
Shown here ore three dif.
f.r.n t v.r$io~ of th e Be­
221. From 110 r, Be.22 1M
mod. by Bendix, the Be·
221 A. N mod. by Cord­
well, 'he ...ery lolelt mod.
1'1 ond 'he 8C-221F mad.

by Zenith.

is recomme nded that each BC-22 1 be examined
or analyzed to determine its degree of condi­
tion. and I don't mean mecha nica l condition as
much as J do electro-mechanical condition.
Actually. this is o ne instru me nt where every
screw and bolt has to be tigh t. where every
soldered wire has 10 be right . and where any
significant changes in some portions of the cir­
cuit simply cannot be to lerated.

To determine whether your aC-22 I is in
good co ndition. two simple tests are availab le.
However. the first thing to do in checking your
HC-221 is to remove the nameplate. carefully
putting aside the screws and lock washers. Be.
hind the name plate there should be chalked
or crayoned a number. This was put on by the
original manufacturer and this number subse­
que ntly became the serial number on the name.
plate and on the frontispiece of the calibration
book. If your BC-221 calibration book number
does not match the plate or the number behind
the plate. you are in serious difficulty. Many
plate changes were employed by disreputable
dealers in an effort to sell RC-22 1·s. J have
noted in examining some thousands of instru­
ments that. at various times. the manufacturer
omitted marking his serial number behind the
nameplate. so this omission by itself shouldn't
be considered too serious. If the book does
not match your instrument it is still possible
to use the frequency meter and calibrate it
with its own harmonic markers and sub-har-
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The BC.221 (or LM version), a desirable instrument in the
shack, can be made more versatile and dependable with the
suggested techniques and modifications. A comprehensive
summary of all past articles covering this frequency meter

;s also given.

I
N n il; pract ical se nse, it isn't my wish 10

explain the ope ra tion of the BC-22 I or
LM frequency meter since th is subject is

covered adequately in the ca libration book
accompan yin g each instru me nt and is full y
covered in the technical manual T M 11-300 is­
sued by the government printi ng office. Rather.
it is my wish 10 convey information not ordin­
arily found or o therwise available which wil l
help the user obtai n the maximum benefit from
the LM series or OC·221 type of instrument.

Before detai ling wha t these specifics are. I
would like to stress the need for thorou gh and
com plete understa nding of the basic operating
fu nctions of the instrument. As a matter of
fact. the operator sho uld be so conversant and
so familiar with these functions that he should
be able. almo..t subconsciously. to understand
the limitations and order of processes required
in using the instrument.

Assuming such a degree of experience and
utilizing the best possible techniques. it is
possible to achieve an order of accuracy with
the BC·22 I amounting to .002% or even better.
In contrast . the inexperienced. taking a BC-221
as he gets it and merely getti ng it to function.
will probably realize errors as great as .0 15%.

Determining Instrument Condition
Before I:lling any deeper inlo the subject. it
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monic markers and with the aid o f a slide ru le.
provided th at the instrument is othe rwise in
excellent condition and complete. Such a proc­
ess of calibra tion involves a great deal of work
and carefu l concentratio n to avoid errors and
was thoroughly covered in a previous magazine
article. I

Checking For Accuracy
To check the frequency meter for accuracy

the following proced ure may be used. Set the
function switch to the IIETERODYNt: OSCILL.HOR

or O PE RATE position. Set the RANGE switch to
IIIGII . Set the MA IN T U NIl"G dial somewhere in
the 1000-2500 kc regio n. A suitable spot would
be 2333 .333 or 2250 kc. Now switch back to
the CRYSTAL CHECK position and observe the re­
su lting beat no te heard in the earphones. The
note should not exceed 150 cycles.

Another and somewhat more suitable test is
to set the frequency meter to any crystal check
point in the IIIGH ra nge. Zero in with the cor­
rector in the prescribed manner. Set the func­
tion switch to the I-IET(,RODYNE or OPERATE posi­
tion. Do not disturb the corrector setting. Now.
move the M AIN TUN ING dial to the next chec k
poi nt listed in the calibration book. Set the
function switch back to the CRYSTAL ClH.CK

posit ion: a tone will be heard in the phones.
Note the MAIN TUN ING dia l reading and tu ne
the dial for an exact zero heat. If the difference
in the two dial readings exceeds 1.2 divisions,
the ca libration is not good.

On the low band th is same test should indi­
cate a maximum error not grea ter than 1.8 dial
divis ions. If the error is greater than this. your
instrument is bad. T he smaller the error the
better the condition of your instrume nt.

At this poi nt I wou ld like to inject a th ird
test utilized by the gove rnment to determine the
qu alit y of a HC-22 I. This test invol ves a second
instrument. preferab ly a lab instrument of
better qua lity. bu t it can be a second RC-22 1.
the qualit y of which is beyond question. T he
easiest method involves the use of frequency
meter type receivers such as the 5 1l, the R338.
R389 or R390 series . To check a BC-221 with
these auxi liary devices. there are five specific
test points on the low bands. These are: 130
kc, 160 kc, 190 kc, 2 10 kc, and 240 kc. O n the
high band there are fou r reference points tested .
These are: 2 100 kc, 2400 kc, 2900 kc, and
3800 kc. The deviations in dial divisions. when
checked at any of these specificatio n points
against an external sta ndard. should not exceed
lh d ial division as me asured wit h the vernier
sca le in order to be considered an excellent
instrument. In effect. an inst rument to be certi­
fied for FCC purposes must meet th is particular
test. Those whose deviations reach one dial
division are considered good and those greater
than llh dial divisions are considered poor.

H)lldley. 8 .• " C alibral ing a 8 ("-221 Freq uency Meier:'
QST, M arch 1950, p age 40.

Maximum Frequency Error
Since the principal application of the BC-221

is to measure radio frequencies so as to deter­
mine edge of band positions in compliance
wit h tolerances imposed by the FCC. it follows
tha t the ordi nary error fou nd in the BC~22 1

should be both understood and rectified .
The technical manual TM 11 -300 is the SOUT C.

of the following statistics o n possible frequency
errors.

CaU.H' Error in Cycles
Small shocks (caused by han-

dling and thrust on the dial
and panel ) .

Action of locking the dial .
W . .arming up .
Change of load on ante nna post
A drop o f 10 % in voltage or of

5° C. in temperatu re .
Error in calibration .
Error in crystal frequency .

Total Error 1.355 C.p.s.

This represents 0.034 % error at 4000 kc and
is the theoret ical maximum. Many of the erro rs
may actually cancel each other ra ther than be
addi tive. Also. the erro r is less a t lower fre­
quencies . For example at 2000 kc it is only 985
cycles and 125 kc o nly 180 cycles. The average
erro r th at ca n be expected would be closer to
0.0 15 % than 0.034 %.

With these e rror percentages in mind con­
side r the problems of checking band edges or
setti ng a v.I.o. on the Army MARS frequency
of 3289 kc. A maximum error of 329 cycles is
allowed by MARS. If the e rror is the maxi­
mum. 0 .034% . the deviat ion can be as grea t as
J J20.3 cycles. However. as poi nted out before.
the error is more likel y to be in the order of
0.01 5% presenting the possibility of a devia­
tio n 494.25 cycles. still in excess of the max­
imum permissible error.

Improving Accuracy
How then may we employ the BC·221 as a

re liable tool for measuring our frequency? The
answer lies in a system known as the additive
or subtract ive system which recognizes that the
very accu rat e 1000 kc crystal oscillator bears
the main responsibili ty fo r measurement ac­
curacy and that the low frequency range of
125-250 kc is more un iformly frequency stable
than the high frequency range o f 2000-4000
kc.a

By the simple exped ient of a small, eas ily
effected a lte ratio n in the plate circuit of the
mul ti-grid mixer, it is possible to utilize this
addi tive or subt ractive method to produce errors
not greater th an .0025% and very frequentl y
milc h less than this.

~(jrammer. G ., "The Addi(jve Frequency Meter: ' QST.
May 1949, page 32. Riley. C . L . "Inrerpolarjon Fre­
q uency Measure me nts With the BC· 22 I ," QST. J a nua ry
1 9~6 , page 41.
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Fig. l -Modificotion mode in th e plot. of th e miur
tube th ot will e noble the odditive-subs.troct system
of freq uency measurement to be used . This con pro­
vide 0 great increase in frequen cy meier accuracy.
The mhlltr tub. type will va ry from model to model

o nd may be 0 6A7. 6 K8 or 0 7&8.

T he fi rst mechanical alte ration made in your
HC-22 I involves cutt ing into the plate circuit
of the mu lti-grid mixer and inserti ng a conven­
tional 2.5 mh r.t, choke as shown in fig. 1.
The plate itself should couple through a small
100 mmf capacitor to a new output connector.
If you wish to alter the panel you may insert
a suitable r.t. connector jack such as a BNC
fitting. Insert ion of the r.f. choke and capaci tor
modifies the o riginal circuitry so that the multi­
grid mixer can produce sums and differe nces
of both the crystal fundamental or its har­
monics as well as the v.f.o. fu ndamental and
its harmonics. Thus you can use the low fre ­
quency side of the HC-22 1 where the ca libration
book shows each 1/10 of a kc. and by doing
so. with proper recognition of the beat notes.
the accuracy can be improved by OJ factor of
10 o r more.

The fu nctio n switch still determines the mode
of operation. It is normal in the HETERODYNE

OSCII.LAU: posi tion and you may now hetero­
dyne in the CRYSTAl. CHI;CK posi tion as well.

To illustrate the additive or subtractive meth­
od. suppose that you wanted to measure 2360
kc. The second harmonic of the crystal (2000
kc ) is heat with the second harmonic of 180 kc
to give the frequency 2360 kc. i.e., (2 X 1000 )
plus (2 X 180 ) equals 2360 kc. This also gives
rise to other signal combinations but they will
be 180 kc removed from 2360.

T he accu racy of measurement is even better
if you subt rac t. as an illustrat ion. the 360 from
the next one me and set your low frequency
range to the difference. or 640 kc. By this so­
called subtractive system the error is halved.

T here a rc slight com plications in th is method
which are helpful rather than troublesome if
they are used to advantage. The fu ll procedure
is to tu rn the BC-22 1 on and let it warm up
for o ne hour with the band switch on L.OW. To
measure 2360 kc, set the dial to check. poi nt
181.82 kc and zero beat the CORRECTOR knob.
This can be done. at least once. as soon as the
frequency meter is tu rned o n in order to de­
termi ne the frequency drift during the warm- up
period . This rate of warm-up is handy informa­
tion in case it is desired. subsequently. to make
a measurement with a cold frequency meter.
(T he direct ion of magnitude and drift should
be noted. ) Each vernier division will he ap-
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proximately 2.7 cycles on the fundamental or
5.4 cycles for 2360 kc measurements.

Now set the dials to the settings given for
180 kc, the sub-harmonic of 360 kc. While
listening on the frequency meter head pho nes.
slowly rotate the main dial one complete revo­
lution to the right and then to the left. You
will hear lo ts of "birdies". Each of those little
"birdies" is actually a check point accurate to
.0001 % . If you use a 12 H piece of wire for a
small antenna and set your freque ncy meter to
180 kc dial setti ng. then you could turn on the
oscillator in your transmitter which is being
set for 2360 kc, and slowly move the BC-221
dial a one-half turn to the right or left. You
will note that while the "birdies" are still pres­
ent. the beat note between your transmitter and
the frequency meter can be heard over one
complete revolution . (1000 vernier units) In
fac t. it will be difficult to find exact zero beat
since it covers 4 to 5 vernier divisions.

The system described above is at fi rst con­
fusing due to the many beat notes heard. how­
ever, with pract ice . measurement of various
frequencies can be mad e with little difficulty
if you will remember that the beat notes in
which you are interested change very slowly
in comparison with the spurious beats.

Locating the Zero Beat
Three methods for fi ndi ng the exact zero

heat ca n be employed. One is the use of an
externa l " magic eye" tube to he discussed later.
a second is to tak e the center o f the dial read­
ings for the lowest audio beats and the third
way is to plug an output meter into the phone
jack .

The zero beat point ca n be recognized more
easi ly if the low frequency response of the
audio amplifier is improved. The low fre­
quency response of the audio portion of the
HC-221 can be grea t ly improved by the use of
a h igh quality 8000 to 250 ohm output trans­
former in those models that use outpu t trans­
formers and by connecting a to or 20 mf. 20
volt electrolytic capaci tor from (he cathode of
the audio stage to ground. In some models it
is necessary to discon nect the au dio stage
cathode from the heater connection (ground )
and to insert a v.z watt cathode bias resistor
of 350-500 ohms. The original bias connection
presupposed Ihe usc of batteries whic h provided
the bias and most amateurs use these meters
with a .c. supplies.

Time Sav ing Graphs
Interpolation between the frequencies listed

in the calibration book is awkward and time
consuming. You will save a great deal of time
and obtain better acc uracy if you make up a
special graph or in reality two graphs for each
major frequency in which you are interested.
In the illustrated case of 2360 kc, one gra ph
should cover the high band position using one
square per vernier division on o ne axis and
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Fig . 2-Ske letal dia g ra m showing the modulation se! up in the BC·221 AK senes. The o utpu t
tra n, fo rme r, 11, is used 01 the oscillator t ra nsfo rme r in position 4. Audio token from the plate of
th e 65J7 is fed to the junction of th e two plo te re siston in the 65J7 v.f.o . There are two more

switch ~ions used to handle 'f'01t09& distribution but the se o re not shown.

one square for 10 cycles o f frequency (2357.5­
2362.5 kc ) on the other axis. Label this gra ph
"rough measurement:' For the addit ive method
the second gra ph is employed and th is should
use 2/10 dial divisions per square on one axis
and 10 cycles per square for frequency o n the
other axis. The graph line will cover the sa me
235 7.5-2362.5 kc. Place red marks on thc
curve at plus .0 1 and minus .01 %. The por­
tions of the curve between .0075 and .0 1 may
be drawn with red ink, the rest of the ba nd
with black ink. The red curve then suggests
the accuracy limits.

Accuracy of the Modified 8C-221

Summarizing the maximum possible accu­
racy of the BC-221 . the best possible condi­
tions would be to have a constant room tem­
pera ture. a constant B vol tage. a constant A
voltage or fi lame nt supply. a quartz crystal
which has been checked at plus or mi nus one
cycle of WWV at 5 me, a frequency meter that
has been warmed up to reach thermal equi li­
brium and fi nally graphs which have been sub­
stantiated by spurious harmonic points.

Assuming these ideal conditions then the
maximum errors that you could get wou ld be:
( I) the accuracy o f the crystal 1/ 5 of a cyc le
per me. (2) a calibrat ion curve error not
greater than 8 cycles in the low ra nge, (3) a
mechanical d ial back-lash error of 4 cycles
and. (4) a zero beat error of 5 cycles or less.
Adding these together could come ou t to at
least .0002% theoretical error.

Practical Improvements to the BC-221

Several modifications enhancin g the value
of the BC-22 I have appeared in magazines"
over the past decade.

3Pitl ll , J . E .• " To ne M od ul atin g the BC-l1 I : ' CQ,
A ugu st 1949, p age 14. "Compact Power Suppl y for the
BC -22I : ' CQ, A pril 1947. pa ge 30. Grayson, K . B.,
Su apLUs , CQ. April 1959. page 79 . Wood, W.• " N u ll
Indica tor (or the BC-::!: ::!: I : ' QST, May 1950. page 66.
Carlson. II.. "Adding Tone Modulatio n to the BC· ::!:21: ·
QST, M ay 1948. page 68. Cress, H . " Using the BC­
221 Freq uency M eter at V HF," QST, J a nuary 1950,
page 46.

Modulation-the most important improvement
is perhaps the easiest one to accomplish and
has to do with using the He -22 I as a signal
generator. This change is accom plished by
merely addi ng lone modulation to the local
variable frequency oscillator and either of two
ways ca n be employed to gai n this end .

First. we can add a small audio oscillator
transformer wired in as is shown fig. 2. the
circuit of the BC~221 AI\.. This involves a
change in the fu nction switch which permits
the output o f the variable frequency osc illator
to be modulated approximately 375 cycles.
The function switch in the BC-221AK reads
OFF - WARM-U P - CRYSTAL - OPERATE - MODU­

LATF: ~ CHECK, In the OFF position. both the
A and B ba tte ry circuits o r power supply are
disconnected. In the W ARM -U P position 6 volts
is connected. th rough the switch bu ilt into the
phone jack. to energize the filaments in the
th ree tubes." The B battery circuit is closed.
subsequently, in the CRYSTAL position, energiz­
ing all tubes with the exception of the variable
frequency oscillator. In the OPERATF. posi tion.
the B voltage is applied to all rubes with the
exception of the crystal oscillator portion of
the multi-grid mixer.

In the M ODUL ATE position. in addition to
converting the audio amplifier circuit to an
audio oscillator, the operation switch closes
the B voltage circuit for all tubes with the
exception of the crystal osc illator. and the
plate circuit of the varia hIe frequency osc illator
is now connected to the modula tor. ln the
CH ECK position. the audio amplifier circuit is
restored to normal and the B voltage is fed
to all tubes. T his modification involves the
acquisi tion of a small aud io transformer ami
two resistors in addition to changing the
FU",crION switch as shown in fig. 2.

A simi lar modulating device. but without
the complexity of the AK circuit, is one
which makes usc of a simple N E-2 neon
lamp and several other components. T his cir-

~This is a safety precaution. The front panel lid cannot
be closed if the phone plug is Inserted. When the
phone plull i!i removed the A bauerles are automatically
disconnected thus p reventing accidental discharge.
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by this device, a nd for those working with fre­
que ncies in the order of 2. and I v.. meters this
is a very desirable addit ion to the original
HC-22 I.
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BC-221 As a V.F.O.

The BC-221 , with the aid of suitable isola­
tion amplifiers and then untuned voltage am­
plifiers, makes an excellent adjunct to either
your sideband transmitter or it may serve
directly as a v.f.o. A typ ical a pplication would
involve taking the output of the BC-2.21 with
its precisely known control of frequency and
feeding it into a cathode follower and thence
into two o r more stages of broadly tuned
6CL6 multi pliers or voltage amplifiers from
which point the ou tpu t will in all probability
be sufficient to directly feed a 2.E2.6 or 5763 or
6146. T hus the BC-22 I is capable of being a
tremendous v.f.o. fo r a sideba nd exciter. More
detai ls o n this type of application may be
found by referring to the Radio Handbook
pub lished by Edi tors and Engineers at Sunny­
vale, California.s

To reduce the confusion about the proper
operation o f the BC-221 and 10 make this valu­
able instrume nt even more popular to the
people owning them. (he author would be
pleased to hear abou t o the r a pplicat ions in­
volving the BC-221 or its Navy counterpart.

Some further informa tio n may be gleaned
from the previous art icles listed below. . •

, BC.221 As a n Audio Sou rce

The BC-22 I can be used as a source of rea­
sonably good audio freque ncy sine waves by
turning o n the low frequency port ion of the
BC-22 1 and looking for the 10,000 cycle
spread between 990 and 1000 kc. You will
fi nd that th is takes up over 800 reada ble
divis ions with approximately 12 cycles per divi­
sion. Therefore, with the meter in CHlTK posi ­
tion, the result ing beat note will be a reason­
ably. accurately known audio frequency. To
check this, tune in WWV on your receiver and
feed the receiver output to the horizontal am­
plifier of an oscilloscope. W ith the fre que ncy
meter set to 996 kc. the 4 kc beat note which
resu lts should form a pe rfec t circle or an
ellipse when fed to the vertical deflection plates
of the osci lloscope.
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Fig . S-A hormonic generator to improve perfo rm­
a nce in th e v.h.f. range may b. add ed to th e B( ·221.

Null Indicator- Fo r those readers requ iring a
sim ple null ind icato r or zero beat de tector, a
6E5 or 6G 5 tuni ng eye tu be , connected as
shown in fig. 4 will pro vide a positive means
for ind icating the low freq uency beat notes.
This device may be constructed externally to
the BC-22 I and connec tion made thro ugh Ihe
phone jack if you don't wish to alter the BC­
2:! J.

Fig . 4- An ex cellen' null indicator mak es use of a
6 E.5 or 6G.5 " tuning eye" ty pe tube . The circu it,
suggested by VE.oIMW. permits th e operator to

observe low le vel sig nals th at ore inaud ib le.

t~·,
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Harmonic Generator- A most useful ad dition
to the BC-22 I is the harmonic generator us­
ing a 6AK5 mini ature tube as shown in fig. 5.
This can be assem bled o n a small bracke t and
fast ened to the chassis of (he original BC-221
and should not inte rfere with the func tion of
the original controls in the slightest. Harmo­
nics, useful through 300 mc will be generated

Nf-2
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Fig. 3-A simple relaxation type OK illator dev eloped
by Dl.olVG (W9YUE). Ca re must be token to kee p

the leads short.

cuit is shown in fig. 3. In operation, the switch
is closed to provide a 400 cycle tone on the
carrier o f the local variable freque ncy os­
ci llator,


