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CAUTIOi l
{a.ndte 

this 
-equi-p1.ot with care as it is a sensitive precision instrument. Do not

tighten the dial lock more than necessary; excessi"e tightening will caus,e the dial
Tttiog to be disnrrbed. Never make a direct connection *t*".rr-a uansmitter and the
frequeocy Ecter.
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In case it should.Fgqu ne'cessary to-prevent the capture of this equipment and when ordered to do so, DE-
STROY lT SO THAT NO P'ART OF IT CAN BE SALvAGETi, iTTCOCNIZED OR USED Bt' THE
ENEMY. BURN ALL PAPERS AND BOOKS.

hleas:. ./

f. Erptosives, wben provided
2. yarumery''exes, dedges, machetes, or wbatever heavy object is readily available.
3. Burning by qg$ of incendiaries such as gasoline, oll paper, or **i.
{. Grcneder end shors froq aveilablc arms.
r. Byring all debris ot disposing of it in streams or other bodies of water, where possiblc ead

wh time permits.

Proccfurc:-

r. Obliterate all identifying marks. Destroy nameplates and circuit labels.
2. Demolish all parrcls, castings, switch- and instrument-boards.
3. Destroy all controlq switches, relays, connections, and meters.
4. Rip out all wiring and cut interconnections of electtical equipment. Smash gas, oil and water.

cooling systems in gas-engine generators; Gtc.
5. Smash every electrical or mechanical part, whether rotating, moving, or fixed.
6. Brcak up all opetating instruments such as keys, phones, microphones, erc.
7. Destroy dl classes of camying cases. suaps, containers,,etc.
8. Bury or scatter all debris.

DESTROY EVERYTHING!

' Re'Pa'*
Fot U. E. Arat Ah Forcc ?etto;ncl:

In th.e er:fo! of malfuntiid1g,.,,rootisfactory design,.or unsatisfactory inst-allation of eay of thc cmpo.
nent units of 6&rcguipment, or if the material contained in this book is consideJli"O*;,. *ffi*,
aq Unsatisfactory'ti4*, AhF r; *;:;A;;; *;. in similar form, shal be submitted in accordaacc
with the provisionc of Army Air Forcc Regulation No. 15-54 listing:

I Statim and organizetion.
'2' Namcplate data (type number or complete nomenclature if nameplate is not

atnched to the equipment).
,,. 3. Drte rnd natue of feilure.: 

{. {irplryre modet and scrial number.
i-'Rimedy uscd or dp"J;;;;;, recumence.
6. Handbook errors or inadequacies, if applicable.

Fot II. S. Nacrl pctsosscl:

Report of failue of eny part of this equipment during its guaraateed life shall be made on N. A,g.. 1tlz,"Report of Unsatisfactory or Defective lliatirial," o, " i.po"t-in.similar forrn, and forwarded in eccordancewith the latest instructions of the Bureau of Aeronautics.ln addition ro other disuibution require4 one copysh'll be fumished t9 f. inslrcctor of Naval Materiel (tootio' to be specin.ay *a the Bureau of ships. s.chrcports of failure shall include:

l. Reponing activity.
2. Nameplate data.' ,. Date placed in service.
4. Part.which faited.
l. Neture and cause of failure. r
6. Rcplacement oeeded (yes_ro).
7. Remedy used or ptopod to prevent recurence.

For hithb Pctswcl:
F9- lo22 procedure shelt be used when reporting failure of radio equipment

TESTIICTED
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Srcllon I
Porugruphr I -t

g P E  C I A 1  T O T I C E
Istnrctios in this handbook cover 2O mdets in Frequency Meter Set SCR-2ll-4,
'4 -C (end nrbcequent production mdels) serip. Thly "tl ,, follows: Frequency
Mencr Setr SG,-2rr.A SCR-zrr-B, SCR-211-C, Scn-zri-o, scR-211-E, scR-il1.F,
scR-2rr-t, SCR-zrr-K, scR-211-L, scR-Zrr-I\4 SCR.21I-N, SCR-ZII-O, SCR-211-P,
scR-2 u-Q, SCR-2 I 1-R, SCR-z I l.T, SCR-2 I 1-A4 SCR-2 I l-AC, SCR-2 I l-AE, and
SCRall.AF. Sore of these models are electrically and mechanicalty identicel; othen
differ in ddtail b'ut not in general pufpose.
For coovenience in refetence io this handbooh an asterisk (*) enclosed in paren-
thes is used in place of the sufrx letters (e.g., "-lr" "-Br'l .'-cr,' etc.) 6f se
diftcreot models and their components in the series. However, when information
ir tpp-ticable only to a spocifC equipment, or comlnnent" the appropriare nrfix
fe$6 is uscd.

SECr rO t  I
G E T E N A ]  D E S C N I P T I O T

t. ?uttoSt or !g$t?tEltT.
Frcgcncy Mcter Sct SCR-2fr-f; is an iosmrmeot

dfx*pcd b marsrG thc frequcncy of redio waves. It
is poneHc eod *lf-cmoined Tbe sct crn be uscd
ei6er in e hbmrrcry c io the 6eld for calibrating
1rdio trenmitctr rnd roceiven or for mnrring any
freErcocy within Se nnge of, t2i to 2o,(no kilocycles.r
Tbc mer conainr r rqX).kiloctcle cqrcal which is
u$d .to cel&arte &c Get's heerodyne 

'drcillator 
at r

nuder of poina bsqd"

e PRltCftAt COtPOltEltTs.
nioCpnt coqponcog of each FreqSrency Meter Set

SCR-2rr-(.) ere li{.d in table t-1.

3. WEIeIIT AXD OYEIATL DITENSION$

_ _Tbe weight end ovemll dimensions of each Frequency
Mets Sct SCR-2Ir-(r)- complete and ready for service,
rle listcd in tte tablc bclow.

I. PC}ryER CONSUHPTIOil.
All power required for the olnradon of this .qpip

neot is supptied by the batteric tisted in nblc l-1.

5. DEI'CRIPTION OF COtFOilElffg.
c; EREQUENCY METER BC-zzt-f1.

(Sec frortkpicce,)
(1) CABINET.-The frequency meter is con'

pletely inclosed in a three-section cabinet. TH top lld
largest conains thc frcqucocf @*r;**,
sis; the next smaller conpartment at the bottom rar
contaihs the bottcries; and the smallest compgtmec
at the bottom front conbins slrerc nrbes, wrenchef'fot
the Bristo sctscr€ws, and the clip for the spare Cqyrt t
Unit DC-f-1*; when one is nrpplied. A carrying handle,
an antcnna binding pcq end a sngp latch are mounted on
the top nrrface of the cebioet At the sidec of the oabiac
are .munted two mdl rings to which tf,c cerryiag
straP is ordinarily hooked.

Vcigb
(Pdt)

scR-2rr-N
scR-2rr-o
scR-2rr-P
scR-21r-Q
scR-2ll-R
scR.2rr-T
scR-2rr-AA
Aluminum Cacc
$Toodcn C-esc
scR-2rl-Ac
sG,-2rr-AE
scR-2rr-Ar

r3F'rr/16xl0xg-tr l12
11r9-3/1x 10"3/16

rr - l r / t6r l0r9-U1
l S x l O x 1 o . 3 . 1 4

1 5 x l 0 x t b 3 l 1
Lrr/6 r rbr/1x t0-rl2

Vcigbt
(Fdr)

Discrrsioss
(irchcs)

scn-2rr-A
sc[j2tr-B
scn-2rr-c
scR-2rr-D
scR-2rr-E
scR-2rr-F
scn-2rr-J
scn-2rr-K
scn-2rr-L
scR-2rr-M

r t -718 r  10 :9-7 /8
t1xr ( } l l16x9-3 /1
r*rlt x to.t/8 **7 /t6
r3.r/8 x ro-r/t x*7 | 16
t  t /8rrro-r / t6x9-7|16
r , l t l l 6  r  lo  t9^ r t /32
r3-rlsr rG,l/8 x9-7/t6
rt-t/E x r0-r/8 x97/16
rl-tls x lG'l/8 x9-7/16
lr-Ut r rGr/8 x*7/,16

r ^Altboqh 6c crlil"rrn"d nnts of 6c frequmy mctcr ic fmd
r2t s}2o,0o0 UlocF|q br propcr usc of barmmtc! rnd th cell
blrtfuo bool$ laqlcn ilr rbovc 2qm0 kilocyctes m.y bc deter-
nircd with omcrpmding .ccrrrlry.

3&t
3to
3&t
*t
,.5
t o
38.O
Strt
tto
3t2t

I

a

. !

;lt

16.4
38.O
3t.8
to.6
38.0
42.3
3t.2
3t.1
3r.t
13.O
36.o
,9.5

REsTt|�TED l - I
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EQUIPMENT REQUIRED BUT NOT SUPPLIED

Note 5

MISCELTANEOUS

One battery uay (furnished)
Antenna (stifr copper. wire)

12' long (not furnishcd)

()ne battery tray (turnished).
Antenna (stiff coplrer wire)

18' long (not futnished).

o 6
b.8

d . 6

o.6
b . 8

lo.6
Io.8

lo .6
to.8

Io .8

[o .8

So.8

Io.6
{o.8

i lo.8

ilo.8

!1o.8

!Io.-8

l lo.8

T o 8

aPProt

applo

No.c t. H..dr. II93t. Crrd CDrOt.A .!d H..&. A.l|||G rc!t-( ) .!t t!94!.d ri.! tt qr.! L !d br ^Ir F9.oe fq tEdd oE rr.id!. No-.-- -- -ir..rii.-E 
i;in tl- dla Efu b rld |. .iridra cq!i!d..4 H..drc.-flstc( ) .!d Co.d CD-60:t i. ftqdld ri.!- &; d..r L [td tt

rt,olrd lo.c... lf ti.- .!. ad t'riht&, ur. Ili.dLt P.lt
Noc 6. U-d 6lt 6 .lI[i!!r crr d.l.

MC-177-D

No. g

I -3:-l -4' RESTRICTED
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co*po*Er{T pAnis r

EQUIPMENT SUPPLIED

ffii: ffiffiffi'r:.nffitr*

frLodel Freqteacy
Metcr

Crjstal
Unit

Calibration
BoaA

Teclmical
Illanaal or

Insbtctimt Booh

Tabe Set
Ia Use Bag Vrencbes lor

Setsctear

scR-2r1-A BG22I.A DC-9-A MC-r77-A scR-211-A
JAN-76
JAN-77
JAN-647

BG.8r.A
or

BG.8l.AD
Bdsto
Bdsto

No.5
No.8

scR-2ll-B BC-22t-B DC-9-B MC177.B scR-211-B
JAN.6SJT
JAN6SJT
JAN-6K8

BG-8'r,B
of

BG.SI.AD
Bdsto Nd.6

scR.2ll-C D - t r r  -
D\ /FaaL- \ t DC9-C NIC-r77-C scR-2rl-c

JAN-76
JAN-77
JAN-6A7

BG-sl-C
of

8G.8l-AD

Bristo No.6
Bristo No.8

scR-2ll-E BG22I.D Dc.9.D MC.177-D scR-21l-D
JAN,76
JAN-77
JAN-6A7

BC*8l-D Bristo No.6
Bristo No.8

scR-2u-E BC.22t-E DC.9-E MC.t77,E scR-2lr-E
JAN-7C7
788
JAN-7A4

BG.8l.E
or

BG.8I.AD

Bristo No.6
Brisro No.8

scR-2ll-F BG22l.F DG9-F MG177.F scR-21l-F
JAN-76
JAN-6SJ7Y
JArV-6A7

BG-Sl.F Bristo No.8

SCR-2lt-J BC22t-l DC-e-J :M:G-rn-J scR-21l.J
JAN-76
JAN-6SJ7Y
JAN.6A7

BG-81-J Bristo No.8 SI

scR-21t-K BG22l.K DC-9-K Irc-u7-K scR-2ll-K
JAN-76
JAN{SJ7Y
JAN{A7

BG-8I.K
or

BG.SI.AD
Bristo No.8

scR-2u-L Bf,-22t-L DC.9-t Itifl;.r77-L scR-21I-L
JAN-76
JAN-6sj7Y
JAN-6A7

BG-8I:,L Bristo IVo.8

scR-2tr-M BC22r-M
rl

DC-9-M MGI77.M scR-21I-M
JAN-6SJ7
JAN-6K8
JAN-6SJ7Y

BCrgt-D.
of

BG.8I.AD

Bristo No.6
Bristo No.8 ST

scR-2ll-N BG22l-bl DC9.N MGu7.N scR-21I-N
JAN-6SJ7
JAN-6SJ7
JAN{Ks

BG.8l"N
or

BG.8I.AD
Bristo No.8 ST

scR-21l-O rc-22r.o.
DC-9-M or
DC-9-Por
DG9.AD

MGl77-o
sG,-2rr-O

and
scR-2ll-R

JAN.6SJ7
JAN6SJTY
JAN-6K8

BG-91-O
or

BG.8I.AD
Bristo No.8 SI

scR-2rl-P' Bc22t-P DG9.P MC-177-P
scR-2rl-P
plus one
spare

JAN-6SJ7Y
JAN-6SJ7Y
JAN-6K8

BG.8I.P
ot

BG.SI.AD

t

Bristo No. t

scR-21I,Q BG22l-Q
DC-e-Q

of

DC-9,B
MGl77-Q SCR-21l-Q

JAN-6SJ7
JAN-5SJ7
JAN-6K8

BG-81-Q,
of

BCPSr-AD
Bristo No.8 ST

scn-2rr-R BC-22r-R
DG9.R or
DG9-A or
DG9.AD

MGI77.R
scR-21r-O

and
scR-21r-R

JAN.6SJT
JAN4SJTY
JAN-6K8

BG.8l.R
or

BG-8l.AD
Bristo No.8 ST

scR-2rr-T Bc.22t-T Dc.9.T MC-r77-T scR-2r r-T
JAN{K8
JAN-6SJ7Y
JAN-6SJ7Y

BG.81.T
of

BG-8,I.AD
Bristo No.€

scR-2rr-AA Bc.22t-tLA DG9-AA MC-r77-AA scR-211-AA
JAN-6SJ7
JAN{SJ7
JAN-6K8

BG.EI,N
Note 6

Bristo No.8 ST

scR-2rl-AC Bc22r-AC
DC-9-M
DC9.P
DC.9-AD

MG177-AC scR-2rl,AC
JAN-6SJ7
JAN-6SJ7Y
JAN-6Ks

Biisto No. t ST

scR;21I-AE BC-22r-AE DG9-AE MCt77-AE
TMII.3@AE
plus ooe
sPefe

,AN-6SJ7
,AN6SJ7
JAN6K8

Bristo No. g ST

scR-2rr-AF rc-22t-AF DG9-AF MGI77-AF TMI T,3OOAF
JAN-6SJ7
JAN-6SJ7Y
JAN-6K8

Bristo No.8 ST
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f. u]tPAcl0ll6 THE FTEoUENCY MfrER"
The ftcquency metcr eet comes from the factory in-

closed ia a carrying bag. All obes are inserted in their
sockets anil samped. The batteries are not ordinarily
insalled at the factory.

Unpack the equipment and thoroughly inspect all
compartments of the cabinet for possible damage dur'
ing shipment. Use caution in handling the eq3ripment as
it 

-is 
a precision laboratory instnroent everi thorrgh

ruggdly b'uilt

2. IilSTALI.ATION OF SATTEIIES.

iloh
This procedue sppliet b rll mdels excePt
Frequcacy Meters BG22I.B lnd BG221Q.
For their hstrllrtioo refcr to pmgraph ,
below.

Renove the fuqucncy reter *"ctit fnom the cabinet
.r " pt oodoo whil. ibatttng md onnecting batter-
ies.

a. Select four Batteries BA-23, e*ch of which meas-
ues 1.35 volc or higher. Select six Brttcrfus BA-2, each
of which rrcasurcs 2a.2, volts or higher. (Test batteries
under locds as indicated in sec. VI, table 61.)

ilotr
If there is any choice'of batteriee, use those
with the highest voltages as they will give the
longest service. Do not insull httedes which
meanrre lower than the above eentioned volt-
age3 excePt af an emergeocy measure.

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

Note
Frequency Meter BC-??L-AF has a battery re-
taining board which must be remov"d by turn'
ing the thumb screw to the left.

c. Insert four Battedes BA-23 under the strap with
their terminal posts facing out end Push well forn'ard.
Turn the batteries so thcir terminals are in the posi-
tions shown in fgtrre 1-1, and connect in scries. (See
fr,g.2-r.)

Itotc
In Frequency Meter BC-221-A $rrn the four
negative posts inward along diagonals through
the four positives. In Frequency Meter BC-
221-AE turn the batteries so the sPccial connect-
ing board will fit over the ProPer terminals.

d. Hold the wiring hamess so thet the two lugs of
the main cables reach the "A{" and the "A-" ter'
minals on the baaery terminal board. Tighten the secur-
ing strap.

e. Crnnect the six Batteries BA-2 in series as shown
in figure 2-1. Trpe all ioints seorrely to Prevent an
accidenal short circuit of any of the batteries and ar-
range the batteries in two layers of three each. Have

Flgurc 2-l . Frequ.nc1 ltclcr B0-z2l-F|-lWirtng ol tolfcrfer

'14 nEsTrrcrED

{





lrcrionr ll-lll

pliog device 6y dulling the sharp edges sf the jaws of the
dip and insulating with ape. Attach this clip to the
other end of the wfue, and use it to couple the frequency
'meter to any desired point.

cAuTroil
Never connect the aotenna tbrminal of the fre-
quency meter ditectly to any part of a $ans-
nitter of receiver.

beat is obtained. (Refer to sec. VI, par. 2 f,or further
explanation of zero beat.)

Nole
Do not disturb 'the "CORRECTOR" control
adjustment from'here on. V/hen correcting the
hiterodyne oscillator to'calibration, numerous
beat points will be heard. (For furthet explana-
tion refer to sec. IV, par. 4.)

2. TUNINE A ?R,ANSHITTER TO A DESIRED
FRE9UENCY YALUE.

The method of tuning a transmifter to a desired fre"
quency value coosists of zera beating the transmittet
signal wi$ the propet hetero{yne oscillator signal.

a. Correct the heterodyne oscillator to calibration at
the crystal chect poiot nearett to the desired fr.equency
value as explained in paragraph r, ibove

D. Dependiog upon the nodel being used, set the
switches in the following' positions:

(1) gn Fsuency Meters BC;aaI-A, -G -D, -4 -J,
-K, and -L set the "CRYSTAL ON-OFF' switch to the
"OFF''position.

(2) On Freqpency Meters BC-221-NI, -O, -P, -R,
-T, -AC, and -AF, slt the "HEf. OSC.XIAL CIIECK.
XTAI ONLY" switch to the "HEf;'OS€,:' posidon.

(3) On Freqgency Meters BC-221-B .8, -N, -Art
and -AE, set the'OFF-CRYSTAL-OPERATE-CItrECK"
switch in the "OPERATE' 

1rcsition.
c. From the calibration book deterpine the dial set-

tihg for the desired frequency. (Refer to sec. fV, par. 4.)
d. Turn the main nrning dial to the correct dial set-

ti.g. Lock the dial. .
c. Loosely couple the frequency meter antenna to the

transmitter output and nrne the tmnsmitter to give an
audible sound in the headse. Adjut the "GAfN" con-
trol to obtain a comfortable volume in the headphone.

NEsTNETCD
AN O8-40!tCR2t I -2

t

sEc r l o i l  l l l
O P E R A T I O T

t o r t c E
Fgr greatest accuracy, GilrJ out all operations in the shortest possible time. Other-
wise 

-changes 
in voltage or temperatures may causg the fr_equency meter to -drift.

However, ftffi on the lxlwer switch and plug in the headset at least 10 minutes
before the meter is to be used.

'---/

t. conlEcTtl{g THE FnEoUENCY METER TO
CALIIRATION.

Preparatory to using the frequency meter, proceed
as follows:

a. Rrsh the plug of the headset into the "PHONES"

i".k.
&. Turn the "PIOI7ER" switch to the rrON" pdition

and allow the tubes to heat for 1O minutes. (On Fre-
.io*.y Meters BC-221-M, -B iT, . -AA, and -AE the
power switch is incorporated in the "OFF-CRYSTAI-

OPERATE-CI{ECK" switch.)
c. Turn the crystal oscillator on in the check position

as follo*'s:
On Frequency Meters 9C-221-,1\ -C, -D, -F, -J, -K,

and -L turn the "CRYSTAL'| switch to the rtON" posi-
tion. On Frequency Meters BC-}Lb-M., -O, -P, -& -T,
-AC, and -AF turn the "HET. OSC.-XTAI CHECK-
XTAL ONLY" switch to th€ "X�[AL CHECI(" position.
On,.Frequency Meters BC-211-8, -E, -N, -AA, and -AE
trrrn the "OFF-CRYSTAI-OPERATE-CHECK" switch
to the "CHECK" position.

d, Turn the !'FREQ. BANDI' switch to "LOS[" if the
desired frequency value is berween 124 and 2ooo kilo-
gcles, or to "HIGH" if the desireil frequency value is
between 2OOO and 2O,000 kilccycles"

a. Open the catibration book to &e p^ge listing the
desited fr-equency. At the bottom of this pege, the near-
est cryrstal check point (refer to par. 3, this section) will
^ppera in red and the associated dial seaiag in black.

t. Set th main nrning diel (refer to s€c. VI; par. 1)
to coneslpnd with the appropriate dial setting as found
according to instnrctions in paragraph c., above.

g. Roate 6e "GAIN" conttot clodswise about hatf
way or until a sound is heard in the headset.

E. Turn the 'IORRECIOR" ontrol udtil eracr zero

2-t-3-O NEITRICTED
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f Tune the transmitter to zero beat with the fre-
quency meter. The transmitter is now radiating at the
sanrc frequency value as the frequency meter.

3. USE OF THE CALIBRATIO]I BOOIG
a. FINDING THE MATN TUNING DIAL

SETTING FOR A GIVTN TREQUENCY.
(1) Open the book to the page on which the main.

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

(2) Look down the right-hand columns until the
desited frequency is found'. Look along the same line '

to the left to find dre' correspondingly correct dial
setting.

,. FrI{DING TI{E TREQUENCY FOR A GrVEN
MAIN TUNING DIAL SETTING

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

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

c. DETERMINING INTERMEDIATE VATUES
BETVEEN TISTED FREQUENCIES.

(1) The eror introduced by merely reading the
nearest frequency.listed instead of splitting the difier-
ence, does not'exceed O.O2t p€rcent in the high band,
or 0.04 percent on the low band.

(2) If an accuracy equal to or better than 0.O12.
percent on the high band and O.O2 percent on the low
hnd is desired compute mid-points berween the listed
vdues and read the frequency or the dial setdng as a
listed pornt or a mid-poioq whichever is closer.

f. HEASURINO THE'FRE9UENCY OF A LOCAL
TRANSMITTER' A??ROXIMATE YATUE

r]fowN.
a e.orpect the heterodyne oscillator to calibration at

the crystal check polnt n€arest the approxirnate f.te-
quency as explaioed in paragraph l, this section..

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

(r) On Frequency it.,.r, BC-zzr-A, -G -D, -B
-J, .K and -L set the "CRYSTAL ON-OFF' switch to
the "OFF" position.

(2) On Frequency Metetr BC-zzt.M, -O, -P, -&
-T, -AC, and -AF, set the "HEf. OSC.-XTAL CHECK-
XTAI ONLY' switch in the "HEf. OSC." position.

(3) On Frequency Metes BC-221-B., -E, -N -AA,
and -AE, set the "OFF-CRYSTAL-OPERATE-CHECK"

sn'itch in the "OPERATE' position
c, Looseli ooopte the reter to.tbe uznsmittgr. Turn

th nain ,arqing dial to dre frequency, to be checked
by nuniog the arniog .did from the low frequency end

Scctlon lll
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to the high freguency end of the dial and obtain zeto
beat at the unknown frequency.

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

5. TUI{IN6 A CW RECEIVER TO A DESIRED
FRE0UCNCY.

a. Correct the heterodyne oscillator to calibration at
the crystal check point neaf,est to the desired frequency
as explained in paragraph 6, this section.

&. Depending upon the nrodel being gsed, set the
switches in the following positionsr

(t) On Frequency Meters BC-221-A, -C, -D -F, -J,
-K, and -L set the "CRYSTAI ON-OFF' switch to the
"OFF" position.

(2) On Frequency Metets BC-221-M, -O, -P, -R,
-T, -AC, and -AB set the "HET. OSC.-XTAI CHECI(-
XTAL ONLY" switch in the "HET. OSC." position.

(3) On Frequency Meters BC-221-8, -E, -N -AA,
and -AE, set the "OFF-CRYSTAL-OPERATE-CHECK"

switch in the "OPERATE" position.

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

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

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

f. Loosely couple the frequency meter antenna to the
radio receiver and ttrne the receivet to produce an
audible tone;

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

Nolc
If the receiver has a beat oscillator, nrrn it on
and tune in the signal from the frequency
meter in the same rnann€ir as ftniog for any
other srgnal. (On Radio Receiver BC-3fZ-1*;,
turn the "CW-OSC. ADJUST" control so that
the arrow is in the horizontal position.) If the
receiver is of the regenerative gpe, advance
the regenerative control until the detector
starts to oscillate. In this condition the receiver
will respond to CSZ sfunals and may be set
to a frequency in the same manner as the re-
ceiver with a beat oscillator.

6. TU}IINE A RECEIYER TO A DESIRED FRE.
9uEl{cY WHEN Tt{E REGEIYER HAS NO

HEAI{S OF PRODUCI}I€ A TEAT.NOTE.
a. Use the following metlrod when a local transmitter

is available which can be m^odulated and operated either
with a normal antenna ai reduced pwir or with a
phantom ant€nna.

(r) Adjust the transmitter to the desired frequency
by the method described in paragraph 2, this section.

RESTRIGTED
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(2) Tune the recciver to the tnnsmitter signal
while the latter is modulrted either by its built'in tone
geo€ratot, if it hs one, or by voice.

6. Use the follo-n'ing mcthod when operadon of a
transnitter is undesirable.

(l) C.omcct &e hcelodyae slcrlthtqt to calibretion
at the crFtel checl Poiot neuest to the ddied freqpency
as expl;rined in paregraph 7, this secti,on.

(2) Tune 6e receiver acrooe 6e signal ftom the
frequency meter end listen carefully for l chenge in the
toni of tLe natural noise of the rseivef. If static of othef
noise is low, operate the receiver at rehtiv.ly high sensi'
ti"ity to produle a ruching noise. A chrnge in the drar'
actei of the nrshrng or hissing noise will be noted when
the receiver is nrned Past the frequencl meter signal.
To distinguish the freqgency. meter slgnal ftom signals
received lrom other uansmitter, touch the anteona
terminal of the frequency neter with a bare f,nger
Enny times in rapid succbssion. 'This will produce a
cotrespondiog numbet of chrnge in signal sreng&
which orn be identified

7. HEASUilIIC THE FRE9UEI|CY OF A DISTANT
TRANSHITTEI.

c. This procedure requires the use of a radio receiver
in conjunction with the freqgency meter.

(1) Tune in 6e signel from the distant transmiaer
on the radio receiver. Determine the approximate fre-
qucocy from the diat 

ffi
If the transmission is C\f, use either a receiver
wi$ a bcat oacillator or I rcgencrative type
tgceiver. Turn on the bpat ccillator or ttrra uP
the regereration contrcl until the receivet oscil'
lates. Tune the receiver to zeso beat.

(2) Tune the beat oacilletor or adiust the regenera'
tive receiver to a nonoccill*ing cooditioo before pro'
ceeding.

D. Conect the heterodync o$illator to elibration
et the crystel check. Point ncrrest the epproximate fre-
quency indicetd by-th" tecciver di*l, as erpleined in

Frngr�eph 1, this cectior"
c. Depending upon thc nodd being' used, set &e

switchec in fu follo*ing pocitioor: .
(l) On Freqrency Metctr Bqz2bl\ -C, -D, -4 -J,

-K end -L set the 'GYSTAL OhIOFF' switch tp the
"OFf.'' pocition.

(2) On Frequcncy Meters BC.,}LL-W -O, -P, -R,
-T, -Aq tcd -Af; cet &e "HSf. Orc.-XTAL CHfCK'
XTAI. OIYLY' sritcb io fu "HEf. OSC." positioo.

(3) On Frcquency Mcterr BC-2ll.B, -B -N' 'AA,
rnd -AE, SE &C rtOff.CAYSTAI;OPERATE-CT{ECI(''

r?ffi in 6e *OPERATE-' podtion

d Inoscty couple the frequmy meter to the receiver
aatcanl lead. While lfuilcoing to thc seiver with a
tcd JGt, tura ftc min nrniag di*l of the freqprocy
ncter in &c lqgioa of tte epplodretc frrycy until

a beat note is heard between tbe tnosmiaer sigml end
the signal frcm the frequencY mcrcr.

iloic
It may be necessary to vary ec orpling be
tweel the meter and the receiver in order to
obtaia a setisfactory beat note. Vhes fu re'
ceived stgnal is wealq the coupliog mrst be
loose, and when the sigeal is stfon& thc
coupling must be correspondingly tighter. The
coupting may be varied by cha"8'og &e amunt
of intenna on the frequency meter or 6e sPac-
ing between the meter .and the tcceiver-

c. Refer to the dial setting in the ceibretion book
and read the corresponding frequency.

8. MCASUiI]16 THE FRE9UENCY OF A TnlnS'
MltrEn, AFPROXIHATE FTE9UEIICY

uNfNowil.
a. Determine the to an aPPtoxisrtioo

with an ab'soqption type waverets. Then follow pm'
cedure described in paragraph 4 this section

&. When abcorption tyPe wavemeter is mt aveilable,
follow the procedure below.

(1) C,orrect &e heterodyne occillatot to calibretln
at the lEl.&kilocycle crystal chd point as expleiaed
in paragraph 1, this section.

(2) Istely couple &e freqpeocy fficr rntcnrl to
the source of the unknown freqpency.

(l) Depending upon the model io use s€t 63
switches in the following positioos:

(a) Oa Frequency Meters BC-221-t\ -C' -D' -q
-J, -K, and -L set the "CRYSTAL ON-OFF" sritch to
the "OFF' 

lnsition.
(b) Oa Frequeocy Meters 8G211-M, 0, 'P, -&

-T, -AC, and -AF, set the..HET. OSC.-XTAL CIIECX(-
XTAL ONLY" sn'itch in the "HEf. OS{C" pocition

(c) On Frequency Metqs rc-221-Br -E, -N, -AA
and -AE, sct the "OFFGYSTAI-OPERATE-CIIECX(?'

rwitch in the "OPERATE" pocition
(4) Turn the main tuning dial ftom tbe low to &e

high end. Listen catefully for beat ffics.
(5) If only one loud beat note is bcard betrecs

l2J and.250 kilocyclcg determine the hcterodyrc oacil-
l*or fundamentd frequency u/hich @rresPoods to tbc
zero beat point dial seaing (left coilumns of fu eli-
bration book). The frequency so indieted is approri-
metely the unhnown freqpency.

(6) If more tl'en ooe loud beat note is hed, coa-
sccutive hrngoict of &e hetelodyne oscilletot ii8ne! rc
b*tirg qd6 the rignal of unkrcvn ftcgreaqt For
exanple, if the uakrcwn ftequeocy ttfrt wcne f0fil
kitocycleq, eonsecutive harmonic beet notes silld ba
obtained et 6€ Eth bemnic of, t:zt kilgcyclcr'6e 76
of 1472,8, tbe 66 of 16f'.7, the !6 of,20ot, md 6e &
of, 25o kilocyclec Dcteflninc thc hactodyc occilbor
fundalmal fregrencicr orespoading o &c did sct-
tiogp for roy two edjeccag oscutivg f$noaic' ,osD'
.bcet poim, and epply thc following ogrrtioa:
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g5 - the appoximate unknown frequency
f o * f ,  

L  '

where,fo- the higher heterodyne oscillator fundamen-
tal, obtained from &e left frcquency column in the
calibration boolq and f,: the lower heterodyne oscil"
lator fundamental, also obtained from the left frequency .
column in the calibration book.

(7) If no useable consecutive-harmonic beat notes
are found in the "LOSf/" ban4 switch to the "HIGH"

band and correct the heterodyne oscillator to the 3(DO-
kilocycle check point.

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

No*e
Do not use this method when the signd b.irg
measured contains any appreciable harmonics,
because it will be difiarlt to distinguish be-
tween the many beat notes produced,

9. DIRECT USE OF THE CRYSTAL FREoUENCY.
Frequency Meter BGZZT-11, when the appropriate

switch is seg will radiate a lO(Xlkilocycle signal and its
harmonics. The switch settings for each model are as
follows:

a. On Frequency Meters RC-221-8, -J, -I-q -L set the
*CRYSTAI ON-OFF' switch in the "ON" posirion.
Set the "EREQ. BAND' switch in the "CRYSTAL

ONLY" position. :
D. On Frequency Meters BC-221-M, -O, -B -R, -T,

-AC, and -AF set the "HE'T. OSC.-XTAI CHECK-
XTAL ONLY' switch in the "XTAL ONLY'position.

c. On Frequency Meters BC-221-B', -E, -N -Art, and
-AE set the "OFF - CRYSTAL - OPERATE - CHECK"
switch in the "CRYSTAL" position.

d. lt is not advisable to use Freqpency Meters BC-
221-4, -C, and -D in this manner.

IO. HEASURIilE THE.FTEOUEI{CY TO WHIGH
A RECEIVER I3 TUilED.

a. C,orrect the heterodyne oscillator to calibretion at
a crystal check poiot oearest to the approrimate fre.
quency to which the receiver is tuned. Refer to para-
graph 1, this section

E. Dependiog upoo the model in use, set the sm'itches
in the following positions:

(t) On Frequency Metes rc-z?t-A, -C, -D, -q -J,
-trt and -L set the "CRYSTAL ON-OFF"' m'itch to the
"OFF" position"

(2) On Frquency Metere rc-221-If^, 0, -P, -&
-T, -AC, and -AF, set th "Hgf. OSG-XTAI CHECK-
XIAL ONLY" switch in the *HET. OSC." position

(3) Oa'Frequency Meters rc-221-B', -E, -N -AA
and -AE, set the "OFF.CRYSTALOPERATE-CIIECI("

sn'itch in the IOPERATE" position. .

a Place the frequency s*t€r with ia antenne near
and parallel to, hrt mt trluching the receiver aotenna
of atrtenna lead.

Secflon lll
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d, lf,the receiver has a beat frequency oscillator, ttrn
it on. Then nrrn the main tuning dial of the frequency
neter to a position near the approximate frequeqcy at
which the maximum audio output is obtained from the
receiver under test. At the same dse, vary the frqrency
of the CV oscillator in the receiver in such a w^y as to
keep the audio output at some convenient frequency.

c. Read the main ntniog dial of the frequency firet€r
and look up the correslroodiog frequency in the cali-
bration book

I, lf the receiver has no local C'$f osci[atot, couple
ao externd oscillator loosely to the receiver antcnna.
Use the extersal oscillator ir the same manner as the
receiver heterodyne oscillator in paragraph 1, this
section

II. SETTINO UP A RAD]O ilET.
A radio net consiss of a group of three or more sta.

tions transmitting and receiving on the same freqgency.
Any one of the group nay traosmig while die other
listen.

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

(t) Connect each transmitter to a phantom antenna
which will permit setting the transmitter to frequency
without radiating a signal strong enough to be picked
up by the enemy. (For instnrctione on connection of
phantom aotenna refer to the handbook of maintenaoce
instnrctions for 6e transmitter.)

(2) Tune each uansmitter to the desired frequency
by the method described in paragmph z, this section.
Use the same frequency meter for adjustments.

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

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

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

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

(Z) Adjust each receiver to the desired frequency.
Follow procedures given in paragraph 5 ot 6, this sec-
tion, whichever is mst applicable.

(3) If n€cessary, make further desi,red adjustments
after radio silence is broken

c. SETTING UP A NET OF LOCAL
STATIONS WHEN RADIO'SILENCE

IS NOT REQUTRED.

(1) Adiust the net conuol traosmitter to &e de-
sired freqpency. Follow the directions given in para-
graph 4, dris section.

(Z) Adjust the ne control receiver to the !rurrc
freqgency according to the directions given in para-
graphs 5 and 6 this section

NEgfT|�TED
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(3) Attach a l& to ?t-tonlt aotmoc to the "AlilT."

terminal of the frequeocy neter.

(4) Direct one of the *ations to olrerate and trans-
mit a series of . easily identificd characters. Tune the
frequency mster to rero bear

(5) Read the dial of the freqpoqy rEeter and de-
tetmine the frequenqy by refereoce to tre calibration
boolc

(6) Notify the operator of the rennte transmitter
which. way and how far to shift the fiequency of his
ransmitter to get it on the net fnegency.

(7) Repeat this process of measuring end shifting
until the frst transmiuer is on freqpmy.

(8) Repeat the prffess with each of &e rcnaining
stations until the entirc nct is srt up.

lloilG

In sone locatioos, vfrere sevenl ndio nets rnay
be operating simlaneousln coasideable inter-
ference may be erpcrienced" Ia such cases ahd
in carcs whse the tmngnicers ane too far
disant to givc an adeErete sigml in the fre-

I. GEilERAL
Frequency Meter Sct SCR-211:(*) aonsicts of en elec-

trical circuit made up of four principal part$ Figure
4-1 shows these patc.

Figvrc 4-1. Sfot* Diqnelt d Fstdlion d
lndivldool Gircrff:

The functions of the cirarits ar€es foilhms:

a HETERODYNE OSCIttu[fOR GXtCIJfT.-This
ciranit generates a signal whose freq3fncy can be accu-
rately adjusted to any value betmen 125 aqd 2ttl kilo-
cydes, and berween 2fl)O and 4fi)0 tilocycles. Tb signal
conains many strong_ harmonics.

quency merer, rnea$rre the signal frequencies
according to the procedure outlined in para-
graph 7, this section. Then give instnrctions to
the distent operator which will'allow him to
"dj*t his transmitter to the net frquency.

d. SETTING IJP A NET OF DISTANT
STATIONS STHEN RADIO SILENCE

rs Nor REQUTRED.
(1) Instruct each stetion with a frequency meter

to nrne is own transmitter and receiver according to
directions given in paragraphs 2, 5, and 6 this section.
After these adjustments are made, the net control sAtiron
can check the fregrency of each station and give direc-
tions to bdng all stations to the'sane frequency if cor-
rection is desired.

(2) If a frequenqy meter is available at only one
station, that sation should set is own frequenc5r cor-
rectly firsg and then mealiure the freqpwy of each
disant tmnsrnitter according to directions in
4 7, and 8, this section. Each r€mote operator should
have instnrctions to permit him to set hb transmiuer
to the correct freqgercy and dl roceivers be set by arning
to the net control stations.

,. CRYSTAL OSCITIJ\TOR CIRCUIT.-lhis circuit
geoenrter a signd whoce frequency is ecurately set at
f{n0 hilocyclcs. The signal also contains many strong
harmonics.

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

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

(2) Th€ heterodync oscillator signel and any signal
ieceived by the frequency meter intenna

a AUDIO AMPLIFIER CIRCUIT. - This circuit
amplifies the beat-frequancy signal ptoduced by the
detoctor circuit so drat it. may be heard in the headset

A ELECTN|GAL AND ilECHANICAI. FEATURES
OF COIIPOIIE}IT PARTS.

As aa aid in expleining the electricatr feattres of the
various models of Ftegre.y Metcr BIG.?2L.(*), a sim"
plified s-hematic dbgrryn, trgrlle 4-2, which phows the
principal part$ fu induil€d and will be rderred to in
this paragraph. Becan* of differeoces in;the circuits of
the various-models, such pars as volage-dropping re.
sistors, btp"o capacitonr, end circrrit curstao$ have not
been included in this diagram. For Sis information,
see the schematic 4ilt'em and tte tabte of replaceable
parts for the specific mdel.
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a. HETERODYNE OSCILLATOR CIRCUIT.
(1) MAIN TUNING CAPACITOR--Th main

tuning capacitor is pan of the qning cirorit which
determines the frequency of the heterodyne oscillator
signal It is rotated by the main tuning dial on the
panel, through a wotm and wom wheel designed to
reduce hacklash.

(2) MAIN TLJNING INDUCTORS.-Th rn^in
tuning inductors.are part of the tuning &cuie (There
are two inductors: one for the "r.OV" baa4 and one
for the "HIGIf' band.) They are wouod on ceramic
forms and are ueated wlth wax to reduce eny changes
in,cherecteristics caused by "booqption of moisnrre.

(3) TRIMMER CAPACITORS.-Tbese capacitors
ard connected in parallel with the nrain nrning capadtor
and are of relatively low capacity. Th"y are provided
to aid in obtaining a uniform disuibutioo of frequency
values over the -"ul nrning dial. Adiustment is-madl
at th9 fStory and_funher adjustrents are generally not
require.i. (If readjustment becomes o.cora"y refet to
sec. V, par. 8.)

(4) TEMPERATURE - DruFT COMPENSATOR
CAPACITORS.-These capacitors ar€ also connected in
parallel with the main nrniog calncitor and have a low
epacitance. Th"y are smdt tubular, ceramic dielectric
calncitors which reduce the efiect of temperanue ulron
the frequency of the heterodyne oscillator signal. This
is accomplished thmugh, the use of a dielecuic matedd
which cbangs dielectric coostant ttighdy with tem-
Ireratutre.

(5) BANDSETECTOR SWITCH. (Not sbsum on
simphfied diagram.)-This switch is used to select either

Section lV
Porogroph 2

one of rwo nrning circuits, one for the "HIGH" fre-
quency hnd and one for the "LOIZ" frequency band.
It may be a trvo-, three-, four-, five-, or six-pole switclq
depending upon the mdel of the meter.

(6) "CORRECTOR" CAPACITOR.-This capaci-
tot is coonected io paraltet with the maia nrning capaci-
tor and is controlled fron a knob on the pane! of the
nreter. Its function is to make it possible to set the
heterodyne oscillator to calibration when compared with
the crSrctal oscillator.

(7) GRrD LEAK RESTSTOR AND GRrD COU-
PLING CAPACITOR.-This resistor and capacitor
caus€ the heterodyne oscillator to be self-biased.

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

,. CRYSTAL OSCILIATOR CIRCUIT.
(l) CrJrstat UnitDGl-1*; is a l0fi)-kilocycle crystal

whose cut and mounting are such as to cause a minimum
of frequency shift with temperarure changes. The crystal
is conained in a hermetically-sealed, octal, metal-tube-
type envelope and is plugged into a ceranic octal socket.

(2) The grid leak 
-resistor 

shunted across the
crpal is necessary because the crystal is an insulator
and does not furnish a conducting path from gud to
catrode of the tube. The resistor- provides a path for
grid anrrenj similarly to the grid leak resistor in the
heterodyne oscill,ator nrbe circrrit

(3) The crftat shunt variable capacitor (on 4ost
mgdels) is provided for tuning the crptal oscillator to
a rnore accurate value than could economically be ob

lfSTNrcTED
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tain€d fy:'g4oding S€ cr1rsal alone. The total amount
of po6le Sift is about 30 cycle* The capacitor is
"dirg.d et frtoly 5o as to ploduce a signal freqgency
of lfiXl kitoclcles or -5 cydes at zooc (68'F).

(1) .frG. crftat shunt fixed celncitot' (on most
nodds) any change ia th crystal oscillator
frequcrey 

Try.d 
by,small changes in crtsel capacitance.

(t) TtF cr;ntal plete chke is feund h th€ plate
circuit (gq*1d 2 oi notre detector tub6) of .ll models
and fumifu the plate lold for tb erynal occillatot.
On sonc,sodcls ii is tuned by t fixed calta€itor to a
fresen€f dightly higher than the crJrstet orillator
frequeecy.

a DETECTOR CIRCI]IT

(1) Thc leterotync curpting ceptcitor corrples the
ouqnrt of tbe hetcrcdyne occillatsr to the grid of the
deteetor.

(2) E" detector grid lcak resistor grovides setf
grid bhs for the &tector tlSc.

(3) & rudio cffie end associated by,pass ePaci-
tor mekc rry th plate loed oo &e detector arbe. {he
outpot cirorit of tbe detector is mde reslrcnrive to low
rudio fregremies h odot a choke 6f hi8h iaducance
which is rerinrcd to a fregrewy below 5{n cycles by
the epacitor coomted asoas it

(a) Thc antenna coupliog calncitor cotrples the
sigqrl received at tbc aatcnnr post to the gdd of the
deector hrbc.

d. AUDIO A}TPIIFIER CIRCT,IIT.

(1) Ttc audio input grid cwpliag cepacitor couples
the outputof the detector ts 6e eudio anplifier.

(2) The gein cootr€il pgteetioeter regulates the
souad lcvel in 6e heldret by adjustiog the input to the
audio enplif,er.

(3) Thq audio pht" rebtor b cocnected in scdes
with the plee of tbe audio rmpifer t$q Thc oulput
voltqge sf the tubc is developed.cmss this 33sisjs1.

l|otr
frcgr-tocy Meter SeB SCR-21r-AE ad SCR-
2r1-AF usg transformcr carpliqg from the
outpqt ef the audio emplifict

(1) T e.rdio outlrut ccrpling cepncitor couples
tbc gry of tbc rudio eagtrfcr tube to thc h€adset.
It et* lr$crcars my high voltqgce froo exi*iag berween
ec b&ct aod g$uod. Refer to aoac, abovp.

3. THEOIY OF O?EIATPT.
a. Tb h€terodt'oc occilletor is des*ned o geoente

an edid, fuqAmnrrt-frregwy-d8n"l accompa-
"id tt rqroy uoqg btmrde* Tke brmnics cover
the totrl'fugcry 4!gc of 6c mser from 125 to
20r0il) kilocydes.' To cover rfis bad of ffe$rencies,
loc ead h€h flcgeacy trJniag ciftcub are provided,

(1) On th tow ban4 th frn&mtal frcquruy
of the oscithtor is rzl @ 2fi kilocydes. Tk fregeocy

range from 25O to 5OO kilocydes is covered by the 2nd
hamonic of the fundamenal,.while the range from 500
to l(X)O kilocydes is covered by the 4th harmonic, and
from lfi)O to 2fi)O kilocycles by th. 8th harmonic. Other
hamcics such as the 3r4 5th, 6th, and zth are.also
pres€rrt in the output and are relatively srong. Th.y
will also produce beat notes but are not listed io the
calibration book" It is therefore essential that th" otr
eratol know the approximate ftequency of the device
he is reasuring or adiusting

. (2) On the high band, the fundamental freqgeacy
cor'€nr 2(nO to 4O0O kilocycles. From 4OOO to 8O0O kilo-
cyda is covered by the 2nd harmonic and from 80fi)
to 16,000 kiloeydes by th 4th harmooic The range
fmm 16,fi)O to 2Or(nO ldlocycles is covered by a pan of
the 5th harmaic The hatmonics beyond the 5th are
present in decreasing strength aod capable of grving
correryoodi"'gly weaker bat notql Tte preccnce of
lrqauy unlisted bmmoics makes it possible to obtain
ndtes that can car$rc effors.

&. The output of the heterodyne oscillator is fed to
the aoteana F)st and to tho glrd of the detectot tube.
Thus its signal may be radiated from the antenna post
or it rnay be fed ioto the detector to be mixed with a'
second slgnal

c. To increase the acoiracy of the rrcter, the hetero-
dyne ooeillator is amaoged !x, that it may elibrate
against ? crystal oscillator whose frequency is more
stable. The active tube elements of the cr5ntal oscillator
circuit consist of the cathode, inner gri4 aad amde grid
of the combination crystal oscilhtor-daector nrbs. The
remaining elmnts of ttis firbe, comprising thc control
gri4 screeo gdd, and plate are used 3s t high gein
scfcen grid, detector, to which, !y stnrcnrre, the erystal
occillator is electronically oupled. Thus, whevec tb
crystal oscillator is operating lts sitnai ouqtut is nix€d
with any sigml iopressed on the grid of thc conrbioa-
tios mcillator-detector nrbe. To itop the operation of
&e crystel oscill,rtor, it is neescary either to furt cir-
cuit the crystal or to disconnect the plate voltage. A
switcb is provided for this purpose.

d. Calibration of fie heterodync occitletor with ^
crysal'occillator may be accomgilished at aoy oae of
orune(xrs crynat ch€ck points uniformly selected over
the range of the rreter. These crystal che* poina utilize
harmonics of both &e heterodyne oscillator aod-the
crysal oscillatot. For erample, a crysal chck point
tney be found at l'tt.U kitocycles on the low range.
The lowes harnoeia which will beat tofther rt rhi$
frequeqcy are the 13th for the hetercdyne occiltator and
the-2nd for the cr;rctd oscillator. Ths it will bc th
2ooGkilocyclc dgt'al harmnis for each occillator which
are beating togethcr, (e.g, 13 Y.'l-lr.U aod 2 X lfr)o).
This will s€rv.e to caHbnte ee dial of fu heterodyne
oscillator in &e neigtAoekiod of tSt t kiloeycles or the
lisred harmonics of, 307.6 615.2, and rz3,o.a kilocycles;

c. fhe detector nrbe tectifies the rado fregrency
poteothls that are applied ts its operating tdds. If tro
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lntentids witb identical freqlscier arc applkd to the
gdds of this tube, ttre combined energy is rectified end
a smdy, non-varying plate cutreot resrda. If the two
frequcncies differ even dig$tly, &e plate cusent will
imreasc and decrease at a iate dependiog opon their
differres and will produce a signd fr-equeocy tlrat is
cquat to the difierence between them. ..fhis is the beat
frequency.

t. The beat frequcncy signd is amplified by th" audio
amptif,er tube. The amount of gaifr in .this circuit is
adjustable by mns of 6e gain control potentiometer.

t. No locking-in wlll occur between the heterodyne
oscillator and aoy source of radio frequency with which
it may be cotrpled at e$y beat frequency doum to 5 cycled-'
perrsecond in the low fuadapirenal raage or dorvn to
5o cycles-per-second in the hgh.fundamental range.

{.,IEAT FOITT IDE}ITIHCATION. .

c. Vhen corecting the kterodyne oscillator to cali-
bration, it will be found that there are nurerous beat
poiots whi& are oot listed as crystal check points in the
calibration book.

D. The crystal cleck points are made at harmonic
combinatioos at which the output is relatively high.

c, The intenrity of the unlisted beat poins is generally
low relative to the listed crtstal check points.

d. fre various lowest hernonic combinations of the

rg$TilcTcD
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tro oscillators which prcduce ht points erc ligted in
table 4r. Tk rdative output intensity for a qpiel fre-
qucncy meter is listed in the right-hend column" Obcerve
thit meny of the points of highest outfut ale dpq crystal
cha* porob (as designated by astedsks fot a typi."l
frequency meter).

a. The location and number of crystel cb€ck lnins
b not uniform for dl models of frequemy reters. For
further information" refet to the calibmtion book

5. SPECIAT FE/ITURES OF SOTE HODELS OF
FRE9UEIICY HETEI lC-211.(*1.

a. The grid circrrit tape on son€ nrning coits of Se
heterodyne mcillator are made well away from the ends
of the oils to reduce. the efiect of variations, in inter-
electrode capacities of the nrbe, upon dffifid6f:

D. Denrning and anti-resonant functions ere scom-
plished in some crser by short cirariting dl or paa of
the heterodyne tuning coil which is not b€ieg used or
by connecting " capacitor across a portion sf it. For
exemFle, ufien a higb bnd is io nse, the deeoing ar-
rangeurents are made on the low coil

c. in some a?ses, the audio amplifier nrbe obtains its
grid bias by having the cathode coonecred to the 'Af'

side of the filament C,onnection of the oae end of the
volure onuol potentiometer to the "A-" ot ground
side theo eusef a grid bias voltage equal to tbe A bet-
tery volage.

Bcat Poi*
(ir Lilocydes)

Loutcst
Haerodye
Hetsotic

Loutest
Ctytal

Ilenaoaic
Rclaioe O*tp*t
(JN cF bca)

Lou, Bed
Fer Tfiical

illetcts
r25.0(}i
t28,.21
r4t.o,
rn.13
t3r.57

8
,9
3r
2'
38

I
J
I
t
t

r9.o
.4

1.2
,.2
0.1

rlt.rr,
t t.t3
rt6.#
r37.9t
rt8a8

I5
,7
22
29
x

2
5
3
1
,

1t.o
o.2
6.,
3.O
o.2

r12.K
t17.ot
r{8.u
150.00
rtr.5l

7
"1
27
20
t5

I
t
1
3
5

2t.o
o.l

. r.6
9.O
t.2

rt3.r5
rxi,.2t
r57.gt
r60.00
16r.29

t,
32
r9
25
3r

2
5
,
I
5

19.o
2.9

t5.,
4.5
2.O

166..67,
172.1r
t7t9t
t7&17
l7E 17

6
29
2'
t7
2A

I
5
1
3
,

r9.0
2.'
1.t

16.o
4-5

Beat Poht
(h kiloclclcs)

Loatest
Haadvtc
Hatuosic

I-owst
Ctystd

Haaosic
Rclaioc Ortp*
(500 cps bat)

I-oro Bdd
Fu Tlficd

ilIaas

lE .r8
It7.to
t90.17
r92.tL

27
r6
2 l
26

5
?
1
5

3.o
r&o
1.0
o.t

an.0(}r
2d8..r'
2ro.53
2r1.2y
zti.tg

5
21
19
11
2t

I
5
1
,
t

m.t
o.3
r6.0
9.O
z3

222.22]
2n.77]
2r5.4t
2*.O9
250.00*

9
rt
t7
2 t
1

2
3
1
5
I

26.0
lo.o
r9.o
2.'

.u.o
40.o
t7.o
20.o
uz.o
25.O

2mot
2t25
2r13
2t67
22UJ

l t
t
7
6
5

2
t7
I5
r3
l 1

22fu.
22{5
23rt
237t
2M

4
7
3
t
5

9
16
7

19
t2

30.o
13.5
3l'.o
7.O

2L0
24;29 7 t7 t2.5181.t2 l r 22.5
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Bcat Poi*
(b kilo:cycte{

Loucst
Hctctodytc
Hinuoric

Loscst
Ctystd

Hatrionic
Relatise Adpt
(1il) cps bea)

I-oro fud
ForTfiicql

Ibletas

250(}f
2t7t
2ffi,
2625

2
7
6
E

t
18
13
2 l

31.O
tl.o
23.O
J.5

7ffi.7|
27L4
27tOt
2E[n
28t'

,
7
4
5
6

E
tg
r t
t1
t7

30.o
r.5

26.0
2L.O
t2.a

2817
2E75
3fiXF
,rz'
,r4t

7
E
I

7

2A
2'
3

2t
22

5.o
0.3

35.0
+o
6.5

,167
3200
,ztu

6
5
4

19
r6
t,

r5.o
17.O
2J.O

rCrystd che& points
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Repairs listed under parqgraph 1 to 10, in-
clusive, are authorized only .t Signal Corps
rcpait depoa and Signd Co{es radio sectioos
at eir delnts.

t. luBRlcATloil.
Ocesionally put a single drop of Pioneet BaIl Bear-

ing Oil for Aircraft Instrumena No. 2, or watch oil" on
the worm and worm gear of the main nrning calncitor.
Do not lubricate any other pn of the meter and do '

not urc conunoo lubdcati.g clils or grcases as they will
interfere with smooth operation at low temlreratrre.

Z BATTERY CHESK
During normal service, check the bottery voltages

under notmal load at weekly intervals. Al* check
them after periods of idleness of more than ose week.

a. Place the meter in operation in the crystat check
positioo and allow about e ninute for the tubes to
wafm up.

D. Opea the battery comparwrnt to expose thc bat-
tery tetminal strip.

a Mesure the B-voltage betweeo &e "B+" and the
r!B-, A-�" terminals. Use a lfiXlohms-per-volt volt-
neter with full scde naog€ of at least lJO volts. If this
voltage is below l2O voltl replace Baaeries BA-:.
(Refer to scc. II, pars 2-t.,

P*,

: \--,'

d. Measure the A voltage between the "A" 4sd r'[-

B*" tbrminals. Use a 10oo-ohms-per-volt voltmeter

with full scale range of at least six volts. If this voltage is

below ,.4 voltq replace Battedes BA'2r. (Refer to
sc. II, pars. 2-3.,

3. SIHPLE TESTS FOR CIRCUIT TROUBLES.

Note

When the metet fails to oPerate, make the
following tests. If the fault is not found send
Se netet to a Signal Corps repair sbop or
Sigqal C,orps radio section at an air depot.

a. Open the battery comlnrrtment and inspect alt
battery connectiorur to see that they are tight.

D. Check battery volages. (Refer to ltar. 2, above.)

c. Check headset and.cord for c,ontinuity of circuit
between the tip and the sleevi. of the headset ptug
with a continuity rneter or ohmmeter. If no such meter
is available, open the hattery compartment of the fre-
quency rncter aad touch the tip of the headset plog
to one terminal of the A- baaery while the sleeve
is in crontact with the other terrninal. A dis'tinct click
should be heard at each make and each break of the
circrrit.

d. Remve the meter from the case. Push all nrbes
fumly into their sockets. Tighten al| connections to
nrh top caps by pinching the dip together with the
fingers. Feel each tube with the bare hand after dlow-

Beat Pohtt
(h kilocyclcs)

'I-outest

Heterody;e
Hatmoaic

Laarcst
Ctysal

Hannonic
Relatisc Otcp*t
(5$ cpc b"ot)

Ias Bd
For Typical

I$clets

3286
3t3).3*
3r75
llw

7
,
8
5

23
l0
27
T7

t.o
a.o

1.2
17.o

llzg
350(}f
,r7r
3600
xzt

7
2
7
5
8

24
7

25
l8
29

' 4 .o
30.o
4.o

r5.o
l.o

f f i . 7
t7t1
37t}t
3tfi)
fi33

3
7
4
5
6

l l
z6
t5
L9
23

26.A
2.O

20.5
r3.o
5.O

3857
3875
4o|00t

7
I
I

27
3L
1

' 1.4
0.4
32.O
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ing the ffier to operate for J minutes. Replace from
the slffe pars compartmeot any arbe which feels
coldeithao ih. others.- 

'

c. Replace the nrbes one at a time. Test the meter
after each rtplacement until the meter operates or until
all tubes have been replaced. Renrrn original good
tubcs to their sockets.

f. Replace the crystal with a slrare on€ or with one
fmm another frequency meter. If a faulty crystal is
not found, be sure to retum crystals to original loca-
tion. If the crystal is fanlty and a new one is installed,
readjrtst the crystal oscillator circtrit to produce exactly
10OO kilocycles. (Refer to par. 9, this section.)

Nolc

Use all tubes of a given type supplied with the
eqiripment before using nrbes from the generd
stock

{, DETERMIilATIOH OF A FAULTY ClRCUlr.

a. Faulty operation noay be due tg the failure of
the following:

(l) The heterodyne oscillator circuit.

(2) The crystal oscillator circuit.

(3) The detector circuit

(a) The audio amplifier circuic

b. To fnd the circuit in which the uouble is located,
make the following tests:

(t) To determine whetber the crystal oscillator
circtit has failedr put the meter into opetation accord-
ing to the method given in section III, paragraph 5.
Loosely couple the receiver (regenerative type ot one
equtpped with a beat oscillator) to the frequency meter
antenna and nrne the receiver to 1mO lcilocycles. A
beat note heard in the receiver headset will 

-indicate

that the crystal oscillator is operating.

(z) To determine whether the heterodyne oscil-
lator circuit has failed, pgt the meter into operation
as fot tuning a CtW raeiver to a desired frequency.
(Refer to sac. III, par. 5.) Use a'separate receiver (re-
generative type or one equipped with a beat oscilla-
tor) loosely coupled qo the frequency meter antenna
and tune both to thp same frequency. Listen for a beat
note with the receiver headseg which will indicate Sat
the heterodyne oscillator is operatiog.

(3) An dternative method of isolati ng a fautty
cirarit is as follows:

(a) Remove the rneter chassis from the cabinet
and connect it to batteries by mearr of laboratory test
leads.

(b) Place the fregreocy meter in opetation in a
crystal check position and allow the nnes- to become
warrn Advence the "GArI\f' control' to maximum
clockrYise position

(c) Hold one end of a wire or screw driver in

times in rapid snrccession to the connection between
the crystal and the erynal oscillator grid termind of
the detector tube. If a loud click is heard each time
the wire rnakes or breaks contact, the crysal oscillator

.is 
operating.

(d) Touch the finget a few t'Fes in rapid suc-
cession to the lead corrnected to the stator of the "COR-

RECTOR" capacitor. If a loud click is heard each
time the fingei makes or breaks contact with the lead,
the heterodyne oscillator is operating.

(e) Remove the detector tube from the socket
a few times. If a loud tlick is heard in the headset
each time, the audio amplifier and the deteetor nrbe
plate circrrit are operatiog.

lHPORTA}IT
The tests described in paragraph (3) above
are indications that the circuits are operating.
Abaence of clicla, howevet, does not indicate
that they are not operating.

5. IOCATINE THE TROUBTE WITHIN A FAULTY
GlRCUlr.

$fhen one of the tests indicates the fault is within
the crystal oscillator, heterodyne oscillator, detector, or
audio amplifier circuits, and if all simple tests have
been made with no succe$s, measure the various socket
voltages. Use a l0oo-ohm voltmeter with a scale of "
at least 150 volts for "Bf" voltage measurements and
a scale of, at least 6 volts for "A" measurementl com-
pare the rheasurement result with the values given in
paragraph 6, this section for the model concerned" Tbe
voltages tuy vary as mrch as 15 pert rt from the listed
values and still be satisfactory. $fhen any test shows
zero tuhcre a voltage should be pteseng trace the cir-
cuit with the aid of the appropriate wiring and schematic
diagrams (sec. VIil) until a point is reached whete the
voltage present agrees reasonably well with the vslt-
age specified. Find the defective element and replace it
with a spare. If there is a bypass .capacitor connected
from the chassis to the point o! zerc voltage, first check
across the capacitor with a continuity meter or ohm-
meter. Tarn tbe poutcr ofi or disconnec, batteries ulile.
making tbis cbcch. If the ohnmeter reading is nearly zero,
it is likely that the capacitor is shorted

6. TUSE AilD CIRCUIT YOLTAOES.
a. FREQUENCY METER BGzzr.A.-The following

tabulation shows vacuum-tube terminal voltages with
reslrect to ground (chassis) when &e controls are set
in the listed positions:

Positio*

"EREQ BAND" .:-.---. "LO!7"

.----.. 
t'oNtt

contecr rvi$ thc ;h-qri.. Touci 6c othcr eod r fcrw -FowER..-.-------- .-------.-------.-.---:-- 'Ot{i
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6.0
o.o

t7.5
oone
lx)ne

0.0
100.0
17.5
m.0

6.0
0.0
0.0

4.a
r32.O
4.2
6t.o

noll€
r30.0

3ccllon V
Porc$sph 6

Fllrneat I
Filament 2
Cathode
Inner grid
Anode grid
C.ontrol grid
Scteen
Suppresrcr
Plate

Vohage to Grond

IsSTHCTED
AN O8,rOgCR?t I -2

vT-76
o.0
6.0
6.o

nooe
txxre

o.0
lonc
nooe
105.O

t

c. FREQUENCY METERS BC-2zr-C AND BC-
221-D.-The following tabulation, showing vacuum-tube
terminal voltages with respect to ground (chassis), is
typical for Gvolt filament and l3i-volt plate supply
with "GAIN" control set at rrEyip,r-.

,. FREQUENCY METERS BC.a?L-B AI.ID BC-

2Zl-Q.-Sfith alt tubes in place and filaments heated,

the following socket volages foill be noted in a set

operating normally. These voltages are meiasured with

respect to gound using the lowest voltmeter-scale range

consistent with the voltage to be rneasured. The "OfF-

CRYSTAT;OPERATE-CHECX(" switch should be set in
the "CHECK" position.

d. FREQUENCY METER BC-z2r-E-The following
tabulation, which shows vacuum-tube terminal voltages
with respect to ground (chassis), is with 6-volt filament
supply and 135-volt plate supply, with "GAIN" con-
trol set at zeto, operation switch in "CHECK" posi-
tion, phone plugged in, and the "FREQ. BAND'
switch on the high-frequency band. (Set the main tun-
itg conrol for a frequency of approximately 2000
kilocycles.)

Tabc

SocLct

Pia Nrmbas

t 2 t 4 5 6 7 ' I

vT-r92
vT-r93
vT-20E

0
+r.9t
+r.9t

+r2o.o
*29.o

+r27.O

+r20.0
+120.0
+r35.0

+r20.o
0
o

+r20.o
0

106.0

o
o

-1 .5

+5.95
o
0

5.9'
0
o

The following tabulation, also showing vacuum-nrbe

terminal voltages with respect to ground (chassis), is
under all the above conditions of gperation except that
the "EREQ. BAND" switch is on the low frequency
band. (Set the main tuning control for a frequency
of approximately 125 kilocycles.)

Tubc
Sochet

Pi.a Nzlmbcts

1 2 , 4 5 6 7 I

vT-r92
vT-193
vT-194

o
5.95
t.95

120.0
68.0

t27.O

L20.O
120.0
130.0

r20.0
0
0

120.O
0

106.0

0
o

4.o

5.95
0
o

5.95
o
o

Sochct
T$miaal

SocAct
Tcraiaal

Voltqcs to Gro*d

VT.77 6A7 VT.76

Fih-*, t

Filenot 2

Cethode

Inner Grid

Aoode Gdd

C,mtrol Grid

Scrccn

Supprcsrcr

Plate

6.0

0

20.0

tx)oe

notE

o
r00.o
23.O

t3/..o

6.0

o
o

-ro.0

r32.O
4.2

58iO

none

r25.O

o
6.o
6.0

n(xre

nooe

0

none

none

103.0

C,mtrol

Nole

The above values were obained with a 1O00
ohms-per-volt voltmeter with a head set plugged

. into the '-PHONES" jack and the switches
set to the following positions:

(LOV"

"G,YSTAL" -__.------_
.PO\[{ER"

Tsbc
Tfic Fanclioa

Tcnnkols of Sochets

1 2 , 1 , 6 7 8 caf

6SJ7 Heterodyne

Oscillator

6I$ Mirer

6SJ7 Audio
Amplifier

0

o

0

0

o

(t

0

$t.a

80.0

none

110.0

o

o(xre

o

t.4

120.O

135.0

EO.0

6.0

6.o

6.0

45.O

1r5.0

0.4

E0.0

(t"i6 "FREQ. BAND"

switch at "HIGlf')

(with "FREQ. BANDP
switch at |'LOW")

5-2 NHSTTICTED
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w-76

Seclion V

Porogroph 6

Sachel
Tcr;ind

Filanrent I
Filamint 2
Cathode
Inner Grid
Anode Grid
C.onaol Grid
Screen
Strppressor
PIate

Voltage to Gtold

c. FREQUENCY METERS BC-2?L-F, BC-22r-1, BC-
221-K", and BC-22L-L.-The follon'ing tabulation, which
shows vacuurn-nrbe terrrinal voltages with respect to
ground (chassis), is typicat with Gvolt f"lament and t3t-
volt plate supply with "GAIN" control set at maximum:

g. FREQUENCY METERS BC-a?I-O
AND BC-221-R-See figarc 5-2.

,. FREQUENCY METERS BC-a?L-P
AND BC-22L-T.--$ee figure 5-3.

,. FREQUENCY METER BC-22r-AA.-The follow'
ing tahrlation, which shows vecurun-tube terminal volt-
ages with respect to ground (chassis), is typical wiih
6-volt filament and 135-volt plate supply with "GAIN"

conmol s€t at-maximum

Sochet Phr
Oscillator
(vT-166)

Detcctor
(vT-167)

Attdio
(vT-r16)

1
2
3
4
,
6
7
8

Grid Cap

0
0
o

4.2
o

105.0
5.t

14.0

0
o

t25.O
7o.o

--o.05
--{.05

5.8
1 .1

{.05

0
'o

65.0
o
1.4

65.0
5.8

65.0

Nole

The above valucs were orbtained with a L00O
ohrns-per-volt voltmeter. Variations as much
as 10 percent n y, be expected. Control set-
tings are iut follows:

Suitcb Position

*CoRRECTOR" .-...--..-.---..__-_
..Frr\[FR" ---..-.t'oNtt

i. FREQUENCY METER BC-221-AC.-See fgute 5.4.

&. FREQUENCY METER BC-22L-AE.-The follow'
ing tabulation, which shows vacuum-tube terminal volt-
ages with reslrect to gtouod (chassis), is typical with
6-volt filament and t35-volt plate supply with "GAIN"

control set at rrlaxifirrrm.

Sochet
Pit

Oscillatot
0AN-6s17)

Detectot.

0AN-6K8)
A*dio

(IAN-6s17)

I
2
3
4
5
6
7
I

Grid Cap

0
0
o

-4.2
o

105.0
5.E

85.0

o
o

135.0
105o
--{.05
---o.05

5.8
1 .1

4.2t

0
o

135.O
o
t.4

135.0
5.8

135.O

Notc
The above values were obtained with a 1000
ohmslper-volt voltmeter. Variations as much as
10 percent n^y be expected. Control settings
are as follows:

63I7Y

6.0
o
o

nooe
nooe

o
120.0

o
80.o

o
6.0
6.o

fixle

nooe
o

n(xre
fixle

1to

The above values were obained with a 1(XX)
ohms-per-volt voltmeter with a headset plugged
into "PHONES" jack and the switches set to the
following positions:

"FREQ. BAND' "LOTr"
..CRYSTAL" rroN"

':POITER"

l. FREQUENCY METER BCt2l-M.-The following
diigram (fig. 5-l), which shows vacuurn-tube terminal
voltages with respect to ground (chassis), is typical with
6-volt filament and t35-volt plate supply with "GAIN"

control set at rnaximum:

Pin Voflogar

Nofe
The abve valnes wete ob'tained with a lm0-
ohm-per-volt voltreter with a. heradset plugged
into the "PHONES" jack and the switches set
to the following positions:

6.o
o
o

-{.o
130.0
4.2

60.0
none
t25.O

lloic

(ere44

ot
. (rzat)

r7-//6-A

,'E
.etc*)

*tz
,H1)

yr-/t6

Flgvre 5-1. Freguency 3C-221-il-Socket

Saitcb
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SCOO o|rxS

*Vories with resiclonce of voltmeler. Voltogo meqruremcnll
niodc with orillctor fube removed from rcckel. Rerisfonc€r rhown
qre meosured to chqrcis with power switc{r "OFF,,, oprofion rwilch
in "XTA[' CHECK .porition.

Rsrirtqnces rhown qre meqrurcd to chorsk with powcr switch
off. Operolion switch in "XTA[ CHECK" porition. Orcillotor tube
Wt 16-8 operoting.

*Voltogc voricr over widc limits fron onc bond to the ofher ond
from onc and to fhe ofher,

Y.
Y.

No! f. Thir point connscfed fo tip contoct of iock. lf phoncs
ore plugged in itr reciitqnce fo chqrch ir thc d< resistqnce of the
phoncs.

Nolc 2. Redstonce to cho$is: 0-250 ohmr whcn ,,GA|N,, conlrol
rct at minimum (counterclockwi:ol; Yz mrgohm when ,,GA|N,, con-

lrol sct qt moximum (clockwire).
Note 3. When "POWER" rwitch.irin "Ott,'posirion, oll voltoger

in Frequency Mcter excepf there two sre rero.
Note .{. A{eosurements ot ony' tcrminol of this iock should bc

lhe 3ome or ol corresponding tcrminol of other iock.

VT.IG7 PLATE
vT.r37 SCREEI|

rteoril

Figure 5-2. Frcqvency Melers gC-221-O and BC-22, -R-VoltcAe Check Points

*tecfbn V
Porogruphs 6-7

IESTRIC?ED
AN O8-40SCn2t I -2

Suitcb Positiot
..OFF-CRYSTATOPERATE.CHECK" ........ -...CHECK"
"HIEQ. BAND" ..LO\r/,,
"CORRECTOR" 

Center
"P(O$g/ER"

,. FREQUENCY METER BC2zr-AF.-See figure 5-5.

7. RESISTANCE YATUES FOR CHECXINg FRE.
9UENCY HETERS BC.22|.B, BC-2lll.D,

' lC-221-9, BC.22|-,A/\, AND BC.22|-AE
a. EREQUENCY METER BC-azt-B.

5-4 RESTRICTTD
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Section V

Porogrreph 7

W-1168 Voltages measured from top of socket'-Tube removed.

Figure 5-3. Freguen cy ltletell� BC-221-P End BC-22r -f-f ube Operoting Voltoger

. (f) TC n*e teristrme mcrsurements wi& T6t 31-2, and 3f-3 du'i"t tbese tests. .
sct.I-564 -remvc t$ rg=ilE$:-*1-1ry+-g (2) \vi6 the frequeocy metct dircoonectcd fremcebinet end nlrn dc 'Off.CRY, ST.IL-OPERATE- its po.e" source aad tbc headset *-]4 ;;j;XcIIEcx(" switd to 'oIEcK" poEition. ;.';;;;;;;;;"p.dil?2,7,8_2, sa, *,

. . CAUIIOX r0,1, 12, aad 13 sbr d $ i*n;sy.
Do not eppty wlagc O tctnioal Plugt 3l-1, (n) The lesbtaace iodicrt€d rcm6c cspocibrs t sad

. rE TlrcrFo 5-5



Sacfion V
Porogruph 7

RESTTICTED
AN O8-{OSCn2l | -2

t5?,5O0 OHMts LOil lAxo

*Vorl5r with redd6ncs of vohmctar. Voltoge mcorurenenF

nad: wlth . orillotor fuLc renrovcd from rocket. Rcrirlqncer rhown

orc mcorurcd to chorrir with power 3witch "OFF," operolion rwifch

in "XTA[ CHECK" porifion.

.Resislonccr chown orG mesrurcd lo chosir witfr powcr rwitch
ofi. Opcrotion rwitch in 'TTA[ CHEC*" porition. Orcilloror rubc
Wl l68 opcroting.

*Vohogc vorier ovsr widc limirr from onc bond to dro othcr snd
from onr cnd to thc other.

Y.
Y.

Note t. Thir point conncctcd to tlp contocf of iecll lf phonet
orc pluggod in its rcristonce lo chqrsis ir tht d-c radrfqncd of thc
phoncs.

Nolc 2. Rericloncc fo chogis: G2{} ohmr when "GAIN" conlrol
rat of minioum (countsrclockwi*h k mogohm wlrcn "GAIN" con'

trol nt ql morimun (cloc&wis).
Nole 3. y{lrcn 'POV/ER" cwitch ir in "OFF" position, oll voheger

in Frcqucncy lAetcr except thcrc iwo orc zcro.
Notc 4. lAcacutemcntl ol ony ferminol of rhic iock drould bc

the rome ot ot correrponding lermiaol of otficr iock'

60@ oilt!

o
w-il68
w.il68

Flgvn 5-1. fnqurncy ir.t.t tC-221 -Ac,-Yohqgc'Ghrc* ?oinfr

2 fu th.t of the oscilletot inductor coonected by the fron the gtid tap oa cerh inductor to grund wilf show
*rREQ, B NDr' sclector switch. Tht resistencc of &e tcaistot lt ot.21-l i. salcics.
lo* bmd inductor is appr,oximetely 28 ohms, trid that (rI) The r€sist nae adocs 6€ ottcr cop-tciton is es
of tie high band is ebout I ohn The rerisaoce ftom foltoc6: }'1 end {e about 1 ohm,3-2 rod-,{b rbout 28
&e cethode tep to jrouad is aboirt oae-tca6 of the totd ohff, 5 .liqt O.f 5 megohm, 6l rbout 4!Ot ohmq &f
rre istrne of the ia&ffiot is eld cese. Meanrcmeot about 2 ohnq u abot oo! rtcgohe

I
i

" i

5-6 NESTRICTED .



* IESTRiCTED Section ,V

AN O8-40SCl2l | -2

ffi:

TO'PnoHES

prn l t -  tg tv .
ptxta-t30v.

Figure 5-5. Fregu.ncy Meler 8C-221-AF-Yoltoge Check Foinlr
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,. FREQUENCY METER BC-221-D.-The resistance
valus should agree to within -+ lO percent of the values

given below. AII measurements are made frorn the indi-

cated terminal to ground. During the rneasurements

turn the "POWER'| switch "OF4" the "CRYSTAL"

c-ap

(2) External anteona post to ground 50OO ohms.

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

"B+"--------------75,(nO ohms
"A- B-"---- . -  O ohm
",t"---.--------.-..--Infinity ohm (with headset re-

moved from i*k)
O ohm (with headset in jack)

(a) 
.With 

a set of headphones plugged into the
phone jaclq check the'resistance across the terminals of
phone jack r5a. (See schematic diagram, fig. 8-4.) The
resistance indicated should be equal to the resistance
of the headset (usually marked on the case of each tele-
phone receiver). The resistance should be infinity with
the phones r6moved from the jack.

(5) The procedure above will furnish a fairly
complete continuity check of the unit. Generzlly, a low
reading will indicate a short circuit (check associated
capacitor) and ^ high reading will indiczte either a
butned out resistor, a loose connection, or an open
circuit. If the tubes are rernoved from the circuit, or if
the tube fiIamens are burned out, rhe following tube
socket terniinals will have a resistance reading of infinity
to ground: Tube VT-76 {4 errad #5, Tube W-ll Xt,
and comrnercial- type tube 6A7 #t.

c. FREQUENCJ METER BG22r-Q

(l) To make resistance measurefirents with Test
Set I-56-A remove the frequency rneter set from its cabi-
nct end turn the operation switch to *CHECK" pocition

Seclion V
Pcrogroph 7

switch "ON," pl.rg the headset into the jaclq and plug
all tubes into their sockets. Disconnec, all pouter sapply

connections duing tbese tests.

(l) Resisiance values measured at the tube sockets

are listed in the following table.

cAuTtol{
Do not supply voltage to terminal jacks 3O-1,
3O-2, and 3o-3 during these tests.

(2) tU7ith the frequency meter disconnected from
its power sources and headset removed, the indication
on the test set across capacitors 5-1, 5-2r 7r 8-1, 9-1, 11,
and &3 should be infinity

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

(a) Tabte 5-3 lists the resistance ro ground from
each socket terminal.

(5) Table 5-4lists the resistance across other com-
Iron€nts of the circrrit.

d. FREQUENCY METER Bc-zzr-AA.-Resistance
rneasurem€nts made from tube pins to ground (chassis)
in ohmg with batteries and tubes removed ate as
follows:

Sochet ?it
Oscillaor
(vT-116)

Aad.io
(vT-r16)

Detectot
(vT-167)

I
2
3
1
5

o
o
o

330,{Xn
o.r

o
o

opeo
5(X),(X}O

350

o
o

open
open

1 meg.

RESTNICTED
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5 . 9 j
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Tsbe Sochets

TUBES

Tebe VT-77 Type 647 Tabe VT-76

Pin Sr
Pn #2
Pin #3
Pin fi4

Pin $5

Pin f6
Pin $7

O ohm

125,(nO ohqs

65,OOO

15,000 ohms

0 dhm

8O,OOO ohms

78,OOO ohms

75,OOO ohms

5O,0OO ohms Ctysta^
O ohm Crystal

0 ohm

0 ohm

megohm

O ohm

9o,o0o ohms

O to 5OO,0O0 ohms (pot.)

o ohn

Switch.'rON" O ohm
Switch "OFF"

'FREQ. BAND" Switch
"LO\$(/" "HIGH"

10,(X)O ohms tO0O ohms

O ohm

"FREQ. BAND' Switch

:'LOtUr" "HIGlr

50 ohms 5O ohms

TESTT|cTED
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Socb Pir
Oscilla*
(w-t16)

tlgdfo
(w-il6)

DaccPr
(w-t67)

6
7
t

olrcn
l.{

opcn

oPco
r.1.

opco

opcn
r.1

150

Grid cap of Tube W-167 is r negohm above ground"
€onmol sctdagr are rs follows:

"GATNP' ..MAXIIIf,T,Ilf,'
..OFF.CRYSTALOPERATT-Cf,IECX(" .........."Cf,IECtr(''
"rREQ. BAND" --'.HrGH"

a FREQUENCY METER rc-22r-luE^-Resistance
measuremeots made from nfie pins to gtound (chrssis)
io ohms, with betteries end ftbes removed are rs
follows:

Srcflon V
Pomgroph 7-B

ing which omcspolds tor thie frequmy. Set fu "DIAL

UMTS" ead *DIAL HUNDREDS" to agree with this
readiag.

a. Sct the *@RRECTOR' did at midscah. Sc reter
for cr5nil check. (Refer to sec. IU, par. t.)

t. Rechd setdngs obained accslding to iostnrctions
in paragr.phs c,, d., ad c. (Rder to sec. III, par. 1.)

g. Roate the trimmer capacitor ("LOV') oward
the right with e small screw &ivtr until a zero beat
is obaiaed. The "r OV' and "HIGH" trimner eFci.
tors are adjusted though holes in the rigbt-baad wall
of the freqpency meter chascis. (On Freqpcocy Meters
BC-211-8, -E, -N, -AA and -AE the aimrer capacitorq
ge adjuted_ from the bottom side of tk chrssi$) (See-
figs. r{ md 5-7.)

- -

e @  o
H | G H  L O W

Figvre 5-6. Frcguency llelon DC-221-A, -C, -Dr -F, -tl
-K, -L, -rl/�, -O, -P, -Q, -R, -f , -AC ond -AF-ttght

Side View of Chogir

&. Cbe& the ability of the "CORRECTOR" epacitor
to rerct to zeno beat at all crysal check poinrs listed for
the low frcqueacy bend.

i. If the "CORRECTOR" rcaches 1O end 6erc are
some cystal chccl points that cenmt be comected, re-
Fat stcp6 t. aod D. wirh the *CORRECTOR" set I
divirdoo to &e left of center. If relo beat *ilt caonot be
reeched at all ci1rsat check pornts, set the 'tORREG

tOR" 2 divisioo; to the ,lefi of centcr end repeat, etc.
uatil all of the cr;rstal chcck poios can be blotrght to
zerc beea

i. ff, insteed of going oft scele at lO, thc "COR-

RECTOR" lerchcs I widotrt bcing rble to produce zero
beat et "ll ..yrat check point$, sepeat steF g. rnd b.
with the "CORRECIOR" st l, 2, or 3 dividons to the
right of midscale as reqpired

l. Repeat tbe ebove dcscriH proccss with the
"ERf,Q..BAIYD' switch set to "HIGH" end th *DIAL

IIMIS" rnd ,*DIAL HUNDREDS" scrles sct to aglce

TESTTICIED
A|{ Ot-{OSCr2t t -2

Sochct Pill
0sofuor

(IAt{4sn)
tildio

oAt{4sn)
Dctcctor

(IAN6K8)

I
2
3
1
5
6
7
t

0
0
0

330rqn
o.l

opcn
r.1

opca

o
o

opcn
t@,(m

fr
oPCo

r.1
opco

o
0

olrco
oPCo

470,qn
oPco

r.1
I50

Grid cap of the JAtI-6n0 tube is I megphm above
ground.

Coouol settings .re er follows:

"GAnV' "MAXIMfrl,f'
"oFFGYSTAT..oPERAT8-CHECT(- -____._ '�i699613,
':mEQ. BAhID" -:-----.. ..HIGH''

8. READJUSTHETIT OF TTIHTET CA?ACITOIS.
When the heterodyoc oacillator cannoG be corrcted

to agree with the calibratioq reset the heterodyne uim-
rer calncitors eccording to the mctbod described in this
paratraph Do oot tou& thcrc trimmer calncitors under
eny other cooditiom. In gened &is capacitor adju*-
mcnt will be rcquiicd ooly whm the meter is to be used
in a locatity where eiecr exuerely high or low hu-
ondiry preveils.

a Remove the freqpcocy metcr ftom the cabinet end
place o; a firm fotradetioa to the right and in front of
&e cabinec

D. Iatercoffrcct 6e power iopot plugp and jacks wi6
liboretory test lq&. 

-Opretc- 
e; m}����������������er for et least

1O minutes before pmoeediry;

c. Sct &e "FREQ. BAND' switch to "LOV."

d. Opcn the crlihntioo book ro th plge listing the
frequency vrlue st Z5O kilocyd€s. Obocrve the diet read-

lesrmclED 5-tt d
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Srcflonr V-Yl

Figvrc 5-7. Frequlnc7 ilcfctr ,C-X2l'D, -E, -N, -AA

and -AE4ollom Vlew ol Chorri:

with the reading gF*o for 4000 kilocycles in the ca['
bration book Adjust the *HIGlf' trinrer celtacitor
until it is possible to adiust 6e 'CORRECTOR"-Io zero
beat at each of the crystal chd Points in the high band.

]lolc
Ilfiany beat notcs will be heard for a very slight
rotation of the trimmers bguse of the abun-
dance of harmonics. Select the loudest one in
the "i.i"ity of fie above mcntioned poeition.

t. ADJUgfl]lO THE FRE9UEIIGY OF THE
CRYSTAL OSCILTATOT"

ilof,c
Ilflake this adjustmeot ooly when the crysal
is replaced or when 6e accruacy of the crysBt

TEs-TilCTED
AN O8-403Cn21 | -2

S E C t l o x  Y l
SUPPIETEXTANY DATT

oscillator is ruspected. Make trtis adiustmcnt
onty in models which conain e variable capaci'
tot coooected across the crystal. '

z. Set up a radio rireiver capable of recgfving thg
standrd fiequency signats (tom or l5,OO0 kilocydes)

of station \VTnf, the Bureau of Staodards Statioo- If

these signals cennot be received, use another frequency
neter *hose adiustments are bdieved to be correct

D. Prepare the frequency meter for operation of the

crynal oscillator ooly. (Refer to scc. III, par. 9.) Allow
it to operate for about 2O minutes

c. C.ouple the frequency mcter that is to be adiusted
to the -i.oo. tead bf 6e radio receiver.

d. Tune the radio rtceiver to hear the beat note ae'

*ttiog from the cr;ntal occillator signal beating with
the standard sigoal

e. Loosen the locknut around the shaft of the crysal
capacitor. (On some mdels the crystal variable shunt
capacitor can be reached after remving the nameplate
on the tront panel. On other mdels it is found in the
approximte lenter of the boaon of the chassis and
can le reached after the chassis has been temoved from
the ebinet.)

f. Rotate the capacitor until exact zero beat is ob
tained in the reveiver headsee (When possible' make
this adiustmeot with the chassis ia the cabinet.)

g. Tighten the locknut Replace the nameplateif it has
been removed.

TO. REPAIR OF FA}IEI AilD CHASSIS ASSETILY.
The repair of pancl and chessis assembly of field uoia

is prohibited. If such repairs are believed nsces$ary'
sen-d the eqgipment to ao authorized depot where suf-
ficient test equipment is available for this work.

t. lEADflSE tHE HAlll Tulltile D|AL
a. fre adjustment of 6e rrrlin tuning capacitor is

indicated dit*tly by reading the *DIAL HUNDREDS" 
'

aontlol.

D. One revolution of the "DIAL UNITS' concol
advanc,es &e "DIAL HUNDREDS" @nttol ooe division.
This nrbdivides each divisioo on the "DIAL HUN'
DRED)S" control into lfi) Fttt"

c. A verniet (see fig. 6r) fu provided to nrbdivide
each division eccurately on the'DIAL IJMT$'crootiol.
To read the verniet, oncer"c which gnduedon on the
vernier scale eligns ryith a gnduatirn on 6e "DIAL

UMTS" Gootrol. Start with the ertow es zerD, crnrnt
over to this greduatioo" The rcnlting mmber cxPrettes
in ten6s, the fraction of e "DIAL IJNIIIi" division

SEVENTH GRAOUATloil ON THE V€RNIER

DIAL UNITSIAL HI'.IDREDS

E, sEl/EraTH GnAu.ulTlox
C(X,XTERCLOCTWISE 8EYOilD
6t olr T]r€ OIAL

Flgurc 6-r. If,aln fufing Diol Scofe

5-lr-.6.0 IEsTlETED



d, Eor example, observe the dial setting in figure 6-1.
The setting is as follows:

"DIAL HUNDREDS" -.....-_-. --0900
"DIAL UNITS" -_----.----_-_..-_---.-.-----.--...--. 6t.
Vernier

Correct reading ---------.O%1.7

e. Before using the frequency meter for actual meas-
urernents, practice on the dial until s€ttings can be
established or read oft quickly and accurately.

2. ZERO BEAT.
a. rVhen two signals of slightly different frequencies

are combined (suth as in the detector circuit of the
frequency meter) a signal results whose frequency is
equal to the difference between the original two. This
is called the beat frequency.

D. $fhen the beat frequency is a few thousand cycles

scR-

Section Vl
Porogrophs l -3

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

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

d. $flhen the frequencies of the two signals become
neady equal, ^ contlnuous series of muffied beating
sounds is heard in the headset.

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

l. Ar the tuning dial is rotated slowly to either side
of the zero beat point, mufred beating sounds are heard
and then the tone rises in pitch.

3. CURREI|T RE9UIREMENTS.
The current requirements at the specified voltage

limia are given in table 6'1.

RESTRICTED
AN 08-40SCR2I r -2

scR-
scR-
scR-
SCR.

scR-
scR-

SCR..

SCR..

SCR.

SCR.,

SCR.:

SCR-:

TABLE 6-1. FRE9UE]ICY IIETER BC-221-(*I-CURRENT RE9UIREMEI{TS

I"CRYSTAL" rwitch in "OFF" porition for merimurn plate curreots.

tThc cabinct and circuit of thir mctc. .re so amanjed that a 'ruitablc 
lrcwer line voltage rource can be substituted 

'for 
the b:rtteriec u'ithout

chenginj thc wiring or affccting thc calibrations. A power supply unit has been derigned for thir rrvice, operating frcm ll5-volt.60-cyclc
lines. Thir unit occupier thc,bettery comp.ftment tray.end connects to the powet line through the small holc in the side of rhc cabincr.

+"XTAL CHECK" position for maximum cur.ent.

6- l

Frequeney
lVeter

Sets

Filamctt
Vohages
(oolts)

Filament
Canent

(ampercs)

Platc
Voltage
(aolts)

Plate
Carrent

(amperes)

scR-2r r,A
scR-2lr.B
scR-2ll-c
scR-2rl-D
scR-2lr-E

scR-2rl-F
scR-2rl-J
scR-2rr-K
scR-2ll-L
scR-2rr-M
scR-2r r-N

scR-2ll-o
scR-2rr-P
scR-2rl-R
scR-?ll-T
scR-21l-Q
scR-21l.AA

5.4 to 6.0

5.1 to 6.O

5.{ to 6.O

5.4 to 6.O

6

5.4 to 6.0

5.1 to 6.O

5.4 to 6.0

5.4 to 6.o

5.4 to 6.o

6

5.4 to 6.0

5.4 to 6.O

5.4 to 6.0

5.4 to 6.O

5.4 to 6.O

6

0.86 to 0.91

O.86 to 0.91

0.86 to 0.9?

0.79 to 0.86

o.7 L

0.86 to O.92

0.86 ro 0.92

O.86 to 0.92

0.86 to 0.92

OJ to 0.9

0.85

0.86 to 0.91

0.86 to 0.92

0.86 to 0.91

0.86 to 0.91

O.86 to 0.91

o.E5

L21,5 to ll5.O

121.5 to 135

121.5 to 135

L2L.5 to llJ

135

121.5 to l3j.O

121.5 ta 135.0

121.5 to 135.0

121.5 to 135.O

121.5 to 135.0

r35

121.5 to l3J

121 .5  t o " l 35 .O

121.5 to 135

121.5 to 135

121.5 to 135

rr5

0.Oo9f to o.0106*

a.out to o.0r70f

O.0l5l to O.Ol73*

OO13 to 0.017

0.0log "CHECK"

0.0141 "OPERATE"

o.oo7g "CRYSTAL"

0.0126 to 0.0146*

A.OI2G to 0.0146*

0.0126 to 0.0146*

0.0126 to 0.0146*

0.012 to o.or{t

0.014 "CHECK"

o.ol8 "OPERATE:'

0.012 "CRYSTAL"

0.o15 to 0.ol7t

0.015 to 0.017*

o.Ol5 to 0.ol7f

0.O15 to O.Ol7f

0.0145 to o.ou

0.014 "CHECK"

0.019 "oPERATE"

oo.ol2 "CRYSTAL

NESTRICTED
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RMA COLOR, CODES

ORDER,INS SPARE PARTS
Each Service using this list has established certain depots and service groups for the
storage and issue of spare parts to its organizations requiring them. The regulations
of each Service Sould be snrdied to determine the method and source for requisi-
tioning spare pare. The informatioo in this list, as to manufacturer's or contractor's
name, TPe, model, or drawing number, is not to be interpreted as authorization to
6eld agencies to attempt to purchase identical or comparable spare parts direct from
the manufacnrrer or a wholesale or rctail store except under.emergency conditions as
covered by existing regulations of the Service concerned.'

U. S. ARMY PERSONNEL: This able is for information ONLY and is not to be
used as a basis for requisitioning pafts. Authoriies for obtaining maintenance items
are ar follon's: for using organizations, applicable service publications of the 00-30
series of ztrmy Air Forces Technical Orders; for higher maintenance and supply
echelons, the applicable Standard Maintenance List.

CAPACITORS I'YITIFDI

CAPAG|IORS III'f,FDI
Color ffumcrcl Yollt ltultiglier Toleronce

t
t o  r %

' l(x, 2%
t,000 3%

to,o(x) 4%
t00,000 5%

|,o(xt,ooo 6"h
10,000,000 7%

l0o,(xto,(xro g%
1,00o,00o,(xlo g%

o.t 5.h
o.Ql lo%

20%

Block O
Brown I tOO
Red 2 2(X,
Oronge 3 3q,
Yollow 4 4oo
Grccn 5 50O
Bluc 6 600
Violet 7 7@
Grqy 8 8OO
whirc I 9(x,
Gold l(XXl
Silvcr 2qr0
No Color 50O

TlilRO.
S I G N I F I C A N T

SECOND
SIGNIFICANT

FICU RE

I M A L

Color

Silver
Gold
siact
Brcwn
Red
Oronge
Yellow
Green
Blue
Purplc
Grcy
Whlte

RES|STORS (Ol{MSt

A 8
lil Digil 2nd Digit

t
2
3
4
5
6
7
8
9

D - TOIETANGE CODEr
sttvEl: to% No

c
Multipllet

o.0r
0.1
l.o
to

t00
|,o(x,

lo,@o
too,(xx)

l,0oo,0oo
l-o,o0o,(rco

loo,ooo,o0o

o
t
2
3
4
5
5
7
8
I

COIOI : tO'[.

BAND OR DOT

NEW COLOI ATTANOE'NENT

Dody Color (New Golor Arrungement Onlyl Indl-
colct Type of Redctor, ot Followr:-'

Bloch Comporition, Non-lnrulotcd
Tgn, Ollve, or Whlle: Comporitlon, Inrulotod
Dark Brown: Wire.Wound, Inruloted

7-O . RESTRICTED
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