signal Corps Name of part and description per mainit.
symbol stock INo. equip, | echelon
2Z481A. . ... ... BAG: BG-81—-Aj carrying.................. 1. .. | gd....... -
2Zr51-160...... BAG: BG-160—(&)/S; available for amph1b1~
OUS OPETations.......ovvuueeiiranninas | 1. .. 'I Orgn stock
3A2.. ..., BATTERY: BA%; 20.52V....ooiien | 6.... ad -
3A23......., .+.; BATTERY: BAz23; 1. 5—v ................... | 4. 3d
3E1605-6.5..... CORD: CD-60s; 614=ft; 2=cond.; PL-35 «t
one end; Transformer (_,1‘“410 at other. L 3d
sEt874......... CORD: CD—874; 61%=ft; 2=cond.; PL-55 on I
one end; JB—47 on otherend. ..........., i I ... 3d
2B830({&) ...... - HEADSET: HS—30~/&}; component 1 |
| HEADSE'T: HS- 30—{&); repair parts{ 777 ‘ L ... Orgn stock
2B1goo. ., ...... I\SERT M—goo. .. .ooiioooia v 2L |Orgn stock
|
2ZgorgA.. ..., ‘ STRAP: ST-19-A.... ... ... I I ... ad
1
b. FREQUENCY METERS BC-221-C anp BC—221-1),
NoTE.  Ordet maintenance parts by stock number, name, and description.
f Quantity Lowest
Reference No. Signal Corps Name of part and escription per maint,
symbol stock No. Equip. echelon
2Z481C,....." BAG: BG-81-C; carrying............... 1% | gd
2Z481D.. .. .. BAG: BG-81-D; carrving............... I*. .
2Z551-160.... BAG: BG—160 (&) S; available for amphi-
bicus operations. ........... 0. vuunn.. 1. ..| Orgn stock &
gAe. ... BATTERY: BA2; 22.85=v................ 6...0 ad
sAzg........ ATTERY: BA2g: 1=v............. ... 4... sd <
3E1605-6.5..| CORD: CD-6os; 614=ft; 2=cond.; PL—55
at one cnd; Transformer ¢ 410 at the
other, . ... it i 1. 2d
sE1874...... CORD: CD-874; 614=ft; 2=cond.; PL—55
on one end; [B—47 on uLller end. . I. gd
2B830(&)....| HEADSET: HS—30-(&); component 1
HEADSET: HS—30—(&); repair parts.f ***| 1+ | Orgn stock
2B1goo. .. ... INSERT: M=300. ... 0vueviiiaannsinnn. - 2...| Orgn stock
f
2Z.001GA. . .. STRAP: ST—1g-A.. . vveieiiiiinienn.n. i 1...| 3d

* Only one Bag BG-81-C or BG-81-D is furnished per equipment.
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CHAPTER 3

FREQUENCY METER SETS SCR—211—-B AND SCR—211—Q

Section 1. DESCRIPTION

59, General :

Frequency Mecter Sets SCR-211-B and SCR-
211-C) 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.
Farly models of the SCR—211-D differ from the
later models of the same set, and all of the SCR—
211=-B models differ slightly from the SCR-
211-0). The later madels of the SCR-211-D con-
tain a revision in the antenna circuit, the value

of ihe grid leak of the dctector-converter tube,
and in the c¢rystal circuit. Part numbers on the
schemaltic diagrams differ also, and in some cases,
the elecirical values of the parts vary. For this
reason three schematic diagrams are printed
here; two for the two types of the SCR-211-B
and one for the SCR—211—(). For further general
information see paragraph 2. The symbol (2) as
used throughout this chapter refers to the SCR~
211-B or SCR-211-Q.

60. Components

Fach Frequency Mcier Set SCR-211—(2) in-
cludes the following component units:

1 Calibration Bock MC—-177-B (spare, untyped, in chassis compartment) g

Instruction hook or technical manual for Frequency Meter Set SCR-211—(2).

Quantity .! Componcut
S Frequency Meter BC-221—(2) includes:
1 Crystal Unit DC-g—(2) (in operaling position).
1 Crystal Unit DC—g—(2) (sparc, mounted on chassis}).’
1 Calibration Book MC—177-{2).
1 Battery Tray,
1 Wrench for Bristo No. 6 setscrew {chassis compartment).
L= Tube VT-167, Type 6K8 (one in use, one spare).
S Tube VT-116, Type 65]7 (two in use, two spare).
S Strap ST-1g-A.
) S Bag BG-81—(2)}.
S
I

Additional spare set of vacuum tubes {one each); {supplied in bulk)’

1 Mot supplied with BC-221-Q por with seme orders of the BC-221 B.
Z Nut supplied with SCR-211-Q.

45



61. Additional Equipment Required

The following equipment, not furnished with
the orders, is required to complete each Fre-
quency Meter Set SCR—z211-(2):

Meter BC-221—(2}. In the OFF position, both
the 4 and B battery circuits are open. In the
CGRYSTAL position, the 4 battery circuit is
closed to the series filament supply switches

Chuantity ‘ Article
| R ' Headset P-18 or P20, or Headset H5-30—(&) with Cord CD-605.
6....... . Batteries BA—2.
Gounn. cees : Batteries BA-23.

62. Total Weight

Frequency Meter Set SCR-211-(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 61. The current drains at the specified
voltage limits are as follows:

Filaments: 5.4 to 6.0 volts, 0.86 to 0.91
ampere,

Plates, etc.: 121.5 to 135.0 volts, 0.0145
to 0.017 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

When 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):

@. 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 hlament
supply switches built into the jacks,

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

¢. 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 bartery circuit is closed to all tubes with
the exception of the variable frequéncy oscillator,
In the OPERATE position, the 4 battery circuit
is closed as above, and the B battery circuit is
closed to all tubes with the exception of the
crystal oscillator portion of the detector-con-
verter tube. In the CHECK position, the 4 bat-
tery circuit 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 position of the operation switch.

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

€. The frequency of the variable frequency
oscillator 1s 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. 11.)

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
ot 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

Set SCR-211-(2) are shown in the following

The vacuum tubes used in the Frequency Meter  tabulation:
Signal Corps type Commercial
Reference Function nomendlature equivalent Base
VI-116..,.,....| Variable frequency VI-116..,.00...... 65J7*........ .| Octal
oscillator.
VT-167......... Crystal oscillator VI-167............ 6K8........... Octal
and detector.
VT-116.........| Audio-frequency VI-116....c0vnunn. 65 J7.0vuennn. Octal
amplifier,

* Prequency Meter SBet SCR-211-Q up to approximate serial Na,
2500 was originally supplied with Tube VT-118-B {68J9Y}. This
is practically the same as Tube VT-116 (63J7) but has a speeial
electrically Jow-loss base, After serial No, 2500 Tube VT-114 (68J7)
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 uscd.

Section II,
INSTALLATION AND OPERATION

66. Initial Procedure (pat. 7)

If the second set of spare tubes, in the case of the
SCR-211-B, is stored in the battery compart-
ment, remove it when inspecting the equipment
and place it in stock,

Figure 55.

67. Installation of Batteries (par. 8)

Remove the frequency meter chassis from the
cabinet when installing the batteries.

a. LocaTion oF BATTERY TrRaY. At the rear
of the cabinet, two small catches lock the door
ot 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
without detaching the cable. There is no need
to disconnect the cable from the tray or from
the meter during the battery assembly.

TL-3258

Frequency AMeter BC-a21-(2), loaded battery tray wilh sections separated fo show construction.
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. Descrirtion oF Battery Tray. The tray
(hig. 35}, 1s hinged at one end and held in place
by two hooks near the opposite end. When 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),
againse the terminal board which is secured to
the tray.

TL-330¢

Figure 36, Frequensy Meter BC-221—(2), removal of
battery tray from frequency meter using finger ving at top.

¢. WIRING BATTERIES IN TraY. (1) The wires
from each of the positive 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,
tegative. Place the other three B hatteries on
top of those already wired and connect them in
trn through the six holes at the top of the
board. Remove the nuts on the binding posts
of the 4 Batteries BA—23 and lay the batteries in
the ttay so that their outside (negative) termi-
nals pass through holes in the small terminal
plate. (See fig. 9.) With 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 135 volts.
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The A voltage is read between the two A ter
minals on the terminal board and the B voltage
between the two 8 terminals. After replacing the
frequency meter chassis, check the battery in-
stallation as in paragraph 8d.

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

d. WirinGg Tray To Merrr. The battery tray
is connected to the meter proper by means of a
black rubber-covered cable of three wires. Fach
wire is terminated at the battery tray with
marked terminal lugs, Conncct the wires as fol-
lows:

Green positive wire to the B4 screw.

White positive wire to the A4 screw.

Black negative wire to the A—B-screw.
Close the battery compartment door. The meter
is now ready for use.

68, Antenmna (par. )

69. Headset {par. 10}

The hcadset is usually kept in the compart-
ment at the front of the cabinet marked “Open
Cover for Ileadset.” (See fig. 20.) The Plug
PIg55 or Plug PL-125 of the Headset P18 or
P—20 must be inserted in one of the PHONES
jacks before the meter will operate.

70. Preparation for Use

a. To start the meter, inscrt the headset plug
into a PHONES jack and then turn the OFT-
CRYSTAL-OPERATE-CHFCK switch away
from its OFF position to any onc 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 hlaments
to heat for 15 to 20 minutes.

¢. In order to test for normal operating con-
ditions, set the opcralion switch knob at
CHECK. While rotatiug the DIAL UNITS
dial, listen in the headset for tones of increasing
and decreasing pitch. These different tones are
produced by the changing variable oscillutor fre-
quency beating with the various crystal har-
monics. The presence of these tones indicates
normal operation.

71. Reading the Dial (par. 11)

72. Calibration Book MC-177-(2)
{par. 12}
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73. Operating Circuits (par. 13)
74. Zero Beat Detection {(par. 14)

75. Correction in Calibration (par. 15)

The intormation given there applies exactly to
Frequency Meter B{—2u1—(2).

76. Crystal Check Points (par. 16)

77. Frequency Measurements (par. 17}

The proper position of the operation switch of
the BC—221~ (2} is OPERATE for making fre-
quency measurements as described in  para-

graph 17,

78. Precautions During Operation (par. 18)

79. Adjustments for Field Upkeep (par. 19)
Section III. FUNCTIONING OF PARTS

80. General

As stated in paragraph rg there are a number
of differences between early and late models of
the BC—221-B, and between the BC—221-B and
the BC-z221-Q. In order to describe all three
types at once a special numbering systermn is em-
ploved in the descriptions to follow in this sec-
tion. The numbers in parentheses apply to the
BC-221-Q. while the numbers out of paren-
theses apply to the later models of ¢he BC—z21-B,

The few reterences needed in the case of the
early models of the BC—221-B are provided for
by footnotes on the functional diagrams. As an
example of the numbering system, the designa-
tion 24 (22) means part No. 24 of the BC-221~-B
and part No. 22 of the BC—221-(). Tor further
details see figures 40, 41, and 42.

81. Cirenit Components (par. 21)

82. Crystal Circuit

The crystal circnit uses the triode section of
Tube VT—167 (6K8) shown in figure 57. The
oscillator operates at the fixed frequency of 1,000
kc when the operation switch 27 (26) is placed
in the CRYSTAL or CHECK position. The
operation switch controls the crystal oscillaior
by opening or closing its plate voltage circuit.
The oscillator circuit is designed to generate
considerable harmonic energy so that it can be
used o calibrate the variable frequency oscilla-
tor at several points over its entire range, as well
as to supply whole multiples of 1,000 ke {or the
calibration of receivers and similar equipment.
The necessary plate circuit impedance is buile
up across an untuned inductance zq(22), in-
closed in a metal can. Resistor 15 (14), part No.
15—2 in the emrly medel BC—221-B, is the oscil-
[ator grid leak and works in conjunctien with
the tube cathode resistor 1g{17}. The variable
capacitor 11 (10} is connected across the crystal

NOTE | (110 34(31} 2a122)
e f—
I o N
VT-167
I 71 12 » §
10-1{%-1} i m _ 2
= L -
—— & l 2 n = B .
——— z ®w — o —— a1 (51"
7(e) (3= z TNB = = ——6-1is-)
o ) = i= =) o
E 4 29021 - e g
= — -_
z i .
o 1807 30-1028-1)
2 FHONES
L3 o
% il
* g f _I
) | N A A 1B-ZUI5-2}
ls-zm I — v
AB- -
= sbla~2) ;:I'LV_‘ I
B+~ 30-2 {28-2)
FPHONES
A+

NOTE |:— CONNECTION SHOWN DASHED AND OPEN GIRGUIT SHOWN _:"'F APPLIES TO EARLY M_ODEL OF BCc-221-8

NOTE 2~ PART NO.15-1 IN ERRLY MODEL OF BC-221-8
NOTE 3-PART NO.)5-2 M EARLY MODEL GF BC-221-B
NOTE4'~PART NO.II IN EARLY MODEL OF BG-221-B
NOTES - OMITTED IN EARLY MODEL OF BC-221-8

TL1009E

Figure 37 Freguency Meter BC—221—(2), functional diagram, crystal-oscillator crel.
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2g (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
proeduce a frequency of 1,000 ke & 5 cycles at
z0% centigrade. The fixed capacitor 1o-2 (g—2),
shunted across the cryseal, minimizes any change
in fundamental frequency due to siall changes
i the crystal capacitance. It should be noted,
that part No. 11 (10) was omitted from the early
BC-221-B, and that part No. 10-2 (=2} was
part No. 11, Further reference to figure 47 shows
that the output of the cryswal oscillator is elec-
tron coupled to the antenna through the No. g
grid of the hexode section of Tube VIT-167 and
the capacitor 10-1 (g-1). Note further, that in
the case of the early BC-221-B, this connection
was made by capacitors 57 (6) and 10 in series.
For further details on the crystal oscillator, see
paragraph z2z.

83. Variable Frequency Oscillator Cireuit

(par, 23)
Tube VT-116 (65]%) is used in an electron

coupled circnit as the varizble frequency oscil-
lator. (See hg. 48)

a. Cous. The two inductors 22 (20} and
2g(21), in the tuned circuits, are entirely in-
closed in individual ceramic containers to pre-
vent mechanical injury and to eliminate the
influence of changing atmospheric conditions
on the stability of the meter. (See fig. 23.) The
active terminals of these coils are connected
across the terminals of the main tuning capacitor
1{1}) by means of the band selector (FREQ.
BAND LOW-HIGH) switch 26 (25). Each coil
and the tuning capacitor, together with other
capacitors mentioned below, constitute the res-
onant ‘circuit that determines the output fre-
quency. The correct operating bias on the con-
trel grid of the oscillator tube is provided by
the capacitor and resistor combination 5{4) and
14—1 {13-1) (part No. 14 in the early BC-221-R)
which connects to a tap on etther coil through
the band selector switch 26 (23). The frequency
of oscillation 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 18 (12) and 21-1{19-1), which
carty little current, are connectecl in series with
the taps, and serve to stabilize the operation of
the oscillator circuit by suppressing undersirable
oscillations. These resistors are mounted inside

30

of the coil containers and seldom require re-
placement. The scecond 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 26 {25}, serves
1o control che amount of feedback in the oscil-
lator circuit. Resistor 17 (16) is the oscillator
tube plate circuit load, and the voltage devel-
oped across it is coupled to detector-converter
Tube VT-167 (6K8) through capacitor 7 (6}, or
o the antenna through capacitors (6) and
10-1{g=1) in serics. (Note that in the case of
the early BC-221-B the oscillator plate is coup-
led to the detector tube by capacitor 7 (6) and
tor the antenna by capacitor 10.) Part 16-1 (15-1)
is the screen grid dropping resistor, and part
6~2 (5—=2) is the screen grid bypass capacitor to
ground. Capacitor ga (8-1) bypasses the plate
voltage supply.

b. BAND SELECTOR SwiTcH. Switch 26 (25) is
a double-throw, triple-pole switch with all con-
tacts mounted on ceramic plates. To minimize
ahnormal capacitive cffects, all contaces are made
as small as possible and are of the self-aligning,
self-wiping type with dual contacts. The switch
has a heavy detent which accurately locates the
rotor plate in either the LOW or HIGH fre-
quency position.

¢. Corrreror ConTrOL, Capacitor 2 (2}, the
CORRECTOR control, with a range of 1 micro-
microfarad {1ppf), enables the operator to con-
trol the variable capacitance of the tuned circuit
in order to compensate for slight changes in the
circnit. {Sce par. 64fF)

d. Trixizuxe Capacitors. The trimming ca-
pacitors are parts 3—1 (3—1) and -2 {3—=2). These
capacitors are adjusted at the factory to baild
up the fixed capacitance of the T.OW and HIGH
frequency circuits to the exact values called for
by the design of the variable tuning capacitor.

Cantion: Do not tamper with these trimmer
capacitor settings. To do so may throw the meter
completely off calibration. These capacitors are
equipped with thermal compensator capacitors
(part Nos. 4a and ¢h 1t the BC~=221-B) which
prevent {requency drifts due to tempetature
changes. These compensators are built into the
trimming capacitors on the BC-221-Q and do
not carry separate part numbers.

e. Osarrator Fuxcrion. {1) The variable
frequency oscillator is in operation at the
CHECK and OPERATE positions of the opera-
tion switch 27 {26 (See figs. 10, 41, and 42.)

{2) At the CHECK paosition, the ocutput ot
oscillator Tube VT-116 (68]7) is applied to

—



wni3 sewpeso Knambaal sgoune YueSop pruoymanf (2)—128-1 g gy Caambasy g€ iy

16001-"11

“g-122=09 40 T300N AHYI NiPION tHyd & IL0N

"0=-122-00 3HL NI 2-€ONV |-€ 40 SIHVd IWHITLINI 38V B8¥ ANY ¥ 'SON LHWd€3ILON

“9-122-29 J0 T3G0N ATHY3I NI 1-GI'ON L¥Yd Z3L0N
"€ -122-28 40 130N Auv3a Ol mu_._n_mqllvxlzt_o:m LINOHID NIJO ONY QIHSYO NAROHS NOILDINNGD I 3 LON

[

L
I~

- Y
>3 - +9
)H“o U996 | qgprg (e-$)2-8 ]
SR F4-~ AN - -8~V =
S3INOHd l ]
(2-82)2-0¢
H O -
S3INOHd HOIH
{1-921-0%
is2loz |,
= VR Vg
2 310N IV.W A L A
nﬂnn_uﬂuf_ o ~— | £1L0N 1-12 t HN-V 81 a-BNN nmsﬂw (a2 w
—-—== /o/ro (02122 . W
“II.I“ ) f—i ® P
—\NNVNV—1
1 bILON :-n:.\__ N )
&
IrS9 SII-EA 11 ;
{1-6)1-01 Gr. “ ()8 ONYS 0344
~ s -
Pl Y
.." 4
_
16141 43

g

sl



one of the grids of detector-converter Tube VT-
167 (6K8) where it is mixed with the output
frequency of the crystal circuit. The result isa
frequency equal to the difference of the two,
and is used to adjust the frequency of the oscil-
lator by means of the CORRECTOR controk

(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 frequerncy 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.

84. Detector Tube Circuit

It has been stated that the triode section of Tube
VT-167 (6K8) 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-

plate output circuit of the variable frequency;
oscillator is coupled to the No. g grid of this de-
tector through a small fixed capacitor %7 (6) . The
antenna plug or clip g4 {31) is also coupled to
the No. 3 grid through the coupling capacitor
10-1 (g—1). (Note that in the early BG-221-B
the antenna clip g4 {31) is coupled to the No. g
grid through capacitors 10 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 27 (26) is in the CHECK posi-
tion, and with the radio transmitter frequency
to be measured when the switch is in the OP-
ERATE position. By refcrence to figures 38 and
8g, it can be seen that the antenna plug or clip
54 (g1) is also coupled to the variable frequency

NOTEL 1o 34131 ma-sl_J_
It N % VT-lE
VT-167
! . & 6507
i h z
vT-116 ?I{?} puay 1,5 1321 3
6397 I T ({===_== 25(23)_l6-15-0 g g
l — 2008) |
o 12i1e)
L
5
=
1708) & 19017 ]
‘2 »
i s - 30-1{2B-)
* e - PHONES
N | - I
8-2 (7} | t6-2015-2)
{ o 302282}
—o—f-  PHONES
- 98 (A-2
A-p— * —— H"‘_“ ! v i
B+ - .
A+ -

MOTE || CONNECTION SHOWN DASHED AND QPEN CIRCUT SHOWN -—:’-\L APPLIES TO CARLY MODEL OF BC-2ZI1-B.

NOTE 2. PART MO.I5-1 IN EARLY MODEL OF BC-221-B.
Figure 39.

trol grid of the triode section, is used as a high
gain screen grid detector with hexode grid No. §
acting as the control grid. The joint action of
grids No. 1 and g produces electron coupling
of the signals on the two grids. (See fig. 39.)
Resistor 14—2 (13—2), part No. 15-1 in the early
model of the BC—221-B, is the detector tube
grid leak. Resistor 16—z (15-2) supplies voltage
to the screen grid of Tube VT-167 (6K8). Ca-
pacitor 8-z (7) bypasses the screen grid to
ground. Capacitor gb(8-2) is a bypass capaci-
tance across the plate voltage. The r-f voltage
developed across the load resistor 17 (16 in the

32

TL-10092,

Frequency Meter BC—221—(2), functional diagram, detector and audio-amplifier civeuils.

oscillator output through capacitors 10-1 (g—1)
and 7(6) in series (coupled directly through
capacitor 10 in the early model of the BC-—
221-B). Thus, the antenna plug 34 (31) serves
the dual purpose of a detector input terminal
for the measurement of frecuencies of external
origin and of a variable frequency oscillator out-
put terminat for use in calibrating receivers.
When the unit is employved for the latter pur-
pose, 2 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.

LY}
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85. Audio-Amplifying Cirenit (par. 25)

The detector plate works into an audio-fre-
quency choke coil 25 (23}, which is bypassed by
the capacitor 6-1(5-1) to reduce the response
to high frequencies. The beat frequency voltages
built up across the choke coil are coupled
through capacitor 13 (8-3) and the GAIN con-
trol potentiometer 28 (24) to the grid of Tube
VT-116 (68]7) conneccted as a triode. The grid
of Tube VT-116 returns to ground through
the potentiometer 28 (24), and the necessary grid
bias voltage is obtained by means of the cathode
dropping resistor 21—2 (19-2). The plate (tied
10 the suppressor and screen grids) of Tube
VI-116 returns to the positive plate supply
voltage through the plate load resistor 20 (18).
The plate of this tube is coupled also to the
PHONES jacks go-1(28-1) and g0-2(28-2)
through capacitor 12 (11), so that no d<¢ voltage
will be present in the output circuic. The char-
acteristics of the output circuit are such that
either high-impedance (15.000 ohms) or low-
tmpedance (2,500 ohms) headsets may be used
without any change-over adjustments being
necessary.

86. Power Supply Circuit (figs. 40, 41, and

All power required for the operation of the
meter is introduced through the battery terminal
board 32 {29), 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 135-volt supply
(B4} as described previously in paragraph f4c.
The positive 6-volt supply (A-+) is closed to the
vacuum tube filaments through the auxiliary
switches on the PHONES jacks go—1 (28-1) or
80—2 (28-2), 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 4 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
87. General

For all details of field maintenance see para-
graphs 26, 27 and 28.

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

42) a. FREQUENCY METER BC-221-B,.
Note. Order maintenance parts by stock number, name, and description,
Ref. No. Signal Corps Name of part and description Cuan.per| Lowest maint.
symbol stock N, equip. echelon
27481B. .... BAG: BG-81-B; carrying................ I...| 3d
2Z551-160 BAG:BG-160-(&}/8;available for amphib-
ious operations. I..| Orgn stock
sA2......... BATTERY: BAg2; 22.5=v................ 6... ad
3A23........ BATTERY: BA23; 1.5V, . .00euennnnn.. 4...| 3d
3E1605-6.5 CORD: CD-6os5; 61=ft; 2=cond.; PL—55
at one end; Transformer C~410 at other. I... ad
sE1874...... CORD: CD-874; 6%=ft; 2=cond.; PL—55
on one end; JB—47 on other end. I...| 3d
2B830(&) HEADSET: H5-30—(&); components
HEADSET: HS-30—(&); repair parts | "~ 1...| Orgn stock
2B1goo....,. INSERT: M-800.......c0ouvivnenenn... 2, Orgn stock
2Zgo1gA STRAP: ST-19-A.........oo i, I. | 3d

33



b. FrEQuENcy MerER BC-221-Q).

NoTte.  Order maintenance parts by stock number, name, and description.
Ref. No. Signal Corps Name of part and description (uan. per | Lowest maint.
symbol stock No. equip. cchelon
) 224810 ..., BAG: BG-81-Qcarrying .........vo. .. I, 3d
2Z551-160...] BAG: BG-160—(&)/S; available for am-
phibious operations. 1. Orgn stock
A2, ... BATTERY: BAg2; 22.5=v....... eeanees 6...] ad
g3A23........ BATTERY: BA29: 1.5=V.iuiciiiainnnan, 4...|3d
gL1Go5-6.5 CORD: CD-bo5; 614=ft; 2=cond.; PL—55
at one end; Transformer C—410 at other. T...| sd
gE1874...... CORD: CD-8y4; 615=ft; 2=cond.; PL—55
on one end; JB-47 on other end. 1...0sd
2B830(&) HEADSET: HS-30-{&); component
HEADSET: HS—30—(&); repair parts | * 7 I...| Orgn stock
2Big00. ... .. INSERT: M-300...veevviinniiiinnnans 2. Orgn stock
2790104 STRAP: ST-19-A...ccoiiiiiiiiiinennas 1. 3d
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Figure g43. Frequency Meter BC-22i-B (early model), chasiis wiring diagram.
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CHAPTER 4

FREQUENCY METER SET SCR-211-E

Section 1. DESCRIPTION
89, General

Frequency Meter Set SCR-211-E has been
manufactured by the Philco Corporation on sev-
eral orders. This model is similar to the SCR—
211-B and SCR—211-Q) described in chapter g,
but there are enough variations in mechanical
and electrical details to warrant treatment in a
separate chapter. For further general informa-
tion see paragraph .

90. Components

Each Frequency Meter Set SCR-211-F includes
the following component wnies:

91. Additional Equipment Required

The following equipment, not furnished with
the orders, is required to complete each Fre-
quency Meter Set SCR—=211-E:

Quantity Article

: S Headset P—18 or P—20.
6., Batteries BA-2.

Y Batteries BA—ag,

| S Strap ST-19-A.

Quantity ! Component
Frequency Meter BC—221~E includes:
1 Crystal Unit DC—9—E (in operating position}.
1 Crystal Unit DC—q-E {spare, mounted on chassis)*,
1 Calibration Book MC-177-E.
1 Calibration Book MC-177-E (spare, untyped, in chassis compartment}.
1 Wrench for Bristo No. 6 sctscrew {spares compartment).
1 Wrench for Bristo No. 8 setscrew (spares compartment),
P Tube VT-193, type 7G7 {one in use, one spare).
Qi Tube VT-208, type 7B8LM (onc in use, one spare),
2 Tube VT-192, type 744 (one in use, one spare).
) S Bag BG-8:-E.
S Instruction book for Frequency Meter Set SCR—211-E,
L P Additional spare sets of vacuum tubes {3 each of tubes
VT-193, VT—208, and VT-1g2, supplied in bulk).

* (Originally, on Order No. 2478-Chi-41, no =zpare DC-5-E was supplied.

6}



92. Total Weight

Frequency Meter Set SCR—-211-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 g1. The current drains under the
specified conditions are approximately as follows:
Filaments: 6 bolts; 0.71 ampere.
Plates, etc.: 135 volts; 0.0079 ampere with
operation switch at CRYSTAL.
0.0141 ampcre with operation
switch at OPERATE. *
0.010¢ ampere with operation
switch at CHECK.
*Contrary to the general rule covering this type of meter,

the SCR-21:-F. pluces maximum load on the bacteries in the
OPERATE position of the operation switch.

94. Controls (par. ze) _

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. T'wo PHONES jacks allow for observations
by two persons at the same time; for examnle,
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 switches built into the jacks.

b. The GAIN control is a volume control
used 1o adjust the input voltage to the audio-
amplifier tube, and in turn the level of sound
in the headset.

¢. The OFF-CRYSTAL-CHECK control is
the operation switch of the BC—221-E. In the
OFF position both the A4 and B battery circuits
arc open. In the CRYSTAL position, the 4 bat-
tery ctreuit is closed to the series filament supply
switches which are built into the PHONES
jacks while the B battery circuit is closed to all
tubes with the exception of the screen grid of

the variable frequency oscillator tube which ef-
fectively keeps this oscillator from operating. In
the OPERATE position, the 4 battery circuit
is closed as above, and the B battery circuit is
closed to all tubes with the exception of the
crystal-oscillator portion of the detector-con-
verter tube. In the CHECK position, the 4 bat-
tery circuit 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.

¢. The frequency of the variable frequency
osctllator is controlled by setting the dial labeled
“Dial Units” which is graduated into ene hun-
dred divisions. One revolution of the DIAL
UNITS dial moves the DIAL HUNDREDS
dial one division. (See par. 11.)

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 broughe 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—211-E are shown in the following
tabulation:

Reference ‘ Function Signal Corps type Commercial Base
nomenclature equivalent
VT-143.....! Variable frequency oscilla- VT-193....... .o 7G7...... Loctal
tor,
VT-208..... Crystal oscillator and de-
' tector. VT-208........... »vBSLM.. Loctal
VT-1g2..... ‘ Audio frequency amplifier. VT-192..... ciine 7A4..... Loctal...,

i



Section Il

INSTALLATION AND OPERATION
96. Initial Procedure (patr. 7)

Make sure a spare set of tubes is installed 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. 10)

Plug PL-r5 or Plug PL-125 of the Headset
P-18 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. 11}

102. Calibration Book MC—177-E (par. 12)
103. Operating Circuits (par. 13)

104. Zero Beat Detection {par. 14)

105. Correction in Calibration (par. 15)

The information given there applies exactly to
Frequency Meter BU—221-E.

106. Crystal Check Points (par. 16)

107. Frequency Measurements (par. 17)

The proper position of the operation switch of
the BC—z221-FE is OPERATE for making [re-
uUency measurements as described in  para-
graph 17.

108. Precautions During Operation
{par. 18}

109. Adjustments for Field Upkeep
(par. 1g}

Section IIL. FUNCTIONING OF PARTS
110. General

Frequency Meter BC—221-E is very similar in

operation to Frequency Meters BC—221-B and
BC-221-Q covered in the preceding chapter, but
contains a number of differences in circnit
operation.

111. Circuit Components {par. 21)

112, Crystal Circuit

The cathode, the inner grid, and anode grid of
Tube VT-208(7B8LM) constitute the active
elements of a crystal-controlled triode oscillator
(fig. 46) which operates at the fixed frequency
of 1,000 ke when the operation switch 28 is
placed in the CRYSTAL or CHECK position.
The operation switch contvols the crystal oscil-
lator by opening or closing its anode grid high
voltage circuit. The oscillator circuit is designed
to generate considerable harmenic energy so thac
it 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 ke
for the calibration of receivers and similar equip-
ment. The necessary plate (anode grid) circuit
impedance is built up across an inductance 23.
The capacitor 44 across the inductance 23 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
curent corresponding to these frequencies will
be increased. This increased cathode current
develops a voltage across the untuned inductance
19 in the cathode circuit, this voltage being im-
pressed upon the controt grid of Tube VI—208
so that the tesponse of the detector circuit at
CRYSTAL CHECK POINTS will 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 zo-2, shunted across
the crystal 25, is the crystal oscillacor grid leak.
Further reference to figure 6 shows that the
output of the crystal oscillator is elcctron coupled
to the antenna through the No. 4 grid of Tube
VT-208 and the capacitor 8—1. For further de-
tails on the crystal oscillaior, sce paragraph 2.

113. Variable Frequeney Oscillator Cir-
cuit (par. 23)

Tube VT-194 (7G5} is used in an electron
coupled circuit as the variable frequency oscil-
lator. (See fig. 47.)

63



e i< ysiis fupsSory puoynnf g-rez-0gq #ppy Qumbug  gb anFlg
- 4
0S201-71L gV
$ANOHd [Aa—a — +8
-0l
’ A —e-]

2-9l -0 T
SINOHd -\/ﬂmla ! A L4 1

I-€ o — 1 1

_ i2 |8t
202 Pa 1-02
— 4 oy

o
o
7 o
©
<
<
®
m
n
ni
L
o
, T

W18gL
\ DD D J 802-1A -8 79,

|3 €6l- 1A

6<c



iy aeypyzoce Srumbaif spquupe ‘wpsSoip pouospunf *F-125-0g 13N Lourmbasy  LF aandig

1
Lr

T

mmzo_t..-ﬂhﬂml

2-lel o 4

z-o1| *9

SR

+9

-g9-v

{er20-11)

S3INOHJ -|>d||.m l

[ L1120 NI S §

62

HH

L L9
€61~ 1A,

VOLOIWHOD '

65



a. Cows. The two inductors go and 22, in the
tuned circuits, are wound upon ceramic {orms
and coated with a special wax to eliminate the
influence 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
LOW-HIGH) switch 27. Each coil and the tun-
ing capacitor, together with other capacitors
mentioned below, constitute the resonant circuit
that determines the cutput frequency. The cor-
rect bias on the control grid of the oscillator
tube is provided by the capacitor and resistor
combination 7 and 19 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 coil. The resistors 14 and
15, which carry little 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 24,
serves to control the amount of feedback in the
osctllator circuit. The capacitor 6—2, connected
between the cathode tap and ground on the
LOW frequency coil, prevents interaction with
the HIGH frequency coil when the selector
switch 27 is in the HIGH position. Resistor 18
is the oscillator plate circuit load, and the voltage
developed across it is coupled to detector-con-
verter Tube VT—z208 through capacitor 8-2, or
to the antenna througl capacitors 8—2 and 8-1
in series. Part 16-1 is the screen grid dropping
resistor, and part 10-3 is the screen grid bypass
capacitor (o ground. Capacitor 10—2 bypasses the
plate voltage supply.

b. Banp SELECTOR SwiTcH. Switch 27 is 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 self-aligning,
self-wiping type. The switch has a heavy detent
which accurately locates the rotor plate in either
the LOW or HIGH frequency position.

¢. CORRECTOR ControL, Capacitor z, the
CORRECTOR control, with a vange of 2 micro-
mictofarads  (2upf), enables the operator to
control the variable capacitance of the tuned
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circuit in order to compensate for slight changes
in the circuit. {See par. g4f.)

d. TRIMMING CapacrTors. The frimming ca-
pacitors are parts 3—1 and 3-2. These capacitors
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.

Parts 4 and 5 are thermal compensator capacitots
which prevent frequency drifts due to tempera-
ture changes.

€. OsciLLATOR Funcrion. (1) The variable
frequency oscillator circuit is in operation at the
CHECK and OPERATE positions of the opera-
tion switch 28. (See fig. 49.)

{2) At the CHECK position, the output of
oscillator Tube VT-193 (7G7) is applied to one
of the grids of detector-converter Tube VT-208
(7B8LM) 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
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, it
may be used as a radio recciver or transmitter,

114. Detector Tube Circuit

It has been stated that the three inner elements
of Tube VT-208 (7B8LM) are used in the crys-
tal-oscillator 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 oscillator is electronically coupled. (See
fig. 48.) Resistor 20-1 is the detector tube grid
leak. Resistor 16-2 supplies voltage to the screen
grid of Tube VT-208 (7B8LM) . Capacitor 10—4
bypasses the screen grid to ground. Capacitor
10-1 is a bypass capacitance across the plate volt-
age. Note that the antenna plug 29 is connected
to ground through the resistor 21. The r-f volt-
age developed across the load resistor 18 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-z.
The antenna plug 29, mounted on the chassis,
is also coupled to the control grid of the detector
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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 28 is in the CHECK position,
and with the radio transmitter frequency w be
measured, when the switch 1s in the OPERATE
position. By reference to figures 47 and 48, it
can be seen that the antenna plug 29 is also
coupled to the variable frequency oscillator out-
put through capacitors 8-1 and 8—2 in series.
Thus, the antenna plug zg serves the dual pur-
pose of a detector input terminal [or 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 hetween the antenna
terminal and ground (the chassis) at any fre-
quency within the calibrated range.

115. Audio-Amplifying Cirenit (par. 25)

The detector plate works into an audio-fre-
quency choke coil z4, which is bypassed by the
capacitor ¢ to reducce the response to high fre-
quencics. The beat frequency voltages built up
across the choke coil are coupled through capaci-
tor 11 and the GAIN control potentiometer 26
to the grid of Tube VT-192 {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—1g2 returns to the positive plate sup-
ply voltage through the plate load resistor 17.
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The plate of this tube is coupled also to the
PHONES jacks g31—1 and g1-2 through capacitor
12, 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
{15,000 chms) or low-impedance (2,500 chms)
headsets may be used without any change-over
adjustments being necessary.

116. 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 lilament
and negative plate battery leads are connected
to the middle terminal which 15 grounded to the
chassis. A fabricated wiring harness 1s provided
for intercell and flament bactery to terminal
beard connections. The operation switch 28
closes both the positive 6-volt supply {A+4) and
the positive 155-volt supply (B~-) as described
previously in paragraph g4c. The positive 6-volt
supply (A+) 1s closed to the vacuum tube fila-
ments through the auxiliary switches on the
PHONES jacks 31-1 and g1-2, when a headset
plug is inscrted in one of the jacks. Since the
door covering the control panel cannot be closed
with the headset plug in place, the 4 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
117. General

For all details of field maintenance, see para-
graphs 26, 27, and 28.



Section V. SUPPLEMENTARY DATA

118. Tabular List of Maintenance Parts for Frequency Meter BC—221—E

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

Ref. No, Signal Corps Name of part and description Quan. perf Lowest malnt,
symbol stock No. eguip. echelon
2Z4B81E .. ... BAG: BG-81-E;carrying. . .........v0.- I. qd
2Z551—160 BAG: BG-160-{&}/S; available for am-
phibious operations.................... I. Orgn stock
gA2......... BATTERY: BA2; 22.5=v......oovvinnnt. 6...1ad
3A23........ BATTERY: BAzg; 1.5=v.. ..., 4...]3d
sE16o5-6.5 CORD: CD-6o3; 6t45=ft; 2=cond.; PL-35
at one end; Transformer C—410 at other, 1. 3d
3E1874 CORD: CD-874; 6%=ft; o=cond.; PL-55
on one end; JB—47 on other end. ..... I. 3d
2B830(&) HEADSET: HS—39—(&); component
HEADSET: HS—go—(&): repair partsf | 1+ ++| Orgnstock
2Brgoo. ... .. INSERT: M=200. .. .cuciuiinnennennnnnss 2. Orgn stock
2Z9019A STRAP: ST-t19-A. .. oot 1. ¢ PP

69



wiSolp oppinys ‘g-172-0f gy Qumbag  OF andug

i~ : mr gz | zRL-8
vLTOL L AP | 23i~1g AHOUDIW §€£ £7 WHO 008°L ¢l J
N0D DI MOT ot || 102 D3wd HOH i WHO £2 Fl e €1 ,..m._
- R DMd LNV 6L =T WHO 000§ 1z || AHOUIIW §'SL £1 v 6z | TR 9
‘WHIL ANIIIVE | O HOLIAAS 8T WHOOIW | | 281707 17T zZ1 v & s
SUDVI ¥IMOd | €E HOLiAAS )id WHO 000'0CE 81 I ST°0 S IR o=
SOMd ¥IMm0d | FE WHODIW 50 97 WHO 000°05 81 L0 | pEEOL i 4T 6T O E | TEL ¢
1504 ONlaNig | £ TwISAED 5Z WHO 000°5 L £l »a F0 | zRI-0l e ¢ ot € C
ONI¥ES LDVINGD | € SAUNTH (0S T WHO 00001 | Z®1-9L it #00 é Jeit oz
NOILAI¥ISIa | 434 NOILdIFI53Q 439 NOILINDSIA 434 NOILIIE253 338 || NOHLA1EDS3g 138
WIFH> - €
3AvNIdH0 - & CZ-vibP A9
TIYLSAHD T b r 5
440 - D ez D o— B
L 0 ¢
[ ]
- © — ) 0
Z-1g .
= >_ re S€ 9% ,_igo Acm
sanond T 1 T?
.i TJ.l_ -
: N ..:...m.g -9 | €-ob
- AN SHOLIDYYD HOLYSNIJWOD
AVWNIHL Dy € ONY & 'SON Livd tTLON =2
b-ig _ J
Frrs . .
SINOHd o | | 0 oz gt bz
SyEEy L
oz LD
T. =% by
|— 3
& 2] 8 “l ' ott i
>
z ~ w
rve { LoL -
261- 1A €61 = LA HOIH MO
aN¥Ee  "D3Yd

s

_¥01o3Hu09

ANY

"

70



NOTE!
‘aBv" DENOTES PARTS
ABOVE GHASSIS,

P |
LLTd]
i
(00|
k[ \
R | | ABY i
I WIRING LEGEND
SODE COLOR
' R RED
' [ BROWN
Bu | BLaCK
Y YELLOW
w WHITE
6 GREEM
WO [WHITE-QORANGE TRACER
T weL | " -HLACK
i WY Y -YELLOW *
[ - 3 WBR| " -BROWNM
glorafio-l fid 03 10-2 we |~ —reo -
q || ) , we | © -GREEM
— Wi wr—l g-p E= WE " -BLUE
0 @F O | ORANGE
1A idL B ALUE
- 4 i '__l" iy - ) LBLH“T E' L
R_Z{.WBRJ wo J { BaRE J I L = v! _‘]J l we
— WEL WEL TL 10631 { WH !
8R "
-
quency Meter BC-221-E, chassis wiring diagram, Figure 50.  Fre
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CHAPTER 5

'FREQUENCY METER SETS

SCR-211-F, SCR-211-],

SCR—211-K, AND SCR-211-L

Section I. DESCRIPTION

119, General

Frequency Meter Sets SCR~211-T, SCR-211-],
SCR-211-K, and SCR~z11-1. have been manu-
factured by the Zenith Radio Corporation on
several orders. These four models are similar to
the SCR—211-A, SCR—211-C, and SCR—211-D
series described in chapter 2. The four models
included in this chapter are electrically and me-
chanically alike, with two exceptions: The values
of parts 18, 49, and 50 vary; and parts 49 and 5o
were omitted from the early production of the
SCR-z211-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-211-F, SCR-211~], SCR-
211-K, or SCR-211-L.

120. Components

Each Frequency Meter Set SCR-211-(3) in-
cludes the following component units:

12]1. Additional Equipment Required
The following equipment, not furnished with
the orders, is required to complete each Fre-
quency Meter Set SCR—-211-(3):

Quantity Article

Headset P-18 or P—20.
Batteries BA—2.
Batteries BA—23g.

Strap ST-19-A*,

* Required for the SCR-211-F anly.

122, Total Weight

Frequency Meter Set SCR-211-(3), complete
and ready for service, weighs 33 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
Frequency Meter BC—221-(3) includes:
1 Crystal Unit DC-g—(3) (in operating position).
1 Crystal Unit DC-g—(3) (spare, mounted on chassis)’,
1 Calibration Book MC~177-(3).
1 Calibration Book MC-177-(3) (spare, untyped, in chassis compartment),
1 Wrench for Bristo No. 8 setscrew (sparcs compartment).
2 Tube VT'-116-B, type 6SJ7Y (onc in use, one spare).
- Commercial tube, type 6A7 (one in use, one spare),
S Tube VT-76, type 76 (one in use, one spare).
R Bag BG-81-(3).
) Instruction book for technical manual for Frequency Meter Set SCR—211-(3).
S Strap ST-19-A".
| Additional spare set of vacuum tubes (1 each of Tubes VT-116-B, 6A%, and VT-
76"

I Mot supplicd with the BO-221-T, BG-221-K, and BG221-1.,
2 Not supplicd with the SCR-211-F.
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& Three additional sets of sapare vacuum tubes are supplied with the
SCBR~211-F. (One set in uee, four eete spare, total).



paragraph 121. The current drains at the speci-
fied voltage limits are as follows:
~ Filaments: 5.4 to 6.0 volts, 0.86 to o.g2
ampere.
Plates, etc.: 121.5 to 135.0 volts, c.0126
to 0.0146 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. z¢)

When 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. 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 ilament sup-
ply switches built into the jacks.

b. The POWER ON-OFT switch breaks hoth
the filament and plate supply voliages and, in
connection with the PHONES jacks, controls
the operation of the meter.

¢. 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 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
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, and to furnish
whole multiples of 1,000 ke 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. 11.)

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 aver 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.

125. Vacuum Tubes

The vacuum tubes used in the Frequency Meter
Set SCR-211-(3) are shown in the following
tabulation:

Reference Funetion Signal Corps type Commercial Base
nomenclature equivalent
VT-116-B*,,....| Variable frequency
oscillator, VT-116-B*..... . 68Y7Y*...... Octal
(7% D Crystal oscillator
and detector. None,....... Ve 6A7 ..., Small 7
pin
VT—56.......... Audio-frequency VT—76........... 6 Small 5
amplifier. pin

* Tuhe VT-116 B is practically the same as Tube VT-118 but has a
special electrically low-losa base. In an emergency, a Tube VT-116

¢an be uzed iIn the variable frequency oscillator, but temperature and
humidity changes might cause undesirable effects.
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Section II.
INSTALLATION AND OPERATION
126. Initial Procedure (par. 7)

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

127, Installation of Batteries {pars. 8 and 38)
128. Antenna (par. 9

129. Headset {par. 10)

Plug PL-55 or Plug Pl.—125 of the Headset P—18
or Headset P—2o0 must be inserted into one of the
PHONES jacks before the meter will operate.

130. Preparation for Use

a. To stare the mceter, insert the headset plug
into a PHONES jack and then turn the PO'AER
switch to the ON position. 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 filaments
to heat for 15 to 20 minutes.

¢. In order to test lor normal operating con-
ditions, set the FREQ. BAND LOW-HIGH-
CRYSTAL ONLY switch to either the T.OW or
HIGH position and turn the CRYSTAL switch
to the ON position. While rotating the DIAL
UNITS dial, listen in the headset for tones of
increasing and decreasing pitch. These differens
tones are produced by the changing variable
oscillator frequency beating with the various
crystal harmonics. The presence of these tones
indicates normal operation.

131. Reading the Dial {par. 11)

132. Calibration Book MC-177--(3)
{par. 12}

133. Operating Circuits (par. 13)

134. Zero Beat Detection (par. 14)

135. Correction in Calibration

With the POWER and CRYSTAIL :witches
turned to the ON position, and with the FREQ.
BAND switch turned to the LOW or HIGH
position as required, follow the procedure in
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paragraph 15. 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. 16)

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 oscillator alone, is OFF. TFor details
on making frequency measurements sce para-

graph 17.

138. Precautions Duaring Operation
{par. 18)

139. Adjustments for Field Upkeep
{par. 19)

Section III. FUNCTIONING OF PARTS

140. General

As stated in paragraph 119, the four models de-
scribed in this chapter are electtically and me-
chanically alike, with two exceptions: The values
of parts 18, 49, and 5o vary, and pares 49 and fo
were omitted from the early production of the
SCR~z211-F. One schematic diagram (fig. 54)
covers all four models with the above exceptions
noted thercon.

141. Circuit Components (par. 21)

142. Crystal Cirenit

The cathode, the imner grid, and the anode grid
of the type 8A7 tube constitute the active ele-
ments of a crystal-controlled triode oscillator
{fig. 51) which operates at a fixed frequency of
1,000 ke when the CRYSTAL switch 28 is placed
in the ON position. The crystal circuit is re-
moved from opcration when the CRYSTAL
switch 28 is turned to the OFF pesition, thus
placing a short circuit around the crystal. The
circuit is designed to gencrate considerable hat-
monic encrgy so that it can be used to calibrate
the variable frequency oscillator at several points
over its entire range. The necessary plate circuit
impedance is built up across an uncmned induc-
tance 18 which is housed in a bakelite case of
rugged construction and thoroughly scaled
against moisture. Resistor 21~2 is the crystal-
oscillator grid leak and furnishes bias for proper
oscillator operation. The variable capacitor 5o
1s connected across the crystal 1g 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 ke = 5 cycles at 20° centigrade. The fixed
capacitor 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 ro were omitted from early
production of Frequency Meter BC—221-F. Fur-
ther reference to figure 51 shows that the output
of the crystal oscillator is clectron 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 oscillator can be used alone {par.
22b (1) (#), by having the CRYSTAL and
POWLER switches in the ON position and the
FREQ. BAND LOW-IIGH-CRYSTAL ONLY
switch z7 in the CRYSTAL ONLY position.
Resistor 24 supplies voltage to the screen grid of
the type 6A7 tube. Capacitors ¥b and %¢, in
parallel, bypass the screen grid to ground. Capac-
itot %wa is a bypass capacitance across the plate
voltage supply. For turther details on the crystal
oscillator, see paragraph 22.

143. Variable Frequency Oscillator Cir-
cuit (par. 23)

Tube VT-116-B (68]7Y) is used in an electron
coupled circnit as the variable frequency oscil-
lator, (See fig. 52.)

a. Cors. The two inductors 16 and 17, 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 ter
minals of these coils are connected across the
terminals of the main tuning capacitor 1 by
means of the band selector (FREQ. BAND
LOW-HIGH-CRYSTAL ONLY) switch z27.
Each coil and the tuning capacitor, together
with other capacitors mentioned below, consti-
tute the resonant circuit that dcetermines 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. Capacitor 42 couples the grid to
taps on the tuned circuits through the band
selector switch. The frequency of oscillation is
made relatively independent of wvariations in
tube characteristics when the grid connection is
tapped down an appreciable distance [rom the
high-potential end of the coil. The resistors g7
and 38, which carry lictle current, are connected
in series with the grid circuit taps on the coils
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and serve to stabilize the operation of the oscil-
lator circuit 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 feedback in the oscillator circuit. Re-
sistor 21-1 is the oscillator tube plate circuit
load. The voltage developed across it is coupled
to the dctector-converter tube 6A7 through
capacitor 5—1 or to the antenna plug g1 through
capacitor p-2. Resistor 22 is the screen grid
dropping resistor, and part 44a is the screen grid
bypass capacitor to ground. Capacitor 44b by-
passes the plate voliage supply. Resistor 20 pro-
vides a shunt from the antenna post to ground.

b. Banp SeLEcTOR SwiTcH. Switch 27 is a
triple-throw, triple-pole switch 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 its three positions.

¢. CORRECTOR ControL. Capacitor z, the
CORRECTOR control with a range of § mi-
cromicrofarads  {3ppf), enables the operator
to control the variable capacitance of the tuned
circuit in order to compensate for slight changes
in the circuit. (See par. 124g.)

d. Triving  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 LOW 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 Funcrion, (1) The vagpiable
frequency oscillator is in operation whencver
the POWER switch 29 is in the ON position,
the FREQ. BAND switch 27 is in either the
LOW or HIGH nposition, and a headset is
plugged into a PHIONES jack. (See fig. 54.)

{(2) At the CRYSTAL ON position of the
CRYSTAL switch 28, and with the FREG.
BAND switch 27 in the LOW or HIGH posi-
tion, the output of oscillator Tube VT—116-B
is applied to one of the grids of detector-con-
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verter tube 6A7 where it is mixed with the out.
put frequency of the crystal circuit. The result
is a frequency cqual to the difference of the two
and is used to adjust the frequency of the oscilla-
tor with the CORRECTOR control.,

{(8) With the switches set the same as in (2)
abave, except that the CRYSTAL switch 28 is
in the OFT position, the variable frequency os-
cillator is in operation while the crystal oscillator
is not. If the antenna is in position, the fre-
querntcy 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.

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

22b (1) (b))

144, Detector Tube Circnit

It has been stated that the three inner elements
of the type 67 tube are used in the crystal os-
cillator circuit. The remaining elements of the
tube (comprising the control grid, screen erid.
and plate) are used as a high gain screen grid
detector to which, by tube structure, the crystal
ascillator is electronically coupled. (See fig. 53.)
The r-f voltage, developed across the ltoad re-
sistor 21—1 in the plate output circuit of the
variable frequency oscillator is coupled to the
control grid of this detector through a small
ixed capacitor j-1. The antenna plug g1,
mounted on the chassis, is also coupled to the
control grid of the detector through the coupling
capacitors 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 deteclor mixes the variable
frequency oscillator output with the funda-
mental and successive harmonics of the crystal
oscillator or with the radio transmitter fre-
quency to be measured. When the crystal switch
is thrown to the OFF position, the crystal 19
and its associated circuit elements are short-cir
cuited and the inner grid of the type 647 tube
is grounded. (Sce fig. 51.) By reference to figures
52 and 53, it can be seen that the antenna plug
31 is alse coupled directly to the variable fre-
quency oscillator output through capacitor g2
alone. Thus, the antenna plug 31 serves the dual
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purpose of a detector input terminal for the
measuremnent 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 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 go, which 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 26
to the grid of Tube VT—76(96). The grid of
Tube VT—46 returns to ground through the po-
tentiometer 26 the desired bias voltage being
obtained by connecting the cathode to the posi-
tive side of the filamene. The plate of Tube
VT—46 returns to the positive plate-supply volt-
age through the load resistor z5. the latter being
bypassed to ground through capacitor 10—2. The
plate of I"ube VT—76 is also coupled to the
PHONES jacks 15—1a and 15-2a through capaci-
tor 10-3 so that no d-c voliage will be present
in the output circuit. The characteristics of the
output circuit are such that either high-imped-
ance (15,000 olims} or low- :mpcdamt (2,500
ohms) headsets may be used without any change-
over adjustments being nccessary.

146. Power Supply Cireuit (fig. 54)

All power reruired for the operation of the
meter is introduced through the battery ter-
minal beard 36. The common negative {ilament
and negative plate battery leads are connected
to the middle terminal which is grounded to the
chassis. A fabricated wiring harness is provided
for tntercell and filament battery to terminal
board connection. When a headset plug is in-
serted into one of the jacks, section zga of the
POWER switch closes the positive 6-volt supply
terminal (A+4) to the vacuum-tube filaments
through the auxiliary switches 15-1b and 15-2b
on the PHONES jacks 15-1a and 15-2a, and
section 2gb connects the positive 135 -volt ter-
minal (B4} 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 POWFR switch is left in the ON
position when the meter is removed from service.
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147. General

Section IV. MAINTENANCE

For all details of field maintenance, see paragraphs 26, 27, and 28.

Section V. SUPPLEMENTARY DATA

148. Tabular List of Maintenance Parts for Frequency Meters BC—221—F, BC—221—],
BC—221—K, and BC—221-L

Note. Order maintenance parts by stock number, name, and deseription.
Ref. Ne. Signal Corps Name of part and description Quan. per | Lowest maint.
symhbol stock No, equip. echelon
27481F BAG: BG-81-F; carrying............... I*. ..
27481] BAG: BG-81—J; carrving.........evvun.. I*. .. gd
2Z481K BAG: BG-81-K; carrying............... ) Gl
2Z481L BAG: BG-81-L; carrying. .. ............ ¥,
2Z551—160 ..| BAG: BG-160-(&}/S; available for am-| . Orgn stock
phibious operations....................
gA2 ., ., BATTERY: BA2; 22.5-v..ooiiinnnnan ., 6.. 3d
gAog........ BATTERY: BAog; 1.5=v................ des 3d
3E1605-6.5 CORD: CD—b6o5; 6V4=ft; 2=cond.; PL—55
at one end; Transformer C—410 at other., .| 1, 3d
gE1874...... CORD: CD-8y4; 6%4=ft; 2=cond.; PL—55
on one end; JB-47 on other end,........ I. 3d
2B830(&) HEADSET: HS—30—(&)}; component
HEADSET: HS—30—(&); repair partsf " **| 1----| Orn stock
2B1g300...... INSERT: M—300.c00eeiirennuninnnennn. 2. Orgn stock
2Zgo1gA.. ... STRAP: ST-19-A..................... I, ad

* Only one Bag BG-81-F, BG-8{-J, BG-81-K, or BG-B81-L is furnished per equipment,
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CHAPTER 6
FREQUENCY METER SETS SCR-211-M, SCR—211-0,
SCR-211-R, AND SCR—211-AC

Section I. Description

149. General

Frequency Meter Set SCR-—211-M has heen
manufactured by the Bendix Radio Corporation
on several orders. Frequency Meter Sets SCR—
211-0, SCR-211-R, and SCR-211-AC have
been manufactured by the Rauland Corpora-
tion. Sets SCR-211-O and SCR-211-R. are
exactly alike in all electrical and mechanical
details, except for the difference in nomencla-
ture and order numbers. The SCR-211-M and
the SCR-211-AC are very similar to these two
models and to each other, but have VArtarlons
i the arrangements of the variable frequency
oscillator circuit and minor differences in part
sizes and designations. These differences are dis-
cussed in detail in applicable paris of this chap-
ter. For further general information see para-
graph z. The symbol (1) as used in this chapter
telers to either the SCR-211-M, SCR—211-0O,
SCR~211-R, or SCR=211-AC.

150. Components

Fach Frequency Meter Set SCR-z211— (1) in-
cludes the following component units:

151. Additional Equipment Required
The following equipment, not furnished with
the orders, is required to complete cach Fre-
quency Meter Set SCR-z11-(4) :

Cluantity Article
S Headset P-18 or P—20'.
S Headset HS—30-(&)%
| S Cord CD—SOS:.
6........ Batterics BA—a,
4oriennn. Batteries BA—23.

1 Normally uzed with the SCR-211 M, 8CR-211 0, and SCR-211-R,
but can be used with the SCR-211 AC if Headset HE-50-(&} and
Curd CT-603 are not availakle,

? Normally used with the SCR 211-AC, but sometimes {ssucd for
use with the SCR-211-0 and SCR-211-H.

152. Total Weight

Frequency Meter Set SCR-211- {4), complete
and ready for service, weighs as follows: SCR—
211-M, SCR-211-0, and SCR-211-R, approxi-
mately 48 pounds; SCR—211-AC, approximately
43 pounds. For typical dimensions, see figures
26 and w5,

Quantity Component
Toviiennen] Frequency Meter BC-221-(4) includes:
1 Crystal Unit DC-¢-M, DC—g-P, or DC— AD (in operating position)'.
1 Calibration Book MC -177—{4).
1 Wrench for Bristo No. 6 sctserew (spares compartmcnt)z.
1 Wrench for Bristo No. 8 setscrew (spares compariment).
2o Tube VT-116-B, type 68]7Y (one in use, one spare).
2o, |i Tube VT—167, type 6K8 {one in usc, one spare).
2o Tube VT-116, type 68]7 (one in use, one spare).
Bag BG-81-(4)".
Tovviiiinnn. Strap ST-1g-A.
S Instruction book or technical manual for Frequency Meter Set SCR—o1 1—{(4).
) S Additional spare sct of vacuum tubes (1 each of Tubes VT—1 16-B, VT-116, and

| VT-167)"

1Any crvstal upit with nomencinture N or higher ean be used
interchangeahly with any froquency metor set with nomenclature
N or hirher.

2 Includid with BC-221-3 only.

“ Bug BG-81 D s issoed with the SCH-211 M, The SCR-211-AC
fomes inon wooden eabinet and the ecover Bap BG-S1-A{ is not cons
sidervd as 4 component part.

4 Bupplied only with Qrder No, 17134-Phila-42 on the SCR-211-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 151. The following are the current
drains at the specified voltage limits:
a. For the SCR-211-M, SCR-211-0, and
SCR-z211-R:
Filaments: 5.4 to 6.0 volts, 0.8 to og
anipere.
Plates, etc.: 121.5 to 135.0 volts, 0.012 to
0.014 armpere.
b. For the SCR-211-AC:
Filaments: 5.4 to 6.0 volts, 0.86 to o0.91
ampere.
Plates, ctc.: 1215 to 1350 volts, o.o15
to Q.01 ampere.
¢. These values are typical for operation with
the operation switch in the XTAT. CHECK po-
sition, under which condition maximum plate
current is drawn.

151. Controls {par. z¢)

Wlhen che snap latch is released and the front
cover lowered, the control panel and calibration
book are exposed. There are seven operating
controls. (Sce 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
inwo one ol the jacks before the meter can be set
in operation because of the series filament supply
switches built into the jacks.

b. The POWLER ON-OFF switch breaks both
the filament and plate supply voltages and in
counection 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-
amplificr tube, and in turn the Ievel of sound
in the headset,

d. The HET. OSC.-XTAL CHECK-XTAL

ONLY contro! is the operation switch of the
BC-221-{4). In the HET. OSC. position, plate
voltage is removed from the crystal oscillator
circuit and all of the remaining circuits remain
in operation. In the XTAL CHECK position,
plate voltage is supplied to all circuits and the
entire meter is in operation. In the XTAL
ONLY position, plate voltage is removed from
the variable frequency oscillator, while all of the
remaining cirveuits are in operation. The XTAL
CHECK position places maximum load on the
batterics. Further derails of this switch are de-
scribed in section TI1 of this chapter since there
is some variation among the models described.

e. The TREQ. BAND L.OW-HIGH swiich
permits the sclection 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
one hundred dial divisions. One revolution of
the DIAL UNITS dial moves the DIAL HUN-
DREDS dial one division. (See par. 11.)

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
CIIECK POINT to make the calibration of the
instrument as accurate as possible over that part
of the scale centered at a given CRYSTAL
CHLECK POINT and extending halfway to the
next higher and next lower CRYSTAL CHECK
POINTS.

155. Vacumm Tubes

The vacuum tubes used in the Frequency Meter
Set SCR~211—(4) are shown in the following
tabulation:

|
Relerence Function | Signal Corps type Commercial Bage
nomenclature equivalent
VT-116-B*..| Variable frequency oscilla- VT-1:16-B*........| .68J7Y*...| Oectal
Lor,
VT-167..... Crystal oscillator and de- VT-167..c0000nns 6K8...... Octal
tector.
VT-116..... Audio-frequency amplifier VT-116........... 65J7......| OQOectal
i
« Tube VT-116-T is practicslly the same as Tube VT-118 but has & special eleetrically Juw-luss hase, In an cmergeney, a Tube ¥VT-16 can

be uzed in the veriabie frequency oscillator, but temperature and humidity changes might eause undesirable cffects.
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Section TI,
INSTALLATION AND OPERATION
156, Imitial 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. Imstallation of Batteries

For the SCR-211-M, SCR-211-Q, and SCR-
211-R see paragraphs 8 and 38 For the SCR-
211-AC see paragraphs 8 and 187b.

158. Antenna (par. g)

159. Headset (par. 10)

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 15 to 20 minutes.

¢. In order to test for normal operating con-
ditions, set the operation switch to the X TAL
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 ténes in-
dicates normal operation.

161. Reading the Dial (par. 11)

162. Calibration Book MC-177-(4)

(par. 12)

163. Operating Cireuits {par. 13)

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 XTAL CHECK posi-
tion, follow the procedure in paragraph 15. After
completing this procedure, turn the operation
switch to the HET. OSC. position and proceed
with any measurements.

166. Crystal Check Points (par. 16)

167. Frequency Measurements (par. 17)
‘The proper position of the operation switch of
the BC—221-(4) is HET. OSC. for making fre-
quency measurements as described in para-
graph 14,

168. Precautions During Operation
(par. 18)

169. Adjustments for Field Upkeep
{par. 19)

Section III. FUNCTIONING OF PARTS

170. General

Frequency Meter BC~221—(4) is very similar to
the BC-221-B, BC-221-Q, and BC—221-E (de-
scribed in preceding chapters of this manual)
as far as circuit operation is concerned. The
BC-221-0 and BC-221-R are exactly alike and
are treated as such in this section. The BC—221—
M and the BC-221-AC are very similar to these
two models and to each other, but vary in the
variable frequency oscillater circuits as well as
in part sizes and designations. These variations
are covered by separate diagrams of the op-
erating circuits, and such additional explanatory
remarks as may be required.

171. Circuit Components (par. 21)
172, Crystal Circuit

The crystal circuit uses the triode section of
Tube VT-167 (6K8) shown in figure 6. The
oscillator operates at the fixed frequency of
1,000 ke when the operation switch 28 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 it
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 ke
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Figure 56. Frequency Meter BC—221-(4}, functional diagram, crystal-gscillator circuit.

for the calibration of receivers and similar equip-
ment. The necessary plate circuit impedance is
buile up across an untuned inductance 16, which
is thoroughly sealed against moisture. 'The vari-
able capacitor 42 is connected across the crystal
17 for the purpose of adjusting the frequency of
the crystal 1o a closer point than can be eco-
nomically obtained by grinding alone. When the
frequency meters are adjusted during manufac-
ture, the variable capacitor is set up to produce
a frequency of 1,000 ke = 5 cydles at 20° centi-
arade. The fixed capacitor 44 (part No. 44-2 in
the BC—211-AC), shunted across the crystal,
minimizes any change in fundamental frequency
due to small changes in the crystal capacitance.
Resistor zo-z is the oscillator grid leak and
works in conjunction with the tube cathode re-
sistor 21 to furnish hias for proper oscillator
operation. Further reference to figure 56 shows
that the output of the crystal oscillator is clec-
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tron coupled to the antenna throngh the No. 3
grid of the hexode section of Tube VT-167 and
capacitors § and 45 in series (through capacitor
g—1 only in the BC-221-AC). For further de-
tails on. the crystal oscillator, see paragraph z2.

173. Variable Frequency Oscillator Cir-
cuit {par. 23)

Tube VT-116-B (68]7Y) is used in an electron

coupled circuit as the variable frequency oscil-

lator. (See figs. 57, 58, and 39.)

a. Coirs. The two inductors 14 and 15, in the
tuned circuits, are wound upon ceramic forms
and coated with a special wax to eliminate the
influence of changing atmaospheric 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)

Cy
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B+ % 2 S~ 1PHONES
AB - : 13-2A
ot iy

TL 10261

Figure 57.  Frequengy Meter BC-221—M, functional diagram, variahle frequency oscillator cirauit.

switch 27. Fach coil and the tuning capacitor,
together with other capacitors mentioned below,
constitute the resonant circuit that deterrines
the output frequency. The correct operating
bias on the control grid of the oscillator tube is
provided by the grid-leak resistor 23. Note the
different connections of the grid-leak resistor em-
ployed. In the BC—221-M, BC—221-Q, and BC-
221=R ihe 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-221-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 coil. The resistors 97
and 38, which carry litele current, are connected

in series with the grid circuit taps on the coils
and serve to stabilize the operation of the oscil-
lator circuit 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 ta control the
amount of feed-back in the oscillator circuit. In
the BC—221-AC only, resistor 46 in this lead to
the LOW frequency coil gives additional cathode
bias voltage when the band sclector 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
Tube VT-16% through capacitor g (capacitor
5-2 in the BC-221-AC), or to the antenna
through capacitor 45 (capacitors 52 and 5—1 in
series in the BC-221-AC). Resistor 22 is the
screen grid dropping resistor, and part 43a
(capacitor g3—ta in the BC-221-AC) is the
screen grid bypass capacitor to ground.

87



31

) VT-118-B 45 vTI67
FREQ. BAND 65J7Y — 6K& ——
LOW HIGH 5
P { )
(9]
(M}
o
[+ 4
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£ e 2
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LOW HIGH %13;13
el
== \—I HAAN PHONES
POWER 43A 22
OFF _ON .
o . o ' 1328
£208 ]
i o < N
I 13-2A
A+ - o o PHONES
29A TL 102627

Figure 58.  Frequency Meter BC—22r-0, and BC-22:-R, functional diagram, vaviable frequency ascillator cireuit.

b. Banp SeLECTOR SwiTcd. (1) In Frequency
Meter BC—z21~-M, the band selector switch 27
is a double-throw, four-pole switch. (See fig. 57.)

(2) In the BC—221-0 and BC-221-R the
band selector switch 2% is a double-throw, triple-
pole switch. (See fig. 58.)

{3) In the DBC—221-AC, the band sclector
switch 27 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, sclf-
wiping type. Fach switch has a heavy detent
which accurately locates the rotor plate in either
one of its two positions.

¢. CorrRECTOR ConTkOL. Capacitor 2, the COR-
RECTOR control, with a range of § micromicro-
farads (genf), enables the operator to control
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the variable capacitance of the tuned circuit in
order to compensate for slight changes in the
circuit. {Sce par. 1348.)

d. Triviving Caracrtors. The trimming
capacitors are parts 3—1 and g—2 (parts g—1a and
g~2a in the BC-221-AC). These are cquipped
with thermal compensator capacitors, parts 4 and
46 in the BC-221-0 and BC-221-R, and parts
g3—1b and g-2b in the BC—221-AC. In the BC-
221-M, thermal compensator capacitor 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 coils. This arrangement (lig. 57
should be studied with care. The trimming
capacitors are adjusted at the factory to build up
the fixed capacitance of the I.OW and HIGH
frequency circuits to the exact values called for
by the design of the variable runing capacitor.

Caution: Do not tamper with these trimmer
capacitor settings, T'o do so will throw the meter
completely off calibration.
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Figure 59.  Freguency Meter BC—p2r-AC, functional diagram, variable frequency escillalor circuil,

€. OsciLLaror TuncrioN. (1) The variable
frequency oscillator is in operation whenever
the POWER switch 2q is in the ON position,
the operation switch 28 is in cither the HET.
OSC. or XTAI CHECK position, and a headset
is plugged into a PHONES jack. (See hgs. 61,
62, and 63.)

(2} At the XTAL CHECK position of the
operation switch 28, the output of oscillator
Tube VI-116-B (65]%Y) is applied to the No. g
grid of the hexode section of Tube VT-167 (GK8)
where it is mixed with the output frequency of
the crystal circuit. The result is a [requency
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,
If the antenna is in positdon, the {requency
meter may be used to receive or send any fre-
quency in its range; that is, it may be used as a
radio recelver or transmitter.

174. Detector Tuhe Circuit

It has been stated that the trinde section of
Tube VT-167 (6K8) is used in the crystal oscil-
later circuit. The remaining hexode section of
the tube, of which the No. 1 grid is tied to the
control grid of the triede section, is used as a
high gain screen grid detector with hexode grid
No. 4 acting as the control grid. The joint action
of grids No. 1 and g produces electron coupling
of the signals on the two grids. Resistor zo—1 is
the detector tube grid leak. Resistor 24—1 sup-
plies voltage to the screen grid of Tube VT-
167 (6K8). Capacitors #b and %¢, connected in
parallel, bypass the screen grid to ground. {In
the BC-221-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-221-AC). Note that the antenna plug
g1 is connected to ground through resistor 18.
The r-f voltage developed across the load resistor
19 is in the plate output circuit of the variable
frequency oscillator, is coupled to the No. g grid
of this detector through a small fixed capacitor
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5 (capacitor -2 in the BC-221-AC). The an-
tetina plug g1 is also coupled to the No. 3 grid
through the coupling capacitors 45 and 5 in
series (through capacitor y—1 alone in the
BC-221-AC). 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 os-
cillator when the operation switch 28 is in the
XTAL CHECK position, and with the radio
transmitter frequency to be measured when the
switch is in the HET. OSC. position. By refer-

external origin and of 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.

175. Audio-Amplifying Circuit (par. 25)
The detector plate works into an audio-fre-
quency choke coil g0, which is bypassed by the
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NOTE!. CONNECTION SHOWN DASHED AND OPEN CIRCUIT SHOWNE"& APPLIES TO BC-221-AC ONLY.

NOTE 2! PART NO.5-2 IN THE 8C-221-AC

NOTE 3.PART NOS.7B AND 7C ARE REPLLACED BY PART NO. 43-28,AND PART NQ.7A 15 OMITTED IN THE

BC-221-AC

Figure 60.  Freguency Meler BC-221-(4), functional diagram, detector and audis-amplifier circuiis.

ence to figurce 6o it can be seen that the antenna
plug 31 is also coupled to the variable frequency
oscillator output through capacitor 45 in the
BC-—221-M, BC-221-0, and BC-z221-R and
through capacitors 5—1 and 5-2, in series, in the
BC-221~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 g and the GAIN control potentiometer 26
to the grid of Tube VT-116(68)7), connected
as a triode. The grid of Tube VT-116 returns
to ground through the potentiometer 26, and
the necessary grid bias voltage is obtained by
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rieans of the cathode dropping resistor 41. The
plate (tied to the suppressor and screen grids) of
Tube VT-116 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 13—1a and 13-2a through capa-
citor 10, so that no d— voltage will be present
in the output circuit. The characteristics of the
output circut are such that cither high-im-
pedance (15.000 ohims) or low-impedance (2,500
olms) headscts may be used without any change-
over adjustments being necessary.

176. Power Supply Cirenit (figs. 61, 62, and
63)
All power required for the operation of the
mcter 15 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 which is grounded to the chassis.
A fabricated wiring harness is provided for in-

tercell and filament battery to terminal board
connections in the BC—221-M, BC—221-0, and
BC—~221-R, while a fiber terminal board is added
for use in the BC-221-AC. Section 2ga of the
POWER switch closes the positive 6-volt supply
terminal (A4) to the vacuum tube filaments
through the auxiliary switches 13—-1b and 13—2b
on the PHONES jacks 13-1a and 13—2a when
a headset plug is inserted in onc of the
jacks; whereas section 2gb connecis the positive
135-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 4 and B batteries cannot be dis-
charged even though the POWER switch is left
in the ON position when thc meter is removed
from service.

Section IV, MAINTENANCE
177. General

For all details of field maintenance, see para-
graphs 26, 27, and 28,

| Section V. SUPPLEMENTARY DATA

178. Tabular List of Maintenance Parts
a. Friguescy METirR BC—221-M.

Nonr.  Order maintenanee parts by stock number, name, and description.

Ref Na. I Signal Corps o Q'uan: per i Lowest maint.
syl ; stock MNo. Name of part and description equip. echelon
2Z4%1D......] BAG: BG-81-D;carrying............... I.... 3d
2Zr51-160. . .|= BAG: BG-160—(&)/8; available for am-
phibious operations. ........ ... .. ... 1....| Orgn stock
7 V- S BATTERY: BAz2; 22.5=v........o0vuunt, 6.... gd
gA23........ BATTERY: BA2g; 1.5=ve. .. .ovvivunnn .. 4oun. ad
3E1605-6.5 CORD: CD-6o5; 6%4=ft; 2=cond.; PL—55
at one end; Transformer C—410 at other. I.... 3d
3E1874...... CORD: CD-874; 614=ft; 2=cond.; PL-55
on one end; JB-47 on other end........ 1.... 3d
2BB3o(&}.....| HEADSET: HS-30—(&); component |
HEADSET: HS—30—(&); repair partsf "~ L.-..) Orgnstock
2B1goo. ... .. INSERT: M-300. . ..0vuniiiiiiiiian... 2....| Orgn stock
2Z001gA.. ... STRAP: ST-19-A..................... IR EPRE [ 3d
i
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b. Frrovency MeTERs BC—221-0 anp B{-221-R.

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

Ref. No. Signal Corps ! Name of part and description i Ouan. per | Lowest maint,
symbol : stock Now | vquip. echelon
| |
— S - e e | e e
2Z4810 | BAG: BG-81-0; carrying. ............... B ] d
2Z481R | BAG: BG-81-R; carrying............ R 3
] !
27551-160 ... BAG: BG-160-/&)°S; available for am-
phibious operations.....ooviviiiie i " 1....: Orgn stock
Az ... BATTERY: BAz;o25=v..oevnvnnnnn .. 6... | 3d
l e
3A23........ - BATTERY: BA23; 1.52v. cvvvvinonao, founn 3d
[ ; :
3E1605-6.5. . CORD: CD-6o5; 615=0; 2=cond.; PL.-55 |
at one end; Transformer (- 1o ar other I. 3d ™
1
aE1874......0 CORD: CD-871; 615=tt; 2=cond.; PlL.-55
I on one end; [B—g7 on oter endo oL | I. 3d
2B8s0{& ...i HEADSET: HS—30-{&}; cemponent | |
HEADSET: HS-30-(&}; repair parts (77 1 Orgn stock
2B1go0...... INSERT: M—300. ... ..o, 2. .. Orgn stock
2250194 ... ¥ STRAP: ST-19-A... .. iiiiiiiiiines ‘ I... | 3
+ Only one Bap RO=R1-0 or BU-81-1 iz furnished por ‘-uuipmer;.."m’. I
c. Freqrescy Mrerrg BC—221-AC
Note, Order maintenance parts by stock muimber, name, and deseription.
: ; !
Ref. No. Signal Corps Name of part and description cChun, prr ;o Liavest maint,
symmbnl stock No. : L. . vichielon
S e
2Z481AC....; BAG: BG-81-AC; carrving.............. A N ‘ gd
i
2551-160. ... BAG: BG-160-(&},3; available for am- |
* ' phibious operations. . oo vvveie e Cor.... Orgnstock
! '. |
3AZ. L e | BATTERY: BA2; 2z.5=v. .o.oivviae o, N P 3d &
- |
3A23....L BATTLERY: BAzg; 1g=v.. oo viin s ‘ 4 gd
‘.
sE1605-6.,. .1 CORD: CD-6o3; 615=ft; u=cond.; PL-55 -
at one end; Trandformer C—g10 at other.., 1 3d
3E1874...... CORD: CD-874; 614=ft; 2=cond.; PI.—55
on one end; jB—47 on other end... ... .. Lo, 5d
2B850!&) HEADSET: HS-30-(&!; component | \ :
HLADSET: HS-30- (&)} repair parts {777 Levesy Crgn stock
eBi300. ... .. INSERT: Mo300. 0 neereeaeeinnnnn. N Orgn stock
i i
2Zqo1gA ... STRADP: ST-r1g-AL . .. oot R ‘ ad
e L
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CHAPTER 7
FREQUENCY METER SETS SCR—211-N AND SCR-211-AA

Section I. DESCRIPTION
179. General
Frequency Meter Sets SCR-211-N and SCR-

211-AA have been manufactured by the Philco

Corporation on several orders. These two models
are essentially alike i all important details, ex-
cept for the fact that early models of the SCR—-
211-N {serial Nos. 1 through 3800) differ from
later models of the SCR-211-N (serial Nos.
3801 and up) and the SCR-211-AA. The later
models of the SCR-211-N and the SCR—211-AA
are exactly alike electrically. The SCR-211-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. Tlhe symbol (5) as
used in this chapter refers to either the SCR—
211-N or SCR-211-AA,

180. Components

Fach Frequency Meter Set SCR-211-(5) in-
cludes the following component units:

Quantity Component

Frequency Meter BC.221.(5) includes:
t Grystal Unit DC—g—P or DC~g-AD (in operating position)',
r Crystal Unit DC—g-P or DC—9-AD (spare, mounted on chassis)®,
1 Calibration Book MC—117—(x)}.
1 Wrench for Bristo No. 8 setscrew (spares compartment).

Aeviinniinnnn Tube VT—116 type 65]7 (two in use, two spare).

2., Tube VT—-167 type 6K8 (one in use, onc spare).

S Bag BG-81—(5)".

=S TM 11-300—(5) for Frequency Meter Set SCR-211—(5),

S Strap STI—-Q—A.

1 Any crystal unit with nomenclature N or higher can be used interchangesbly with any frequency meter sol with nomeneclature N or higher.

2 Net included with the SCR-211-AA.

7 A bag ia not furnished with the BCR-211- AA with wooden case. A suitable canvas cover is sunplied with the wonden cuse and is not considered

to be¢ & separalc 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-211-(5)

Quantity Article

Headset HS-—30-(&) with
Cord CD-6o5*.

Batteries BA—2,

Batteries BA—23.

* If this heoadset and eord cannet be obtained, vac Headset
P-18 or P-20.

182. Total Weight

Frequency Mcter Set SCR—211-(p), complete
and ready for service, weighs as follows: SCR-
211-N, scrial Nos. 1 through 3800, 55.82 pounds;
SCR~211-N, serial Nos. 3801 and up, 36.42
pounds; SCR-z211-AA, with metal case, 354
pounds; SCR-211-AA, with wooden case, 35.8

pounds. For typical dimensions, see figures 26
and 27.

183. Power Consumption

All power required for the operation of this
equipment is supplied by the batteries listed in
paragraph 181. The current drains under the
specified conditions are approximately as fol-
lows:
Filaments: 6 volts; 0.85 ampere.
Plates, etc: 135 volts;
o.012 ampere with operation switch at
CRYSTAIL.
0.018 ampere with operation switch at
OPERATE.

0.014 ampere with operation switch at
CHIECK.

Note. Contrary to the general rule covering this type of
meter, the SCR-211-{3) places maximum load on the bat-
teries in the OPERATE paosition of the operation switch.

184. Controls {pars. ze and g4)
185. Vacuum Tubes

The vacuum tubes used in the Frequency Meter
Set SCR—211-(5) are shown in the following
tabulation:

Reference | Function Signal Corps type Commercial Base
! nomenclature equivalent
_ _ .._i..__ S —— N
VI 116...... i Variable frequency oscilla- VT 1i6...... 0 Ceaaes 65]7 Octal
| tor
VT 167...... ‘ Crystal oscillator and de- VT 167......cuvuet, 6K 8 Qctal
| tector.
VT 116...... ‘ Audio-frequency amplifier, VT 116..0ceennnnn... 6577 Octal
|

Section II.
INSTALLATION AND OPERATION

186. Initial Procedure (par. 7)

Make surc a spare set of vacuum tubes is in-
stalled in the spare parts compartment.

187. Installation of Batteries
Sce paragraph 8, and then proceed as follows:

a. Tor the BC-221-N and the BC—221-AA
with metal case, follow the directions given in
paragraph 38.

h. For the BC—221-AA with wooden case,
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proceed as follows: remove the frequency meter
chassis from the cabinet while the batterics are
being installed. Open the battery compartment
in the lower rear portion of the cabinet by wrn-
ing the two fasteners one half turn to the left
with a coin or screwdriver. Place the four Bat-
teries BA—2g in the right-hand portion of the
compartment with their terminal posts facing the
tear of the cabinet. Then connect the six Bat-
teries BA—2 in series and insulate the splices with
friction tape or spaghetti so as to prevent short

*



circuits. Assemble the six batteries in two layers
ol three each with the top layer inverted. See
tuat the minas and plus 135-volt leads ave free
for conmection o theiv respective terminals on
the termind bowed, Inseve the batteries in the
cabiner and conneet them to the terminal hoard.
Arrange e Toor Bateeries BA~29 so that their

[WIRING HARNESS

TL 11336

Fipure 07,

TECHNICAL MANUAL

terminals can be connected by means ol the libey
terminal board placed over them as shown in
figure 7. Aflter installing the battery erminal
nuts anzl securing the positive mrd newative Jar-
ness leads, install the g/%-tneh wood spreer und
secure with the bolt proveded v prevend shon
circuiting the batteries. (Sce fig. 11.)

BA-23

m-FIBER BATTERY
| COVER AND
CONNECTOR.

RING LATCH

Frequency Meter BC—22:— (&), wooden cabinet, boltery installation.

101



Cautien: 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.

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

188. Antenna {par. g)
189. Headset (par. 10)

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. 11)

192, Calibration Book M(C-177-(5)
(par. 12}

193. Operating Circuits {par. 13)
194. Zero Beat Detection (par. 14)

195. Correction in Calibration {par. 15)

The information contained there applies exact-
ly to I'requency Meter BG-221— (). »

196. Crystal Check Points (par. 16)

197. Frequency Measurements (par. 17)

The proper position of the operation switch of
the BC~221-(5) is OPERATE for making fre-
quency measurements as described in paragraph

17.

198. Precautions During Operation
{par. 18)

199. Adjustments for Field Upkeep
{par. 10) :

Section IH. FUNCTIONING OF PARTS
200, General

As stated in paragraph 199, the early models of
Frequency Meter BC-2z21-N differ {rom the
later version ol the same meter as well as from
the BC—z21-AA. Beginning with the equipment
serial No. 4801, Frequency Meter BC—221—N in-
corporates additional temperature compensating
devices as well as other ¢hanges in internal con-
struction. Some parts intended for use in Fre-
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quency Meter BC—221-N, serial Nos. 1 through
3800, may not function satisfactorily in meters
having serial Nos. 3801 and higher. Part Nos. 5
and g7 differ slightly in electrical characteristics.
The schematic diagram (fig. 71) 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. 21)

202. Crystal Cireunit

The crystal circuit uses the triode section of
Tube VT-167 (6K8) shown in figure 68. The
oscillator operates at the fixed frequency of 1,000
ke when operation switch 28 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 ke for the calibration of re-
ceivers and similar equipment. The necessary
plate circuit impedance s built up across choke
coil 23, shunted by capacitor 4—, 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 3g. 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 frequcncy meters are
adjusted during manufacture, the variable capa-
citor is set up to produce a frequency of 1,000
ke = 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. g grid ol the hexode sec-
tion of Tube VT-167(6K8) and capacitor
8-1. For {urther details on the crystal oscillator,
see paragraph 2a.

203. Variable Frequency Oscillator Cir-
cuit (par. 23)

Tube VT-116 (65]%) is used as an electron

coupled circuit as the variable frequency oscil-

lator. (See fig. 69.)



i1

VT-18
65J7

204

—0—y
T,
PHONES

3l

AAA -

BY = ___[Jerones
A-B- - T 32
At -

TL 10270

Figure 68, Frequency Meter BC—221—(5), functional diagram, crystal-oscillater circutl,
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a. Coics, The two inductors 22 and go in the
tuned circuits are wound upen ceramic forms
and LOW frequency ¢oil 3o is coated with a spe-
cial wax 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 by means of band selector (FREQ.
BAND LOW-HIGH) switch 27. Fach coil and
the tuning capacitor, together with other capa-
citors mentioned below, constitute the resonant
circuit that determines the output frequency.
The correct operating bias on the control grid of

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%, serves to control the amount
of feedback in the oscillator circuit. Resistor
21-1, which is in series with this connection on
coil go, applies additional cathode bias to the
grid of the oscillator tube, This cathode bias re-
sistor ts bypassed to ground by capacitor §. The
short-circuited windings shown at the end of
each of the coils in figure 6q are the temperature
compensating devices added to the BG—=221-N
and used in the BC-221-AA, Resistor 18 is the

FREQ. BAND
LOW HIGH
e Jz VT-l6
e 6547
e
2 ————
& 19 ===
8 r—
£ - - A
s 7 K ErZ
2rz
LOW HIGH
TR AA
B+ =
AB- =
&t -

TL 1027}

Figure g, Frequency Meter BC-221-(5), functional diagram, variable frequency oscitlator circuit,

the oscillator tube is provided by the capacitor
arcl resistor commbination 7 and 19, which con-
nects to a tup on either coil through band
selector switch 27. 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. Resistors 14 and
15, which carry little 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 il 1s coupled to detector-con-
verter 'T'ube V'I'-167 through capacitor 8—2, or
the antenna through capacitors 82 and 8-1 in
series. Resistor g8 is the screen grid dropping re-
sistor, and part 10-2 is the screen grid bypass
capacitor to ground.

b. Banp SeLector SwiTcH. Switch 29 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 switch has a heavy detent
which accurately locates the rotor plate in either
one of its two positions.

c. Corkector ConTRoL. Capacitor 2, the
CORRECTOR control, with a range of 1.5
micromicrefarads {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. g4f.)

d. Triarming Caracrrors. The trimming ca-
pacitors are parts s—1 and g—2. The associated
thermal compensator capacitors, part Nos. 4-A
and 4-B, reduce changes in circuit capacitance
due to temperawure changes. Since the coils are
compensated for changes in inductance, «
above, frequency drifts due to temperature
changes are negligible. The trimming capacitors
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 de-
sign of the variable tumng capacitor.

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

e. Oscicearor Fuscrion., (1) The variable
frequency oscillator circuit is in operation at the
CHECK and OPERATE positions of operation
switch 28, {See fig. 71.)

{2) At the CHECK position, the output of
ascillator Tube VT-116 (65]7) is applied to one
of the grids of detector-converter Tube VT-167
(6K8), where it is mixed with the outpue 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
Iy 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 {requency 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.

204, Detector Tube Circuit

It has been stated that the triede section of
Tube VT-167 (GK8) 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. g acting as the control grid. The joint
action of grids Nes. 1 and g produces electron
coupling of the signals on the two grids. (See
fig. 70.) Resistor zo—1 is the detector tube grid
leak. Resistor 16 supplies voltage to the screen

grid of Tube VT-167 (6K8). Capacitor 13 by-
passes the screen grid to the cathode of the mbe.
Antenna plug 29 (part 33 in the BC—221-AA)
15 connected to ground through resistor 21-2.
The r-f voltage, developed across load resistor
18 in the plate output circuit of the variable
frequency oscillator, 1s coupled to the No. g
grid of this detector through a small fixed
capacitor 8—2. Antenna plug zg (part g3 in the
BC—221-AA) is also coupled to the No. g grid
through coupling capaciter 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 28 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 6g and %o it can be scen
that antenna plug 2q (part g3 in the BC—221-
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 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 terminal and ground ({the chassis) at
any frequency within the calibrated range.

205. Audio-Amplifying Circuit (par. 25).

The detector plue works into an audio-fre-
quency choke coil 24, which ts bypassed by
capacitor g to reduce the response to high fre-
quencies. The beat frequency voltages built up
across the choke coil are coupled through capaci-
tor 11 and GAIN control potentiometer 26 to
the grid of Tube VT—-116 (65]%) connected as
a triode. The grid of Tube VT-116 returns to
ground through potentiometer 26, and the nee
essary grid bias voltage 1s obtained by means
of cathode dropping resistor go. The plate {tied
to the suppressor and screen grids) of Tube
VT-116 returns to the positive plate supply volt-
age through plate load resistor 17. The plate of
this tube is coupled also to PHONES jacks g1-1
and g1—z throngh capacitor 12, 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 (15,000 ohms) or low-1m-

pedance {2,500 ohms) headsets may he used with-
out any change-over adjustment being necessary.
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206. Power Supply Circuit (fig. 71)

All power vequired for the operation of the
meter is introduced through battery terminal
board g6, 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
tabricated 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
28 closes both the posilive 6-volt supply (A1)
and the positive 135-volt supply (B--). The
positive 6-volt supply (A+) 1is closed to the

vacuum tube filaments through the auxiliary
switches on PHONES jacks §1-1 and g1—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 4 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, 24, and 28.

vT-ilg
VT-li6
6SJ7
65J7 §
ae o 12
I_ -Té- - A - .
[ — = h
| 26
|7
3
40
el-2 2041
39 Oy
o,
) l 4 PHONES
'W . 3["
par—— 16 !
Bt o ,E vl PHONES
A'B" f— 3l_2

TL 10272

Figure yo.  Frequency Meter BC-221-(5), finctional diagram, detector and qudio-amplifier ciroutts,
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Section V. SUPPLEMENTARY DATA

208. Tabular List of Maintenanece Parts for Frequency Meters BC—221-N and
BC-221-AA

Note. Order maintenance parts by stock numhber, name, and description.

Ref. No. Signal Corps Name of part and description Quan. per
symbol stock No. equip.
2Z481IN........ BAG: BG—81—N; carrving........ e r*
2Z481AA. .. ..., BAG: BGB81-AA;cartying. .. covvivarnens i*frre
2Z551-160..... BAG: BG—160-(&)/S; available for amphi-
bious OPerations. . voviuvesstsoorsoneans I,
BAZ. e BATTERY: BA2; 22.5=V.euerrrvereennn. 6.....
3A2%. BATTERY: BA2g; [.5=V.uuiiiinerinisies Y S
3E1605-6.5.....| CORD: CD-6o5; 614=ft.; 2=cond.; PL-55
at onc end; Transformer C-g410 atother, ..| 1.....
aB1874......... CORD: CD-874; 614=ft.; o=cond.; PL-55at| 1.....
oneend; JB—47onotherend.............
2BB83o(&)....... HEADSET: HS-30-(&); component] .
HEADSET: HS—g30—(&);repair partsf """ "7| "' """
2B1300. ...l INSERT: M=300..c0ueeerririnnnennannns 2.....
2Zgo1gA. ... ... STRAP:ST—ig-A......coiiiiiiinn | SR

Lowest maint.
echelon

Orgn stock

Orgn stock

ad

*Only one Bag BG-#1-N or BG-81-AA is furnished per equipment,
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WIRING LEGEND

TL-10275

Figure 73.  Frequency Meter BG-z2i-A4, chassis wiring diagram.
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CHAPTER 8
FREQUENCY METER SETS SCR-211-P, SCR-211-T, SCR-211-AF, AND

SCR-211-AH

Section I. DESCRIPTION

209, General

Frequency Meter Sets SCR~211-P, SCR-211-T,
SCR-211-AF, and SCR-211-AH have been
manufactured by the Zenith Radio Corporation
on several orders. Sets SCR-z11-P, and SCR~
211-T are exactly alike in all electrical and me-
chanical details. Nomenclature and order num-
bers differ, however. The SCR—211—-AF and the
SCR-z11-All are very similar to these 1wo

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 symbal (6) as used
in this chapter refers to either the SCR-211-P,
SCR-211-T, SCR-211-AF, or SCR-211-AH.

210. Components

Fach Frequency Meter Set SCR-z1:-(6) in-
cludes the following component units:

Quantity Component

Frequency Mever BC-221—-(6) includes:
1 Crystal Unit DC—9—P or DC—g~T (in operating position)’,
1 Calibration Book MC—177—(6}.

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

I Tube VT-1:6-B, type 65J7Y (one in use, one spare),

Strap ST—19-A,

SCR~211—(6).

Bag BG-81—(6)".

Tube VT-116, type 68]7 {one in use, one spare)”.

‘Tube VT—167, type 6K8 (one in use, one spare).

Technical manuals or preliminary instruction books for Frequency Meter Set

Cord CD-844" for Héadset HS—g0-(&).

1 Any crystal unit with nomenclature N or higher can be used
interchangeably with any fregquency meter set with nomenclatore
N Lor Tighar.

2 This item iy sometimes replaced with twe Tubcs VT-116-B in
Froquency Meter Seta SCR-Z21I-F and SCR-211-T,

110

3 Thia item iz not furnished with the SCR-211- P nr SCR-211-T.

2 A bag is not furnished with the SCR-211-AF or SCR-211-AH.
A suitable canvas cover js supplied with the wooden cebinet and is
not considered to be a separate component.
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211. Additional Equipment Required
The following equipment not furnished with
the orders is required to complete each Fre-
quency Meter Set SCR—211-(6):

Quantity Article

) SR Headset P18 or P-20'.
Torssees..| Headset HS—30 (&)

¢ A Batteries BA—2,
Qoveannian Batteries BA-23.

I Not wsed with the SCR-211-AF and SCR-211-AH,
2 For use with the SCR-211-ATF and SCR-211-AH.

212, Total Weigh:

Frequency Meter Set SCR-—211-(6), complete
and ready for service, weighs as fellows: SCR—
211-P, 98.8 pounds; SCR—211-T, 42.¢4 pounds;
SCR-211-AF, g3g.5 pounds; and SCR-211-AH,
99.5 pounds. For typical dimensions, see figures
26 and 24.

213. Power Consumption
All power required for the operation of this
equipment is supplied by the batteries listed
tn paragraph 211. The current drains at the
specified voltage limits are as follows:
Filaments: 5.4 to 6.0 volts, 0.86 to o0.g92
ampere.
Plates, etc.: 121.5 to 135.0 volts, o.015 to
0.17 ampere.
These values are typical for operation with the
operation switch at the XTAL CHECK posi-
tion, under which condition maximum plate
current is drawn.

214, Controls (pars. 2e and 154}
215. Vacuum Tubes

Section II.
INSTALLATION AND OPERATION

216, Initial Procedure (par. 7)
Mazake sure a spare set of vacuum tubes is in-
stalled in the space provided.

217. Installation of Batteries

See paragraph 8; then proceed as follows:
¢. For Frequency Mcter BC—221-1 and BC-
221-T, proceed as directed in paragraph g8.
b. For the BC-221-AF and BC-221-AH,
proceed as directed in paragraph 187b.

218. Antenna {(par. 9)
219. Headset (par. 10}

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

220. Preparation for Use (par. 160)
221, Reading the Dial {(par. 11)

222, Calibration Book MC=177-(6)
(par. 12)

223, Operating Circuits {par. 13)

224, Zero Beat Detection (par. 14)

225. Correction in Calibration (par. 165)
226. Crystal Check Points (par. 16)

227, Frequency Measurements (par. 17)
The proper position of the operation switch of
the BC—221—(6) is HET. OSC. for making fre-
quency measurements as described in paragraph
17.

228. Precautions During Operation:

The vacuum tubes used in the Frequency Meter (par. 18)
Set SCR-211-(6) are shown in the following 229, Adjustments for Field Upkeep
tabulation: (par. 19)
Eeference Function Signal Corps type Commercial Base
nemenclature equivalent
VT-116-B ....| Variable frequency
oscillator. VI-116-B........... 65]7Y....... Octal
VT—167......." Crystal oscillator
and detector. VT-167..00iviiinant, 6K8......... - Octal
_ j
VT-116g. ..... Audio-frequency ) |
amplifier VT—116* ... ..0000us 65J7........ - Octal

*Tubes ¥VT-116- are sometimos substituted for Tubes YVT-116 in the SCR-211-P and SCR 211-T.

Note. Tube VT-116-B is practically the same as Tube ¥V'1'-118, but has a special clectrically Iow-loss base. In an emergency, a
VT-116 can be used in the variable frequency oscillater, but ternperature and humidity changes might cause undesirable effects,
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Section III. FUNCTIONING OF PARTS

230. General

Frequency Meter BC—221-(6) is very similar
to the meters described in chapter 6 of this
manual. The BC—z221-P and BG-221~T are ex-
actly alike and are treated as such in this section.
The BC-221-AF and the BC-221-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 opcrating circuits and such addi-
tional explanatory remarks as may be required.

231. Circuit Components (par. 21)

The oscillator circuit is designed to generate
considerable harmonic energy so that it can be
used to calibrate the variable frequency oscilla-
tor at several points over its entire range, as well
as to supply whole multiples of 1,000 k¢ for the
calibration of receivers and similar equipment.
The necessary plate circuit impedance is buile
up across an untuned inductance 18, which is
thoroughly sealed against moisture. Resistor
23—1 is the oscillator grid leak and works in
conjunction with the tube cathode resistor 4
to furnish bias for proper oscillator operation.
The r-f choke 24 in the cathode lead (not in-
stalled in the BC-221-AH) serves to increase
the response of the detector circuit at harmonics
of the crystal frequency; that is, at CRYSTAL

VT-116-B 3ANOTE S VT-I167
E6SJ47Y _ 6K8
- ———
52 1 18
X "T'N%l'rstz '
| === ‘ |
5-1 -mm e e !
= 40~
g %NOTﬁs r%‘-‘ | I 0-3
205% 21 23-2 J_g e 30
- aT- S '|'[9 33-;_14_9 50
S - .
T |
I 15-18
| Ty
I 24
I PHONES
[ I
4
—l 15-14
- 40-2 22-2 15-28
NOTEZ _ poweR !
Bt - OF'E,_,/' oON .
290 “PI-IONES
A~B~ - : |
Ad L San o 15-24a

NOTE I PART NO.24 IS CMITTED AND DASHED CONNECTIONS INGLUDING PART NO.40-2 APPLY TO BG-221-AH.

NOTE2:PART NO.45-1 IN THE BGC-22I-AH,
NOTE 3.PART NO.SIN THE BC-221-AH.

NOTE4:GONNEGTION SHOWN DASHED AND OPEN GIRGUIT SHOWN . APPLIES TO BC-221-AH.)
NOTES:PART NO.31IN THE BC-221- RAND BG-221-T

TL 10277

Figure 74.  Frequency Meter BC—221—(6), functional disgram, cystal-oscillator circuit,

232, Crystal Circuit

The crystal circuit uses the triode section of
Tube VI-167 (6KS8). (Sce fig. ¥4.) The oscil-
lator operates at the fixed frequency of 1,000 ke
when the operation switch 28 is placed in the
XTAL CHECK or XTAI ONLY position. The
operation switch controls the crystal oscillator
by opening or closing its plate voltage circuit.
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CHECK POINTS. The variable capacitor o
1s 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 s set up to produce a frequency of
1,000 ke = 5 cycles at 20° centigrade. The fixed



capacitor 49, shunted across the crystal, mimi-
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. g grid of the hex-
ode section of Tube VT-167 and capacitors 5-1
and p—2 in series {through capacitor 51 only
in the BC-221-AH). For further details on the
crystal oscillator, see paragraph zz.

233. Variable Frequercy Oscillator Cir-

cuit (par. 23)

Tube VT-116-B (68]7Y) is used in an electron
coupled circuit as the variable frequency oscil-
lator. (See figs. 75 and 76.)

FREQ. BAND

across the terminals of the main tuning capacitor
1 by means of the band selector (FREQ. BAND
LOW-HIGH) switch 2%. Each coil and the tun-
ing capacitor, 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 gg. (Note the different connections of the
grid-leak resistor employed. In the BC-221-P,
BG-221-T, and BC-221-AF the grid leak is
connected hetween grid and ground, and capaci-
tor 42 couples the grid to taps on the tuned
circuits thirough the band selector switch. In the
BC-221-AH, the grid leak is parallel with ca-
pacitor 4z, is connected in the coupling lead

{33 NOTE 2

VT I6-B
6SJ7Y

oW HIGH

5-2
il!— V67
o] 6K8

]

g | CORRECTOR

~L L
A NEY

f 14 LS
1 %
2) Y232
| = [T T
15714
- AV PHONES
= POWER, . 44 22
OFF ON
Be /GL 15-28
" A-B :_-— 298 7
- AT ) 15-2A
At ¢ ,;,2/; o— PHONES
NOTE 1: PARTNO. 381 IN THE BC-221° AND BC-221-T. TL 10278

NOTE 21 PART NO. 31 IN THE BC-221-P AND BC-221-T,

Figure 75.  Freguency Meters BC-221—P, BC—22:-T, and BC-2z2:-AF, functional diagram, variable frequency oscillator eireuit.

a. CoiLs. The two inductors 16 and 17, in
the tuned circuits are wound on ceramic
forms and thoroughly sealed against moisture
to eliminate the influence of changing atmos-
pheric conditions on the stability 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
wlten 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 g8 (381 in
the BC—221-P and BC~221-T), which carry lit-
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
switch 27, controls the amount of feedback in
the oscillator circuit, In the BC—221-AH only,
resistor 24 in this lead to the LOW frequency

sistor 21 is the oscillator tube plate circuit load,
and the voltage developed across it is coupled
to detector-converter Tube VT-164 through
capacitor 5-1 (capacitor § in the BG-221-AH)
or to the antenna through capacitor 5-2 (capaci-
tors § and f1, in series, in the BC—221-AH).
Resistor 22-1 is the screen grid dropping resistor,
and part 44 (part g—2 in the BC-221-AH) is
the screen grid bypass capacitor to ground.

k. Baxp SELECTOR SwiTcH. (1) In the BC-
221-P, BC-221-T, and BC—221-AF, the band
selector switch is a double throw, five-pole

FREQ. BAND R YTle-8
LOW  HIGH 142
a 39
o}
|.... :n
§ A . ===
ﬂ
g J’EA OB N,
U L]
£ y
1)
£ - 6P o
2241 Il 27
3
F 5
T _9
L 27 I
LOwW HIGH ﬁ?-m
s g—~§
Bl
L | —AAA PHONES
POWER g-2 22
OFF _ON
B+ - Lo Foz's28
A-B- 5-2A
A+ - b o : PHONES
294 TL 10279

Figure 76, Frequency Meter BC-ver-AH, functional diagram, variable frequency oscilialor circuif.

coil develops additional cathode bias voltage
when the band selector switch is in the LOW
position. Capacitor 44 bypasses this resistor to
ground. Note that in the case of the BC—221-P,
BC--221-T, and BC—221-AF, section ¢ of switch
27 shorts out all of coil 17 when the switch is
in the HIGII position. In the case of the BC—
221-AH, sections b, d, and [ of switch 27 ground
coil 17 at three different points when the switch
15 in the HIGH position. These circuit arrange-
ments prevent interaction between the two coils
when the switch is in the HIGH position. Re-
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switch. (See fig. 5.

(2} In the BC—=221-All, the band selector
switch 27 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 its two positions.

¢. CORRECTOR ControL. Capacitor 2, the



At

CORRECTOR control, with a range of g mi-
crofarads  (3unf), enables the operator - to
control the variable capacitance of the tuned
circuit in order to compensate for slight changes
in the circuit. {See par. 154g.)

d. TrimnING CaraciTors, The trimming ca-
pacitors are parts 9-1 and g-2. These are
equipped with thermal compensator capacitors
part Nos. 6 and 44, which prevent frequency
drifts due to temperature changes. Note that in
the BC—221-P, BC—221-T, and B -221-AF
trimming capacitor 3—1 and capacitor 6 are short-
circuited to ground hy section e of operation
switch 27 in the HIGH position. The same oper-
ation is performed by section & on switch 27 in
the BC—221-AH. This is a means of reducing
mteraction betiveen the two coils in the oscillacor
circuit. The trimming capacitors 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 oft calibration.

€. OsciLLator Funcrion. (1) The variable
frequency oscillator is in operation whenever
the POWER switch 29 is in the ON position,
the operation switch 28 is in either the HET.
03C. or XTAL CHECK position, and a headset
is plugged into a PHONES jack.

(2) At the XTAL CHECK position of the
operation switch 28, the output of oscillator
Tube VI-116-B is applicd to the No. 3 grid
of the hexode section of Tube VT-167 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
(s in operation, while the crystal oscillator is not.
If the antenna is in position, the frequency meter
may be used 10 receive or send any frequency
tn its vange; 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-1067 (6K8) is used in the crystal-oscillator
crcuit. 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. g

acting as the control grid. The joint action of
grids Nos. 1 and g produces electron coupling
of the signals on the two grids. (See fig. 77.)
Resistor 29-2 is the detector tube grid leak. Re-
sistor 22-2 supplies voltage to the screen grid
of Tube VT-167(6K8). Capacitor 40-2 {part
No. 45-1 in the BC-221-AH) bypasses the
screen grid to ground. Note that the antenna
plug 33 (part No. 31 in the BC-221-P and BC—
221-T) is connected to ground through the
resistor 20. The r-f voltage, developed across the
load resistor 21 in the plate output circuit of the
variable frequency oscillator, is couple to the No.
§ grid ol this detector through a small fixed
capacitor 5—1 {capacitor j in the BC~221-AH).
The antenna plug 93 (41 for the BC—221-P and
BC-221-T} is also coupled to the No. g grid
through the coupling capacitors 5—2 and 5-1 in
series (through capacitor 51 alone in the BC—
221-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 CHFCK position and with the radio
transmitter frequency to be measured when the
switch 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 31 in the BC~221-P
and BC—221-T) is also coupled to the variable
frequency oscillator output through capacitor
5-2 (through capacitors 51 and 5, in series, in
the BC-z221-AH). Thus, the antenna connec-
tion serves the dual purpouse 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. When the unit is employed for the
latter purpose, a minimum of 2,000 microvolts
of radio frequency energy will be available he-
tween the antenna terminal and ground (the
chassis) at any frequency within the calibrated
range.

235. Audio-Amplifying Circuit (par. 25)

The detector plate works into an audio-frequency
choke coil go, which is bypassed by the capacitor
40-4% to reduce the response to high frequencies.
The beat frequency voltages built up across the
choke coil are coupled through capacitor g {ca-
pacitor g—1 in the BC-221-AH) and the GAIN
control potentiometer 26 to the grid of Tube
VT-116 (65]7), connected as a triode. The grid
of Tube VT-116 returns to ground through the
potentiometer 26, and the nccessary grid bias
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voltage is obtained by means of the cathode drop-
ping resistor 25 (resistor 38—z in the BG—zz21-F
and BC-221-T). The plate (tied to the suppres-
sor and screen grids) of Tube VI-116 returns
to the positive plate supply voltage through the
plate-load resistor 25 in the BC—221-P and BC-
221-T, and through the primary of the audio-
output transformer 10 in the BC-221-AF and
BC-221-AH. In the BC-221-P and BC—221-T,
the plate of this tube is coupled also to the
PHONES jacks 15-1a and 15—2a through capaci-
tor 10, so that no d-¢ voltage will be present in

output circuit of the BC—221-AF and BC—221-
AH is designed for the use of the low impedance
type Headset HS-30—(&). Under certain condi-
tions, the high impedance type Headset P—18
or P—20 might be substituted for the HS5—40— (%),
but the results obtained will in general be in-
ferior.

236. Power Supply Circuit (figs- 78, 79, and
8o)

All power required for the operation of the

meter is introduced through the battery terminal

VT-N6-B 33 NOTES' vT87 0 NOTEE  VT-I16 10
6SJ7Y . 6ne ( 6547 Y
|52 15/ NOTE4 ‘H AR
= ]
i =
‘1ML
H : .
5|
NOTE|
3
—
o o !
L) N-;-
& | 7"
41] T .
20 Ja b
: ]
I
I
: 15-18
2l 22-2 15-1A
PHONES
C:°WER NOTEZ . 528
F _» ON : L oy
Be -t (o/ o o,
- B '293 _O—l
A- B- - ' T5-2A
Ar —io PHONES

“20A

NOTE 1: PART NO.24 LS OMITTED AND DASHED CONNECTIONS INCLUDING PART NOQ. 40-2 APPLY TO BC-221AH

NOTE . PART NO.45-11N THE BC-221-Al
NOTE 3: PART NO.5 IN THE BC- 22|-AH

NOTE 4; CONNECTION SHOWN DASHED AND OPEN CIRCUIT SHOWN +APPLIE5 TO BC-221-AH

NOTE 5: PART NO. 31IN THE BC-221-P AND BC-221-T
NOTE 6: PART NO, 9-1IN THE BC-221-AH

NOTE 7: PART NO. 38-2 IN THE BC-22-P AND BC22I-T
NOTE 8: CONNECTIONS SHOWN DASHED AND QPEN CIRCUITS SHOWN —)(—APPLY TO BC:221-F AND BC-22FT

TL 10280

Figure 77, Frequency Meter BC-221—(8), functional diagram, detecior and audio-amplifier circuils,

the output circuit. In the BC~221-AF and BC—
221—-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-221-P and BC—221-T are such that etther
high-impedance {15,000 ohms) or low-impedance
(2,500 ohms) headsets may be used without any
change-over adjustments being necessary. The
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board 46, located at the end of the battery cable.
The common negative filament and negative
plate battery leads are connccted to the middle
terminal which is gmunded to the chassis. A
fabricated wiring harness is provided for inter-
cell and filament battery to terminal board con-
nections in Frequency Meters BC—22:-P and
BC-221-T. A fiber terminal board is provided,
in addition, to the BC-221-AF and BC-221-AH

(>



for connection of the 4 battery cells. Section 2ga
of the POWER switch closes the positive G-vole
supply terminal {A+) to the vacuum tube fila-
ments through the auxiliary switches 15—1b and
15—2b on the PHONES jacks 15-1a and 15-—2a
when the headset plug is mserted in one of the
jacks. Section 24 connects the positive 135-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 A4
and B batteries cannot be discharged even
though the POWER switch is left in the ON

position when the meter is removed [rom service.

Section IV, MAINTENANCE
237, General
For all details of field maintenance, sce para-
graphs 26, 27, and 28.
Section V., SUPPLEMENTARY DATA

238. Tabular List of Maintenance Parts

a. FrEQUENCY METERS BC—221-P
AND BC-221-T.

Note. Order maintenance parts by steck number, name, and description,

Ref. No. Signal Corps ' Quan. per Lowvest maint,
symbaol stork No. Name of part and descriptien equip. cchelon
2Z481P ....... BAG:-BG-81—P;carrying...........vvne 1} | d
2Z48:T ....... BAG: BG-81-T;carrying................ S I 3
2Z551—160 BAG: BG—-160-(&)/S; available for am-
phibious operations...........o0 e I..... Onrgn stock
gAo.. ..l | BATTERY:BA2;22.5=v. ... oniL G..... 3d
|
3A23. ... ..., CBATTERY:BA23; 1.57v... oot deoenn. ad
3E1605-6.5. . ... CORD: GD -605; 64=ft; 2=cond.; PL—55 at
| onc cnd; Transformer C—410atother.....| 1..... 3d
aE1874........ ‘ CORD: CD 8y4; 6L5=ft; 2=cond.; PL—55-at
onc cnd; JB—47 onotherend............ I..,..| 3d
2B830(&)...... | HEADSET: HS—30—(&}; component} o
| HEADSET: HS—30—(&); repair partsf*“*"*| '*7*" Orgn stock
|
2B1gc0........ ; INSERT: M—300............ Cereeans 2. Orgn stock
|
2ZagorgA ..., | STRAP: ST-19-A...c.vvnns R S ST 3d

* Oply one Bop BG-81-P or BG-81-T is furnished per eguiprment.
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b. FREQUENCY METERS BC-221-AF
AND BC—z221-AH.

NoTE.

Ohoiler maintenance pacts by stock number, name, and description.

Ref. No.
symbol

Signal Corps
stock Mo,

Nare of part and description

Quan. per
equip.

BAG: BG-81-AF; carrying
BAG: BG-81-AH; carrying

BAG: BG-160-{&) /S; available for amphi-
bious operations

BATTERY: BA2; 2o.5=v

BATTERY: BAcgng; 1.

T e e s e e e

CORD: CD-6o5; 6L4=ft; 2=cond.; PL—55 at
one end; Transformer C-410 at other, , ..

CORD: CD-874; 614=ft; e=cond.; PL-55 on
one end; JB~47 on other end

HEADSET: HS-30~(&); component}
HEADSET: HS—30—(&) repair partsf """

INSERT: Moo, . ... ..oii i

STRAP: ST—1g-A

Lowest maint,
echelon

ad

Orgn stock
ad

ad
gd
ad

Orgn stock

Orgn stock

3d

* Only one Bag BG-81-AF or BG-81 AH js furnished per tquinment.

118



“woldmp Jtouayr ¢ L —1EE—yF pup J—isa-ngy seppy Kumbag gl anfry
1-122-99 T30CW H3Lv7 NI WHO 05.8 OL OIINVHD : JION. 1504 ONIGNIE £ AHOUDIW SEZ 8l
ONIFIE LOVINOD € AHHIW 5076 it
il cp o OMd INY e AHONDIW O'FE 81
4 A &F SAUNIH 0SF 0 HOLUMS I | 8L-§i
3z Sk HoLImS 6Z MOV INOHd | vI-51
LY T HOLIMS :4 HoiMs T | 951
[l o HOLIMS £ AOWE ANDH | YI-SI
#ril gp 14 WHOOIW $0 9% #C 0l
1 100" | ewe’i-or WHC 000°GL ST " o 4
LE2-vEp s WHO 000°05 L & AHOWIW 25| ¥z WHO 081 2
182011 WHO 0S€ | Z9L-8¢ WHOSaW L | 29142 h._i £ @
————————————© ____Tl_ WHO D0S'¥ LE. WHO 0528 | Z9t-22 FLLI TR T
o WYIL A¥ILivd 9 WHO 000058 14 T o0 | TBIE
_]_ SHIYI ¥IMOd 5¢ - WHO 000G (it yoo g z
°© _T____T_ SON1d ¥IMOY e TYASA¥D 4l 17 091 1
2.5l " =
I % St st " 2-vesase NOILA¥253a 3¥ NOILdIND53a 43 NOILAIND$3A 3
JJJJJJ ANG
sanond|_o 9z 500 1 oTvix
Ay ot 1 T
82-dl HOAHD Z-Ofr s/\/\/\; . =
Sty L2k 1-22 v SHOLIOVIYD HOLYSNIJNOD | =
! AN R TYWHZHL FUY EF ONVO'SON LHvd {3LON
TI-§1 2-22
I .
SINCOHJ ]
~—0 >2 1-0%
a8i-5l .T_ _l=
_m_ z
et L ] 12, <02 - 7
_ 1 “-“ LN N
i ll-l _;_u “a_m
e el o
8l = 2-
I ] |fbfblbr\!. ALlrSa HEH RO
1-LA L | 1€ g-911-LA ONY3'0344
Bl ) 2%
25LA £t
1Ny,
o ¥}

i ﬁ

yoLo3uuon! ™

119



apLnp spuns ©J - 128 -0 iy Kwenbang 64 amdny

T gy (il 1S0d ONIANIG 4% AHITIW 50'4 £l
POl 114 SAUNZH 05k 0 AHOSDIW O'vE 2l
i 5¥ H3LIMS 67 HILMS T | 8z-51
LI i HOLIFAS 8¢ NIVT ANOHA | ¥I-51
FLLANT! g HOLS 7 HLAAS d | -5t
0 001 v WHOOIW §'0 o7 WIVE INOHD | ¥I-5L
3oLy | £ L1-0F WHO 000'L 1 LAy ol
2420111 £2-v6t AD WHO 00005 1 &t AHODIW 8751 vz I 2o P
. _ WHO 05% Be WHODIW | | 29152 WHO 081 i
WHO 0528 28 WHO 0528 | T¥L-T2 L g
‘WiIL A¥3LLYE 9E WHO 000'05 1z i gy | ZwL-s
SADYT 4IMOd St WHO 009'S 0z oL | ZRI-E
SONTd dIMOd vE T¥ISAUD 6l AL > F4
1504 SMNIGNIG £e AHOEDIW SEL 8l JLC N t
v2 -Gt .
—lo NOILIEIS3A 424 NOILd4D$Ia 434 MO D53 434
' S3NOHd L3H
[ ' -
a2-9 NOIHOIWLX \_/\M\M. c_‘_‘.l
o 2.3z -0 SYOLIOVAYD HOLVSNIJWOO =
] AMA-HE IWWYIHL SBY GLONYS'SON LNVd TION =T
—.«I_.m_
SANOHI
Al
815t ol 1Ot
4 # y
esp S, y
TT 2
— - — [=]
- 1 3
I ]
o © + $
- T
6 = ALPS S HOIH Mo
ax9
mﬂ,_mmw L91-1A €¢ %n g-9li-LA ONYE 0344

'LN¥ 'OND

120



woslng sppunps P -18e-0g 2py Cusnbsny o unBig
~ WHO 002’8 | 48 WHO 000’1 (44 AO¥T INCHd | vZ-51
3l 5 15 || waae Awaliva | e WHO 0002 vZ HOLIMS 1 | d4L—1L
o Tl 05 || 5dD%F ¥3IMOd | SE WHODIwW L | Z81-£2 AT INOHA | v1-—51
il g &¢ || Somd 13mod | FE WHOQ 00001 | 27122 |['SNyiL in4400 oL
Al T4y WISy || 1SOd DONIONIR | £8 WHO 00005 12 . IO THAS
i pg Fr ] 1504 ONIANIA | T8 WHO 060'% o7 CWHOD 051 z
it gl or SAENIH 051 | O IWLSAHD &1 jriit 2 9
it poL iy HOLMS | 62 AHITTIW 01 Bl oL $
vez £2-vat A9 37 1000 | £92 71-0F HoLms | 82 AHITIIW 276 £y o o1 | Z291-¢€
) » WHO 000°06 L 68 HOLIAS | ZZ ||AHOHDIW O'SE 4] jmme Z
€ez0IL e WHO 001 8t || WHOOIW §0 | SZ [ HOLMmS U4 | 851 §9 091 1
" o%sm..mo o NOLLAIED$3a a3 || NOudEDsaa | 434 || NOILdIEDSI 43y NOILJIEE3 FE; ]
23
vZ-gl H3IM0d 82 L _— _ _ - — - _ ATNO
. Y o ‘050 a1v1X
SINOHI—o—¢ b il I { |
g e OFHD z-e 15y A/MM = "SHOLIOVAYD HOLYSNIAWOD =
e d VLY A A T -6 TYWHIHL 3HY € ONVI SON LEVd [ ILON T
| &
mmzo:a_._“c? HOIH ®O1
=T ]
ol %2
a1
2 o) 1 2
g £ NI N_H
11 8
if 2
n
m
]
— o
l_”. =
iP5 L] _ ALlrSS
SI-LA 291-1A S - 8-9l-1A HOIH  MO1
% ummuul ONvBDINd
LNV COND

121



EEARS HaF AARRED AR BAmE 3
CORED WAES ARE WailE Wil TRACTRY AT BT
rox - FRACES
e "M“ l:v‘m ;- FELLOW TRA cin
- GACE N Faactg
pANSIITEN A At TAACCn
hY AR~ Amamn ACER
y/ k- ArAck rAAcER
?,/ A ALY ¥ Ghrew TRATERs
W A-Zur REd f Audow TraeRY
et S-B REAF Biow TAACERR
- Y N W Sadis wwite
|
~
w ) ) "
| Aar y >
=
Ty
N
-
PAViey
Lt
! I
r
1 (e]e)
)
e
M - QO A
2. Ax }: B
] CAYITAL JOCRAT
1=
V= ar e
5| o
3 L
o + -

=t FRANTLNNA AaxT

TL-10284

122

Figure 81.

Frequency Meters BC-221-F and BC-221= T, chassis wiring diegram.
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CHAPTER 9

FREQUENCY METER SETS

Section 1. DESCRIPTION

239. General

Frequency Meter Set SCR—211-AE and SCR-
211-AG have been manufactured by the Philco
Corporation on several orders. These sets are
similar in all electrical and mechanical details
but differ in nomenclature and order numbcrs
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 either
the SCR—-211-AF or the SCR-211-AG.

240. Components

Fach frequency Meter Set SCR—211-(7) In-
cludes the following component uiits:

SCR—211-AE AND SCR-211-AG

241. Additional Equipment Reqnired
The following cquipment, not furnished with
the orders, is required to complete each Fre-
quency Meter Set SCR—211-(7) !

Cluantity Article

I.. . Hecadset HS-30-(&)*.
dovviinnn Batteries BA-—213.
6... . ... Batteries BA—o.

*Tf {his headset ecannot be obtained, wse Headset P-18 op P-20.

1 Crystal Unit DC-¢-P or DC-6-AD (in operatling position)*.

Quantity Component

fooewennn] Frequency Meter BG-211-(7) includes:

1 Calibration Book MC—177—(7).

1 Wrench for Bristo No. 8 setscrew ({spares compartment).
Gooonn cever.| Tube VT-116, type 65]7 (two in use, two spare).
i . Tuabe VT-167, type 6K8 fonc in usc, one spare).
| Strap ST-19 -A
- S | Technical manuals for Frequency Meter Set SCR—211-(7).
S

Cord CI» 874 for Headset HS -30-(&).

% Any erystal upit with nomenclature N or hizher can be used Interchangeably with any froquency meter set with nomenclature N or higher.

Some Irequency Meter Sets SCR-z211-AE have
been supplied with a spave crystal unit. How-
ever, Order No. 248g7-Phila—13 was supplied
with one Crystal DC-g—-P or DC—g-AD in use
and noe spare.

NoTk. A hag is not furnished with the SCR-211-AF or SCR.211-AG.

A suitalle cover is supplied with the wooden eabinet anfd is not con-
sidervd tu be a separatc component.

242, Total Weight

SCR—211—(7), complete and ready for service,
weighs approximately 46.24 pounds. For typical
(]II‘I'I(‘.I'ISIOUS, sce ﬁgure 2?.

243, Power Consumption
All power required lor the operation of this
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equipment 1s supplied by the batteries histed in
paragraph 24t. The current drains under the
specified conditions are approximately as follows:

Filaments: 6 volts: 0.85 ampere,

P'lates, etc.: 135 volts; 0.012 ampere with
operation switch at CRYSTAL.

0.018 ampere with operation switch at
OPERATE*,

0.014 ampere with operation switch at
CHECK.

* Contrary to the general rule covering this type of meter.
Frequency Meter Set SCR-z11- (7} places maximum load on
the batteries in the OPERATE position of the operation
switch.

244, Controls (pars. ze and g4)
245. Vacuum Tubes

The vacuum tubes used in the Frequency Meter
Set SCR-211-(7} are shown in the following
tabulation:

251. Reading the Dial (par. n}

252. Calibration Book MC~-177—-(7)

(par. 12)
253.
254.
255.

The information contained there applics exactly
to the Frequency Meter Set SCR-211- (7).

Operating Circuits (par. 13)
Zero Beat Detection {par. 14)

Correction in Calibration (par. 13)

256. Crystal Check Points (par. 16}

257. Frequency Measurements (par. 17)

The proper position of the operation switch is
OPERATT for making frequency measurements
as described in paragraph 17.

Reference Tunction Signal Corps type Commercial Base
nomenclature equivalent
VT-116..... Variable frequency oscilla- VI-116........... 65J7..... Octal
for.
VT-167..... Crystal oscillator and de-
tector.. ... VI-167........... OKS8...... Octal
VTI-116..... ~ Audio-frequency amplifier, VT-116........... 65J7..... Octal

Section I1.
INSTALLATION AND OPERATION

246. Initial Procedure (par. 7)
Make sure a spare set of vacuum tubes is in-
stallecd i the space provided.

247. Installation of Baiteries (pars. 8 and
187h)

248. Antenna (par. )
249. Headset (par. 10)

The hcadset necessary 10 operate Frequency
Meter Set SCR—211-(7) is kept in the compart-
ment at the lower front of the cabinet. (See fig.
25.) Headset HS—g0- (&) has an impedance of
250 ohms. A headset plug must be inserted into
one of the PHONFS jacks before the meter will
operate.

250. Preparation for Use (par. 70)
126

258. Precautions During Operation
(par. 18)

259. Adjustments for Field Upkeep
(par. 19)

Section III. FUNCTIONING OF PARTS

260. General

Trequency Meters BC-221-AFE and BC-221-AG
are very similar to the meters deseribed in chap-
ters 4 and 7 of this manual and 10 each other.
There are a number of differences in part sizes
and designations between the BC-221-AFE and
BC-221-AG. In order to describe both types at
once, a special numbering system is employed
in the descriptions to [ollow in this section.
Where there are differences in designation, the
numbers in parentheses apply to the BC-221-AG



while the numbers out of parentheses apply to
the BC—221-AE. Other differences are covered
by footnotes on the functional diagrams. As an
example of the numbering system, thesdesigna-
tion g9 {g7) means part No. 3g of the Bl—221-
AE and part No. 37 of the BC-221-AG. For
further details sce figures 87 and 88.

261. Circuit Components (par. 21)

vT-I67

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 1o supply whole
multiples of 1,000 ke for the calibration of re-

vT-118
8sJ7

L
[
12
L]
m
ere > g0 29 & 20 ~
e "
2
u_o—'
- v PHONES
i.l' 16 (16-1) 3
= o2t * oy
NOTE 2 —gi
Bt o ] PHoNES
AB- o 3re
At o

NOTE I:- THE BY-PASS GAPACITOR, PART NO. 4-C, IS OMITTED IN THE BG-221-AG.
NOTE 2!~ PART NO. I13-1 1S OMITTED AND REPLACED BY PART NO.{(10-2), SHOWN

IN DASHED LINES, IN THE BG-22I1-AG.

TL 10635

Figure 81 Frequency Meter BC-227-(7), Sunctional diagram, crystal-oseillator circuil.

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 ke
when the operation switch 28 is placed in the

ceivers and similar equipment. The necessary
plate circuit impedance is built up across choke
coil 23 (shunted by capacitor 4—, in the BC—
221-AE only, to provide a low impedance path
to ground for high order harmonics of the crys-
tal oscillator fundamental frcquency of 1,000
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key. Resistor 2o is the oscillator grid leak and
works in conjunction with the tube cathode re-
sistor g9 (47). The variable capacitor g7 (3-%)
is connecied 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. When the frequency meters
are adjusted during manufacture, tlie variable
capacitor 1s set up to produce a frequency of
1000 ke £ 5 cycles at 20° centigrade. The fixed
capacitor  shunted across the crystal, minimizes
any change i 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-167 and capacitor 8. For
further details on the crystal oscillator, see para-
graph 22.

FREQ. BAND
HIGH

LOwW

a. Coris. The two inductors 22 and g0, 1n the
tuned circuits, are wound upon ceramic forms
and the low frequency coil go is coated with a
special wax (o eliminate the influence of chang-
ing atmospheric conditions on the stability of
the meter. The active terminals of these coils
are connecied across the terminals of the main
tuning capacitor 1 by means of the band selector
(FREQ, BAND LOW-HIGH) switch 27, Fach
coil and the tuning capacitor, together with
other capacitors 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 19
which connects to a tap on either coil through
the band selector switch 2. The frequency of
oscillation is made relatively independent of
variations in tube characteristics when the grid

a3
- ¥T-6 8
€3J7 g vr-167
VT 6K8

12

CORRECTOR

~i1
[T
>

T

® 129
Low HIGH g'
L AN Ex
b )
13-2(91) ag
Cl6-2)
B4 - 3=
A-B— 32
Ar —m PHONES
TLIO63S

Figure 83.  Frequency Meter RC-22:-(7), functional diagram, variable frequency oscillator circuit.

263. Variable Frequency Oscillator Cir-
cuit {par. 23)

Tube VI-116 {65]7) is wsed 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 coil.
The resistors 14 and 13, which carry little cur
rent, are connected in series with the grid circuit
taps on the coils and serve to stabilize the opera-



tion of the oscillator circuit by suppressing un-

desirable oscillations. The second coil tap, lo-
cated near the grounded end of each coil and
connecred o the cathode of the oscillator tube
through another set of contacts on switch 27,
serves to control the amount of teedback in the
oscillator circuit. The resistor 21—1 which is in
series with this connection on coil g0 applies ad-
ditional cathode bias to the grid of the uscillator
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 (hg.
85) are inductive temperature-compensating de-
vices used to obtain additional temperature sta-
bility. Resistor 18 is the oscillator tube plate
circuit Ioad. The voltage developed across it is
coupled to detector-converter Tube VT—167
through capacitor 12, or to the antenna through
capacitors 12 and 8 in series. Resistor §8 (16-2)
1s the screen grid dropping resistor, and part
15—2 (g—1) is the screen grid bypass capacitor to
ground.

b, Banp SELEcTOR SwitcH. Switch 2% is a
double-throw, triple-pole switch wich 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 switch has a heavy detent
which accurately locates the rotor plate in either
one of its two positions,

¢. CorrEcToOR CONTROL. Capacitor a2, the COR-
RECTOR contrel, with a range of 1.2 micromi-
crofarads  (s.2puf), enables the operator to
control the variable capacitance of the tuned
circuit in order to compensate for slight changes
in the circuit. (See par. g4}

d. TrimMING CaraciTors. 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 circudt
capacitance due to temperature changes. Since
the coils are compensated for changes in induct-
ance (par. 263a), 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 LOW and HIGH
frequency circuits to the exact values called for
by the design of the variable tuning capacitor.

Caution: Do not ramper 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 28. (See figs. 87 and 88.)

(2) At the CHECK position, the output of
oscillator Tube VT-116 {65]7) is applied to one
of the grids of detector-converter Tube VT —167
(6K8) where it is mixed with the output fre-
quency of the crystal circuit. The result 1s 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 re-
ceive or send any frequency in its 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-16% (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.
g acting as the control grid. The joint action of
grids No. 1 and g produces electron coupling of
the signals on the two grids. (See fig. 86.) Re-
sistor 2g is the detector tube grid leak. Resistor
16 (16-1) supplies voltage to the screen grid of
Tube VT-16% (6K8). Capacitor 13~1, in the BC-
221-AFE, bypasses the screen grid to the cathode.
Capacitor 10-2, in the BG-221-AG, bypasses
the screen grid to ground. The antenna post
53 is connected to ground through resistor z1—2.
The r-f voltage, developed across the load re-
sistor 18 in the plate output circuit of the
variable frequency ocillator, is coupled to the
No. 5 grid of this detector through a small fixed
capacitor 12. 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 prid, the detector mixes the variable fre-
quency oscillator output with the fundamental
and successive harmonics of the crystal when the
operation switch 28 is in the CHECK posidon,
and with the radic transmitter frequency to be
measured when the switch Is in the OPERATE
position. By reference to figures 85 and 86 it can
be scen that the antenna post 34 is also coupled
to the variable frequency oscillator output
through capacitors 8 and 12 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 output terminal for use 1n
calibrating receivers. When the unit is employed
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for the latter purpose, a minimun of 2,000 mi-
crovolts of radio frequency energy will be avail-
able between the antenna post 45 and ground

{(the chassis) at any frequency within the cali-
brated range.

mary of the audio-output transformer 17. The
secondary of the audic-output transformer con-
nects to the PHONES jacks g1~1 and g1—2 and
ground. This ts done so that no d-c voltage will
be present in the output circuit. The output

33
VT-116 VT-187 vT-116
6SJ7 6 K8 0 6SJ7
] =
' G
2]~ === —_ ====
& % {7
"l M \26
o 24 » "
L o 5 S
t 8 o
& s
L)
2
oy
—1 o . L). Ml 3'_IPHONES
ol 1 ]
= (o3 — v
NOTEI 18(16-10)
Bt o E LIPHONE{:
AeB- -2
At &

NOTE |- RART NO. 13-1 IS OMITTED & REPLAGED BY PART NO.{10-2) SHOWN IN DASHED LINES,

IN THE BG-22I1-AG.

TL 10637

Figure 85, Frequency Meter BC-221—(7), functional diagram, detector and audis-amplifier circuits.

205. Audio-Amplifying Cireunit  (par. 25)
The detector plate works into an audio-ire-
quency choke coil 24, which is bypassed by the
capacitor g (g—2) to reduce the response to high
frequencies. The beat frequency voltages built
up across the choke coil are coupled through
capacitor 11 and the GAIN control potentio-
meter 26 to the grid of Tube VT-116 {6S]7)
connected as a triode. The grid of Tube VT—-116
recurns to ground through the potentiometer
26, and the necessary grid bias voltage is ob-
tained by ineans of the cathode dropping resistor
qo (13). The plate (tied to the suppressor and
screen grids) of Tube VT—116 returns to the
positive plate supply voltage through the pri-
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circuit is designed for the use of the low im-
pedance type Headset HS-30- (&). Under cer-
tain conditions the high impedance type Headsel
P-18 or P—z0o might be substituted for the HS—
30—~ (&), 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 g6, located at the end of the battery
cable. The common negative filament and nega-
tive plate battery leads are connected to the
middle terminal whiclh is grounded to the chassis.
A fabricated wiring haruess 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 28 closes both the positive 6-volt
supply {(A-}) and the positive 1g5-volt supply
{B--). The positive 6-vole supply (A+) is closed
to the vacuum tube filaments through the aux-
iliary switches on the PHONES jacks g1-1 and
31—z when a headset plug is inserted in one of
the jacks. Since the door covering the control
panel cammot be closed with the headset plug
in place, the 4 and B batteries cannot be dis-
charged even though the operation switclr is left

in an active position when the meter is removed
from service.

Section IV. MAINTENANCE
267._ General

For all dctails of field maintenance, see para-
graphs 26, 27, and 28.

Section V. SUPPLEMENTARY DATA

268. Tabular List of Maintenance Paris
a. FrEQuENCY METER BC-221-AE.

Not. Order maintenance parts by stock number, name, anll descriptinn.

Ref. No. Signal Corps Name of part and description Quan. per| Lowest maint.
symbol stock No. equip, echelon
oZg8iAE. ... i BAG:BG-81-AFE;carrving.............. 1... ‘3d
|
2Z551-160. .. .. BAG: BG--160-(&)/S; available for amphi- I_
DiOUS OPCTationS. s v vsvrtrverirvriaas I....0Orgn stock
3AZ, i BATTERY: BAz; 22.5=v.....ovviinninn G... ‘gd
7 v D BATTERY: BA2g, 1.5=v. oo ... igd
|
|
3E1605-6.5.... CORD: CD-605; 6V=ft.; 2=cond.; PL—55 ‘
at one end; Transformer C-410 at other. , ... |3d
3E1874 CORD: CD-874; 61l4=ft.; 2=cond.; PL—55
on one end; JB—47 on otherend.. ... .., I... 3d
2B83o{&).. ... i HEADSET: HS-30-(&); component]....
HEADSET: HS-30-(&); repair parts.... | *o |OT8" stock
2B130{i ........ INSERT: M—goo.....coiiviviiiiniinnn, 1 2. Orgn stock
2ZgorgA .. ... | STRAP: ST—10-A...... ..o I... |cgd
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fr. FrReQuENCcY METER BGC—221-AG.

Notr. Order parts by stock number, name, and description.

Quantity Lowest
Reference No. ' Signal Corps Natne of Part and Description per Maintenance
Syulbo] S1ock Ne. Equip. Fchelon
2Z481AG ... .. BAG: BG-81-AG; carrying.............. ... ad
2Z551-160 BAG:-BG-160 (&}/S; availablefor amphi-
bious operations. ... .....ooo L. I...| Orgn stock
Az, .. ... BATTERY: BAo;ea.5=v................ 6...| gd
3A23. .0 BATTERY: BAeg; 1.5=v. . .............. 4... 3d
3E1605-6.5....| CORD: CD-605; 615=ft.; 2=cond.; PL-55
at on¢ end; Transformer C—410 at other. 1. gd
3E1874........ CORD: CD-874; 614=ft.; 2=cond.; PL—55
on one end: JB—47 on other end.. ..., .. I. 3d
2B830(&)...... HEADSET: HS—30—(&); component
HEADSET: HS—30-(&); repair partsf * 7| 1", Orgnstock
z2B1300........ INSERT: M—300....ccciivuvinninann.. 2. Orgn stock
2Zgo1gA ... .. STRAP: ST-10-A.......iiiiiiinin. I...| 3d
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CHAPTER 10

FREQUENCY METER SET

SCR-211-AK

Section I. DESCRIPTION

269. General
Frequency Meter Set SCR-211-AK has been

270. Components

Each Frequency Meter Set SCR-211-AK in-
cludes the following component units:

1 Crystal Unit DC-g9-P or DC—9-AD (in operating position)*.

1 Wrench for Bristo No. 8 setscrcw {spares compartment).

Quantity Component

SN TFrequency Meter BC-221-AK includes:
1 Calibration Book MC-177-AK.

I Tube VT-116, type 65]7 (two in use, lwo sparc).
S Tube VT-167, type 6K8 (one in use, one spare).
Cord CD-874, for Headset HS—30-(&]).
SN Strap ST-19-A.
2 e i e

TM 11-300AG for Frequency Meter Sets SCR-211-AG and SCR-211-AK |

* Any erystal unit with nomenclature N or higher can be used
interchangeably with any froquency metor sel with nomenclature
N or higher, ’

manulactured by the Philco Radio Corporation
on several orders. The SCR-221—AK is the first
of a new series of frequency meter sets contain-
ing a modulator unit and a WARM-UT paosttion
of the operation switch. When the operation
switch 15 at MODULATE, the output of the
variable frequency oscillator is modulated at a
frequency of approximately 375 cycles. This
provides a means of calibrating and testing re-
ceivers which are not equipped with a c-w oscil-
lator. Tn the WARM-UP position of the opera-
tion swicch, only the filament of wvariable
frequency  oscillator Tube VT-116 (65]7) is
turned on. This eliminates any unnecessaty
drain on the 4 and B batteries during the initial
warm-up period. As a result there is a consider-
able saving in bauery life. For further general
information see paragraph 2.

136

NoTe. A bag is not furnished with the SCR-211-AK, A suit-
able cover is supplied with the wooden cahinet 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—211-AK:

Article

| A Headset HS—go-(&)*.
6........ Batteries BA—o.
Y. D Batterics BA-23.

* If Headset H3-30- (&} cannot be obtained, Headeet HB3-33 may b
substituted.

272, Total Weight

Frequency Meter Set SCR-211-AK, complete
and ready for service, weighs approximately g6
pounds, For typical dimensions, see figure z7.



273. Power Consumption

All power required for the operation of this
equipment is supplied by the batteries listed in
paragraph 251, 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.: 135 volts; o.000 ampere with
operation switch at WARM-UP.
0.012 ampere with operation switch at
CRYSTAL.
0.018 mmpere with operation switch at
OPERATE.
0.017 anipere with aperation switch at
MODUILATE.
0.014 ampere with operation switch at
CHECK.

Note. Centrary to the general rule covering this type of
meter, the SCRozo_AK places maximum load on the bat-
terigs in the QPERATE position of the operation switch,

Batiery 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 lile, The WARM-TUP position of the opera-
tion switch should be used during warming-up
periods or during stand-by periods, not exceed-
ing one hour, when it is desired to keep the
frequency stabilized.

274. Controls (par. 2¢)

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 (hg. &) ,

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 jacks 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 adjust the input voltage to the audio-
amplifier tube, and in turn the level of sound
in the headset.

¢. The OFF-WARM-UP-CRYSTAL-OP-
ERATE-MODUILATE-CHECK control is the
operation switch of the BC—221-AK. In the OFF
position, both the 4 and B battery circuits are
open. In the WARM-UP position, the 4 battery

circuit, connected through the series filament
supply switches 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 paosition, the A
battery circuit to all tubes is closed and remains
closed for all succeeding positions of the switch.
The B battery circuit 15 closed to all tubes with
the exception of the variable frequency oscilla-
tor. In the OPERATE position, the B battery
circuit 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 oseillator 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 battertes;
the WARM-UP position, minimum load on the
batteries.

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

¢. The frequency of the variable frequency
oscillator is controlled by the setting of the dial
Iabelled DIAL UNITS which is graduated into
one hundred divisions. One revolution of the
DIAL UNITS dial moves the DIAL HUN.-
DREDS dial one division. (See par. 11.)

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 calibration of the in-
strument as accurate as possible over that part
of the scale centered at a given CRYSTAIL
CHECK POINT and extending halfway to the
next higher and next jower CRYSTAL CHECK
POINTS.

275. Vacuum Tubes

The vacuum tubes used in the Frequency Meter
Set SCR-211-AK are shown in the following
tabulation:
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Signal Corps Type Commercial Base
Reference Function Nomenclature Equivalent

VT-116..... Variable frequency oscilla-

tor. VT-116........... 68J7..... Octal
VT-167..... Crystal oscillator and de-

tector. VI-167......00000 6KS...... Octal
VT-116..... Audio-frequency amplifier

and oscillator. VT—116....0...... .. 65J7..... Octal

Section IL

INSTALLATION AND OPERATION

276. Initial Procedure (par. 7)

Make sure a spare set of tubes is installed in
the space provided.

277. Installation of Batteries {pars. 8 and
18%b)

278. Antenna (par. g)
279, Headset (par. 10)

The headset necessary to operate Frequency
Meter Set SCR-211~AK is kept in the compart-
ment at the lower front of the cabinet. {See fig.
25.) Headset HS-30— (&) has an impedance of
250 ohms. A headset plug must be nserted in
one of the PHONES jacks before the meter will
operate.

280. Preparation for Use

. To start the meter, insert the headset plug
mto a PHONES jack and turn the operation
switch to the WARM-UP position.

b, After starting the set by the method de-
scrtbed above, allow 15 minutes for variable
frequency oscillator Tube VT-116- to warm up.

¢. In order to test for normal operating con-
ditions, 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 oscillator fre-
quency beating with various crystal harmonics.
The presence of these tones indicates normal
operation.

281. Reading the Dial (par. 11)
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282, Calibration Book MC-177-AK
(par. 12)

283. Operating Circuits (par. 13)

The BC-221-AK contains one principal operat-
ing part in addition to the parts described in
paragraph 13: the audio oscillator-modulator,
which generates an audio voltage for modulat-
ing the rf signal output of the variable fre-
quency oscillator,

284. Zero Beat Detection (par. 14)

285. Correction in Calibration (par. 15)

The information contained there applies exactly
to Frequency Meter BC—221-AK.

286. Crystal Check Points (par. 16)

287. Frequency Measurements {par. 17)

The proper position of the operation switch is
OPERATE for making frequency measurements
as described in paragraph 17. The modulation
feature, provided in the BC-221-AK, makes
possible the following additional measurcments:

a. To MEASURE THE FrEqQuUENCY TO WHICH A
RecrivEr Is TuNeEDp, WHEN Rrcrivir [s Nort
Equirrep WitTh A C-w OsciLLator. (1) Put
the meter in operation as instructed in para-
graph 28o.

{2} Place the antenna of the frequency meter
near and parallel to the antenna of the receiver.

{3} Turn the operation switch to MODU-
LATE.

{4) Vary the main tuning dial of the fre-
quency meter until a g§75-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 MODULATE and adjust the
main tuning dial until the gys-cycle tone is
heard again in the speaker of the receiver.

(7) If the signal tunes broadly, that is, if 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 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.

(g) Observe the dial setting and determine
the frequency corresponding to this setting from
the caltbraton book. If the exact frequency is
not given, determine it by interpelation as in-
structed in paragraph 1ize.

b. To Tune Rrecriver, Not EqQuirrEr WiTH
C-w OsciLLATOR, TO A DESIRED FREQUENCY. (1)
Put the meter in operation as instructed in para-
graph z8o.

{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, either LOW or HIGH.

{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 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 warning 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 g75-cycle note in the spcaker
or headset.

(10) 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.

¢, Mi1sceLLANEOUS MEASUREMENTS. Other uses
of the MODULATE position of the frequency
meter may occur to the operator. For examp]e,
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 recciver 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. 18}

289. Adjustments for Field Upkeep
{par. 19)

Section III. FUNCTIONING OF PARTS
290. General

The BC-221-AK is very similar to the BC-
221-AG described in chapter g 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 emploved, however,
instead of the four-position switch which was
used on earlier moedels made by the same manu-
facturer. This six-position switch controls two
additional circuits, one for the modulator and
one for the filament of the variable frequency
oscillator tube. At the WARM-UP position of
the switch, only the filament of wvariable fre-
quency oscitlator Tube VT-116 (68]7) draws
current. In the MODULATE position, the cir-
cuit of the audio-amplifier stage 1s changed . to
that of an audio oscillator which is coupled to
the plate circuit of the variable frequency oscil-
lator so that modulation of the rf output will
take place. (See fig. g4.)

291. Circunit Components {par. 21)

The circuit of Frequency Meter BC-221-AK
contains one component part in addition to those
given in paragraph 21: The audio oscillator-
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modulator circuit, which generates an audio-
frequency voltage for the modulation of the rf
output of the meter.

292, Crystal Circuit

The crystal circuit uses the triode section of
Tube VT-167 (6K8) shown in figure g1. The
oscillator operates at the fixed frequency of 1,000
ke when the operation switch 28 is placed in

can. Resistor 20 is the oscillator grid leak and
works in conjunction with the tube cathode
resistor 7. The variable capacitor g—3 is con-
nected 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. When the frequency meters are
adjusted during manufacture, the variable ca-
pacitor is set up to produce a frequency of 1,000

] 33
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Figure gr.  Frequency Meter BC-227-AK, functional diagram, erystal-oscillator circuil.

the CRYSTAL or CHECK position. The opera-
tion switch controls the crystal oscillator by
opening or closing its plate voltage circuit. The
oscillator circuit is designed to generate con-
siderable harmonic energy so that it can be used
to caltbrate the variable frequency oscillator at
several peints over its entire range, as well as
to supply whole multiples of 1,000 ke for the
calibration of receivers and similar equipment.
The necessary plate circuit impedance is built
up across the choke coil 23, inclosed in 2 metal
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ke == 5 cycles at 20° centigrade. The fixed capaci-
tor &, 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 2z2.

293. Variable Frequeney Oscillator Cir-
cuit {par. 23)

Tube VT-116(6S}7) is wsed in an electron

coupled circuit as a variable frequency oscillator.

{See fig. g2.)
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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 g0 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 2. Each
coil and the tuning capacitor, together with
other capacitors mentioned below, constitute
the resonant circuit thae 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
19 which conmnects to a tap on cither coil through
the band selector switch 27. The frequency of
oscillation 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 15, which carry little car-
rent, are connected 1n series with the grid circuit
taps on the coils, and stabilize the aperation of
the oscillator circuit by suppressing undesirable
oscillations. The second cotl tap, located near
the grounded end of cach coil, and connected
to the cathode of the oscillator tube through
anothier set of contacts on switch 29, serves to
control the amount of feedback in the oscillator
circuit. The resistor 21—1 in series wich this con-
nection on coil go 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 g2 are
inductive temperature-compensating devices in-
stalled inside of the coil forms to compensate
for variatiens in inductance brought about by
temperature changes, Resistors 18 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 28 is in the MODULATE posi-
tion. See paragraph 296.) The voltage developed
across these load resistors is coupled to detector-
converter Tube VT-164 through capacitor 12,
or to the antenna through capacitors 12 and 8
in series. Resistor 16—2 is the screen grid drop-
ping resistor, and part g—1 is the screen grid
bypass capacitor to ground.

b. Banp SELCCTOR 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 its two positions.

¢. CorrectorR CoNTrRoOL. Capacitor 2, the
CORRECTOR control, with a range of 1.2
micromicrofarads (1.2uxf), enables the opera-
tor to control the variable capacitance of the
tuned circuits in order to compensate for slight
changes in these circuits. {See par. 294f)

d. TriMMING CapaciTors. The trimming ca-
pacitors are part g-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. zgga),
frequency drifts due to temperature changes are
negligible. The trimming capacitors 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 capacttor.

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, OPERATE, and MODULATE
positions of the operation switch 28, (See fig. 94).

(2} At the CHECK positicen, the output of os-
cilator Tube VT—116 (68]7) is applied to one of
the grids of detector-converter Tube VI-167
(6K8) where it is mixed with the output fre-
quency of the crystal circuit. The result 15 a
frequency equal to the difference of the two,
and is used to adjust the Irequency 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, it
may be used as a radio receiver or transmitter.

{4) At the MODULATE position, the vari-
able frequency oscillator ts in operation, while
the audio amplifier-modulator ¢ircuit 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 g75 cycles. If the antenna is in position,
the frequency meter may be used to send any
frequency in its range, modulated at a frequency
of g7r cycles, but it cannot be used as a receiver
since the audio-frequency amplifier tube has



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 VI-167 (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. g grid through the coupling capacitor 8.
As a resule 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 28 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 g2 and g3, it
can be seen that the antenna post gg is also
coupled to the variable frequency oscillator out-
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Figure g3 Frequency Meler BC 22i—AK, functional diegram, detector and audin-amplifier cirenits,

No. g acting as the control grid. The joint action
of grids Nos. 1 and 3 produces electron coupling
of the signals on the wwo grids. {Sce fig. gg).
Resistor 29 is the detector tube grid leak. Re-
sistor 16-1 supplies voltage to the screen grid
of Tube VT—-167 (6K8). Capacitor 10-2 bypasses
the screen grid to ground. The r-f voltage de-
veloped across the load resistors 18 and ag in
the plate output circuit of the variable fre-
quency oscillator is coupled to the No. g grid
of this detector through a small fixed capacitor
12. The antenna post 33 is zlso coupled to the

put through capacitors 12 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. When the unit is employed
for the latter purpose, a2 minimum of 2,000
micro-volts of radio frequency energy will be
available between the antenna post g3 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 audio-fre-
quency choke coil 24, which is bypassed by the
capacitor g-2 to reduce the response to high
frequencies. The beat frequency voltages built
up across the choke coil are coupled through
capacitor 11 and the GAIN control potenti-
ometer 26 to the grid of Tube VT—116 (68]7),
connected as a triode, through a section of the
operation switch 28. The grid of Tube VT-116
returns to ground through a section of the opera-
tion switch and the potentiometer 26, and the
necessary grid bias voltage is obtained by means
of the cathode dropping resistor 13. The plate
(tied to the suppressor and screen grids) of Tube
VT-116 returns to the positive plate supply
voltage through the primary of the audio-output
transformer 1%, The secondary of the audio-
output transformer connects to the PHONES
jacks g1-1 and g31-2 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
HS-g0— (&). Under ceriain conditions the high
impedance type Headset P—18 and P—20 might
be substituted for the HS—g0— (&) 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
thie connection of the variable frequency oscilla-
tor to the detector tube, is shown in figure gz,
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. When the operation switch
28 is in the MODULATE position, the circuits
are so arranged that energy is fed back to the
grid circuit of audio Tube VT-116 from the
secopdary of the audio-output transformer 17.
The primary winding in the plate circuit of the
audio tube, coupled to the secondary winding,
completes the oscillating circuit. The capacitor
41, across the primary winding, together with
the inductance of the primary winding, consti-
tutes the resonant circuit that defermines 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 18 and gg) of the
variable frequency oscillator tube through series
resistor 40. The output of the audio oscillator-
modulator is divided by resistors gg 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 moedulation 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 grounded 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 28 closes both the positive
6-volt supply (A-) and the positive 135-volt
supply (B+-}. The positive 6-volt supply (A4)
passes through the auxiliary switches on the
PHONES jacks g1—1 and 31—2 before going
through the operation switch 28 to the vacuum
tube filaments. The circuit is complete only
when a headset plug is inserted in one of the
jacks. Since the door covering the control panel
cannot be closed with a headset plug in place,
the 4 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 26, 24, and 28,
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Section V. SUPPLEMENTARY DATA
299. Tabular List of Maintenance Parts for Frequemcy Meter BC—-221-AK

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

Ref. No. Signal Corps IMName of part and description Quan. per| Lowest maing.
symbol stock Mo equip echelon
2Z481AK .. ... BAG: BG-81-AK; carrying.............. I. ad
2Z551~160 BAG: BG—160—(&) /S; available for amphi-
bious operations. ........... .o 0 I. Orgn stock
3A2. .. ... ..., BATTERY: BA2; 22.5V. e vvvvreanininn 6... |ad
323 ... ..., BATTERY: BA23; 1.5=v.....couivienns 4... 134
3E1605-6,5....] CORD: GD-605; 6%%=ft; 2=cond.; PL—55
at one end; Transformer C--410 at other. . 1. gd
3E1874........ CORD: CD-874; 6Y=ft.; 2=cond.; PL—55
on one end; JB-447 on other end........ 1. 3d
2B830(&)...... HEADSET: HS—-30-(&); component. | ...
HEADSET: HS—30—(&) repair parts.f ... | 17+ | Orgnstock
2B1g00... .. ... INSERT: M-—g00. ..cccneiiiinn i ns, 2. ... Orgn stock
27.9019A ...... STRAP: 5T—-19-A...ovvir i I. 3d
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CHAPTER 11

FREQUENCY METER SETS SCR-211-AJ AND SCR-211-AL

Section I. DESCRIPTION

300. General

Frequency Meter Set SCR-211—A] has been
manufactured by the Rauland Corporation, and
Frequency Meter S8et SCR-z211-AL has been
manufactured by the Zenith Radio Corporation,
on several orders. These models are similar to
the SCR-211-AK, discussed in the preceding
chapter, in that they also contain a modulating
unit and a WARM-UP position. In these models,
the WARM-UP position is a position of the
POWER switch. When 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
cquipped with a c-w oscillator, In the WARM-

UP position of the POWER switch, only the fila-
ment of variable frequency oscillator Tube
VT-116-B (65]7Y) is turned on. This eliminates
any unnecessary drain on the 4 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 altke, with two exceptions: The
values of parts 24 and 43 vary, and part 54 was
omitted from the SCR—211-AL. These variations
are noted where necessary. For further general
information see paragraph z. The symbal (8),
as used in this chapter, refers to either the SCR—
211-A] or SCR—221-AL.

301. Components

Each Frequency Meter Set SCR—211—(8) in-
cludes the following component units:

Ouantity l

Article

Frequency Meter BC-221-{8) includes:
1Crystal Unit DC—9-M or DC-9-P or DC-9-AD (in operating position) 1.
1 Calibration Book MC-177-(8).
1 Wrench for Bristo No. 8 set screw (spares compartment)..

Tubes VT-116—B, type 63]7Y (one in use, one spare).

2

D N Tubes VIT-167, type 6K8 (one in use, one spare).
Toveiin e Tube VT=116, type 65]7 (in operating position)e,
P Cord CD-874 for Headset HS—g0—{&}.

| (A Strap 8T-19-A.

- S

Technical manuals for Frequency Meter Set SCR—211—(8).

1 Any eryatal unit with nomenclature N or higher can be used inter-
changeably with any froyueney meter zet with nemeneclature N or
higher. .

2 On Order No, 36827-Phila-43, & sparc Tube VT-116 was furnished
with the BCR-211-AJ.
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NOTE. A bag is not furnished with the SCR-211—-{8). A suit-
able cover is supplied with the wooden cabinet and is not
considered to be a separatec component.



302. Additional Equipment Required

The following equipment, not furnished with
the orders, is required to complete each Fre-
quency Meter Set SCR—211—(8}.

OQuantity Article
SN Headset HS—g0—(&)*,
6........ Batteries BA—=.
Boviienn. Batteries BA—23.

*Tf Headset HS-30-{&) cannot be obiained, substitute Headset
P-18 or P-20.

303. Total Weight

Frequency Meter Set SCR—z11-(8), complete
and ready for service, weighs approximately 40
pounds, For typical dimensions see figure 2.

304. Power Consumption

All power required for the operation of this
equipment is supplied by the batteries listed in
paragraph goz2. The current drains at the speci-
fied voliage limits are as follows:
Filaments: r.4 to 6.0 volts, 0.86 to o0.gt

ampere.

0.30 ampere with POWER switch at

WARM-UP,

Plates, etc.: 121.5 to 185.0 volts, c.016 to

0.18 ampere.
These values are typical for operation with the
operation switch at the XTAL 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 posttion of
the POWER switch should be used during
warming-up periods or during stand-by periods
not exceeding 1 hour, when it is desired to keep
the frequency stabilized.

305. Conirols (par. 2¢)

When the snap latches are released and the front
cover lowered, the control panel is exposed. The
calibration 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 wtwo 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 4 battery circuit is off and
the B battery circuit from the meter is grounded;
when the switch is at WARM-UP, the 4 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 will
conserve two-thirds of the life of the battery.
‘When the instrument is not in use, turn the
POWER switch to OFF.

¢. 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-XTAL
CHK-XTAL ONLY contrel is the operation
switch of the BC~221-(8). In the MOD. OSC.
position, the audio-amplifier circuit is converted
to an audio-frequency oscillator circuit and in
addition, the B battery circuit is closed to all
tubes with the exception of the crystal oscillator.
In the HET. O8C. position, the B battery circuit
is closed te all tubes with the exception of the
crystal cscillator portion of the detector-con-
verter tube and the final stage of the frequency
meter acls as an audio amplifier. In the XTAIL
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
XTAIL ONLY position, the B battery circuit is
closed 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 I.OW-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. 11.)

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 CRYSTAL 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
Sct SCR—211-{8) are shown in the following
tabulation:

switch to the WARM-UP position.

b. After starting the set by the method de-
scribed above, allow 15 minutes for variable fre-
quency oscillator tube VI-116-B to warm up.

¢. In order to test for normal operating condi-
tions, set the operation switch knob ar XTAL
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.

Signul Gorps Type Coammercial
Reterence Function nomenclaturc equivalment Base
VT-116-B* ..... Variable frequency
oscillator. VT-116-B* ........ G8J7Y*. ... ..., Octal™*
VT-167......... Crystal oscillator :
' and detector. VT-167 .....oun.. PBK8.. L. Octal
!
VT-116......... Audio-frequency
amplifier. . VT-116............ 65]7.......... Octal

* Tuhe VT 118 H is practically the same as Tuhe VT -118, but haz a
epecisl eleetrieally low-lozz base, In an emergency, a Tube VT-116 can

Seection 11,
INSTALLATION AND OQOPERATION

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
187h)

309. Antenna (par. g)

310. Headset (par. 10)

The headset necessary to operate Frequency
Meter Set SCR—-211— (8} 1s kept in the compart-
ment at the lower front of the cabinet. {Sce fig
25.) Headset 115-30— (&) has an impedance of
250 ohms. A headset plug must be inserted into
one of the PHONES jacks before the meter will
operate,

311. Preparation for Use

a. To start the meter, inscrt the headset plug
into a PRHONES jack and turn the POWER
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bie used in the variable frequency oscillator, but temperathre and
humidity changes might cuuse uwndesirable effects.

312. Reading the Dial (par. 11)

313. Calibration Book MC~177-(8)
{par. 12)

314. Operating Circuits (par. 13)

The BC-221-(8) contains one principal operat-
ing part in addition to the parts described in
paragraph 13: The audio oscillaror-modulator
which generates an audio voltage for modulating

the r-f signal output of the variable frequency
oscillator.

315. Zero Beat Detection (par. 14)'

316. Correction in Calibration

Turn the POWER switch to the ON position,
the FREQ). BAND switch to the LOW or HIGH
position as required, and the operation switch to
the XTAL CHK position; then follow the pro-
cedure in paragraph 15. After completing this
procedure, turn the opcration switch to the
HET. OSC. position and proceed with any meas-
urements.
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317. Crystal Check Points (par. 16)

318. Frequency Measurements {par. 17)

The proper position of the operation switch is
HET. OSC. for making frequency measurements
as described in paragraph 17. The modulation
feature, provided in Frequency Meter BC—221—
(8), makes possible the following additional
measurcments:

a. To MEASURE THE FREQUENCY To WHICH A
Rrcriver Is Tunep, WHEN REcrIvEr s Not
EqumepeEp WiTH A C-w Osciiraror. {1} Put the
meter 11 operation as instructed. {See par. §11.)

(2) Place the antenna of the frequency meter
near and parallel to the antenna of the recetver.

(33 Turn the operation switch to MOD. OSC,

(4} Vary the DIAL UNITS dial of the fre-
quency meter until a goo-cycle note is heard in
the speaker or headset of the receiver.

(r) 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 MOI. O8C. and adjust the
tmain tnning dial untl the joo-cycle tone 1s heard
again 1 the speaker of the receiver.

{7y If the signal tunes broadiy: that is, if i¢ is
audible over several divisions ot the DIAL
UNITS dial of the frequency meter, decrease the
coupling between the {requency 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 UNTTS dial. The
sharper the tuning, 1the greater will be the ac-
curacy ol the measurement,

(8) Adjust the DIAL UNITS dial for maxi-
mumn signal in the speaker or headset of che
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 beok. Il the exact frequency is
not given, determine it by intcrpo]atiun as 1n-
structed. {See par. 1z2e.)

b. To Tuxe Rrecever, Notr Equirrep witH
C-w OscainiaTor, To a DEsIRED FrREQUENCY: (1)
Put the meter in operation as instructed. (See
par. 311.)

{2) Place the antenna of the frequency meter
near and parallel to the antenna of the receiver.

(3) Turn the operation switch to XTAL
CHK.

(4) Set the FREQ. BAND switch to the proper
band, etther I.OW or ITIGH.

{5} Select the proper dial serting for the de-
sired {requency 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 untl zero beat is
obtained.

(7} Turn the operation switch to MOD. OSC.

(8% Set the DIAL UNITS dial of the fre-
quency ineter 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 qoo-cycle note in the
speaker or headset.

{10) 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 will be tuned to within a few cycles of
the frequency being generated by the frequency
meter,

¢. MIscFLLANEOUS MEASURFAMENTS, Other nises
of the MOD. OSC. pasition of the frequency
meler may occur to the operator. For example,
the Irequency meter may be used to perform
an emergency alignment on a receiver when a
regular stgnal 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 {requency 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. 18)

320. Adjustments for Field Upkeep
(par. 1g)
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Section I1I. FUNCTIONING OF PARTS
321. General

The BC—221—(8) is very similar to the meters
described in chapter 6 of this manual with re-
gard to the operation of the variable frequency
oscitlator, the detector and crystal oscillator,
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-

322. Circuit Components (par. 21)

The circuit of Frequency Meter BC—221-(8)
contains one component part in addition to
those given in paragraph 21: the audio escillator-
modualator circuit, which generates an audio-
frequency voltage for the modulaiion of the
r-f output of the meter.

323. Crystal Cirenit

The crystal circuit uses the triode section of
Tube VT-167(6K8). (See fig. 96.) The oscil-

33 VT-167
6K8
VT-le-8
6SJ7Y
51
|
I g A
| T Fos
— —t—
o —
N 0T £ 43 7éo %
2 || ; |
'20
T _
& o
AN 1518
T Oy
. EIPHONES
- 14 | 22-2 15-1A
= AN 15-28
POWER u-‘gi,
OFF _# ON S VIPHONES
a :"' ~— 7 ° 16-2A

At s 29' o—

TL 10847

" Figure g6.  Frequency Meter BCe—2r-(8), funstional diagram, erystal-oscillator circuti,

ulator circuit. The POWER switch has three
positions instead of the two positions formerly
used. At the thira position of the POWER
switch, WARM-UP, only the filament of vari-
able frequency oscillator Tube VT-116-B
(68]7Y) draws current. (See figs. g9 and 100.}
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lator operates at the fixed frequency of 1,000 ke
when the operation switch ¢8 is placed in the
XTAL CHK or XTAL ONLY position. The
operation switch controls the crystal oscillator
by opening or closing it. plate voltage circuit.
The oscillator circuit is designed to generate
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considerable harmonic energy so that it can be
used to calibrate the variable frequency oscilla-
tor, at several points over its entire range, as
well as to supply whole multiples of 1,000 ke
for the calibration of receivers and similar equip-
ment. The necessary plate circuit impedance is
builc up across the choke coil 18. The variable
capacitor ro 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
capacitance. Resistor 23-1 is the oscillator grid
leak and works in conjunction with the tube
cathode resistor 7 which is bypassed to ground
by capacttor 40-2. Further reference to figure g6
shows that the output of the crystal oscillator
15 electron coupled to the antenna through the
No. g grid of the hexode section of Tube VT -
167 and capacitor 51. For further details on the
crystal osctllator, see paragraph es.

324. Variable Frequency Oscillator Cir-
cuit (par. 23}

Tube VT—-116-B (6S]7Y) is used in an electron
coupled circuit as the variable frequency oscil-
lator. (See fig. g7.)

a. Coirs. The two inductors 16 and 17, 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 (FRLE(Q. BAND LOW-
HIGH) switch 27. Fach coil and the tuning
capacitor, together with other capacitors 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 27. 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 g7
and g8, which carry little 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 ceil, and connected to the cathode of
the oscillator tube by another set of contacts on
switch 27, serves to control the amount of fecd-
back in the oscillator circuit. The resistor 24 in
series with this connection on the LOW coil 14
applies additional bias to the grid of the oscilla-
tor tube when the band selector switch is in the
LOW position. This cathede bias resistor is by-
passed to ground by capacitor 44. Resistors 21
and f52—-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 28 is in the MOD. OSC.
position. (See par, g27.) The voltage developed
across these load resistors is coupled to detector-
converter Tube VT-167 through capacitor 5,
or to the antenna through capacitors 5 and 5

in series. Resistor 22-1 is the screen grid drop—
ping resistor, and part g—=2 is the screen grid by-
pass capacitor to ground.

b. BAND SELECTOR SwiTcH, The band selector
switch 27 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:
seli-aligning, self-wiping type. The switch has &
heavy detent which accurately locates the rotor
plate in either one of its two positions.

¢. CORRECTOR ControL. Capacitor 2, the
CORRECTOR control, with a range of 1.5
micromscrofarads (1.540f), 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. 5058.)

d. TriMMING CapraciTors. The trimming ca-
pacitors are parts 3—1 and g—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 44 across the HIGH
frequency coil 16, in the BC—221-AJ only, pro-
vides an additional fixed capacitance in this cir-
cuit. The trimming capacitors 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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" 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 when-
ever the POWER switch 2g is in the ON posi-
tion, the operation switch 28 is in the MOD.
OS8C., HET. 0OSC., or XTAL CHK position,
and a headset is plugged into a PHONES jack.
{See figs. g9 and 100.)

(2) At the XTAL CHK position of the opera-
tion switch 28, the output of oscillator Tube
VT-1:16-B (GST7Y) is applied to the No. g grid
of the hexode section ol detector-converter Tube
V1'-16% (6K8} where it is mixed with the out-
put frequency of the crystal circuit. The result
Is a frequency equal to the difference of the two,
and i1s used to adjust the frequency of the oscilla-
tor by means of the CORRECTOR control.

(3) At the HE'T. OSC. position of the opera-
tion switch 28, the variuble frequency oscillator
is in operation while the erysial oscillator is not.
If the antenna is in position, the frequency meter
may be used to receive or send any frequency in
its tange; that is, it may be used as a radio re-
ceiver or fransmicter.

(4) At the MOD. QSC. position, the variable
frequency oscillator is in operation, while the
audio amplifier-modulator circuit is changed o
eperate as an audio-frequency oscillator and
modulator in order to modulate the variable
frequency oscillator at a frequency of approxi-
mately qoo cycles. If the antenna is in position,
the frequency meter may be used to scnd any
frequency in its range modulated at the fre-
quency of goo 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) 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.
g acting as the control grid. The joint action of
grids No. 1 and g produces electron coupling of
the signals on the two grids. (See fig. g8.) Resis-
tor 22—z supplies voltage to the screen grid of
Tube VT-167 (6K8) . Capacitor 14 bypasses the
screen grid to ground. Note that the antenna

33 \gT,;gG? 9-1 VT-116
VT-16-B - it 65J7
6SJTY |
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L 15-18
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Jo-20
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AR o H 15-24
il |
At o oo
29
TL 10649

Figure 98.  Frequency Meler BC-221-(8), functional diagram, detector and audio-amplifier circuits,
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post 33 is connected to ground through the re-
sistor 2o. The r-f voltage developed across the
load resistors 21 and K2—1 in the plate output
circuit of the variable frequency oscillator is
coupled to the No. g grid of this detector through
a small fixed capacitor 5. The antenna post 33
is also coupled to the No. g grid through the
coupling capacitor 51. 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 XTAL 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 g8 it can be seen that the antenna
post 33 is also coupled to the variable frequency
oscillator output through capacitors 51 and 5, 1n
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 g2 at any
frequency within the calibrated range.

326. Audio-Amplifying Circuit (par. 25)

The detector plate works into an audio-fre-
quency choke coil go, 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 g—1 and the GAIN control potentio-
meter 26 to the grid of Tube VT-116 (68]7),
connected as a triode through a section of the
operation switch 28. The grid of Tube VT-116
returns to ground through a section of the op-
eration switch 28 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-116 returns to the positive plate
supply voltage through the primary of the audio-
output transformer 10. The secondary of the au-
dio-output transformer connects to the PHONES
jacks 15-1a and 15-2a 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-g0— (&) . Under certain conditions the high
impedance type Headset P-18 or P-20 can be
substituted for the HS-30-(&%) 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 g7.
The audio oscillator-modulator unit provides a
source of audio-frequency voltage for modulat-
ing the r-f outpur signal from the variable fre-
quency oscillator. When the operation switch 28
is in the MOD. OSC. position, the circuits are
so arranged that energy is fed back to the grid
circuit of the VT-116 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 q4o0 cycles.
The plate voltage of the audio oscillator-modu-
lator tube is obtained from the plate circuit
{junction of resistors z1 and gz—1) of the vari-
able frequency oscillator tube through series re-
sistor p2—2. The output of the audio oscillator-
moadulator is divided by resistors 52—1 and g2—2
and is fed to the plate of the variable frequency
oscillator tube. With this arrangement, audio-
frequency valtage 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 100)

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 commection. The positive 6-volt supply
(A--) passes through the auxiliary switches on
the PHONES jacks 15—1b and 15—20 before go-
ing through the POWER switch 29 to the
vacuum tube filaments. The circuit is complete
only when a headset plug is inserted in one of
the jacks. The positive 135-volt supply (B+)
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x.

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 4 and
B batteries cannot be discharged even though
the POWER switch is left in an active posttion

when the meter is removed fr(;m service.
Section IV. MAINTENANCE

329, General

For all details of field maintenance, see para-
graphs 26, 27, and 28,

Section V., SUPPLEMENTARY DATA

330. Tabular List of Maintenance Parts

a. FREQUENCY MFTER BC-221-A]J.

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

Quan, Lowest
Refl. No, Signal Corps Name of part and description por maint
symbol stock No. equip. echelon
83. ... GA2. ..., | BATTERY: BA—2; 22.5~v............. | 6., ad
[
84..un... 3A23...... ... BATTERY: BA-23; 1.5=v.............. 4...|3d
2Z481A]...... BAG: BG-8B1-AJ; carrying.............. T...| 3d
2Z551-160 BAG: BG-160—(&)/S; available for am-
phibious operations ................... 1. Orgn stock
3E1605-6.5 CORD: CD-6o5; 61,=ft; 2=cond.; PL—55
at one end; Transformer C—410 at other.. 1...|ad
gE1874........ CORD: CD-874; 614=ft.; o=cond.; PL~55
onone end; JB—47 on otherend ........ 1...]3d
2B8g0(&)...... HEADSET: HS-30~(&); component . . ..
HEADSET: HS~30—(&); repair parts....[ | """ Orgn stock
2B1goo........ INSERT: M=300......covvviniiiiinans, 2. Orgn stock
2Z.q01gA....... STRAP: ST-19-A ... ... . i iennns. I...| sd
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b. FreQuUENCY METER BC-221-AL.

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

|
Signal Corps |
stock No. !

Name of parts and deseription

Lowest
maint
.. echelon

BAG: BG-81-AL; carrying .............

BAG: BG-160-{&)/S; available for am-
phibious operations...................

BATTERY: BA—2; 22.5=v...0vvununnn..
BATTERY: BA-23; 1.5=v.......... ...

CORD: CD-6o5; 6Li=ft; o=cond.; PL—j55
at onc end; Transformer C—410 at other, .

CORD: CD-874; 6l4=ft; a=cond.; PL~55
cn one end; JB—47 onotherend.........

HEADSET: HS—30—(&); component |
ITEADSET: HS—30—{&); repair parts |~

INSERT: M—300. .. ceureernriernuaanns

STRAP: ST—1g=A. . .iiviiiieiniiennnns

3d

Orgn stock
sd

gd
ad
gd

Orgn stock
Orgn stock
ad

«o
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