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THE INCOMPARABLE
HIGH-GAIN, LOW-NOISE

MIE
~ DB-23
PRESELECTOR

“$" READING

WITHOUT PRESELECTOR
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“$" READING
WITH DB-23

PRESELECTOR

The DB-23 provides a minimum gain
of 25 db in: signal strength. Weak
signals become good . . . good signals
pin- the needle!

TRY IT AT OUR RISK

So outstanding is the per-
formance of the DB-23
that we say “Try it at our
risk. Take it home, hook
it up and prove it your-
self!’ Your RME Distribu-
tor is authorized to re-
fund the purchase price
in full within 15 days, if
you are not fully satisfied.

See Your
RME Distributor Today!

Signal-to-Noise Ratio Improvement as
much as 7.5 db . . . Substantially
Improves Performance of Most Receivers

How many times have you heard a down-in-the-mud signal that you
just couldn’t copy? How many QSO’s were “"almost’’ 100% because
the other signal just didn’t have it? How many times have you
wondered how the fellow down the street was copying a signal

you couldn’t even hear?

The RME DB-23 employs a unique application of high-gain low-noise
tubes. Three neutralized push-pull stages employing 6J6 twin-triode
tubes are used in a novel combination of selective and wide-band
rf amplifiers. Minimum gain of 25 db is provided throughout all ham
bands from 3.5 to 30 mc with substantial image rejection.
Signal-to-noise ratio improvement can be as much as 7.5 db over
that of the receiver itself.

Necessary input terminals are provided to accurately match any type
of standard antenna to the preselector. The DB-23 is completely
self-contained with power supply. Cabinet finished in blue-gray.
Small, compact and attractive. Comes complete with tubes, cable
and instructions.

RME DB-23 Preselector, Amateur Net Price........$49.5(




It has 739% more CW input than two 807’s
(cost is approximately the same)—or 260 w against
150 w. Phone-input superiority also is substantial—
175 w against 120 w, or up 46%.

Second, you can’t beat the low-cost GL-811-A for
versatility! Ratings at right tell a story of performance
with a wallop in both r-f work and modulator
service . . . plus single-sideband transmission, in
which amateurs are showing lively interest.

G-E Ham News, Sept.-Oct., 1952, described, with
construction details, an SSB final powered with a
GL-811-A. Here is a linear amplifier that will put
you on the air with a 200-w signal.

Price the GL-811-A at your G-E tube distributor’s!
It’s a real economy approach to extra power and
performance. Tube Department, General Electric
Company, Schenectady 5, New York.

ELECTRONIC TUBES OF ALL TYPES FOR THE

VER consider the extra value in a GL-811-A triode?

73% mo‘ré
CW input

POWER RATINGS
(1ICAS)

Maximum input,
Class C CW

Maximum input,
Class C phone

Maximum output,

Class B modulator
service

Peak output,
Class B r-f linear,
in SSB speech
transmission

RADIO AMATEUR

260 w
175w

340 w
(2 tubes)

200 w

GENERAL & ELECTRIC

166-1B1



Your Collins distributor has a kit that will
enable you to convert your 75A-2 into a 75A-2A
- the equivalent of our new 75A-3!! Or, if you
prefer, your distributor will make arrangements
for you to return your receiver to Ciollins. We
will make minor repairs and completely realign

your 75A-2 in addition to converting it into a
Bep 5
I5A-2A.

The type number “75A-2A" indicates that the
receiver was once a (5A-2 but has been converted
and i8 now the same as the new 75A-3 — includ-
ing mechanical filter!

Whether your 75A-2 is brand new or several

years old, it can share honors with the 75A-3 as
the world’s imnost advanced ham receiver.

Conversion kit, complete with a 3 kc plug-in
mechanical filter and instructions. . . .. ...$80.00

Factory modification, including minor repairs,
complete realignment, and installation of a me-
chanical filter conversion kit complete with a
3 ke. filter. FOB Cedar Rapids.........$105.00

Plug-in mechanical filters for 75A-3’s and
converted 75A-2’s

Type F455B-08 — 800 cycle. . ........ $55.00
Type FA55B-60 — G6ke............. ..$55.00

COLLINS EQUIPMENT IS A GOOD BUY — FOR THE PRESENT AND

FOR THE FUTURE. SEE YOUR COLLINS DISTRIBUTOR TODAY.

For the best in amateur radio, it's . . »

COLLINS RADIO COMPANY, Cedar Rapids, lowet

11 W. 42nd St., NEW YORK 36

1930 Hi-Line Drive, DALLAS 2

2700 W. Olive Ave., BURBANK

N
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jhallitrafiers 9X-88

ham news in years!

1. Heavy gauge steel welded chassis for
mechanical stability.

2. Full precision gear drive for main and
band spread tuning.

3. Six position Band Width Control (selec-
tivity) from 250 cycles to 10 kc.

4. 10 watt inverse feed back and push-pull
audio output.

5. Exalted B. F. O. for tops in single side
band reception.

6. Buffer amplifier in B.F.O. circuit,
7. Antenna trimmer.

8. Amplified and delayed A.V.C.

9. Built-in 100 kc calibration crystal.

10. Second conversion oscillators crystal
controlled.

11. Inertia tuning (fly wheels both dials).

12. Full frequency coverage from 535 kc
to 33 mc.

13. Calibrated electrical band spread 160,
80, 40, 20, 15, 11, and 10 meters.

14. Logging scales on each tuning shaft.
15. Dial locks on each tuning shaft.

16. Tuning dial indicators resettable from
front panel for maximum calibration
accuracy.

allicrafters

World’s Leading Manufacturer of Communications and
High Fidelity Equipment, Radio and Television

17. Auxiliary A.C. socket on rear of chas-
sis.

18. Illuminated band-in-use indicator.
19. Illuminated S meter.

20. Dual S meter calibration S units and
microvolts.

21. Auxiliary power socket plus .G amps at
6.3 volts and 10 ma at 150 volts for ac-
cessories.

22. Standard 834” by 19” panel for rack
mounting if desired.

23. 50 kc i.f. output jack via cathode fol-
lower for teletype converter, etc.

24. Five position response control (tone
control).

25. Two r.f. stages (Bands II to VI).

26. 17 tubes plus voltage regulator, ballast
tube and rectifier.

27. Automatic noise limiter circuit.
28. Phono Jack.

29. Audio output transformer for 3.2, 8,
500/600 ohm loads.

30. Fuse for overload protection.

31. Auxiliary sensitivity control permits
monitoring of local transmissions in
standby position.

4401 West Fifth Avenue, Chicago 24, lllinois « Hallicrafters Ltd., 51 Camden Street, Toronto, Canada



Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially League members, are invited to report station activitics on the tirst of each
month (for preceding month) direct to the SCM, the administrative ARRL official elected by members in each Section.
Radio club reports are also desired by SCMs for inclusion in OST. All ARRL Field Organization appointments are
now available to qualitied League metnbers. These include ORS, QES, OPS, OO and OBS. Also, where vacancies exist
and PAM. In addmon to station and leadership appomtments for Members,

SCMs desire applications for SEC, EC
all amateursin the United States and O anada are invited to join the Amateur Radio Emergency Corps (ask for Form 7).
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“It Seems 10 Us...”

LICENSE FEES

For the first time in the history of domestic
radio licensing, it now appears likely that some
time later this year U. S. amateurs will be
required to pay a federal fee for the issuance
of their tickets.

Not amateurs alone, but all FCC licensees;
for that matter, not just FCC licensees either,
but users of a host of other government licens-
ing and similar services such as pilots and air-
craft, patent applicants, travelers using pass-
ports and visas, small boat owners, ete. This
announcement of a directive by the Budget
Bureau is a reflection of the firm intention of
the new Administration in Washington “to
reduce the cost to the general taxpayer of
those services which provide a special benefit
to limited groups.” (Government agencies in-
volved have been directed to formulate pro-
posed fees and make them public by February
Ist to provide an opportunity for comment.

A license fee, eh? It will be quite a break
with tradition in the radio field at least,
though it has plenty of parallels elsewhere.
Actually, although it’s a new animal for us in
the sense that it is actually materializing, it
has been the subject of discussion off and on
in government circles for a great many years.

We don't suppose that unyone especially
likes the idea, any more than we like the idea
of any kind ot fee or tax. Why should we pay a
fee for a federal service? Well, to quote the
Budget Bureau aguin, “while government li-
censes are generally for the welfare and protec-
tion of all the people, they usually give some
special benetit as well to limited groups.” The
Administration believes that these limited
groups should help offset the costs of the fed-
eral service now provided at the general tax-
puyer’s expense. This means that the aspect of
noncommercialism in amateur radio isn't a
factor; instead, in the view of the Administra-
tion, it boils down to the fact that in order to
issue us our tickets, it takes specially-hired
people and paper and equipment, and that we
should contribute to offset these expenditures.
The proposed fee, in other words, is not a tax
on radio stations or — in our case —on the
privilege of engaging in amateur radio; nor is it
regarded as a source of new revenue. It is in-

tended to recover a reasonable portion of the
cost to the government in administrative and
clerical paperwork in issuing the ticket. Broad-
casters obviously are going to have to pay a
much larger fee than most others; FCC’s cost
in processing complicated b.c. applications is
considerably higher than the average. In our
favor, too, is the fact that in recent years our
p‘u'eut Safety & Special Radio Services Bureau
has streamlined its license-processing activities
on almost a mass-production basis; our paper-
work costs are relatively low per individual.

No proposed figure has as yet been an-
nounced for amateurs or any other class of
station, but we should know soon. Such ideas
as have been expressed informully so far in-
dicate thinking that the amateur licensee fee
may be on the order of $1. It would be required
for renewals as well as new tickets, and prob-
ably for modifications also. For radio services
such as ours, a suggestion has been made that
the fee be pald by means of a special stamp
sold through post offices, to be attached to
license applications.

We hope to have more information soon.

NOVICES AND DX

As Novices now have some frequencies
which hold a reasonable promise of a bit of DX
now and then, we'd like to suggest to WNs —
especially those of you who have had time to
acquire a little operating experience and would
like to try something new — that you fire up
on those bands during the ARRL contest in
February and March. No, we don't suggest you
go out to win in your scection, for you’ll be
up against some pretty tough competition; but
1 little perseverance should bring you a few
new countries, especially the second week end
when the big guns go hunting for the rare ones
because they’ve filled their quotas from the
more populous countries. Don’t let power
worry you too much; if the 21-Me. band be-
haves itself at all during the contest week ends,
your &0 or 75 watts can put a fighting signal
on the other side of the ocean. So, if you've
had a full measure of success in the January
Round-up and are seeking new fields to con-
quer, here’s a project to keep you oceupied for
the next couple of months.



Impedance Characteristics of Harmonic
Antennas

The Possibilities of Flat-Line Multiband Operation

BY WILLIAM B. WRIGLEY,* W4UCW

is discussed in the Antenna Book! with

primary emphasis on tuned feeders. This
appears to be the only practical method of feed
when we realize that end effect prevents the
harmonic frequencies of a long wire from being
exact integral multiples, and when we consider
also that the reactance varies ahout n times as
fast with frequency variation about the nth
harmonic as it does for the same percentage fre-
quency variation about the fundamental. Further

A A

2 2
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HARMONIC OPERATION of multiband antennas

(A)

% ;
W ~—~ ®

/.:Z_\/A

©)

Fig. I ~—~ Harmonic operation of an antenna is shown
at A and B. The antenna at C is not being operated on a
harmonic since the current does not reverse direction in
adjacent half-wave scctions.

study of the impedance characteristics of har-
monic antennas might reveal, however, that
under certain circumstances flat-line feed on more
than one band may be possible although perhaps
not very practical. It is not our intention to rec-
ommend such operation but merely to assemble
and organize the available information on this
subject and, in addition, to present some further
data which have apparently not appeared in
previous literature. Consideration of flat-line
harmonic operation will serve only as a meuns to

* Research Engineer, Georgia Institute of Technology.
Home address: Route 3, Marietta, Ga. '

1 The ARRL Antenna Book, American Radio
Teague, Inc. (1949).

2 Carter, P. 8., “Circuit Relations in Radiating Systems
and Applications to Antenna Problems,” Froc. I.R.E.,
June, 1932. The formula is B11 = 30 [0.5772 + In (2xn) —
Ci (2en)| ohms, where n is the number of half wavelengths
or the order uf the harmonic.
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present our information with sume coutinuity.

Before proceeding with a detailed discussion
of these impedunce characteristics we must es-
tablish a few definitions so that no confusion may
arise from our terminology. These definitions
follow in general those of the Antenna Book.

1) Harmonic operation implies that there is
a reversal in current flow in adjacent half-wave
suctions of the antenna as shown in Figs. 1A and
B. The center-fed full-wave doublet, Fig. 1C, is
not operating on a harmonic.

2a) A feed line shall be considered flat if the
standing-wave ratio is not more than two to one.

2b) The bandwidth of an antenna and feeder
system shall be the frequency range over which
the feeder standing-wave ratio does not exceed
two to one. If the system is matched at reso-
nance, this means that the antenna may be de-
tuned to the frequency at which the reuctance
equals 0.7 times the resistance. For a system
which is unmatched at resonance the range will
he more restricted but can readily be determined
from a Smith chart.

Free-Space Resistance
The free-space radiation resistance, meas-
ured at a current loop (current maximumj,
180

i70
160) ()

LOOP RADIATION RESISTANCE — OHHS
k=
1
-

1 2 3 4 56 7 8 9 101 12
ANTENNA LENGTH — WAVELENGTHS
Fig. 2 — Loop radiation resistance of harmonic au-
tennas.

of harmonic antennas increases with the vrder
of the harmonic. Carter,® using the induced
e.m.f. method, derived an expression which is
valid for integral multiples of 'a half wavelength.
These values are plotted in Fig. 2, which is

OST for



similar to Fig. 2-23 in the Antenna Book. The
latter, however, was taken directly from Carter's
paper which unfortunately contained computa-
tional errors.

If it is assumed that the antenna can be fed
properly (this will be discussed later) the reso-
nant resistance at a point which is not a current
maximum may be calculated from an assumed
current distribution. The sinusoidal approxima-
tion is very good in the vicinity of a current loop
and hence we may calculate he constant-power
radiation resistance variation about this point
by multiplying the loop resistance by the recip-
rocal-cosine-squared of the angular deviation:

Power = W = [!R
For constant power /2 « 11;
Near current loop I = ]g costv

and B = lﬁo

82 6

Fig. & shows this relationship for a half-wave
doublet. Near the ¢nds of the doublet, or near

the current nodes of harmonic antennas, this
1000
900
800
700
600 ‘Y 'r
500 \ / .
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Fig. 3 — Radiation resistance of a half-wave doublet
as the feed point is varied about the current loop at the
center.

relationship fails since the calculated resistance
approaches infinity. ‘This is because the sinusoidal
approximation breaks down near these points
since the current does not actually become zero
anywhere along the wire. Furthermore, as the
feed point approaches any current node, except
at the ends, the operation of the antenna changes
to a uonharmomc modc as shown in Fig. 1C.

3 These curves were mtcrpolatod from data presented in
Technical Report No. 155, (ruft Laboratory, Harvard
University, Cambridge, Massachusetts, entitled ‘‘Experi-
wental and Theoretical Impedances and Admittances of
(lenter Driven Antennas,” by Phyllis A. Kennedy and
Ronald King, April 1, 1953,
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Fig. 4 — Loop reactance vs. length of harmonic an-
tennas, not including insulator end effect.

Free-Space Reactance

The rate at which the reactance of an antenna
changes as the length is varied about resonance
is the principal factor that determines the anten-
na's sclectivity or bandwidth. This rate is a func-
tion of the w‘welength to-diamcter ratio and the
thlcker the wire the broader the bandwidth. Fig.

4 shows the reactance wersus length curves for
center-driven half-wave dipoles of various wave-
length-to-diameter ratios.? The curves B, C, D,
and E were sclected to represent No. 12 wire at
10, 20, 40 and 80 meters, respectively. While
these curves apply precisely to half-wave doublets
only, the extension of the horizontal scale to
cover harmonic operation up to four wavelengths
introduces negligible error (less than two-tenths
of one per cent in over-all length at sccond har-
monic resonance). These extended scales follow
the accepted approximation mentioned previ-
ously, that the reactance-frequency variation of
harmonic uuteunas is directly proportional to
the order of the harmonic.

The slopes of the curves of Fig. 4 are, of course,
the important figures. For fundamental reso-
nances they are as follows:

10 mcters (curve B) —27.9 ohms per one per
cent. change in frequency

20 meters (curve (') — 30.5 ohms per one per
cent change in frequency

40 meters (curve D) —33.3 ohms per one per
cent change in frequency

80 meters (curve E) — 36.4 ohms per one per
cent change in frequency

and at the nth harmonic they are » times these
values.

For a feed point near, but not at, a current
loop the reactance is increased by the same
reciprocal-cosine-squared factor as in the case
of the radiation resistance. In other words, the
curve slopes in Fig. 4 are increased by this factor.

11



Resonant Length

While the resonant length of a harmonic an-
tenna is affected by the wavelength-to-diameter
ratio as shown in Fig. 4, insulators cause suf-
ficient additional end loading to produce a total
shortening of about five per cent of a half wave-

length. As mentioned in the Antenna Book, the
A
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Fig. 5 Resonant i’ro‘qnencv of harmonic antennas
an a function of wire length in feet. Length = 1/f ye. X

102 [ ( ) - m)s]

following formula has proven to be quite satis-

fuctory in practice:
402 I:n, (.\;‘) — U.()5]

[ (megacycles)
where n ( ) is the order of the harmonic or the

Length (feet) =

number of half-waves in the antenna.
Fig. 5 shows the harmonic resonant frequency
opposite length in feet for wires cut to 80-,

at a depth equal to the antenna height and with
an equal and opposite current distribution.
Formulas for the mutual resistance and reactance
of parallel resonant harmonic antennas have
been developed by Carter.* Subtracting these
values from the seif resistance {Fig. 2) and reac-
tance (zero at resvnancej will give impedance
values as a function of height above a perfect
¢cround. Fig. 6 shows the radiation resistance
versus height above a ground plane for several
harmonics. There is a separate horizontal scale
for each harmonic, so arranged that the resist-
ances of any given antenna at its various har-
monies fall along the same vertical line for a
particular physical height.

Now, a8 we all know, the ground is not a per-
feet conductor as assumed in the caleulations.
Towever, measurements made in u range from
less than ten-meter wavelengths to greater than
twenty meters over a good ground® indicate
remarkably close agreement with theory above
0.2\. Below 0.2\ the resistance increases rapidly
ahove theoretical due to ground conductivity
losses or absorption of the induction field. The
encircled points in Fig. 6 show some of the meas-
urement data for a half-wave doublet. When the
wavelength is increased above twenty meters,
as explained in the Antenna Book, the ground
acts even more like & good conductor. This is
evidenced by the measurements recently made
by WIIYI® at 75 meters, indicated by the
crosses on Fig. 6. Clonsideration of the mecasure-
ment data indicates that the dashed curve below
0.2\ is no doubt better than the theoretical curve
in this region.

While this increase above theoretical radia-
tion resistance near the ground may appear at-
tractive for matching purposes, it actuully repre-
sents a loss in radiated cnergy. As mentioned be-
fore, it is due to absorption of the induction
field, which means power dissipated in the ground.

. . X 160
40- and 20-meter fundamentals. Unless 150
the bandwidths are reasonably large it 140 W
appears from Fig. 5 ulone that flat-line 30| N
harmonic vperation is not very practical. ot \ &)
L X -
Ground-Plane Effects N ¥ - L4
. , . . S ool ML AN S
The impedance effeet of a perfectly ! o 17 — N -y 1
conducting ground under a horizontal an- §80. [P 74 ] .
tenna may be calculated by substituting g il 7 pE D
for the ground planc uan image antenna % 70 r N L T
- & 60T 73 =
+ Carter, loc, cit., the formulas are: > 50 ‘\ i
Ihe = 60 Ci(4) -~ 30 Ci(B) — 30 C!i(() ohms L0 -
X1z = — (608i(4) — 305i(B) — 30Si(C)ohms & /
where 3 %0
& 20
10
3 i 2 3 N 5
! = antenna length in wavelengths - . . .5 6 : . . 10
d = antenna separation (twice the height above ,sAA A _'g 3 _'z 5 g 7 'g 9 ”’ u 'lz 1314 1516 1718 19 20
the ground plane) in wavelengths. ) A 2 A £ B8 1012 1416 L8 m
9 riis, H. T., Feldman, C. B., and Sharpless, 32 3 6 912 1518
W. M., " The Determination of the Direction of A B I2-16 20
Arrival of Short Radio Waves," Proc. I.E.E., Jan., Fig. 6 — Radiation resistance of harmonic antennas vs.
1934, p. 47. height above perfect ground plane. The dashed curve approxi-
8 Avery, J. D., *Multi-Impedance Dipoles,” mates the effect of imperfect ground, for fundamental resonance,

QSsT, MB.y, 1953, p. 42,
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based ou the measured points shown.
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1t should be pointed out here that the effective
ground plane is usually not coincident with the
surface of the ground but is usually several feet
down, depending on the wavelength, and can
only be determined by experiment.

¥ig. 6 shows many interesting facts. For
instance, a 40-meter doublet about 0.3\ to 0.4x
high would be a good resistance match to one

hundred ohme at both 40 and 15 meters (i;)

The reactance etfect of the ground plane on
harmonic antennas is shown in Fig. 7, which may
be interpreted as showing the reactance versus
height above the ground of harmonic antennas
cut to length in accordance with the formula.
Above about 0.6\, this introduced reactance ef-
fect is apparently quite small and indeed negligi~

o This article is a study of the impedance
variations along an antcnna, for funda-~
mental and harmonic opcration, with
the results expressed in graphical form
for ease of use in the desigzn of feed sys-~
tems and determining bandwidths. If
vou have been puzzling over the ques~
tion ‘ls real flat-line multiband opera-
tion possible?”’, here is the answer.

curves below 0.2\ since the theoretical reactance
decreases very close to the ground as does the
theoretical resistance. ‘

Sample Calculations

We have now presented the necessary funda-
mental data and we shall proceed to tie

:2: it all together by considering a few
« ] examples of specific antennas.
g 4o 7AW Height is a most important factor so
O +3 WY let us assume for the first example that
.,l, +20 TN Y] we are limited to 25 feet, u very com-
g +10 2 \ 3 = PR mon situation. Since this height is ap-
é 0 \ 2377 K0 > % proximately 0.1n at 80 meters, 0.2x
-0 X 2 at 40 meters, etc., we determine from
20 [ 5T Fig. 6 that the resonant loop resistances
423456 7.8 9 1001121314 1516 17 18 19 20 N
HEIGHT ABOVE GROUND PLANE ~— WAVELENGTHS are 44 ohms at —, 71 ohms at A, 136
Fig. 7— Reactance introduced by a perfect ground plane as a 2

function of height for harmonic antennas.

ble in conjunction with corresponding radiation
resistances.

Measurement data which would indicate de-~
parture from these curves due to an imperfect
ground plane are apparently not available. Con-
sequently, we will be optimistic in using the

ohms at 2\, 134 ohms at 3, and 151
ohms at 4\ which is the eighth har-
monic or 10 meters. Next we construct Fig. 8,
which consists of many curves similar to Fig. 3,
arranged horizontally according to harmonic
current distributions and oriented vertically ac-
cording to the above loop resistances. A logarith-
mic vertical scale is used in Fig. 8 (and also Fig.

{000
P 7 1 717
NN R EEE A
00—\ \ 153 | [N 74 /]
wo— W\ M I [ ]\ I\ VA | \/UL AT
400 al\ \[\ [/ \ k - / A //g
300 L\ 2\ y /A JAW AP /\M [u V‘t?& //%7 /4A sl
S\ ARV AN ANZAW 77
& 200 7 / i v
T INAX XN SO AT
¢l 7 ~ Ry |
VK) 100 < // L
(}) 90 P, s
& % o e
S 60 _;\_
< 50 =
30 —
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DEGREES (AT FUNDAMENTAL FREQUENCY ) FROM CENTER OF ANTENNA

Fig.8 — Resonant radiation resistance vs. feed point for harmonic antenna at a height of 0.1\ above ground plane
at the fundamental frequency (A/2). The height is 0.2 at the second harmonic (A), 0.3\ at the third harmonic (37/2),

etc.
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3) for two reasons. First, the shape of the curve
for any particular harmonic remains the same
regardless of the loop or minimum point. Conse-
quently, after having plotted one complete set,
a similar set for a different height and different,
loop points may be readily produced by tracing.
Second, a given 8.w.r. is represented by the same
vertical distance regardless of position on the
plot. These s.w.r. intervals are shown on the
right edge of Fig. 8.

Now we look over Fig. 8 to find a feed point
where the harmonic resistance curves of interest
all pass within a minimum s.w.r. interval. We
notice immediately that there is no universal
intersection point for all harmonics. Unfor-
tunately, this is true for any antenna height we
might have sclected.

If we arc interested in 80- and 40-meter opera-

. . . . A
tion only, we find an interscetion of the  and A
39 to 40 funda-

) degrees from the center of the antenna

curves very close to 72 ohms at
mental (}\
2

or left edge of the plot. Since end effect occurs
only at the end of the wire, we should make all
our measurements in free-space wavelengths
from the center.

From Fig. 5 we select a length basced ou the

% and A plots only. Choosing 133 feet gives free-

space resonance at about 3.51 and 7.22 mega-
cycles. A first order correction for these fre-
quencies due to ground effect reactance is then
made from Fig. 7 and the slope data of Kig. 4
The introduced reactance at the fundamental
is about 21 ohms inductive which means the
resonant frequency is actually lower. At 80
meters, the reactance slope is 36.4 ohms per one
per cent change in'frequency so resonance ov-
N 21, . I
curs near 3.51 564 X 0.0351 3
cycles. At 40 meters the slope is twice 33.3 ohms
per one per cent frequency change (n = 2)
and the reactance is about +47 ohms giving

X 0.0722 =

.4) mega-

actual resonance near 7.22 — g-—»-
7.17 megacycles. These corrections may well be
small enough to be. neglected as being within
the accuracy limitations of some of our caleula-
tions,” but we will retain them in this example.

To determine the bandwidths on 80 and 40 we
recall our flat-line definition which allows de-
tuning until the reactance is 0.7 times the re-
sistance. Since we are feeding at a point which is
not a current loop at the fundamental, the
reactance slope is increased by the reciprocal-
cosine-squared factor as is the resistance. At 40
degrees from the loop this factor is 1.70. We can
detune till the reactance is 0.7 times 72 ohms or 50

ohms either side of resonance; that is, — T >< oD

7 Among other things, we have neglected the effect of
the ground plane on the reactance slope, which is an optimis-
tic assumption,

14

X 0.0349 = 0.0282 megacycles. Our flat-line
bandwidth is therefore from 3.49 — 0.28 = 3.46
megacycles to 3.49 + 0.28 = 3.52 megacvcleq
3 little over 55 ke., less than half of which is

in the band. At 40 meters we have :—g—m s

27X 333
0.0717 = 0.05% megacycles, giving a bandwidth
from 7.12 to 7.22 megacycles. At th's point it
might be well to choose a more approy riate wire
length for 80 meters such as 132 feet : nd repeat
all our calculations, but let us proceed to the
consideration of operation on more bands.

Since none of the other harmonic curves of
Fig. 8 are within a 2-to-1 s.w.r. of 72 ohms at
the feed point just considered, we must search
for a better position along the wire. We find
that at about 59 fundamental degrees from the
center we will have a fair match to 150 ohms

at 80 meters (;), 40 me ers (N), 20 meters (2)),

“

and 10 meters (4N). The

.

BN .
3 curve is also close

here, but it was included n Fir R ta provide for
a third harmonic (15 meters) of a -H0)-meter fun-
damental, wnich is not our present case. The 15-
meter curve in our case (3X\) is completely out of
range at this feed point.

From Fig. 5 it appears that a length of 136
feet would be the best compromise for all four
bands, but from the previous example we can
predict that we will be completely out of the
8(-meter band. However, this length will serve
for getting an idea of the bandwidths to be
cxpected at the higher harmonics.

The bandwidth ecalculations are more com-
plicated in this cuse since the resistance as
well as the reactance mismatch must be consid-
ered. The detailed calculations will not be given
but can be easily accomplished with the aid of a
Smith chart on which a 2-to-! s.w.r. circle is
drawn. The results are as follows:

a bandwidth of 51 ke. centercd at 3.42 Me.,

a bandwidth of 88 ke. centered at 7.01 Mec.,

a bandwidth of 194 ke. centered at 14.27 Mec.,
and

4 bandwidth of 214 ke. centered at 28.75 Me.

On 80 meters, none of the flat-line bandwidth
is in the band. The bandwidth on 20 meters is
the first reasonable figure we have cncountered;
it covers the 20-meter 'phone band. At 10 meters
the bandwidth turns out to be perhaps tolerable,
hut only covers a small part of the active *phone
band.

These calculations are not very encouraging,
but before abandoning the project let us investi-
gate the possibilities for un antenna height of
about 65 fect. This is a quarter-wave at 80 me-
ters, one half-wave at 40, ete., and on construc-
ting a chart similar at Fig. 8 for this height the
best feed compromise is found to be 150 ohms at
30 to 31 fundamental degrees from the center
although the sixth harmonic (3\) or 15 meters is

(Continued on page 100)
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Checking R.F. Chokes with the G.D.O.

A Simple Method of Determining Relative Effectiveness
in Parallel Feed

BY NEIL A. JOHNSON,* W20LU

¢ For more than one reason, the use of
parallel plate feed is on the increase.
However, difficulty is often encountered
when a single choke is required to oper-
ale efficiently in several bands. W20LU
describes a simple method of predicting
the effectiveness of various chokes at any
frequency.

tioned the fact that radio-frequency chokes,

as used by amateurs, are apt to be deficient,
either at one frequency or another. This fact
has been pointed up, of late, by the opening of
the 21-Mec. amateur band, and subsequent at-
tempts to get orthodox circuits and components
to work on this frequency with normal efficiencies.
Grammer has discussed this fact in his excellent
article.!

The exact nature of radio-frequency chokes,
and their apparent intended functioning, secms
to be somewhat of a4 mystery to the average ama-
teur. Most hams will tell you that an r.f. choke
ought to look like an infinite impedance at the
desired frequency. At the same time, it should
have no undesirable characteristics, such as
excessive d.c. resistance. Thus the ideal r.f. choke
would have ull the attributes of a parallel-tuned
circuit, with infinitely-high impedance over u
wide band of frequencies! Since this is obviously
impossible, ¢ven the best radio-frequency choke
must become something of &4 compromise.

Following the reasoning that the ideal r.f.
choke would look like an infinite impedance at
any frequency to be used, the idea took form
in the writer’s mind that it should be possible
to judge the efficiency, or at least the relative
worth of any given r.f. choke, by connecting it
in parallel with a4 given tuned circuit, powered
by some sort of signal generator. Then, checking
upon a following grid circuit, it could be secn
what, if any, the effect might be. It was reasoned
that the best choke would be the one that exhib-
ited neither positive nor negative reactance, but
which changed the drive to the following grid
by a minor factor, il at all.

First efforts along this line were rather reveal-
ing. However, a little correspondence with the
leading lights of the ARRL Technical Depart-
ment raised a question as to whether the method
under consideration could be considered valid.

IN many cases the literature of late has men-

# 10 North 10th Ave., Mt. Vernon, N. Y.
L Grammer, ‘' Pi-Network Tank Circuits for High Power,"
QST, October, 1952,

February 1954

It was pointed out that the paralleling of the
tuned circuit under consideration by a given
unknown — in this case an r.f. choke under test
-~ would result in a wide frequency shift in sume
cases, due to the paralleled inductances.

These observations were, to a certain extent,
true. So a more definite and positive method
was sought. It was hoped that a means could be
found whereby the simple set-up might still be
utilized, but with prospects of enhanced ac-
curacy. After a good deal of further study, it
came to mind that if the signal generator —
in this case a g.d.o. - could be coupled rather
tightly to the choke under test, then the fre-
quency shift that ensued would be a tip-off
to the loading effect of the choke. This idea was
then tried. In fact, different chokes were con-
nected directly across the tank of the g.d.o. in

Fig. 1 — Test set-up for checking r.f. choke by ob-
serving the frequency change when the choke is con-
nected across the tuned circuit of a g.d.o. (See text.)

an effort to find out what loading they manifested
upon the generator frequency. In practice, it
was learned that those chokes which exhibited
the least effect upon the generator frequency were
the most desirable chokes for the particular fre-
yuency under consideration.

The test set-up utilized is shown in Fig, 1.
It calls for a minimum of test equipment. Thus
it should be applicable to many ham shacks
around the country. The only items required
are a grid-dip oscillator and a1 communications
receiver whose calibration is known. The g.d.o.
is similar to the Hartley type described in the
ARRL Handbook. The clip leads are first set on
a plastic rule to same spacing as length of choke.
This is importunt so that the lead capacitance
will not change when the choke is conneeted.
The g.d.o. is then set to the test frequency with-
out the choke connected. The choke is then
connected, while keeping the clip and lead spac-
ing constant, and the change in frequency is

(Clontinued on page 102)
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Crystal Control on 220 Mc.

Stepping Up from the Modulated Oscillator in the Beginner’s Station

BY EDWARD P. TILTON,* WIHDQ, AND MASON P. SOUTHWORTH,** W1VLH

for 220 Me. described in QST for November,

1953, admittedly leaves quite a bit to be
desired. While its signal is adequate for short-
range work with stations having broadband re-
ceivers, the rig must be adjusted and operated
with some care if it is to be readable when com-
munications receiver selectivity is employed. As
most v.h.f. operators now use converters working
into communications receivers, it is obvious that
our 220-Mec. beginner is going to want something
better in the way of a transmitter before very
long.

Probably the ouly reason for starting off with
the simple oscillator is that its elementary design
may encourage some beginners to try their hands
at transmitter construction, while they might be
a bit wary of even a three-tube rig like the one
described herewith. If you have built the simple
oscillator, perhaps you are ready for the next
step up the transmitting ladder by now. This
crystal-controlled r.f. section can be operated

THE simple modulated-oscillator r.f. section

At the left end are the crystal and oscillator-multiplier
tube. The push-pull tripler is in the middle, and the final
stage and antenna socket at the right.

with power supply and speech cquipment de-
signed for the simple jub. Tt uses three of the same
tubes, 12AT7s, and some of the other components
of the oscillator can be salvaged for this or later
projects. The power output will be only slightly
more than with the single-tube oscillator, but
because it is capable of being modulated fully
without the irequency modulation that is charac-
teristic of the simple oscillator, it will be much
more effective in work with stations having
selective receivers.

Circuit Details

_Don’t let the schematic diagram, Fig. 1, scare
you. The photographs show the simplicity of
the circuit and construction to better advantage.

* V. H.F. Editor, QST.
*% Laboratory Assistant, QST.
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¢ Nearly evervone who intends to work
on 220 Mec. will want a stabilized trans-
mitter eventually. This three-tube r.f.
scction is designed to replace the simple
oscillator in the beginner’s 220-Mec. sta-
tion rccently described in a series of QST
articles. Though it uses only low-cost
rceeiving tubes, its signal will be of a
quality that will hold its own in any
company. Additional amplifier stages
can be added, for higher power, when the
builder is ready for them.

mainly small and simple parts; schematic presen-
tation, necessary though it is, actually makes the
rig appear more complicated than it looks to the
eye. Three tubes are used, the first serving two
functions. Its first half is an overtone crystal
oscillator, using either 8- or 24-Me. crystals. This
drives the second triode section operating as a
frequency tripler to 73 Me. The third stage (sec-
ond tube) is a push-pull tripler to 220 Me., and
the final stage is a veutralized amplifier on the
same frequency. Useful output is nbout two
watts.

From the schematic diagram it may be scen
that capacity coupling is used between the first
three stages. The push-pull tripler and final
stages arc coupled inductively. The plate circuit
of the first tripler is arranged to provide balanced
excitation to the following stage. The trimmer,
('3, is set to a value approximately equal to the
output capacitance of the tube, so that equal
values of drive will he delivered to the following
grids.

Metering of individual stages is made possible
by the use of an 8-pin power connector, with the
various plate and grid leads brought to separate
pins. Use of this method is explained in the section
on adjustment procedure.

Construction

All the parts are mounted on an aluminum plate
5 by 9% inches in size. This is fastened to an
inverted standard chassis of the sume dimensions,
2 inches decep, affording both shielding and
mechanical support. Power wiring is made with
shielded wire, so that TVI prevention measures
can be applied if needed.

Parts Jayout i8 not extremely critical, but the
gencral arrangement shown should be followed for
best results. The tube sockets, the crystal and
antenna sockets, and trimmers Cs, C4 and C7 are
mounted on a line drawn down the middle of the
base plate. The first tube socket is 134 inches in
from the left edge, and the three sockets are 214
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To Pin4

330V.
.c.
(modulated)

ek L

Tripler
12AT7
6

Amplifier
12AT7

6.3V.
ac.orde.

=t

Fig. 1 — Wiring diagram of the low-powered 220-Mc. transmitter.

Ci — 50-ppf. miniature trimmer (Hammarlund MAPC-

Cg ~—= 11-ppf. miniature butterfly variable (Johnson
11MBI11).

C3, Cs, Cg — 3-30 uuf. mica trimmer.

4, Cy—— 8-ppf. miniature butterfly variable (Johnson
9MBI1),

Li -~ 10 turns No. 20 tinned, }3$-inch diam., spaced
diam. of wire.

L2 — 4 turns No. 20 tinned similar to L. L1 and Lz
made from single piece of B & W Miniductor
No. 3003; see text.

Ls— 12 turns No. 18 tinned, #§-inch diam., spaced
Jdiam. of wire, center-tapped.

inches apart. The first is mounted perpeundicular

to the long side of the chassis, with Pins 1 and 9

on the low side, as secn in the bottom view. The

others are at an angle of 45 degrees, with Pins 1

and 9 above the center line. This results in the

shortest possible r.f. leads, an important factor in

220-Mc. design.

The principal components may be identified
readily in the photographs. From left to right, in
cither view, we sce the crystal and its associated
components, the oscillator-tripler tube, the first
tripler plate circuit, the push-pull tripler stage
and its plate circuit, with the amplifier grid coil
coupled to it, and the final amplifier stage. The
neutralizing capacitors, C's and (', obscure the
amplifier socket in the bottom view. The U-
shaped plate tank inductance and output cou-
pling loop and antenna socket are at the far
right.

The oscillator cuils, L; and L, arec made from
a single piece of B & W Miniductor, though, of
course, they may he wound by hand if one
desires. If the Miniductor is used it should be
cut to about 16 turns in length, unwinding one
turn from each end, leaving a total of 14 turns.
The wire should then be cut at the 10th turn,
making two separate coils of 934 and 334 turns
each, after !4 turn of each is used for leads.

When all the parts arec mounted in place, we
can procced with wiring. Neatness and frecedom
from trouble will result from genecrous use of tie-
points for mounting small parts. Single-terminal
strips were used for the oscillator and tripler
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L4 — 2 turns No. 18 enam., !5-inch diam., spaced 14
inch, center-tapped.

s — 2 turns No. 18 enam., 3%-inch diam., spaced
inch, eenter-tapped.

Ls — U-shaped loop No. 16 tinned, made from 5 inches
of wire. Sides of U are 1 inch apart, bent at right
angles | inch from open end, center-tapped.

L7 — Similar to Le, but no center tap. Cover both loops
with insulating spaghetti.

Ji — Qutput terminal (crystal socket).

J2 — Male power fitting, 8-pin (Amphenol 86-CP8).

P1 — Matching cable fitting, 8-pin (Amphenol 78-PF8).

RFCi, RFC2 — 18 turns No. 22 enam., close-wound on
1-watt resistor of high value.

plate decoupling resistors and RFCjy in the final
plate circuit. A 4-terminal strip takes the tripler
plate and final grid resistors, and their associated
by-pass condensers. All other parts are supported
by the components themselves. Make all connec-
tions that will carry r.f. energy with the shortest
possible leads. Leads carrying heater or plate
voltage can be laid around the base plate in any
convenient way, disregarding lead lengths. If
shielded wire is used, the shicld braid of adjacent
wires should be soldered together at intervals of
one to two inches. The shields should also be
grounded to the base plate at convenient points
such as soldering lugs placed under the nuts that
hold the suckets in place.

Where the tube =socket connectious are
grounded (as with Y'erminals 3, 8 and 9) these
terminals should be hent up against the metal
sleeve in the center of the socket and soldered in
place. The slceve is then connected to a grounding
lug under one of the mounting nuts. Rotors of
(s, Cy and Cy are grounded by mounting them
directly on the metal plate.

Adjustments

The 8-pin plug and socket for connecting the
power supply to the transmitter provides for
operating the stages individually or in any combi-
nation. The power supply for testing should de-
liver 150 to 300 volts d.c. and 6.3 volts at one
ampere or more. The latter can be either a.c.
or d.c., so the rig can be operated from a 6-volt
storage battery and a dynamotor or vibrator

17

d



supply, for mobile or portable work, if desired.

In the schematic diagram, P; is a plug that
is connected on u 4-wire cable. If the rig is to be
substituted for the simple oscillator described in
November QST, the 8-pin cable socket will be
used in place of the 4-pin socket shown in Fig. 6
of the December issue. The power fitting, J, in
Fig. 1, is the connector mounted on the base
plate. We supply power to the various plate cir-
cuits by connecting a test meter between Pin 3
and the pin that connects to the circuit to be
activated.

For the first adjustments, our power supply
voltage should be 150 to 250 volts. If it is more
than 250, connect a2 5000-ohm 10-watt resistor in
series with the lead to Pin 3. This will drop the
voltage when high current is drawn, and protect
the tubes from damage if there is anything wrong
with the transmitter.

We stari. with the oscillator, connecting a
50- or 100-ma. meter between Pins 3 and 4.
Leave Pin 2 open for the present. Apply plate
voltage and note the plate current as () is rotated.
There should be a sharp dip as the tube goes into
oscillation. This oscillation should be on the
desired frequency (vou will be able to hear the
harmonic in your receiver) and it should not
change frequency appreciably as the condenser is
varied. If it does shift widely, the tube is oscillat-
ing without crystal control. This may result from
excessive feed-back, in which case the size of
f.2 should be reduced a half turn at & time until
only crystal-controlled oscillation is found. The
oscillator plate current will run around 10 ma. at
250 to 300 volts. The coil value for L, is for use
with 8-Me. crystals. With a 24-Me. crystal 1 to 2
fewer turns may be used.

When the oscillator is working properly, solder
4 jumper between Pins 3 and 4 in Py, and connect,
the meter between Pins 3 and 5. This will apply
plate voltage to the first tripler and measure its
plate current drain, while allowing the oscillator
to run without metering. Set ('3 near minimum
capacitance, and tune C'; for a dip in plate cur-
rent. Qutput from this stage, and from the oscil-
lator, may be checked with a lamp load consisting
of a 2-volt 60-ma. pilot lamp, with a loop of
insulated wire a half inch in diameter connected
across its terminals. When this is inserted between
the turns of /3 or adjacent to /., there should be
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Interior view of the 220-Me.
transmitter. Components ap-
pear in the same order, left
to right, as in external view.
Trimmer at upper left is C).

¢

enough output from either stage to make the
lamp glow. The frequency can be checked with
a calibrated wavemeter or grid-dip meter. The
trimmer ('3 should be adjusted for maximum
output, retuning C's each time the setting of C3
is changed. The plate current will be similar to
the oscillator portion, about 10 ma.

Now solder a jumper between Pins 3 and 6
and conneet the meter between Pins 3 and 6 to
measure the push-pull tripler plate current, which
should be about 20 ma. It may not show a pro-
nounced dip when the stage is tuned to resonance,
50 the grid current produced in the final amplifier
stage is a better indication of optimum adjust-
ment. This is measured by connecting a 10- or
25-ma. meter between Pins 7 and 8. Meters with
higher-reading scales can be used, of course, but
the indication will not be as sensitive to small
changes in adjustment.

The next step is neutralization of the final
stage. Set the neutralizing capacitors near their
minimum (open) position. Repeak (4 for maxi-
mum grid current indication, and adjust the
position of Lg with respect to L4 for maximum
grid current, retuning C's as this is done. Now tune
the final amplifier plate capacitor, (’;, while
watching the grid current. If there is a change in
grid current as this is done, adjust the ncutral-
izing capacitors (kecping them at approximately
equal settings) until there is no drop in grid cur-
rent ag the plate circuit is tuned through reso-
nance. There may be a slight rise, but there should
be no sudden dip.

When the kick in grid current has been elimi-
nated by proper neutralization, the plate voltage
may be applicd to the final stage by connecting
the plate meter between Pins 3 and 2, or by
applying plate voltage through the mecter, as
shown in the schematic. Connect a lamp load
across the antenna terminals. This may be
a 6.3-volt 250-ma. bluc-bead pilot lamp. Tune
(" for maximum brilliance indication. This
should occur at minimum plate current, which
will be about 30 ma. with 300 volts applied, and
the lamp should show close to full brilliance with
everything working properly. The plate current
readings given throughout the text are for the
full 300 volts applied. If the 5000-ohm dropping
resistor i8 used in the adjustment phases, as

(Continued on page 104)
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'Phone Selectivity for the BC-312

Q5-ing with a Dual-Crystal Filter

BY HOWARD L. MORRISON,* WZESM

e The dual-crystal filter modification
described here not only comes just
about as close as possible to making a
1954 receiver out of the still-prevalent
army surplus sets, but is applicable to
any receiver that does not have enough
of the right kind of selectivity to cope
with present-day phone QRM. In addi-
tion, it contains practical information on
moving the frequencies of low-frequency
surplus crystals, plus methods of align-
ment that will be useful not only in
receiver applications, but to the s.s.b.
man who is building a ecrystal-filter
type exciter.

BC-312 and BC-342 have appeared in

QST ever since thesc receivers became
items of war surplus, but not much has been
sauid about directly improving their ’phone sc-
lectivity. That this featurc needs considerable
improvement is painfully obvious to those who
have tried to use them in today’s ’phone bands.
The dashed curve in Fig. 2 shows why.

Various external means are of course applica-
ble, such as the BC-453 “Lazy Man’s (Q5-vr”
and morc elaborate 50-ke. i.f. strips like those
of By (Gioodman's."* However, (ivodman has
explained why the BC-153 type of Q5-er has
limited effcctiveness; a BC-1453 Qf-er was actu-
ally used here, and the net improvement in
making ‘phone signals more recadable through
QRM seemed negligible, despite a noticeable in-
crease in sharpness of tuning. On the other hand,
to build one of Goodman’s amplifiers for a
BC-312 would be like putting a Cadillac body
on a Model A chassis — the signal-tu nnise ratio
of the 312’s head end, despite “soupinz-up”
procedures, still limits the over-all performance
of the receiver.

The selectivity obtained with two i.f. crystals
by Bill Good, W2CVI,?* scemed to he just what
the doctor ordered for the BC-312, since crystals
in the neighborhood of 470 ke. are still available.
These are the FT-211-A series, labeled accord-
ing to channel number and transmitter (not
crystal) frequency. Of crystals in the group
whose labeled frequency is the 54th harmonic of
the crystal frequency, Channels 53 (468.5 ke.)
and 54 (470.4 ke.) are closest to the 470-ke i.f.

MANY effective ideas for improving the

* Mount St. Michael's, Spokane 28, Wash.

! Goodman, ‘' A Sharp LF. Amplifier for 'Phone or C.W.,,"”
QST, Dec., 1950.

2 Goodman, '‘An All-Purpose Super-Selective LF. Am-
plifier,” QST, March, 1953.

2 Good, **A Crystal Filter for 'Phone Reception,” QST,
QOctober, 1951.
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of the BC-312. Channels 54 and 55 (472.2 ke.)
are also suitable. Of crystals in the group whose
labeled frequency is the 72nd harmonic, Channels
338 (469.4 ke.) and 340 (472.2 ke.) are the most
suitable, but will provide a wider bandwidth
than that described here, since they are 2.8 ke.
apart as compared to the 1.9-ke. separation in
the first group. Means of changing the crystal
frequency by plating and grinding methods will
be discussed further on, and make it possible to
utilize crystals other than those in the desired
channels as well as to obtain the desired band-
width,

Modification Details

Since all BC-312s have a first-i.f. transformer
with either center-tapped secondary or split tank
capacity, it seemed at first that (Good’s dual-
crystal filter circuit, Fig. 1, could be applied with

6KT 1st if

&)

> 68K
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-
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=

I'ig. 1-— A — Basic dual-crystal filter circuit. T'he
trimmer, C’, i8 discussed in the text.
B — Basic circuit applied to the BC-312.
Unmarked components are the same as in the original
receiver. L' is discussed in the text. Condensers marked C
should be zero-temperature coeflicient ceramic or silver
mica. Values between 150 and 200 uuf. are satisfactory,
but both should have the same capacitance.

very little trou. l¢, and a pair of crystals were
installed alongside the i.f. shield can as shown
in the photograph. Leads from both ¢nds of the
secondary coil are covered with braid and come
out the top of the i.f. »an and enter the side of
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the aluminum bracket which
clamps the crystals in place.
The 6K7 grid lead and re-
sistor come out the opposite
side of the bracket as shown.
The crystals are mounted with
pins facing, and are held apart
by the same screws that fas-
ten the bracket to the shield
can. This arrangement pro-
vides good capacity balance to
ground and also insures that
signals reach the 6 K7 grid via
the crystals only. The lead
from the 6K7 grid resistor
reénters the i.f. can and con-
nects to the original grid
hv-pass condenser and de-
coupling resistor.

The whole i.f. amplifier was
aligned exactly on a frequency
midway between the two
crystal frequencies, but the
double-humped selectivity

curve shown dashed in Fig. 3 was the best that
could be ubtained, and a listening test confirmed
(Good’s statement that a pronounced dip be-
tween the peaks will destroy the value of the
filter. Separation of stations was greatly im-
proved, but the resulting harsh voice quality
After
amount of experimenting it was found that both
the L/C ratio of the tuned circuit which feeds
the crystals and the degree of coupling between
it and the primary affect the sclectivity curve
considerably. The i.f tank circuits in these re-
ceivers have 400 ppf. capacity. When the capac-
ity across the first secondary was reduced to
100 puf. by making each of the condensers (C in
Fig. 1) 200 puf., with an additional coil placed in
series with L so that the resonant frequency was
adjustable to 469.8 ke., the solid eurve in Fig. 2

was very undesirable.

resulted.

The coil can be either dielectric core and ad-
justed by pecling off turns, or slug tuned. A
fixed b.f.0. coil from the junk box was used here,
although a slug-tuned one would have obviated
the tedious process of peeling turns a few at a
time. The coil is mounted adjacent to the main
seccondary inside the i.f. can, and equidistant
from the wider sides. Since it has some mutual
coupling with the main sccondary, connecting
it one way will give a greater total inductance
than the other: the connecction which gives the
wreater inductance (as indicated by a lower
resonant frequency) should be used in order to
realize the greatest . For the same reason, a
coil so large that it comes closer than a quarter
inch to any side of the can should not be used
without cutting a one-inch hole in the latter.
This procedure is necessary for most any coil if
a BC-312N is modified, because this model has
a smaller i.f. can than that shown in the photo-
graph. If a slug-tuned coil is used, the slug
should be insulated from the can so a8 to mini-
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Fig, 2~ The dashed curve is the straight i.f. selectivity of the unmodified

RC-312. The solid curve is the selectivity with the dual-crystal filter installed
i?} gisc:iibed. The latter is 2.7 ke. wide at 3 db. down and 6.5 ke. wide at
4 . down.

mize additional unbalanced capacity to ground.

Trimmer Condenser Considerations

If the physical arrangement shown and the
construction details mentioned above are fol-
lowed the trimmer €, Fig. 1A, will not be re-
yuired to obtain the best selectivity character-
istic. Fig. 3 shows the effect of trimmer capacity
across the crystals. If a different physical layout
is used, it may be necessary to add a slight
amount of trimming capacity across onc or the
other of the crystals. (GGood, for example, used
between one and two puf. ucross the high-tre-
quency crystal to obtain the best characteristic.®
Just how slight the trimmer capacity need be
to cause large changes in skirt shape is shown
by the solid curve of Fig. 3. The *trimmer”
congisted of the inner conductor and polyethylene
insulation of u short length of RG-59/U cable
running at right angles to the pins of the low-
frequency erystal, onc e¢nd of the wire being
soldered to one pin, with the insulated end lying
across the other pin and extending beyond it for
only Lg inch. This probably represents a cu-
pacity less than 14 uuf.

a considerable

Selectivity Characteristic
and Performance

The solid curve in Fig. 2 represents, in this
ham’s estimation, the best that can be done
with a single-stage dual-crystal filter in the
B(-312. The rather large side lobes at first
prompted a change o the solid curve in Fig. 3,
but actual comparison tests showed the superi-
ority of the first arrangement in making ‘phone
signals readable, which is the goal. The sharp
nulls on both sides of the characteristic are very
helpful in sinking heterodynes, even though the
quality of repraduction is somewhat “brittle.”
By Goodman’s remarks on fidelity »s. copyability
are very pertinent.! (Users of the 312 are quite
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is frequently required even for
Y W net operation. If a switch is
9 used, it will be necessary to
10 - \ experiment with trimmer ca-
5 \ pacity to otfse.zt‘the intercontact

20 4 switch capacities.
§ [ Tt may be noticed that the
Xy Al \ selectivity shown in Fig. 2 is
3 FAR \ not quite as good as that
5 40 AL | VS obtained by Bill Good.? Tt is
“9‘ / | A I\ possible that the tneasuring
& A 1] \[* method employed accounts for
9 V' AN the difference. Good used his
% 7 | \ receiver's  S-meter, while a
E j \ scheme to be described later
Q 7 | N was used here. With due re-
o K | N\ gard to Bill's S-meter, it must
T/ | L be realized that 70 db. repre-
80 * sents a voltage (or current)
46" 480 4se s8 462 des 410 474 418 482 486 490 494 ratio of 3160:1, and good

FREQUENCY IN KILOCYCLES

Fig. 3~ Effect of trimmer capacitance on shape of selectivity curve.
Dashed curve: i.f. sclectivity obtained with dual-crystal filter and original
,/C ratio in i.f. transformer secondary (C in Fig. 1 equal to 800 upf.), with
2.puf. trimmer at (', Fig. LA, across high-frequency crystal. Solid curve:
same conditions as solid curve in Fig. 2, but with very small C’ (less than

14 upf.) across low-frequency crystal.

aware that the tone quality of this receiver even
in its original form leaves something to be de-
sired.) Lest the wrong impression be given, the
fidelity of reproduction when using the charac-
teristic of Fig. 2 is not disagreeable, nor will you
have any trouble recognizing the voices of your
friends. Signals which splatter will be copied
ouly with difficulty or not at all, which is of
course to be expected.

Operating with the modified receiver is very
gratifying. In the majority of instances it will
bring a signal which is Q2 on a regular BC-312
up to Q3 or Q4, aud will reduce or climinate
heterodynes that mar even ()4 sigs on a stand-
ard 312. The modificd receiver ran such compe-
tition to the main communications receiver at
W7ESM that the latter is now in the process of
getting a two-stage dual-crystal filter.

One disadvantage of the modification de-
scribed here is the lack of provision for switching
out the filter. A switch could be mounterd in the
space between the i.f. can and audio output
tube, and operated from the front panel by a
flexible shaft coming out through the dial-light
rheostat hole.* Such a switch would be desirable
for operation in some nets where the members
are not too careful to zero on the n.c.s. However,
the mechanical complication involved did not
seem to be justified for the receiver here. With
75 meters what it is these days, sharp selectivity

4 Fiarly models of the BC-312 and, we believe, all models
of the BC-342 had conventional crystal filters, with the
phasing control brought out through the dial-light rheostat
hole mentioned by the author. The built-in erystal filter
should be disconnected when making the modification de-
scribed here. Alternatively, it might be possible to use the
existing crystal if an extra one having the right frequency
separation can be obtained. The second crystal could be
substituted for the phasing condenser. Capacity trimming
probably would be unavoidable with such an arrange-
ment. — Eb.
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accuracy cannot be expected
when such a range is covered
on one meter scale, even with
a logarithmic movement. The
cxperience  described  below
with shunt erystals scems
additional confirmation.

Shunt Crystals

The method of increasing skirt selectivity by
erystals shunted across the tuned circuit ahcad
of series erystals is advocated by Good, but did
not scem very cffective when tried on two dif-
ferent receivers here. The skirts became a little
steeper, but new side lobes uppeared at the anti-
resonant, frequencies of the shunt erystals, and
were sometimes only 40 db. down. Perhaps other
shunting crystals with resonant frequencies equal
to the antiresonant frequencies of the crystals
closest to the passband could be used, but the
whole affair becomes rather cumbersome for the
improvement. obtained. It scems. as Good has
stated, that more selectivity than that provided
by a single-stage filter is best obtained by adding
another stage.

Alignment

The alignment procedure is easy if you have
a test oscillator or signal generator with plenty
of bandspread in the neighborhood of 470 ke.
A BC-221 or LM-7 frequency meter is ideal, but
the average serviceman’s oscillator is out. It is
not very difficult, however, to make a test oscil-
lator for the occasion: A standard circuit taken
from The Radio Amateur’'s Handbook and built
around a tuned circuit from an old b.c. set is
reaslily made. Such an oscillator should be
padded to 470 ke. by au air, silver-mica, or
ceramic condenser, together with a 25-puf. band-
spread tuning condenser that has semicircular
(straight-line capacity) rotor plates. A BC-221
wus used here; connections are shown in Fig. 4.
For the home-built oscillator, the outer terminals
of the potentiometer can be connected to a one-
or two-turn pick-up coil loosely coupled to the
oscillator tank. Since the bandspread tuning con-
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denser represents only a small fraction of the
total tank capacity, two or three calibration
points (obtained by beating a harmonic of the
oscillator with local b.c. stations) are sufficient
to determine the straight-line calibration curve
for the oscillator.

fin
BC-221 A S—

Fig. 4-- Using the BC-221 frequency mcter as a
wignal gencrator for filter and i.f. alignment. If a 221 is
not available, any oscillator covering the nccessary
frequency range with adequate bandspread may be
used, as described in the text.

A seositive (20,000 ohms/volt or a v.t.v.m.)
d.c. meter is necessary for measuring i.f. amplifier
output. It is connected across the diode load
resistance (potentiometer R3s) of the receiver,
and should be kept on the lowest scale in the
case of a 20,000 ohms/volt meter, or on the
10-volt scale of a v.t.v.m., to preveat overload-
ing the i.f. amplifier. The pointer can be reset
to zero with the receiver turned on, in order to
buck out the small voltage developed by the
diode emission current. The h.f. oscillator tube
in the receiver should be removed, the b.f.o.
turned off, the manual gain control used, and
the bandswitch set to one of the higher fre-
quencies during the course of the alignment.
The recciver manual volume control and test
oscillator output always are adjusted so as to
keep all readings on the same scale of the output
meter.

Before installing the crystals in the set, their
series-resonant frequencies should be measured
by connecting them one at a time in series with
the lead from the test oscillator to the 6 K7 grid,
and isolating this junction from the tuned cir-
cuit by a 50,000-ohm resistor. As the oscillator
is tuned from lower to higher frequency, a sharp
rise in the output meter reading will occur at
the series-resonant frequency of the crystal, fol-
lowed by a dip which indicates the antiresonant
point. This test can also be used to check roughly
the @ of the crystals: the amplitudes of peaks
and dips should be the same for both crystals,
and the ratio of reak to dip about 50 to 1. A
defective crystal is indicated by a small ratio of
peak to dip, and such should not be unexpected
among quantities of surplus at bargain prices.
Orystals which are stamped ‘‘Limited Test” are
not necessarily low ¢, however.

With the test oscillator still connected to the
6K7 grid, set it midway betwecn the crystal
series-resonant frequencies and align the 2nd
and 3rd i.f. transformers for maximum output.
Modify the 1st i.f. transformer as shown in Fig.
tB with 200-uuf. condensers (as low as 150 upuf.
can be used) and a trial series coil, and reconnect
the original grid lead to the lst i.f. 6K7. Then
clip the test oscillator to the grid lead of the
6L7 mixer and adjust or prune the series coil
until peak response is obtained at the alignment
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frequency with the core in the main secondary
coil about half in. Claution! Do not use this core
as a means of determining whether the secondary
circuit is higher or lower than the alignment
frequency; it will give misleading information
because an increase in output which may result
from screwing in the core can be due to increased
coupling to the primary and not to lowering the
resonant frequency to bring it nearer the align-
ment frequency, as might be thought. The best
indication of which direction to head with the
series coil is had by using a small (around 10
upf.) test condenser. If the output decreases
when this condenser is touched between the 6 K7
grid and ground, the series coil has too much
inductance, and vice versa.

Next, connect up the two crystals as in Fig.
1B, and with the test oscillator on the alignment
frequency, peak both primary and secondary of
the Ist i.f. transformer. Then tune the test oscil-
lator hetween 460 and 480 ke. and note the two
maximum-response peaks. The frequency exactly
midway between them is the final alignment, fre-
quency, and the entire if. amplifier should be
carefully tuned for maximum output at this fre-
quency. Again check the two peaks; they should
now be equal within a few per cent, and the de-
pression between should be around 70 per cent
of the peak. If one peak is noticeably less than
the other, the cores can be wvery slightly read-
justed so as to favor it.

Measurement

The following method is recommended for
finding the side-lobe response and the final se-
lectivity characteristic:

With the test oscillator set on one of the
peaks, and the manual volume control at about
2.5, adjust the test oscillator output until the
output meter reads at some division near full
scale which can be taken as “10.” (For example,
on a 20,000 ochms/volt meter, the 2.5-volt meter
range is used, but the H-volt scale multiplied by
2 is read.) Since decibels are obtained from volt-
age ratios, the actual voltage measured is unim-
portant go long as all voltages are measured pro-
portionately. Tune the oscillator from the peak
until the meter reads *“1”’ on the scale of ““10.”
This will be the 20-db. point. Leaving the test
oscillator output fixed, increase the receiver’s
manual gain until the meter again reads “10"':
then tune the oscillator until the meter reads
“1.”” The output is now 100 times down, which
is the 40-db. point. Again incrcase the manual
gain until the meter reads “10.” This iz the
range in which the side lobes can be measured.
Full scale (““10”) corresponds to 40 db.; “1”
corresponds to 60 db., and “0.1” to 80 db.
Intermediate values are calculated according to
the formula

db. = 2() logw ﬂ“

€

in which ¢, is taken as 1000 if full-seale e is 10,

because we are two decades (100 times) down
from our original starting point.
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If auy side lobe is greater than “5” on this
scale (46 db.), a slight amount of trimmer ea-
pacity should be added across the low-frequency
crystal; if the main nulls are more than 8 ke.
apart, trimmer capacity should be added to the
high-frequency crystal.

Moving the Crystals Around

It may happen that the two crystals to be
used have resonant frequencies less than the
nominal 1.9 ke. apart due to manufacturing tol-
erances. (The crystals used here were actually
2.0 ke. apart.) It can also happen that the only
crystals available are not in the vicinity of 470
ke. "Two procedures can be used to remedy these
situations: plating and edge grinding.

Crystals can be lowered several ke. by plating
them, as suggested by G3COJ.? However, it was
found here that whenever a simple copper sulfate
solution was used, Brian's *‘black deposit” was
formed regardless of the concentration of the
solution. The addition of a small amount of
sulfuric acid and aleohol cleared up the trouble.
It is recommended that before any crystal plat-
ing be attempted, the process be tried out on
less expensive objects such as alligator clips!
The sulfuric acid and alcohol are added until a
copper-colored plating is formed. A standard
formula is 15 gm. of copper sulfate, 5 cc. of sul-
furic acid, and 5 cc. of alcohol in 100 ce. of dis-
tilled water, but these proportions are not
critical.

In all cases the electroplating scheme was
found superior to merely dipping the object in
the solution. Put the solution in a glass tumbler,
bend a piece of cleun No. 12 copper wire so that
it clamps the edge of the tumbler and extends
the depth of the sulution, and connect it in series
with a 330-ohm resistor (not ecritical) to the
positive terminal of a 1.5 volt dry cell or flash-
light cell. (The idea of limiting the plating cur-
rent comes from W3USX.® Better control of the
frequency change is had, and the plating is more
uniform. Without the resistor, repeated “dunk-
ings” will cause a uoticeably thicker plating on
that part of the crystal which enters the solution
first and leaves it last. The series resistor seems
more convenient than W3USX’s scheme of ad-
justing the depth of the positive electrode.) The
object to be plated is connected to the negative
terminal. When plating crystals connect both
pins in parallel. The crystal frequency is lowered
according to the amount of plating, and changes
up to 2 kec. can be ubtained without seriously
lowering the . Because of differences in solu-
tious no time ws. frequency-change data are
given, but a preliminary short immersion and
frequency check will provide u busis for esti-
mating the total time needed. As Brian points out,
the nice thing about plating is that if you go too
far you merely reverse the battery polarity and
take off some of the plating. With a few trials, o
crystal can be jockeyed around to just where

5 “On the Air with Bingle Sideband,” QST'. April, 1953.
%0n the Air with Single Bideband,” QST, November,
1953,

February 1954

you want it. After removing the crystal from the
plating solution it is important to rinse it in
clean water and dry it completely before making
any measurcinents. Placing it near a 100-watt
lamp is a good way of accelerating the drying.
With tough fingers and a big supply of patience
a crystal can be raised 15 ke. or more by edge
grinding. For small frequency changes, grinding
the upper edge alone is sufficient; but for changes
greater than a kilocycle it is necessary to grind
all four edges equally and squarely. If grinding
is attempted, buy three or four extra off-fre-
quency crystals to practice on and acquire the
knack! Before any grinding can be done it is
necessary to remove the crystal from the sup-
porting wires: Fasten an octal socket to the

Showing the two crystals clamped to the side of the
first i.f. transformer. The two mounting screws shown
go to tapped holes in the i.f. can, and also serve to
keep the crystals separated. A third screw is located on
the far side and just below the top. The 6K 7 grid re-
sistor is shown covered with varnished tubing. The
mounting screw for L' can be seen at the extreme right
on top of the transformer. The crystals are mounted
with pins facing, and leads are soldered to them, after
filing off the nickel plating. A piece uf felt is located
between the crystals and i.f. can, but is not necessary.

bench; bring a lamp near, and have several dif-
ferent-sized blocks available for hand rests. A
sheet of metal or asbestos is used so that the
barrel of the soldering iron cun be solidly rested.
Having carefully pried off the bakelite holder
vover, plug the crystal in the bench socket and
apply the tip of a well-tinned iron to one june-
tion of crystal wire and holder wire, and with

tweezers hold the latter away from the former
(Continued on page 102)

23



Amplitude Limiting for the VFO

A Stable Unit of Small Dimensions

BY MARVIN BERNSTEIN,* W2PAT

gE need for greater frequency stability of the
emissions from amateur transmitters is in-
L creasing for a number of reagons. Single-
sideband and RTTY transmitters require short~
term carrier stabilities which arc of the order of
ten or twenty c¢.p.s. at the operating frequency,
while the increasing use of more selective receiv-
ers restricts the allowable instability of the usual
’phone or c.w. equipment. Quartz-crystal control
can achieve frequency stabilities as great as that
required, but due to certain operating conditions,
it is necessary that the frequency of the control-
ling oscillator be easily varied. The requirement
for precise frequency control over a wide fre-
quency rauge ohviously imposes severe design
considerations on the oscillator circuit.

A variable-frequency oscillator circuit has been
designed which has several features helieved to
be unusual and which result in a high order of
frequency stability with changes in plate voltage,
tube characteristics und reactive effeets in the
oscillator circuit. No claims are made for im-
proved stability with temperature changes, since
this cffect can and must be minimized by careful
temperature compensation in each individual
case.

Circuit Description

The circuit, shown in Fig. 1, is a grounded-
plate Colpitts type, operating in the frequency
range 3.5 to 4 Mec., with component values which
make it suitable for use as a crystal oscillator.
The circuit has an r.f. voltage-amplifier stage,
using the second hulf of the 12AT7 tube, with a
voltage gain of about ten. The amplified voltage
is rectified und the negative voltage obtained
from the germanium rectifier is used to provide
bias for the oscillator tube. The frequency-
determining circuit is composed of the inductor
“I.N;Signal Clorps Engincm'i;\g' Laboratories, Fort Mon-
mouth, N. J.

® Here is a VFO circuit for 3.5 Mc. with
some novel features. Space require-
ments are minimized by the use of a
high-() iron-cored toroid inductor, and
stability is improved by the use of a
circuit that limits the amplitude of the
oscillator output.

Ly and capacitors Cy through (s, plus tube and
stray capacitance. The inductor L is an iron-
core toroid, wound with 48 turns of No. 20 enam-
eled wire, and has an unloaded @ of 275. This coil
is mounted inside an hermetically scaled can
along with C'y, ('3 and Ca, an 1&-puf. temperature-
compensating capacitor (750 parts per million
per degree ). The can wus exhausted of air and
filled with dry nitrogen before seuling, to elimi-
nate humidity cffects in the inductor. The circuit
includes a butter stage which delivers approxi-
mately 25 milliwatts into a 50)-ohm load.

The Colpitts oscillator circuit was selected
because of the simplicity and reliability of this
type of circuit. The grounded-plate configuration
was used in order that one terminal of the vscil-
lator resonant circuit could be grounded. The
resonant circuit, composed of Iy und ) + Ca in
parallel, and C'z connected in series, is analogous
to the cquivalent circuit of u vibrating-quartz-
crystul unit. This circuit exhibits u low im-
pedance at the frequency where the parallel
eircuit Ly, €4, Co is inductive and has a reactunce
eyual and opposite to that of 3. This corresponds
to the resonance frequency of a quartz-crystal
unit. At a somewhat higher frequency, the react-
ance of Ly and 'y 4+ Cy are equal and opposite,
and this frequency corresponds to the antireso-
nance frequency of the quartz-crystal unit. ‘The
frequency interval between the resonance and
antiresonance frequencies is zbout 15 ke. for this

.

An experimental VFO employing
an iron-cored toroid inductor and
amplitude limiting. The toroid per-
mits enclosing the inductor in a
shield can of small dimensions. The
output-circuit slug-adjusting screw
is at the rear.
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equivalent crystal unit, and is about ten times the
corresponding interval for a real crystal resonator.

The capacitance ratio (Cy + C2 4+ (4)/C3 de-
termines the frequency interval between reso-
nance and antiresonance; it would be desirable, if
possible, to make this ratio much larger than the
one uscd in the equivalent crystal circuit. The
ratio of capacitances in this cireuit varies over the
frequency range and averages only about 25 us
compared to capacitance ratios of the order of
300 for fundamental-mode quartz-crystal units.
The maximum ratio used depends upon the @
factor of the inductor and, if core material having
low loss and higher permeability becomnes avail-
uble, the series capacitor, (3, can be reduced in
value so us to obtain increased frequency stabil-
ity. The inductor losses primarily aftfect the
maximum usable capacitance rutio, beeause the
effective resistance of the circuit increases rapidly
as the capacitance ratio increases. Finally a point
is rcached where the effective resistance is so
lurge that the vacuum tube cannot supply enough
power to maintain the circuit in oscillation.

The equivalent crystal unit, represented by L,
'y, Oy (3 and (%, is interchangeuble with a
quartz-crystal unit so that, if a very stable crystal
oscillator is desired, this circuit is applicable. The
crystal unit should be connected from grid to
ground in place of these components.

Amplitude Limiter

The amplified output of the oscillator is recti-
fied to furnish bias for and to amplitude-limit the
oscillator tube. All usual oscillator circuits have
amplitude limiting to a greater or less degree.
In most cases, however, the only limiting pro-
vided is that which comes about as a result of
grid-leak biasing. This has two distinet faults.
Some of the energy normally appearing in the

HSOCU LU 1Tl vt

Bottom view of the VFQ with amplitude limiting.

rescnant circuit of the oscillator is dissipated in
the input resistance of the tube; thus the effective
Q of the circuit is degraded. A sccond cffect is
that the limiting action is not great enough to
maintain essentiully coustant output. For any
small change in oscillation amplitude due to
changes in tube, circuit components or voltage
in this circuit, » 10-times change is generated by
the amplitied and rectified output. The input
impedance of the tube in this circuit remains
very high, since the d.c. bias voltage ir about
twice the r.f. grid voltage. The tube does not
draw grid current and therefore operates as a
Class A oscillator.

OuTPUT

Fig. 1

Ci, Cs, Cg — Silvered mica.

Cs — Centralab 'I'C_N-18 neg.-temp. ceramic.

Ca — Centralab 1"CZ-12 zero-temp. ceramic.

(.4 — Hammarlund MC-100.

Cy, Cs, Cyy, Cy3, Cigp, Ci6 — Disk ceramic or mica,
Cy, Cio, Ci2, C14 — Mica.

All unrated resistors — L5 watt,

February 1954

4 4
6.3V.
po—

Circuit of YFO with amplitude limiting.

L1 = 6.5-ph. — 48 turns No. 20 Formvar on Pyroferric
PY13A powdered-iron toroid — sue text. (Where
space is availuble for a large enclosure, an equiv-
alent air-wound inductance might consist of

) a B & W JEI.-10 coil minus 5 or 6 turns.)

Lz — Approx. 80 xh. — CTC LS3-5 Mec. slug-tuned.

Lz —5 turns No, 30 enam., over ground end of Le.
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The Inductor

The most critical component in the oscillator
cireuit is the inductor, because at least two very
important characteristics are required of it.
The unloaded @ should be as large as possible,
and the mechanical stability must be excellent.
The core material of the toroid should be of the
powdered-iron type, suitable for frequencies in the
3~ to 5-Mec. region. The toroid should have large
dimensions 8o as to have a high Q. The one used
was 94-inch inside diameter, and 34, inch thick.
Crowley Corporation F-1 or FD-1, National
Moldite grade 14 or Pyroferric Corporation type
PY13-A materials are all suitable for use as the
core material. The @ factor obtainable, in general,
is dependent upon the size of the wire wound
upon the core, and varies directly with the wire
diameter. Inductors have been wound with vari-
ous sizes of wire from No. 26 to No. 14 gauge.
Nos. 18 to 20 enameled wire result in a reasonable
() factor and are not as difficult to handle as the
larger sizes. After winding, the toroid should be
dipped into some type of liquid ccment, such as
polystyrene coil dope, and allowed to dry. A
number of coatings should be put on in order to
obtain a substantial and rigid assembly. It is
imperative that the winding not move, since large
inductance variations will occur and conse-
quently poor frequency stability will result.
Poor temperature-frequency retrace character-
istics (temperature hysteresis) will also be en-
countered if the winding is not securely attached
to the core of the toroid.

The powered iron core toroid is used primarily
because a small, compact shielded inductor can
be obtained with a @ factor that is high. There is
almost no electromagnetic coupling between the
inductor and the shield can and, thercfore, the
shield diameter need not be much larger than the
outside diameter of the coil. The lack of coupling
hetween the inductor and shield prevents the
temperature-r