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Meet hams in your area on 2 meters

inexpensive way to keep in touch,
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P.E.P. SSB input. Another Quality

Mosley antenna!
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~ own holes and assemble according to

Hams are working lots of
DX with this 5-band

mobile antennal Full

power rated, Use on 10
meters without coil.
Interchangeable coils for

other bands, Adjustable

upper whip section

concise instructions given. All parts
included {minus coax), Gamma matched,
Qutstanding gain.¥ Full power rated, By
readjusting elements according to instructions
supplied, Generals may use this beam on
| H}::rﬁ'ﬁiers,.
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Coils with whip tip

pre-cut and set for each
band, available (extra).

Hinged break over.

encased

The 10 and 15 meter bands are hot again! Command your
share of DX on these popular bands with this Classic New
Trap=Master beam. Full power rated, Broad Band Capacitive

Matching. Incorporates performance proven Mosley metal

traps, Tops in DX punch ... gain!¥*

*Gain omitted due to requirements of certain publications.
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With the slackening growth of ham radio,
a number of proposals have been made, and
perhaps the most interesting and promising
of these is an idea I first heard from Bob
Waters, W1PRI. He, and some of the other
ham manufacturers, are advocating several
modifications to the current Novice regula-
tions which they think would attract more
voungsters to our hobby:.

Although a great number of Novices go on
to the General and higher class licenses,
many sell their gear after their twelve months
iS up and try another hobby. The manu-
facturers feel that if the period of the license
was extended to two years, if a small Novice
phone segment on ten meters was available,
and, if the name of the Novice class was
changed, we would see an increase in Novice
licensees, and subsequently, higher-class li-
censes,

The current twelve-month limitation on
Novices is a serious problem to many young
hams. Many of them are high-school stu-
dents, and in addition to their chosen hobby,
they have homework, sports, probably a part-
time job and all kinds of other activities to
take up their time. With only so many hours
in the week, there’s just not much time left to
devote to ham radio. The fact that many of
them are able to upgrade themselves to the
General license in the limited time available
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is a credit to their ability. I wonder how
many adults would be able to do as well un-
der the same circumstances?

If the license period were extended to two
years or even longer, a great many more
Novices would be able to qualify for a
higher class license. There doesn't appear to
be any good reason why the Novice license
should not be issued for a two- or five-year
period. Some Novices graduate to the Gen-
eral class in a year, but how many more
would make it if they had more time?

In addition, limited phone privileges on
ten meters would serve to introduce the
Novice to the true picture of ham radio. The
two-meter allocation they presently enjoy
does this in some part of the country, but,
in many areas there is almost no activity on
144 MHz. Up here in New Hampshire, for
example, except on VHF Contest weekends,
two-meter activity is nil. With a low-noise
converter and a high-gain antenna, I hear a
tew DX stations, but with the equipment the
average Novice is apt to have, he wouldn't
hear anything except noise! I'm sure the same
thing is true in other parts of the country too.

If you have a receiver that covers the top
1 MHz of the ten-meter band, vou'll find it
to be a veritable wasteland. In some areas
there are a few FM repeaters and channelized
CB-style stations, but the unused spectrum
between them is going to waste. And of the
upper 1 MHz, who is operating on the top
200 kHz? Thus far I haven’t heard a signal up
there.

Even the best of the five-band transceivers
does not cover the entire 28 MHz band.
Most ot them provide one 500 kHz segment,
while a few give a full 1000 kHz, usually 28
to 29 MHz. Unless you have a general cover-
age receiver, or have gone to the trouble to
buy an extra crystal, chances are vou have
never even listened above 29.0 MHz. I have,
and I can tell you, except for sporadic ac-
tivity on a few net frequencies, the band is
empty even when the skip is in.

The allocation of 29.5 to 29.7 MHz phone
privileges to the Novice would give him a
chance to get his feet wet and see what
amateur radio is really like. If you had to
operate CW in the congested Novice portions
of our lower-frequency bands when vou
started out, I wonder how many of you
would still be licensed and active?

The manufacturers would also like to
change the name of the Novice license to

(Turn to page 103)
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Meet The Dividers!

ICD SERIES INTEGRATED CIRCUIT DIVIDERS

They are new from International. Use them for crystal controlled time
bases, scope calibrators, and clock sources.
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ratios 2 thru 10. No tuning or adjustment is required. The output pulse has
the same stability as the driving pulse. Voltage required, 3.6 vdc == 10%.
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ICD-2 thru ICD-8 to
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ROHN.

Big nhame in towers

ROHN TOWERS have become
the accepted standard of ex-
cellence throughout the world
— meeting the needs of the
communication, broadcasting,
transportation, oil, utilities,
manufacturing and other in-
dustries, including home TV
and amateur needs.

Computer engineered and de-
signed ROHN TOWERS are pro-
duced in ROHN'S vast manu-
facturing complex utilizing the
latest equipment and meth-
ods. Convenient warehousing
facilities at strategic locations
plus world-wide representa-
tives and complete turnkey
tower erection service . . .
along with a complete line
of tower accessories, light
ing systems and microwave
reflectors make ROHN the
complete tower line —
throughout the world.
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Representation and
Distribution Worldwide

For further information
contact

ROHN.

Home Office

P.0. Box 2000,
Peoria, lllinois 61601
Ph. 309,/637-8416
TWX 309/697-1488
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never say die

After the big party of EP hams the night
before, I felt sorry for Gerry EP2GF as we
headed for the airport at 4:00 in the morn-
ing with very little sleep under our belts.
What a ridiculous time of the morning to
fly. The plane actually got off about 6 and,
after four hours of flying across desert and
treeless mountains, we dropped into Kabul.

I'd worked one YA from home before the
trip, but didn’t get more than a signal re-
port through all the QRM, so I didn’t have
much of an idea what was waiting for me.
I'd talked briefly to Ed YAIDAN from
EP2GF and knew that he would be meet-
ing me at the airport and would put me
up during my two day stay.

Sure enough, there was Ed, waving to
me from the gallery as we landed, QSL
|card in hand for identification. He came
down and put in a good word with the
airport manager and I was rushed through
the formalities of customs and immigration
and on my way to town. After a stop to

say hello to YA1FV and some of the other

fellows, we went on to Ed’s house, which
turned out to be a veritable palace.

Fd, a maintenance man with the FAA
in Kabul, lives with his family in a house
that would run easily $100,000 over here,

| [complete with two servants to keep the

place clean, cook the meals, serve and keep
the clothes washed and ironed, a not un-
substantial job for a family with four small
boys. Things are not expensive in Afghan-
istan, obviously. |
I Ed drove me to downtown Kabul and we
walked through the small stalls that serve
for stores there. Ed haggled with dealers
here and there for old Afghan coins to add
to his collection, which is probably already
one of the finest in the world. He explained
that the ice for the cold-drink stands
around town was brought down from the
17,000 foot high mountains just out of town
which have snow on them all year around.
|Kabul is at about 7000 feet altitude. We
watched them bake bread by sticking the
flat loaves to the side of the ovens for a
minute or so and then prying it off with
long sticks working through the fire in the
middle of the oven.

Ed explained that the white community
has to be ever on the watch against sick-
ness. I watched the Afghans bathe in the

(Tarn to page 75)
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Add an easy 10, 15 & 20
to your mobile antenna:

Install Band-adder'™on your present 40m or 75m
mobile antenna and work 10, 15 and 20 meters
without further coil changing or antenna tuning. As
simple as that! And get full coverage of the higher
frequencies with VSWR at a 2:1 maximum. Band-Adder
attaches in a jiffy . . . handles 500 PEP in a walk.
Great for marine operation, too! Yep . .. we engineer
for convenience, at Waters.

*Band-Adder installs instantly on Waters
Auto-Match or other standard antennas
employing 3/8-24 coil threading.
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WAYLAND, MASS. 01778

WATERS
AUTHORIZED
DISTRIBUTORS

These select, full-service outlets are the
only authorized distributors of Waters
Amatuer Radio Products.

AMRAD SUPPLY, Inc.

San Francisco, Calif. 94121
AMATEUR ELECTRONIC SUPPLY
Milwaukee, Wisconsin 53216
Chicago, Illinois 60631
ARROW ELECTRONICS, Inc.
Farmingdale, L.1., New York 11735
Mineola, L.I., New York 11501
Norwalk, Conn. 06850
HARRISON RADIO CORPORATION
New York, New York 10007
HENRY RADIO, Inc.

Los Angeles, Calif. 90064
Anaheim, Calif. 92801
Butler, Missouri 64730
Phoenix, Arizona 85017
STERLING ELECTRONIC SUPPLY
New Orleans, Louisiana 70112
ELECTRONIC DISTRIBUTORS, Inc.
Wheaton, Maryland 20902
ELECTRONIC CENTER, Inc.

Dallas, Texas 75204
WORLD RADIO LABS, Inc.

Council Bluffs, lowa 51501
CANADA
M. ). HOWARD & CO., Ltd.
Ottawa, Canada

If you live outside of a distributor-area
order direclly from the factory. Send for
our new Amateur Radio Catalog.




Walter Anderson VE3AAZ
146 Deloraine Avenue
Toronto 12, Ontario

Canada

A Push-Pull Class B-Linear

A | kW push-pull grounded-grid linear amplifier using

3-4007Z's.

It is one of those minor ironies that during .

the past ten or fifteen years, while the single-
ended audio amplifier has almost completely
given way to push-pull, exactly the reverse
has occurred in respect to rf amplifiers. This
is even more surprising when one remarks
that rf amplifiers nowadays are seldom called
upon to perform a modulating function and
so are, like their audio counterparts, de-
vices for raising the power level.

The faculty of even harmonic distortion
cancellation attributed to push-pull circuits
depends upon tight coupling between the two
halves of the output circuit—this is very much
more easily realized at audio than at radio
frequencies. Nevertheless, there is a basic
symmetry in the push-pull circuit that can
hardly do anything but help to produce a
symmetrical output which in turn is likely
to possess fewer spurious components.

The case for the grounded-grid amplifier
has been competently and extensively made
and does not need elaboration here. It seems
then that a push-pull grounded-grid amplifier
would be an especially attractive proposition.
Before launching into a description of one
such amplifier, I should like to identify some
of the other assumptions (perhaps they should
be called prejudices) that underlay the pro-
ject:
1. Bandswitching is not necessary or
even desirable if it must be bought at

the price of tapped coils or huge volt-
ages across unused coil segments.

2. The desired frequency range is 3.5-
29.7 MHz, CW and SSB, and power
input capability up to the legal limit,
Both plate voltage and current must be
continuously monitored at such power
levels to satisty Canadian government
regulations.

3. Shunt feed is only acceptable as a last
resort,

4. Voltage-doubling circuits, choke-less
filters, series-string rectifiers and filter ca-
pacitors and such artful dodges are to be
avoided.

5. The driver is a B & W 6100 and the
load will be a 50 ohm (nominal) un-

balanced antenna.

Fig. 1 is the schematic of the completed
amplifier. To sum it up, it consists of two
Eimac 3-400Z zero bias triodes with 3000
volts on the plate in a push-pull grounded-
grid connection. RF drive is series fed to the
cathodes (heated by two separate filament
transformers—872 type filament transformers
have sufficiently low capacitance for this ap-
plication) from a transformer whose primary
is connected to a pi network of reactances
affording impedance matching to the driver

73 MAGAZINE



The interior of the push-
pull grounded-grid am-
plifier. The 3-400Z's are
located in the center,
the plate current and
voltage meters to the
right and the output cir-
cuitry to the left. The
toroidal rf power trans-
former is hidden by the
vertically mounted var-
iable capacitor to the
left.

output. The output circuit is series fed with impedance. The transformers provide good

a split tank coil. The loading of the stage
is controlled by the variable capacitor across
the output transformer primary. The power
supply (full wave 872s; single section L/C
filter; 24 uF total capacitance) is of standard
design. As for housing the linear, quite con-
ventional construction practices were em-
ploved—the underside of the chassis is kept
air tight so that a single fan (Ripley SK-
4125) can handle both tubes which are
mounted in Eimac air system sockets and
chimneys.

The rf transformers

The central features of this linear are the
trifilar input and output transformers pictured
in Fig. 2 and detailed in Fig. 3. “Trifilar”
means that three conductors are grouped and
wound onto the core as a single turn. Fer-
rite core material is employed because of its
admirable magnetic properties at radio fre-
quencies. This mode of winding on this type
of core seems to produce the tightest possible
coupling consistent with low losses and rea-
sonable distributed capacitance. In both cases
the transformers are used with two windings
connected in series and one winding by it-
self. The input transformer is, therefore, 1:2
step up in turns. However, since only one
tube is operating at any one instant, it may
be viewed as simply 1:1 in terms of imped-
ance. The output transformer has part of the
tank circuit circulating current in its primary
and sees the antenna as its load, so it is 2:1
step down in turns and 4:1 step down in

AUGUST 1967

performance on three adjacent ham bands so
there is an overlap on 14 MHz.

The pi input network

In spite of the additional coil which re-
quires band switching, this network more
than pays its way for several reasons. First,

The trifilar wound rf transformers. Ferrite cores
were used in the interest of close coupling, low

capacity and high Q.
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Fig. |. Schematic of the push-pull grounded-grid class-B linear amplifier. The dual 19-57 pF capacitor in the
plate circuit was made from a surplus unit, 0.25 spacing, by removing all but four stator plates per section.

it serves as a reservoir of stored energy
whose flywheel action serves both to couple
the tubes together and to stabilize their
waveform. Secondly, it provides almost com-
plete isolation betwen the linear and its
driver, thus making it possible to make the
SWR presented to the driver very close to
| {3 5

Since the definitive article on all phases of
grounded-grid power amplifier operation ap-
parently has yet to be written, it is, perhaps,
appropriate to summarize the problem of

driving such an amplifier. Four impedances
are of concern:

1. The impedance looking toward the
amplifier—analytically, this represents the
fed-through power plus the grid losses.

2. The impedance seen by the cathodes
of the linear stage looking back toward
the driver. Theoretically this may be
zero—practically it must be finite. Fur-
thermore, if there is to be any stored
energy, reactances must be involved and
resonance must be achieved so that the

cathode-ground voltage will be in phase
with the plate current.

3. The desired impedance seen looking
forward from the exciter. This is almost
always 50-52 ohms (unbalanced).

4. The impedance seen looking back
into the exciter output terminals. This
may be nearly any small resistance, often
accompanied by a larger reactive com-
ponent.

Suppose that, on the basis of reasonable
capacitor sizes and modest Q, we aim to make
the cathode to ground impedance (2) equal
to the impedance looking toward the ampli-
fier (1). Since impedance is equal to Q times
capacitive reactance (Z = Q X.), high Q’s
call for low X.'s and therefore, large capa-
citors. The basis of this design was Q = 5;
therefore, the capacitive reactance (X.) is
about 25 ohms since (1) is approximately
125 ohms for the 3-400Z in this circuit. A
nameless but very useful theorem® states that,
in any circuit containing loss-less elements
(L, C, and perfect transformers), if a con-
jugate impedance match occurs at one junc-
tion then it must exist at every other junc-
tion and conversely. Such a state of affairs
would mean that the conjugate of (4) would

73 MAGAZINE



be the load to the driver and this is nowhere
near the value of (3). To be blunt, there
would be a very high SWR on the driver-
to-linear transmission line with consequent
difficulty in getting power out of the driver.
As an additional complication, unless the ex-
citer and linear are bolted together, these
various impedances are transformed different-
ly depending on whether one is considering
the direction — exciter to linear or linear to
exciter. Not only that, these transformations
will be different on different bands unless
the length of coaxial line is changed when
changing bands. The only straightforward
way out of this dilemma is to swamp out the
impedance irregularities by imposing the
greatest power loss that can be tolerated be-
iween the exciter and the linear. Conse-
quently a 3 dB pad (see Fig. 4) is placed
between the linear and the exciter. Since the
greater the loss in the pad the greater isola-
tion it affords, and since there is a consid-
erable surplus of drive from the B & W 6100,
the pad could have been raised to 4 dB or
so in my case to some advantage.

Drive interlock

Most articles on grounded-grid amplifiers
view the possibility of drive being present
with no plate current with alarm—an eventu-
ality that has been rendered almost impos-
sible by the drive interlock relay whose
resistor terminates the driver when the relay
is not actuated.

Trials and tribulations

Perhaps a paragraph or so on the unsuc-
cessful experiments and assorted disappoint-
ments would be appropriate here. The feasi-
bility of the cathode drive transformer idea
was established at the outset in a series of
experiments involving 809’s and 811s (not
811A’s). Cross neutralization of these tubes
is easily achieved by bringing a lead up
through the chassis from a cathode to a cop-
per bracket and facing it toward the opposite
plate through the glass envelope—less than 1
pF is required. However, on 21 and 28 MHz
the parasitics took over in a spectacular fash-
ion. The only way they could be tamed was
by using resistive stoppers between grid and
ground. However, a little circuit analysis
shows that this makes the neutralizing null
and void with resultant operating-frequency
instability. No such problem was ever en-

*Communications Engineering, third edition, Everitt

and Anner, MeGraw-Hill, page 407.
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Fig. 2. 3-dB isolating pad. Rl consists of twenty
360-ohm, |-watt composition resistors in parallel—
total resistance 18 ohms. Each of the pad resistors

labeled R2 consist of thirteen 3900-ohm, 2-watt re-
sistors in parallel—total resistance 300 ohms.*

countered with the 3-400Z’s.

Right up until nearly the end of the ex-
periments, it had been hoped that a shielded
link coupling could be used between the tank
and the antenna. Unfortunately, the coupling
obtained with the link proved to be quite
insufficient on 21 and 28 MHz and the out-
put transformer had to be introduced. It was
also necessary to come to terms with the
fact that the load impedance seen by each
tube for the target outputs is in the vicinity
of 5500 ohms. Using the old rule of thumb
that a Q of 6 is adequate with push pull,
the capacitance required works out to about
6 pF on 28 MHz, 8 pF on 21 MHz, 12 pF
on 14 MHz and so on. Since the output capac-
itance of the 3-400Z is 4 pF and strays will

‘'T-Pads for

*For construction hints, see K. Glanzer,

RF Cireuits,” 0@, July 1964.
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VE3AAZ's push-pull grounded-grid linear amplifier.
In this view the underside of the chassis is opened
up to show the blower. The screen door across the
rf compartment permits changing the final plug-in
coil.
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Table 1. Coils
Plate Coils—Both Sides

3.5 MHz 18 turns F14, 2V4" long, 233" 1D,
shunted by 25 pF vacuum capacitor at
high end of band; shunted by 35 pF vacu-
um capacitor at low end.

7 MHz 12 turns #1012, 24" long, 23" 1D,
shunted by 10 pF vacuum capacitor.

14 MHz 8 turns /4" silver-plated copper tubing,
214" long, 234" ID.

21 MHz & turns Y4” silver-plated copper tubing,
21/4” long, 23" ID.

28 MHz 4 turns 34" silver-plated copper tubing,
24" long, 2%" ID.

Li—Input Pi Network

3.5 MHz 8 turns #14, 2" long, 114" ID.

7 MHz 5 turns #14, 134" long, 12" ID.

14 MHz 3 turns 3" silver-plated tubing, close
wound, 114" ID.

21 MHz 2 turns " silver-plated tubing, close
wound, 114" ID.

28 MHz 2 turns 14" silver-plated tubing, close

wound, 78" ID.

Coil Construction

The input rf transformer is wound on an
Indiana General CF-117° toroid ¥” thick
1%" OD., 1%¥” ID. The primary consists of
a 0.010 copper strip, %6"” wide, placed next
to the core. The pushpull secondary winding
consists of 150-ohm twin lead wound over
the primary strip; 14 turns for 80, 40 and 20
meters, 12 turns for 20, 15 and 10.

The output transformer is wound on an
Indiana General CF-124 form %" thick, 2"
ID and 3%” OD. The primary consists of a
0.010 copper strip, %" wide placed next to
the core. The push-pull secondary winding
is made from two %" wide 0.010 copper
strips; insulated by #9 Teflon tubing and
wound over the primary strip; 9 turns for
80, 40 and 20, 7 turns for 20, 15 and 10,
Two CF-117 cores are mounted in the center
of the larger core as shown in photographs.

These cores from Indiana General are
available in two different materials desig-
nated Q1 and Q2. Material Q1 has a nominal
relative permeability of 125, while Q2 has a
nominal relative permeability of 40. In the
both the input and output cores used in this
linear, Q1 cores were used for 80—20 me-
ters, and Q2 cores were on 20, 15 and 10.

*Indiana General cores may be purchased from Permag
Corporation, 88-08 Van Wyeck Expressway, Jamaics
18, New York.
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account for an additional 10 pF or so, we
are just not going to be able to meet our
specification. It is only a slight comfort to
know that parallel connection and a Q of
12 would call for 12 pF on 28 MHz—8 pF
being contributed by the tubes. Nor can we
evade the issve by dropping the plate voltage
and then calling for lower load impedances
to give the rated power. When the “C” is
too large and the “L” is too small we lose
power in the tank circuit; if we drop plate
voltages, we sacrifice plate efficiency and lose
power at the plate. The only way out seems
to be to use as large a coil as possible and
keep its losses low—silver plated copper tub-
ing was used here for the coils with jumbo
banana plugs and jacks. In any case, be pre-
pared to accept the drop in power as fre-
quency rises with good grace. For these rea-
sons no L/C values are shown in Fig. 1—
anyone wishing to copy the design will have
his own approach to this matter—he might
even have a split-stator vacuum variable in
the junk box! I didn’t.

Power and distortion

It has become fashionable to rate linear
amplifiers at so many watts PEP input. Aside
from the rather impressive numbers gene-
rated, there seems to be little to recommend
the practice. It is far more meaningful to
quote the CW output and the PEP output
consistent with good linearity—and with due
respect to legal restrictions on power input.

With a 1 kW dc input, this amplifier yields
at least 600 watts output on the 3.5, 7, and
14 MHz bands, shading off to 550 watts on
21 MHz and 500 watts on 28 MHz. The PEP
output with good linearity is at least 1 kW
on the low bands tapering off to about 800
watts on 28 MHz. The drive powers range
from 20-40 watts, but the driver has to de-
liver twice this power since one-half is lost
in the 3 dB pad. The power gain in the linear
itself then is at least 20.

Distortion figures must of necessity de-
scribe all of the system up to the point of
measurement. The published specifications
for the B & W 6100 are: harmonics—50 dB
or more down; intermodulation products—35
dB or more down. These figures can be met
at the output of this linear driven by this
exciter. Without becoming involved, there-
fore, in any attribution of distortion com-
ponents, this amplifier does not measurably
degrade the signal.

. « VESAAZ
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The World's First

Communications Receiver Is Available Now
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117V/12V All-Transistor

~In 150 Radio Shuck Stores Coast to Coast!

THE ?541_1527(*_ DX-150 |
® Over 30 semiconductors — no fubes, no
nuvistors — the DX-150 is 100% solid stafe!

e SSB/CW/|AM reception, covering 535KC
through 30MC in 4 slide-rule bandss!

® Product detector for SSB/CW, plus fast
and slow AYC; variable-pitch BFO/

® /lluminated electrical bandspread fully
calibrated for the Amateur and CB bands!

® Cascade RF stage; ANL for RF and AF; zener-
stabilized: OTL oudio: illuminated "'S" mefer!

® Built-in monitor speaker plus front-panel
jack for external (optional) mafching speaker!

THERE'S A STORE NEAR YOU!

ARIZONA — Phoenix MICHIGAN — Deatroit
ARKANSAS — Little Rock MINNESOTA — Minneapolis,
CALIFORNIA — Anaheim, St. Paul
Bakersfield, Covina, Downey, MISSOUR| — Kansas City,
Garden Grove, Inglewoad, St. Joseph, St Louis
La Habra, Long Beach, NEBRASKA — Omaha
Los Angeles, Mission Hills, NEW HAMPSHIRE —
Mountain !H'r]E'W, 1-‘.:::1!Iirl!ll"ll-':l. Hanchggfgr
Pasadena, Pomaona, Reseda, NEW JERSEY— Pennsauken
Sacramento, San Bruno, NEW MEXICO — Albuquerque

San Diego, San Francisco,
Senta Ana, Santa Monica,
Torrance, West Covina

NEW YORK — Albany,
Binghamton, Buffalo, New

o York, Schenectady, Syracuse
Eghﬁg’ﬁ:m%"ﬂ; don. OHIO — Cincinnati, Cleveland

Manchester, New Haven, OKLAHOMA — Qklahoma City,

MNew London, Orange, Tulsa

Stamford, West Hartiord OREGON — Portland
FLORIDA — Jackzonville, PENNSYLVANIA —

Orlandoe Fhiladelphia, Fithburgh
GEORGIA — Atlanta RHODE ISLAND — Previdence,
ILLINOIS — Chicago East Providence
KAMNSAS — Wichite TENNESSEE — Memphis,
LOUISIANA — Naw Orleans Nashville
MAINE — Portland TEXAS — Abilene, Arlington,

MARYLAND — Langley Park Austin, Brownsville, Corpus

MASSACHUSETTS — Beston, Christi, Dallas, Fort Worth,
Braintree, Brockton, Brookline, Houston, Lubbock, Midland,

C.mbndgg Fram1nghﬂm San Antonio, Sherman, Waco
Lowell, Medford, Natick, UTAH — Salt Lake City

Quincy, Saugus, Springfield, 'i'lRElNlh-—ﬁrhnginn "o"ll"glmﬂ
Waltham, West Springfield, Beach

Wercester WASHINGTON — Seattle

New, big, exciting, prnfessmnai—the
Realistic DX-150 obsoletes tube receivers
and warm up, banishes forever your depend-
ence on house current to stay in opera-
tion. For example: the DX-150 will run 100
hours on B8 D-cells if current fails, or isn't

= SEEE available, or on field day. Additionally, it
will operate frnm a car's cigarette lighter or any other mobile
or base 12VDC source! Of course a 117VAC power supply is
built in. DX-150 is a husky brute: 141 x 914 x 612", with a
massive silver extruded front panel, solid metal knobs, grey
metal cabinet, 14 pounds of quality.

A NEW STANDARD OF RECEIVER VALUE!

Priced Radio Shack's way (factory-to-you) the DX-150 saves you
about $100 off traditional pricing methods. Yet it offers 11 front
controls; dual power supply; 1214"” slide-rule dial in 5 colors;
continuous coverage from 535KC through 30MC, including 160
through 10 meters; separate detector circuits for AM (diode,
and SSB/CW (4-diode bridge); sensitivity good to 0.5uv at 30MC.
Nobody but nobody but 44-year-old Radio Shack could have
created this unique product for $119.95. You better believe it!

REALISTIC DX-150 CUSTOM ACCESSORIES

Exact - match external Voice - Frequency
O=—=Y speaker cuts out built-in monitor, includes
-ﬂnnﬂ-;; lead and plug. 20-1500: $7.95 (4 Ibs.)

12VDC portable pack with all cables, plugs,
8-long-life batteries; includes plug-to-plug
and plug-to-lighter cord sets, 20-1501: Only
$7.95 (wt. 4 Ibs. w/batteries)

ORDER BY MAIL!' IN PERSON! FREE FOLDER!

| RADIO } East: 730 Commonwealth Ave., Boston, Mass. 02215

I SHACK West: 1515 So. University Dr., Ft. Worth, Te:n. ?EI%:;( I

ept.

Please rush me the item I've checked below. I

I I enclose $ , plus 50¢ for postage and handling:

I [C] FREE 1968 Catalog [] Matching Speaker, 20-1500, $7.95* !
(] FREE DX-150 Folder [J 12 VDC Power Set, 20-1501, $7.95* |
[] Receiver, 20-150, $119.95* * Plus Shipping Cost: |

- 14 |bs., 4 Ibs., 4 |bs. l

I Name (print)

I Street l

! City State Zip _ !

I--—-"- -—---‘—-—-’-—-——-J



Hank Olson W&6GXN
Starr King Circle
Palo Alto, California

A Frequency Calibrator for
the VHF Man

For VHF DX and meteor-scatter schedules, you must know
what your operating frequencies are. This calibrator will

give you the answer.

If You've ever listened to the “VHF Nut
Net” on 3815 kHz, Mondays at 0500 GMT,
you've heard the elaborate scheduling be-
tween stations for long-haul VHF QSO’s. The
current schedules are mostly on two meters,
near the bottom end of the band, via meteor-
bursts. The frequencies quoted are usually
given in kHz above 144 MHz, and these
serious VHF ers mean it when they say
144.013 MHz.

While most serious VHF ’ers can be on at
least one two-meter frequency to a tolerance
of = 100 Hz, there are occasional apparent
errors. These show up in the comments on
the “VHF Nut Net” like: “I listened for you
on 144 006 MHz last Wednesday, but didn’t
copy. I did hear a few ‘pings up at 144.008
MHz, though. That couldn’t have been you,
could it?”

To assure oneself of being on some arbi-
trary VHF frequency to within 100 Hz is
no easy task. If we could operate “right on™
144.000 MHg, it wouldnt be so hard to
check; but that isn’t the usual case. Rather,

(=

| .oo3
| .02
5| o0
o

| fn
| -.00t
n =i
sl -002
&| -o03
[

-60 -40 -20 O 20 40 60 B0 100

TEMPERATURE (°C)

Fig. |. Typical temperature curve of an 8 MHz
AT-cut crystal. Note that the crystal frequency varies
up to 0.0015% from 10° C to 40° C, a normal

shack temperature range.

12

we are usually required to use a VHF fre-

quency that isn't the harmonic of any of
the usual standard frequency sources.

There are a number of ways of making
frequency measurements of VHF signals, and
they all have limitations. Basically, the prob-
lem is that we are trying to make a very
precise measurement; 100 Hz in 144,000,000
is better than one part in a million. To see
why stations are not always on frequency,
see the frequency versus temperature curve
of a typical 8 MHz AT cut crystal in Fig. 1.
Notice that over the range from 10° C to
40° C, a reasonable “shack” temperature
range, the frequency of the crystal can vary
about .0015%. This much variation is over
2 kHz, when multiplied up to 144 MHz.

A logical extension of the principles used
to calibrate high-frequency receivers has
been used on 144, 220, and 432 MHz!. This
is simply the use of a very fast switch in
the harmonic generator section of a 1 MHz
calibrator. With a tunnel diode, or snap
diode, doing the switching, useful harmonics
spaced 1 MHz apart can indeed be generated
through 432 MHz.2 This method is really
the brute-force approach, since the harmonics
we are interested in, in this case, are the
431st, 432nd, and 433rd. Harmonics spaced
at 100 kHz intervals could, also, be gener-
ated in the same way, but then the harmonics
of interest would be the 4310th through the
4330th!

As most hams know from experience, har-
monic amplitude decreases as we look for
successively higher ones. This is predicted
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in detail by Fourier Analysis® of non-
sinusoidal waveforms. Several nonsinusoidal
waveforms are shown in Fig. 2, with their
Fourier series to illustrate this. Note that the
harmonics of these two different waveforms
drop off at different rates with frequency.
However, both do drop off as 1/n or faster
(where n is the harmonic number). There-
fore, in a 100 kHz interval calibrator for two-
meter use, we can expect to have less than
1/1440th of the signal for calibration at 144
MHz if the rate of fall off of the Fourier
series is 1/n. If the fall off rate were 1/n2,
we would have only 1/(1440)2th. A one
volt 100 kHz signal, then, can theoretically
produce a 1440th harmonic of about 0.5 wv,
if the series falls off as 1/n2. Extension to
10 kHz-spaced marks will further reduce
harmonic levels by a factor of between 10
and 100 (depending on whether the fall off
rate is 1/n or 1/n? respectively). To top all
this off, it can be rather interesting to
determine “which picket is which™ in this
“picket-fence” of harmonics that we've suc-
ceeded in generating.

The VHEF calibrator presented here at-
tempts to solve the fundamental problems
of the brute force approach by applying
techniques that are used in modern fre-
quency-synthesis. The circuitry is admittedly

*Fourier analysis is a mathematical method whereby
a series of sine and cosine terms of the integral multi-
ples of frequency are used in evaluating the harmon-
ics of complex waveforms.

Ae
> : wt
(& 114 2 an 417 Lo
Ae
wt
-

2 3 410

Fig. 2. Two nonsinusoidal waveforms which may
be used for harmonic generation. The Fourier series
of the square wave indicates that harmonics fall
off at the rate of 1/n, where n is the harmonic
number. The harmonics of the triangular wave fall

off at the rate of 1/n%.*

*For those of you are so inclined, the Fourier series
for the square wave in Fig., 2 i8 e = Ay [sin (wt) -}

1/3 sin (3wt) -4 1/5 sin (Huwt) 4+ 1/7 sin (Twt -+
- 1/n sin(net)]. The Fourier series of the tri-
angular wave in Fig 2 is ¢ — A= [s8in («t) — 1/9 sin
(3ut) -+ 1/25 sin (5«t) — 1/49 sin (Tet) + ....
— 1/n? sin (net)]. From the last term in these equa-
tions it can be seen that the harmonies of the square
wave fall off at the rate of 1/n, while the triangular
wave harmonics fall of at 1/n2

more complex, but the use of integrated
circuits helps considerably to ease the con-

: , 1
:T':uus: % ”';f mﬂmﬂ—i:.— X2 z';':' X2 "”;_HI = 'H.
A 4
|
MODULATED
AMPLIFIER
B MHz 24 MHz 48 MHz 4 MHz
B x3 —p— x2 —Pp— x3 =3 OUTPUT
0 +DC
s |
p— oy T | .o | pe—] w0 — T
>
Fig. 3. Block diagram of the YHF man's calibrator.
13
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Fig. 4. Divider section uses integrated circuits fo generate 10 kHz and 100 kHz marker signals from
a | MHz crystal. The unmarked resistor in the | MHz should not be there—short it out.

struction job as well as to reduce the cost.
This two-meter calibrator offers a choice of
calibration modes: 144 MHz alone, 144 MHz
+= 1 MHz, 144 MHz = 100 kHz, or 144
MHz = 10 kHz. The mode-switching allows
one to go from a rough 1 MHz interval fre-
quency check to a 100 kHz interval check,
and finally, to a 10 kHz interval check.
The system is described in Fig. 3. Note
that the 1 MHz crystal standard is both
multiplied-up and divided-down. We pro-

% WITH CLIP-ON TO-I8 DISSIPATOR
== WITH INSULATED STUD TYPE HEAT SINK

BOLTED TO CHASSIS

+3.2

HEP 50 %%

duce, by means of a rather ordinary fre-
quency multiplier chain, a clean 144 MHz
CW signal that is exactly 144 times the
frequency of the 1 MHz standard. This 144
MHz signal is then modulated by a rectan-
gular wave at 1 MHz, 100 kHz, or 10 kHz;
this modulation produces the desired marks.
The main difference between this method
and the brute-force approach is that our
markers now fall off in amplitude as we

move away from 144 MHz (in either direc-

O+3.5V

14

(ITOmA)

Fig. 5. Power supply section for
use with the integrated circuit
divider of Fig. 4.

0 +6.3
{7TSmA)
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Fig. 6. Divider circuitry using HEP 558 J-K flip-flops to replace the MC790P RTL IC's which are

inherently slower,

tion in frequency). Because we are now only
interested in harmonics of the modulation
frequency that are of relatively low order,
the rectangular wave does not have to have
a nanosecond rise or fall time. The “modula-
tion” is not of the linear sort that hams
usually encounter, since the rectangular wave
essentially turns the signal off and on.

The circuit diagram is shown in Fig. 4.
Note the use of digital integrated -circuits.
The internal circuitry of the individual IC’s
isn’t shown since it would make Fig. 4 vastly
more complex. The Motorola HEP line of
semiconductors is used for the most part,
except for the four dual J-K flip flops. These
J-K flip-flops are wired to divide 1 MHz by
two decades. The MCT790P flip-flops (Motor-
ola) are members of a logic family called
RTL (Resistor-Transistor-Logic) which is
inherently slower than MECL (Emitter-
Coupled Logic), to which the HEP digital
integrated circuits belong.

If you wish to use HEP 558 J-K flip-flops
to replace the MC790P’s, the circuit changes
of Fig. 6 should be used. Since the HEP
digital IC’s are designed for -6 volts, a
much simpler power-supply and regulator
are used. The IC Schmitt trigger is of a

AUGUST 1967

somewhat different design than one in a pre-
vious article by the author, and follows a
technique outlined in a recent Motorola ap-
plication note.%:4

The crystal oscillator sections, in both ver-
sions, use an FET as a Miller oscillator.
The Miller oscillator was used here because
the DC9A]J crystal (1 MHz) was designed
for that type of circuit, and has one side
of the crystal grounded to the crystal can.
Following the crystal oscillator is another
FET, operating as a Class-A isolation stage.
The isolation amplifier feeds an emitter-
follower that in turn drives both the “count-
down” and the “multiply-up” portions of the

TRIAD
Flax HEAT SINK TO 2"x 2" ALUM.

ANGLE MOUNTED ON
LA CIRCUIT BOARD

3 AG \
TkY +1.7
- | —-g

§3!ﬂ

HEP 230

+i\

- —
2000pF |
15V

o I ﬁf"‘ HEFP 03

& 0
+56

Fig. 7. Power supply for the HEP integrated circuit
divider of Fig. é.
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MOD. IN

Fig. 8. The times 144 frequency multipler. A crystal controlled input at | MHz provides an output at

144 MHz. Coil information for this circuit is given

circuitry. The low output impedance of the
emitter follower is needed primarily to drive
the first multiplier.

The multiplier chain is conventional in its
design—x2, x2, x2, x3, x2, x3—a total multi-
plication of 144. In the four lowest frequency
stages, double-tuned interstage coupling is
used. This double-tuning is to prevent the
possibility of any 1 MHz, 2 MHz, 4 MHz,
or 8§ MHz side-frequencies from appearing
around our 144 MHz signal when S: is in
the CW position. All the multipliers are
PNP mesa transistors, operated “up-side-
down” so that the 46 volt supply feeds
their emitters, The modulated amplifier is a
grounded-base stage, with the base as the
modulation-control element.

Tuning of the multiplier section is easily

in Table I.

accomplished with a grid-dip meter used
as an absorption frequency meter. The di-
vider section can be checked by loosely cou-
pling the output of S: to a high-frequency
receiver and listening for the various harmon-
ics, say at 80 meters. If the divider section
is wired correctly, it will put out the right
frequencies.

Checking the divider section with a high-
frequency receiver, points out a potential
problem. If the frequencies generated by the
divider section are allowed to get into the
receiver that is used as an if tor your VHF
converter, confusion will reign, The overall
shielding of the calibrator, the general sup-
ply lead decoupling, and the VHF bandpass
nature of the modulated amplifier are ade-
quate to prevent such a problem in the units

- —@ O+6
Ll
CTC X2060-7
(61-122 pH) s gzn;
HEP 80l HEP 50
Ll
c1 DC9AJ o TO DIVIDER
"<Th FREQ. ADL" ,E a | MHZ SECTION
063 A~ W y
7 (o] "} 02 I 20k 2k Ik TO MULTIPLIER
SECTION
77 7

Fig. 9. One MHz oscillator-buffer section.
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o
+6 MODULATION INPUT
FROM HEFP DIVIDER

Fig. 10. Modulated amplifier for use with the HEP
divider section. This circuit replaces the last HEP
55 stage in Fig. 9. when HEP IC's are used.

shown,

However, 1 MHz harmonics can be pur-
posely coupled out (from the Schmitt Trig-
ger) via J.. These 1 MHz harmonics are
used to beat with WWV on 5, 10, 15, or
20 MHz (in a high frequency receiver), for
calibrating the 1 MHz crystal oscillator.

Operation of the calibrator would then be
as follows. Couple the 1 MHz harmonic
output (J:) to the receiver with a small
(5 pF) capacitor. Tune in WWV on the
highest frequency that provides satisfactory
reception. Adjust C: (the 1 MHz crystal
oscillator frequency control) for zero beat.
Zero beat is best observed on the “S” meter
of the receiver. This is because the low-
cutoff frequency of the receiver audio ampli-
fier won't pass near-zero beat notes for aural
monitoring. Disconnecting the cable from J-,

Table 1. Coils used in the times 144 frequency
multiplier

LI = CTC (Cambion Thermionic Corporation)
X2060-7 with 30 turns 728 on primary
winding.

L2 = CTC X2060-7

L3 = CTC X2060-6 with 20 turns 7#28 on primary
winding.

L4 = CTC X2060-6

L5 = CTC X2060-5 with 14 turns #28 on primary
winding.

L6 = CTC X2060-5

L7 = CTC X2060-1 with 5 turns #28 on primary
winding.

L8. = CTC X2060-I

L9 = 10 turns Airdux 416, collector tap at 2!/
turns, base tap at 3 turns.

LI0 = 7!/ turns #12, V4" inside diameter. Collec-
tor tap at 3 turns. Secondary is 2 turns
#20 solid insulated hookup wire.

LIl = 7 turns #12, 4" inside diameter. Collector

tap at 2 turns. Secondary is 13 turns #20
solid insulated hookup wire.

AUGUST 1967
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Fig. Il..._-E;nsiru:Hun of the calibrator illustrated
schematically in Fig. 4. Motorola MC790P dual
RTL J-K flip-flops are used in the divider section.

the VHF output of the calibrator (Js) is
coupled to the VHF converter by means of
a directional coupler and attenuator. The
total decoupling between the calibrator and
receiver should be about 50 dB. A temporary
expedient for coupling the receiver to the
calibrator may be used: a 6 to 12 inch piece
of wire is simply connected to J: to radiate
the calibrator output into a nearby antenna.

S: is first put in the “CW” position and
144 MHz found on the receiver. Then the
switch is set to “1 MHz” and 144, 145, 146,
147, or 148 MHz found (which ever is clos-
est to the desired operating frequency). Then
we switch to “100 kHz”, and finally to “10
kHz”, selectively pinning down our fre-
quency.

If desired, another decade could be added
to the count-down circuits to give 1 kHz
intervals. Also, another tripler could be added
to the multiplier chain, making the calibrator
useful at 432 MHz.

Another intriguing possibility is the use
of WWVB (60 kHz) or WWVL (20 kHz)
as a calibration signal. By using a divide-by-
five circuit on the 100 kHz output of the
first decade divider, a 20 kHz signal for

Tt Chatey, (TT0RT

- |

Fig. 12. VYHF calibrator built with HEP 558 J-K
flip-flops in the divider section. This photograph
shows the unit in early stages of construction, with
only one decade of dividers in use. Later four more
HEP 558's were added to provide a second decade.
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Fig.l14. Template for the top plate of the multiplier assembly.

comparison with WWVL is produced. By
simply putting this 20 kHz rectangular wave
(which is rich in third harmonic power) into
a 60 kHz tuned amplifier, a 60 kHz signal
is produced for WWVB comparison.

You might ask why we didnt divide 100
kHz by five and then 2 to obtain 10 kHz,
allowing a 20 kHz pick-off after the divide-
by-five section. That was not done because
it produces a symmetrical 10 kHz square
wave for calibrator use. This type of wave-
form has very small even-harmonic power.

Construction of both units was in modular
form, with the individual modules enclosed
in a 8 x 17 x 3 inch aluminum chassis which
serves as a cabinet, Fig, 11 and 12 show the
two calibrators built by the author.

The multiplier chain assembly (which also
contains the 144 MHz modulated amplifier
stage) is built from copper laminated board
which is used in making etched circuits. This
material is easily sheared, drilled, punched,
reamed, and soldered. The bottom view of
one of the multiplier chains is shown in
Fig. 13 and its top-plate template is shown
in Fig. 14. Note in Fig. 13 that alternate
multiplier stages have their transistor cans
inverted; this was necessary because of the
coil-mounting positions. The coils were
mounted on alternating sides of the “strip”
to assure stability since there is no shield-
ing between multipliers. There is a shield
between the 48 MHz to 144 MHz tripler

e e i E
b e B
B

et o
L o e R e

Flg_l3 Bottom view of the "mulﬂpliar section: of
the YHF calibrator. A second tripler section could
be added for use on 432 MHaz

and the 144 MHz modulated amplifier stage,
of course.

Except for the crystal oscillator, capac-
itor C, and inductor L, the crystal oscillator
circuitry is built on a piece of Vector
board (64AA18). The crystal, C: and L.,
are mounted next to the oscillator board
on a metal bracket. The metal bracket is
positioned so that 1. and C: may be adjusted
through two holes in the rear of the cabinet.

The power supply is also built on Vector
board except for the transformer and one of
the regulator transistors in the dual-voltage
version.

The divider units are also built on Vector
board. Vector 64AA18 is used in the unit
with the HEP IC’s with holes in the board
in which to mount epoxy HEP 451 sockets.
The divider unit that uses MC790P type IC’s
is constructed from Vector 85G24EP because
the hole-spacing is adaptable to the IC pin-
spacing. Vector pins (T28) are used for this
85G24EP board, whereas Alden 65IT ter-
minals are used for the 64AA18 board.

The calibrators described above have
proved very useful in two-meter frequency
measurement, both in measuring meteor-
scatter stations’ frequencies and in accurately
measuring MARS frequencies at 143.950 and
148.010 MHz. Though somewhat more com-
plicated than most calibrators, either can be
built in a few evenings of persistent fabri-
cation.

.. . W6GXN
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73 BOOKS FOR YOU

HAM RTTY

RTTY is growing very fast. Like
to get on and join the fun?
This thick (112 page) book
tells you what you need to

know to get started and get on
the air. Written by W4RWM

and W2NSD. $2

INDEX TO SURPLUS

We've recently updated the
very popular Index to Surplus
by WAWKM. I+ now lists all
of the surplus articles and con-

versions in popular electronics
magazines from 1945 to 1966.
$1.50

INDEX TO

SURPLUS

PARAMETRIC
AMPLIFIERS

PARAMETRIC AMPLIFIERS

WAbLBSO's careful treatment
of these fantastic UHF ampli-
fiers explains how they work
and how to build and use them.
Lavishly illustrated with photo-
graphs and drawings. $2

SIMPLIFIED MATH

Does math scare you? It
needn't. This easy-to-understand
book by KB8LFl explains the
simple exponential system of
arithmetic, simple formulas, and
logarithms. 50¢

=Hem RITY it a9l

—Index to Surplus oo $1.50 N
Rkt Clube o o e n e e $1.00 i
—Simplified Math ..........c.......$ 50 Address
—VHF Ant e 0

ntennas $ City

__Parametric Amplifier ...............$2.00

_ATY Anthology .ooee................$3.00
—CWwW -.$ .50
—Test Equipment $ .50
—Military TV $1.00
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YHF ANTENNAS

The YHF Antenna Handbook
by K5JKX is our best seller.
It's a complete collection of
information about VHF and
UHF antennas, with design
hints, construction and so forth.

HAM CLUBS

The Care and Feeding of a
Ham Club is the title, and it's
by KSAMD. Every Club officer

should read this book thorough- e
ly to make sure that his club [Eesiiio Lol

is all it should be. $1
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HAM TELEVISION

The Amateur Television Anthol-

ANTHOLOGY 1796284

L L b " § R For . ]

ogy is a collection of the
technical and construction ar-
ticles from the ATV Experi-
menter edited by WOKYQ. If
you're interested in TV, you'll
find this useful. $3

CW by W6SFM explains code and how to learn
it. - 50¢

TEST EQUIPMENT by W&VAT tells you how to

build some useful ham test equipment. 50¢

MILITARY SURPLUS TV EQUIPMENT by
W4WKM is a necessity for the surplus-using
TV'er. $1
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Please send me the books checked at left:
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State ..

Books shipped prepaid in US and Canada.
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Ken Kokjer K@JXO/9
902 N. Gregory
Ul’_‘bﬂnﬂ, Illinois 61801

The Semi-RTTY System

A high performance solid-state AFSK oscillator and tuning
unit for the RTTY man. Silicon controlled rectifiers are used

to drive the printer magnet.

Early in 1966 1 acquired an RTTY printer-
keyboard and started building gear to get it
on the air. I'm strictly a six-meter man, so
it had to be AFSK. Two articles had ap-
peared in ham magazines which caught my
fancy and I decided to use their ideas for
my system.

E .._"—"_m'_"-':l_‘_'_ Wﬂﬁmwy{_:"n_—“:—.—!

Front and back view of the Semi-RTTY unit. On the
front panel, top, the AFSK is to the left, the TU
on the right. The ten turn pot on the extreme left
is not used. In the back view, bottom, the TU con-
trols are on the left, AFSK on the right. The power
transformer and filter capacitor are mounted in the
center.

20

The first was by a friend in Nebraska,
Gene Austin, WQLZL, on a thyratron tun-
ing unit.’ I wanted my system to be all solid
state, so I started adapting Gene's ideas to
a silicon controlled rectifier (SCR). To cut
a long story short, Gene’s system of feeding
the output of each filter to a thyratron did
not work for me—both SCR’s turned on at
the same time from noise pulses, etc. About
this time I ran across a discriminator circuit
which I thought would be ideal to prevent
the above situation if a suitable triggering
circuit could be devised for the SCR’s.

The second article was by Tom Lamb,
KS8ERV.2 I built his circuit as described, but
never used it on the air; I was dissatisfied
with the shape cf the signals generated by
it. I'm sure this could have been cured by
more carefully selecting filter components.
However, being basically lazy, I decided to
concoct something simpler and more straight-
forward. The upshot is a simple phase shift
oscillator with a variable shift network.
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Top view of the Semi-
RTTY system. The tun-
ing-unit circuit board is
on the right. The FET
in the AFSK oscillator
is soldered to the pot

in the upper left hand
corner of the chassis.
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As 1 built the AFSK unit described by
KS8ERV I was disturbed by the idea of gen-
erating a non-sinusoidal signal and then fil-
tering out all but the fundamental compon-
ent. It seemed that too much care had been
devoted to selecting components for the fil-
ter. Also, his system involved some 45 com-
ponents excluding the power supply—my
junkbox wouldn't stretch that far.

The phase-shift oscillator which replaced
KS8ERV’s circuit has the good points he re-
quired in his article—equal mark and space
output levels, no switching transients, isola-
tion from the keyboard, a simple shift sys-
tem—plus the advantages of lower cost and
simple adjustment and operation.

The phase-shift oscillator is the simplest
circuit I could find in common transistor
circuit handbooks.? Two basic changes were
made to this circuit. First, R; was made
adjustable to set the mark frequency (2125
Hz). Secondly, R, is tapped and an FET
placed between the tap and ground.

An FET will conduct as long as the gate-
source and gate-drain junctions are not re-
verse biased.? With the gate grounded, the
U112 FET exhibits about 500 ohms between
source and drain. However, when a positive
voltage (greater than 6 volts for the U112)
is applied from gate to source, the U112 is
“pinched-off”. In the pinched-off state the
resistance from source to drain is extremely
hich and can be considered to be infinite
for our purposes.

With positive voltage on the gate of the
U112, the phase-shift circuit is unaffected
and the mark frequency can be set with R,.
When the gate is grounded (positive signal
removed) the Ull2 conducts, placing 500
ohms across a portion of R,, lowering the
resistance of this arm of the phase-shift net-
work, and raising the frequency of the oscil-
lator. In this state, the space frequency
(2975 Hz), can be set with R..

As long as a voltage greater than six
volts is applied to its gate, the U112 will be
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pinched-off. This gives complete isolation
from any resistance changes in the key-
board—if the divider network is properly
designed. The circuit values shown draw a
little less than 10 mA through the keyboard
contacts to keep them clean, and any changes
in keyboard contact resistance are small
compared to 3k ohms.

The positive signal for the gate can be
derived as shown, or from the printer local
loop. In either case be sure to have a small
resistor from gate to ground. The input re-
sistance of these devices is so high that a
charge on the 10 pF gate-source capacitance
will take a long time to decay (the better
part of a second!) unless shunted by a much
smaller resistance. The decay has the effect
of slurring the markspace transition, and is
slow enough to be easily heard. Also, be sure
not to exceed the gate-source breakdown
voltage, listed as 20 volts maximum for the
Ul12.

Output of the oscillator is several volts
peak-to-peak. The fixed resistor in the col-
lector circuit isolates the output load from
the phase-shift network. Without this, set-

0+20
E:ﬂ 1 . OUTPUT
XMIT
I O MARK r.
SPACE
REC ' s f
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e 77 77 _-
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Fig. I. The AFSK phase-shift oscillator used in the
Semi-RTTY system. This circuit features equal mark
and space output levels, no switching transients,
isolation from the keyboard and a simple shift
system—an FET used as a resistor.
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SCR 2 8 |oap2
GATE 2

Fig. 2. Basic SCR circuit which is used to drive the
printer magnet.

ting the output pot to the collector end loads
the network and reduces the frequency of
oscillation. The oscillator as shown is sensi-
tive to supply voltage changes so a regulated
supply is necessary. In its simplest form the
AFSK oscillator can be built into a small
minibox for around $10.

The terminal unit posed more of a prob-
lem. There are several good transistorized
circuits available, but they all use 30 volts
or less to drive the selector magnet. When
I was having trouble with my original con-
verter, a friend pointed out that the selector
magnet would not pick up properly unless
the change of current versus time were
large; this requires a large voltage driving
the magnet. My printer would not print
properly with a 20 volt supply, but with a
100 volt supply it would (both at 60 mA,
of course). A solution to this problem might
be to purchase some of the high-voltage
transistors available. However, the ham
fund was low and the SCR’s were on hand,
so they were used.

As mentioned in the introduction, the SCR
equivalent of the thyratron commutator was
used.” This is simply a method of switching
a dc load on or off using two SCR’s. Essen-
tially, when SCR; is on, and SCR, off, point
A is grounded and load 1 is activated. When
a positive control signal arrives at the gate
os SCR,, it turns on, grounding point B. Ca-
pacitor C; has been charged to the supply

+120

Fig. 3. The complete SCR printer-magnet driver
circuit with the trigger, Q3.
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voltage and grounding point B applies a
negative voltage to point A, the anode of
SCR,, turning it off. SCR; will stay off if
its gate is less positive than the necessary
trigger signal. A signal at the gate of SCR,
will reverse the action. With this commutator
to carry the current for the selector magnet
(at any voltage up to several hundred), the
only requisite was to find a suitable trigger-
Ing circuit,

Fig. 3 shows the triggering circuit, along
with the actual SCR circuit in use with my
printer. With Qs off, there is no voltage
across Ry and about 3 volts across Ry, which
can be set so that SCR; fires. When a posi-
tive voltage is applied to the base of Q.,
turning it on, about 3 volts appears across
R:, which can be set so that SCR: fires. The
voltage across R; drops when Q conducts,
removing the gating signal from SCR,. When
Q; is turned off the action reverses again.

With this circuit in hand it is a simple
matter to adapt one of the discriminators to
drive the switch. Fig. 4 shows the whole cir-
cuit. Diodes 1 and 2 provide simple limiting
This is adequate for strong signals. For
weaker signals, a bandpass amplifier with
AGC might be added ahead of this circuit.
The rest of the circuit is self-explanatory
except for R,. This provides no-signal bias
to Q.

Tunable inductors were used for two rea-
sons. First and foremost, they were in the
junk-box. However, with tunable inductors,
adjustment of the discriminator is very easy.

Tuning the system is very easy. Place the
reversing switch to “normal” and the stand-
by switch to “standby”. Apply a mark signal
(2125 Hz) to the input and a VTVM to the
test point (TP). Tune the mark filter for
maximum voltage at TP. Switch the input
to a space signal and tune the space filter
for minimum voltage at TP. With a large
enough signal, this voltage should go nega-
tive.

Remove the signal and vary R, through
its range. The voltage at TP should go from
zero to some maximum, with a sharp knee
around 3 volts. This knee marks saturation
of Q3 and should be noted. R, is set so that
the no-signal voltage at TP is midway be-
tween zero and the saturation point.

Now apply a mark signal again and adjust
the gain so that Q. saturates. Switch to a
space signal and the voltage at TP should
go negative. If the voltages from the dis-
criminator are not symmetrical, adjust R,

73 MAGAZINE
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Fig. 4. Circuit of the complete semi-RTTY tuning unit.

slightly so that a reasonable signal will sat-
urate Qs on mark and cut it off on space.

Set H3 and R-i to gl'DUIld and RE and BE to
their midpoint. Apply a mark signal and
switch the standby switch to “operate”. In-
crease Ry slowly until SCR, fires. This is
noted by the jump in current and by the se-
lector magnet pulling in. Adjust Rg for the
desired 60 mA. Now switch the input to a
space signal. Increase Rs slowly until SCR;
fires. This should be noted both by a change
in the current and by the selector magnet
dropping out. Adjust R; for the same cur-
rent as drawn by the selector magnet. A
little playing around with Rs and R« may be
necessary to get the proper switching action
from a weak signal. Now tune in a station
and listen.

The power supply I built is not shown
because it uses a special transformer I sal-
vaged from an old pin-ball machine. Besides,
no ham builds power supplies exactly as they
are published. As mentioned above, a zener
regulated supply is necessary. The high
voltage supply uses a simple half-wave recti-
fier with RC filtering, the 1500 ohm current
limiting resistor is included as part of the
power supply. The regulation on this supply
is not too important, as long as it will supply
the 60 mA and maintain 100 volts or more.

Both the AFSK oscillator and the tuning
unit are built into a 3% inch relay rack
panel and recessed channel as shown in the
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photographs. Operating controls are on the

front panel. Frequency and current adjust-
ments are on the back, along with all jacks,
the fuse, and power supply components. The
AFSK oscillator is built onto a small circuit
board attached to the front panel. The tun-
ing unit is built on a similar board mounted
parallel to the panel. The photographs show
a ten-turn pot on the left. This is not used
and the space may be large enough to mount
a 1” scope for tuning, if the desire and
funds so prescribe. The transistorized scope
by KS8ERYV should be ideal.

This unit has been giving good copy on
40 meters and 6 meters, new services, sev-
eral Spanish stations and lots of garble. All
signals are obtained with my BC-455 Com-
mand set (6-9.1 MHz). On the weaker sta-
tions, garbled copy from fading is annoying
and the bandpass filter with AGC as men-
tioned above would be valuable.

I would like to thank my friend Bill Per-
kins for help with the photography.

. . . KOJXO
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George Schleicher WONLT
1535 Dartmouth Lane
Deerfield, lllinois 60015

Mobile Power - The Alternator

Most mobile operators are especially interested in their
power system — WONLT describes the modern alternator

system and how it works.

Hams who are enthusiastic mobile opera-
tors have learned how important it is to have
a power source that is reliable and stable. A
poor power system can result in erratic op-
eration and a high trouble rate in mobile
equipment. It can also cause missed con-
tacts, frustration and deep-seated feelings of
inferiority in the operator. A lot of this kind
of grief can be avoided by understanding and
making design allowances in mobile gear for
that most common source of mobile power—
the alternator.

O+ BAT.

Fig. |.
connected stator windings: the stator midpoint is

brought out fo a terminal only on Ford (Autolite)
units.

Typical alternator schematic showing wye-
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While there are a number of alternator/
regulator systems, some characteristics are
common to all of the recent models. To begin
with, all of the alternators are designed to
be mounted on the engine block; they are
belt driven. The alternator pulley is about
3 inches in diameter while the driving (crank-
shaft) pulley is not less than 6 inches in dia-
meter. As a result, the alternator shaft will
turn at a speed that is at least twice the speed
of the engine; a commonly found ratio is
212:1. Rotation is normally clockwise as
viewed from the front (pulley end) of the
alternator. It is important that the alternator
be rotated in the proper direction; reverse
rotation will cause the integral fan to move
less air and the alternator may overheat if it
is run at full load.

Alternators use a rotating field to which
de current is supplied through a pair of slip
rings and carbon brushes. This arrangement
permits the high output currents to be sup-
plied directly from the stator windings with-
out going through brushes or sliding contacts.
Field current is usually less than 3 amperes
for alternators that are rated at less than 50
amperes output. The rotating field is built
with 6 pair of poles and so the output of
any one stator winding goes through 6 elec-
trical cycles with each revolution of the alter-
nator shaft. The output frequency in hertz is
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equal to one tenth of the shaft speed ex-
pressed in revolutions per minute. For ex-
ample, if the alternator shaft is turning at
4000 rpm, the output frequency will be 400
Hz. Exception: the Delco-Remy alternators
used in G. M. cars generally have 7 pairs of
poles and produce 7 cycles per revolution.

The stator has three windings and it sup-
plies 3-phase power; the windings may be
connected in either the delta or wye configu-
ration, the wye connection being the most
common, The stator leads are connected di-
rectly to the internal rectifier which is made
up of six silicon diodes. The diodes are
mounted in the alternator and are arranged
to provide full-wave rectification. The ripple
frequency is six times the frequency de-
veloped in any one winding. At a shaft speed
of 4000 rpm the ripple on the de output
will have a frequency of 2400 Hz (2800
Hz in G. M. cars). The rectiier diodes may
be mounted on the rear end-bell of the
alternator or on 2 separate plates (or a
printed circuit board) mounted inside of the
rear end-bell. Three of the diodes are built
with their cathodes connected to their cases;
the structure that they are mounted on is
connected to the positive output (BAT) ter-
minal. The other 3 diodes have their anodes
connected to their cases which in turn are
grounded to the alternator frame. Several
makes provide a capacitor that is connected
between the output terminal and the frame
to protect the diodes from voltage surges;
it also acts to suppress radio noise. A typical
alternator schematic is shown in Fig. 1.

The dc output is a function of the shaft
speed and the field current; an increase in
either one will raise the output voltage. The
alternator is self-limiting, however, in that
when the shaft speed exceeds about 5000
rpm, the output does not continue to rise in
proportion to increased speed. This effect is
mainly due to the fact that the Hux created
by currents induced in the stator windings
opposes the flux created by the rotating field.
Designers call the phenomenon “armature
reaction”. Hysterisis losses in the stator also
contribute to self-limitation. In all current
models, the alternator output is regulated by
changing the current in the winding of the
rotating field.

The alternator output terminal is directly
connected to the batterv in all cases. Direct
connection is possible because the reverse
leakage through the diodes in the rectifier
(less than 1 milliampere) is so small as to
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Fig. 2. Schematic of a single-relay regulator.
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be insignificant. This arrangement eliminates
the necessity to provide a relay having heavy
contacts capable of disconnecting the alter-
nator from the battery when the engine is
not running as is done with dc generators.

Regulating systems

The regulator is made sensitive to the volt-
age of the auto’s electrical system. To a lesser
extent it also reacts to the ambient tempera-
ture, with slightly higher voltages being
maintained at low ambient temperatures. The
relationship of temperature to voltage is
shown in Table 1.

Regulating systems fall into three groups.
Some operate with relays alone, some with
a combination of relays and transistors and
some regulators are wholly solid-state. The
simplest form of regulator consists of a sin-
gle relay and two resistors as shown in Fig.
2. This arrangement is typical of the regula-
tors used in cars built by the Chrysler Corp-
oration. Battery power is picked up through
the ignition switch. It is applied to the alter-
nator field through the upper contact and the
armature of the relay. The relay coil is con-
nected between the ignition system terminal
and ground. The action of the relay can be
compared with that of a voltmeter, the arma-
ture acting like the indicating pointer of the
meter. The voltage required to just pull the
armature away from the upper contact would
be the nominal voltage listed in Table 1. The
additional voltage necessary to pull the arma-
ture to the lower contact would be from
0.2 to 0.6 volt greater than the voltage re-
quired to pull the armature away from the
upper contact. When the electrical system
voltage is low, the relay armature rests
against the upper contact and the full system
voltage is applied to the field winding.

As the batterv becomes charged, the system
voltage increases and the relay armature is
pulled into a position between the upper and
lower contacts. The opening of the upper
contact places a resistance of about 8 ohms in
series with the field, causing the field current
to drop from some 2% amps to about 1
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ampere. A further increase in the electrical
system voltage will cause the relay armature
to close against the lower contact. In this
condition the field lead is grounded and
field current will drop to zero. A resistance
of about 20 ohms is provided to absorb
surges generated in the field winding and
thus protect the relay contacts. In normal
operation the armature will first rest against
the upper contact for a short time after the
engine is started. At moderate speeds it will
vibrate against the upper contact and at road
speeds it will vibrate against the lower con-
tact (assuming the battery condition to be
normal). The vibrating relay switches the
alternator condition rapidly between full out-
put and partial output or between partial
output and no output. The rate at which
the vibrations occur and the length of time
that the relay armature rests against either
contact is determined by the system voltage
and the alternator response characteristic for
the speed at which it is turning. While the
average system voltage should be within the
limits given in Table 1, the instantaneous dc
voltage (other than ripple) measureable in
the electrical system will vary between 11.5
and 15 volts. It will change with each vibra-
tion of the relay armature, which might be
as high as 100 Hz or so. Single-relay regu-
lators provide no means of operating a charge
indicator or “idiot light”; an ammeter must
be used to show whether the battery is charg-
ing or discharging,

Some G. M. and Ford automobiles em-
ploy a two-relay regulator system. The two
relays function in a way that permits the
use of either an ammeter or a charge indi-
cator lamp. A typical two-relay regulator is
shown in Fig. 3. Some early Chevrolets em-
ploy a third relay, separately mounted, to
operate the charge indicator lamp. In later
models the relay was made an integral part
of a three-relay regulator. Some G. M. autos
are equipped with a relay-type of regulator
that contains a power transistor which iso-
lates the field coil from the relay. This ar-
rangement contributes to longer relay contact

"-0-—[—:’1*-0—0 FIELD

AT, O—m—— rﬁ-‘
TO
GNITION [—1 REGULATING
SWITCH ? FIELD #_ RELAY
; RELAY
=T GND.,
Ve I5 = I
: 77 FrT
'Tn L]
CHARGE &
LAMP

Fig. 3. Schematic of the two-relay regulator with
a terminal for operating a charge-indicator lamp.
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Fig. 4. Schematic of a typical solid-state regulator.

Components shown connected by dashed lines are
used by some manuafacturers, but not all of them.

life, making a more reliable regulator. One
of Ford's arrangements uses a connection
to the wye-connected stator neutral to oper-
ate a separately mounted field relay; the
balance of the regulator is transistorized and
contains a variable potentiometer for voltage
adjustment. A significant characteristic of re-
lay control is that there is a level of gener-
ator output between zero and full output,
with the charging rate controlled by switch-
ing the generator rapidly between two of
the three conditions.

Several auto manufacturers are now using
solid-state electronic regulators. Included are
American Motors, Checker, Ford, G. M. and
several truck makers. The solid-state regu-
lator offers a more stable and reliable control
of the alternator output. It is free of the
maintenance problems that arise from the
aging of relays, pitting or wear of contacts
and the effects of dirt accumulation. A
schematic of a typical transistorized regulator
is shown in Fig. 4. The regulator consists of
two PNP transistors, a zener diode and an
assortment of resistors. The regulator circuit
is a two-state, high-speed switching network.
The values of the components are chosen so
that at voltages below the selected operat-
ing potential, the zener diode is non-conduct-
ing. The resulting positive potential that is
applied through R: to the base of driver
transistor Q. biases it to cutoff. With Q. cut

Table |

Charging voltage related to ambient temperature

Temp.°F Chrysler Ford G.M. Motorola
0 —_ — 14.6-15.4

25 _ — Range 14.4-15.2

50 13.6-14.6 14.3-15.1 is13.5 14.2-15.0

75 13.5-14.5 14.1-149 +o015.2 14.0-14.8
100 13.4-14.4 13.9-14.7 forall 13.8-14.6
125 13.3-14.3 13.8-14.6 temper- 13.6-14.4
150 13.2-14.2 — atures. 13.4-14.2
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off, only a minute amount of current flows
through Rs and the base of Q: will be nearly
at ground potential, biasing it to full con-
duction. In this condition the positive po-

tential of the electrical system is applied to
the alternator field through R-.

As the electrical system voltage increases,
there is an increase in the potential that
appears between the base of Q: and the
junction of R: and Rs. A zener diode having
a reverse breakdown or zener voltage of
from 8 to 10 volts (depending on the manu-
facturer) is connected between these two
points. When the zener breakdown voltage
is reached, the diode conducts and the posi-
tive potential on the base of Q: is reduced.
Q: then conducts, raising the voltage devel-
oped across Re and biasing Q: to cutoff. This
interrupts the flow of current in the alter-
nator field, causing the alternator to stop
developing power. As the system voltage
drops, the zener diode stops conducting, Q:
is again biased to cutoff, Q: conducts and
current flows to the alternator field. The
switching action takes place so rapidly that
it can go through as many as 2000 switching
cycles per second. The key to transistorized
regulator operation is the zener diode which
acts both as a voltage reference and as a
voltage actuated switch which initiates regu-
lator action.

It is possible to add temperature correc-
tion to the regulator by using a thermistor.
A thermistor is a special kind of resistor
with a very pronounced negative temper-
ature characteristic. Its cold resistance can
be several times its hot resistance. The zener
diode senses system voltage through the net-
work of resistors R: through R., The ther-
mistor is connected across Ri. As the temper-
ature rises, the resistance across R« becomes
less and a greater proportion of system volt-
age appears across the zener diode. The net
result is that the system voltage will be
regulated at a slightly lower voltage when
the ambient temperature is raised.

A few components are shown in the sche-
matic that should be discussed. Ford and
G. M. regulators are equipped with a poten-
tiometer in place of resistors R: and Rs to
permit a small range of regulator voltage
adjustment. They also use a feedback circuit
from the collector of Q: to the base of Q:
to speed up the switching action, together
wih diodes intended to protect the regulator
from surges appearing on the field or igni-
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Fig. 5. Schematic of a Motorola alternator show-
ing the delta-connected stator used in the 55-
ampere model. Also shown is the isolation diode
and auxiliary terminal connection.

tion leads. G. M. also places a capacitor
across the combination of Rs and the zener
diode to smooth out the voltage surges in
the diode circuit. Fig. 5 shows the delta con-
nected stator used in the Motorola 55 ampere
alternator. It also shows the isolation diode
used in all of the Motorola alternators. Use
of the isolation diode makes the operation
of a charge indicator lamp possible and it
further reduces the small battery leakage
through the rectifier diodes. Since there is
a small voltage drop across the isolation
diode, the alternator is designed to produce
a slightly higher voltage than others. This
voltage is present at the "AUX" terminal
and is used for the regulator and field supply.

Hints for happy mobiling

One way of assuring yourself reliable
mobiling—and motoring—is to know that your
battery and its charging system are in good
condition. Here are a few suggestions that
you may find helpful:

1. Use only distilled water in the battery;
keep it properly filled. Check the electrolyte
level at regular intervals and after periods
of heavy charging,

2. Measure the specific gravity of the elec-
trolyte occasionally; when fully charged it
will measure 1.265 = 0.01 at 80°F. Correct
for temperature by adding 0.004 to the meas-
ured value for each 10° that the electrolyte
temperature is above 80°; subtract the same
amount for each 10° that the electrolyte tem-
perature is below 80°.

3. Provide a means of giving the battery a
supplemental charge when it is needed!; such
occasions include periods after extensive win-
ter night driving, when mobile activity (es-

1. Schleicher, A 12-Volt Battery Charger”, 0@, May
1966,
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pecially testing in the driveway) has been
heavy and whenever the generating system
is not in top form.

4. Regulators sense system voltage; if pos-
sible, equip your car with a good voltmeter.
War-surplus aircraft style voltmeters and
ammeters are still available at reasonable
prices.

5. If you have equipped your car with a
voltmeter, an ammeter or both, consult them
often enough to know which conditions are
normal and which are abnormal.

6. Make this simple test occasionally to ver-
ify that your charging system is in good
shape: with the engine running at the speed
it would attain at the road speed of 30 mph,
turn on the headlights (high beam), electric
windshield wipers and heater fan. That will
place a load on the electrical system of about
25 amperes. (If you dont have electric
wipers, use the cigar lighter; it draws about
10 amps.) Under these conditions the charg-
ing system should maintain 13.5 to 14 volts
at the battery terminals.

7. If your alternator system will not put out
its rated current, look for such troubles as
a loose fan belt, defective contacts or blown
fuse wires in the regulator; test the voltage
applied to the field terminal. If the above
items are ok, then investigate the brushes
for wear. The alternator bearing lubrication
and diodes should be checked last since
testing the diodes requires that the alternator
be disassembled and the diode leads be un-
soldered.

Some tips for experimenters

Automotive alternators can be arranged to
supply 6 or 12 V de, 60-Hertz or 400-Hertz
power to mobile, emergency, or Field Day
rigs. A gasoline engine rated at 2 or 3
horsepower makes an ideal prime mover—
keep vour eyes open for discarded power
lawn mowers if you want a cheap engine.
Used alternators are easy to find at most
auto wrecker's yards for a few dollars. Both
can be mounted on a piece of 1” lumber,
leaving room for the regulator or field sup-
ply arrangement. The engine speed and alter-
nator shaft speed can easily be optimized
by using pulleys of the proper sizes and a
V-belt. The alternator will be most efficient
when operating at speeds in the range of
4500 to 5500 rpm. Small gasoline engines
will develop their rated power at some speed
between 2000 and 3000 rpm; this speed is
often listed on the name plate or in the
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Fig. 6. Arrangement for adjusting the field current
to a constant value when the alternator is used to

supply ac.

GND.

instruction manual.

Even the smallest alternator made should
be able to develop at least 350 watts of
electrical power. Most alternators are wye
connected and will furnish two dec voltages
simultaneously if the common connection or
neutral is brought out. (Ford Autolite alter-
nators bring this point out to a terminal
designated “STA”.) The voltage across the
arms of a wye connected three-phase gener-
ator or transformer is 1.73 times the voltage
developed in one winding. The dc at the
stator common is produced by three-phase,
half-wave rectification, however, and so its
ripple frequency will be only half that pres-
ent on the regular de output (BAT) terminal.
Losses in the diodes, added to the above
conditions, result in a dc voltage at the
stator neutral that is approximately half that
at the BAT terminal.

Residual magnetism in the alternator field
is often so low that the output voltage will
not “build up” until the field is excited by
an external 12-volt source. Once the alter-
nator is running and developing power it
can be kept self exciting, If the alternator
is to supply dc to the radio equipment, it
is a good idea to leave the storage battery
connected to smooth the ripple in the alter-
nator output. With such an arrangement,
any type of automotive alternator regulator
should work satisfactorily. If the alternator
is used to supply ac, it is better to use a
rheostat for excitation control to avoid the
on-off operation of the regulator. One such
arrangement is shown in Fig. 6. The two
rheostats are 10-ohm, 50-watt units and are
adjusted to produce the proper field current
while limiting the battery charging current
to about 1 ampere. The lightest possible dc
load is recommended to avoid excessive flat-
tening of the output waveform. The alter-
nator output is a fairly good approximation
of a sine wave unless it is supplying a heavy
dc load. A heavy de load will cause the
output waveform to be severely clipped.
When the alternator is self excited it is in
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a positive feedback situation, i.e. as the field
current goes up, the output voltage goes up,
which in turn results in more field current.
Under no-load conditions the alternator volt-
age could get high enough to damage the
rectifier diodes, so when experimenting, bring
the field current up from a low value rather
than down from a high value.

Alternators can be used to supply 60-Hertz
equipment. When turning slowly enough to
develop 60-Hertz power, the alternator will
be pretty inefficient and will require more
field current than is normal. It is best to
push the speed (and frequency) as high as
the radio equipment will allow. Most radio
equipment of good design will operate well
on frequencies around 100 Hz if the power
is supplied in the manner shown in Fig. 7.
This kind of connection can be easily made
to any receiver that is equipped with a socket
for the supply of external power. Notice
that filament power is supplied directly from
the alternator; the filament winding becom-
ing the transformer primary. In this condi-
tion the transformer is called on to supply
only that amount of power that is required
for B+ and for the rectifier tube filament.
The reduction in total power transferred by

O
sy
(NOT USED)

o

Fig. 7. A simple way to operate radio equipment
from low-voltage alternator ac.

Fig. 8. Method of bringing leads out of the alter-
nator housing without drilling holes in it.

the power transformer is one of the reasons
that the equipment tolerates the higher fre-
quency so well.

The arrangement shown in Fig. 7 can also
be used well with 400-Hertz equipment. This
is a particularly promising field for experi-
ment since 400-Hertz power transformers ot
the highest (Military Spec.) quality are avail-
able at rock-bottom prices. They are a lot
lighter than 60-Hertz transformers, too. When
using the arrangement in Fig. 7, be sure to
isolate the alternator frame electrically from
the radio equipment. The more ambitious
experimenter may want to isolate one alter-
nator winding for use with the rectifier for
field supply and use the other two for ac
supply. Fig. 8 is a photograph showing how
leads from the neutral and the three phases
can be brought out of an alternator without
drilling the case or mounting any additional
terminals on it. While much of the foregoing
presumes that the alternator will be driven
by a small engine, it can also be mounted on
an engine block as a special supply for
mobile operation. Watch for wide voltage
swings if this is done, and provide for pro-
tection of 400-Hertz equipment against ex-
cessive currents that can flow if the frequency

drops radically.
... WONLT

TELREX (Patd.) “BALUN"' FED “INVERTED-V'' ANTENNA KITS
EASY-TO-INSTALL, HI-PERFORMANCE LOW-FREQUENCY ANTENNAS

Mfd. under
Telrex Pat,
2,576,929

* “Mono” Bands from $23.95—Also “Trapped” 2 and 3 Band Kits.
3, 4 or 5 Band “Conical-Inverted-V" Antennas from $52.95
3, 4 or 5 Band, 5 to 10 DB—"Empirical—I.V.—Logs"'—S.A.S.E.

e niy b eg TELREX COMMUNICATION ENGINEERING LABORATORIES—ASBURY PARK, N. J. 07712

%

—

AUGUST 1967

29



Frank Case W3RMI
2000 Kernan Drive
Baltimore, Maryland 21207

Visual Monitoring of Remote Carriers

What does your CW signal look like?

If I make it known during a QSO that I
have a panadaptor (Heath Ham-Scan HO-
13), I am nearly always asked to check
keying characteristics; or if on phone, which
I use on occasion, I am asked to check modu-
lation. The Ham-Scan can do neither of
these things. However, the thought occurred
that keying and modulation could be checked
if one could take a look at the other’s car-
rier, and a handy place to look at an incom-
ing carrier is at the last if stage before de-
tection—so that’s where we look.

Modulation checks are easy to make and I
oblige. Inasmuch as hams are human and
they want only compliments, I suppose this
is a mistake. If you want a fast “73 es cul”,
tell him that he is splattering all over the
place. On the other hand, why not let him
earn a pink ticket on his own?

However, the main discourse here is CW
keying characteristics. Keyed carriers can
be studied at leisure—you neednt be in
QSO with anyone. Just turn on your receiver
and scope, tune around the CW portions
of the band and watch. T'll describe the cir-
cuitry to accomplish this a little later.

There are almost as many different sig-
nals on the air as there are stations. I would
suggest that whenever Official Observers
send their friendly QSL’s, they would in-
clude a sketch of the offender’s signal. This
would present more fact than opinion. The
picture might suggest a fault to the signals
owner that he had been suspecting, but not
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worrying about because all his reports were
TY.

There seems to be an ideal keyed form
listed in the ARRL Handbook, and it looks
like this:

'

il

Fig. I.

In searching around for this ideal shaping,
only one signal was found which was shaped
thus, and it wasn't a ham station, not even
a commercial, it was NSS. Not even W1AW
can boast of the signal shape that it recom-
mends; there is much left to be desired.

The nearest approach that could be found
to the ideal looks like this:
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The slope of the leading and trailing

edges suggests an absence of clicks. The
carrier is smooth with no hum modulation.
It is crisp and clean, and easy and pleasant
to copy—assuming, of course, that the pad-
dle manipulator is doing a good job. There
are quite a few of these signals around I am
happy to report, but percentage-wise they
are far too few. There is one thing the form
will not reveal—a chirpy signal. It can have
good form and still sound poorly.
Another signal appears thus:

|

This signal sounds good. Matter of fact, it is
hard to tell it from the previous signal. It
suggests, however, that the power amplifier
power supply regulation leaves something to
be desired. There are quite a few of these
signals on the air.

Here's one that probably does not gener-
ate broadband clicks, but does tend to sound
clicky-thumpy.

ok ”“ " \\

Fig. 4.

Ml
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o

Fig. 3.

|

It's hard to describe, it seems overly crisp.
However, for a QRQ hound, I think I would
prefer it to some of the softer signals. The
leading edge hits you with a loud bang and
assists in resolving the characters at high
speeds. I am unable to diagnose the reason
for this particular shape except perhaps that
somewhere in the transmitter there is a regu-
lated power supply which loses control when
the key is depressed, then begins to recover
about the time the key is let up.
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Though this may not look it, it has a pleas-
ant and crisp sound, and is free of clicks.

Il

--| " (I

|

—

Fig. 5.

It is very similar to Fig. 3 except it is modu-
lated by a test pest who has his key down
for a long period. The scalloped edges pro-
duce the audible beat which adds to the
pleasant sound (to me).

Here is one that's hard to figure. No

clicks, no thumps—sounds clean and crisp.

“ (i -rw' N "
"“‘hn ‘ |

Fig. 7 will drive you frantic. This really
should not be permitted on the air. The clicks
were heard 15 kHz each side of the center
frequency—in spite of a 500 Hz filter.

‘“ il I
=

Fig. 6.

|

-

Fig. 7.

Here’s a real shame. The main body of this
pulse looks like the ideal. However, para-
sitics are probably messing the front of the
pulse, then stopping until after the pulse is
terminated. But what are those blobs trail-
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ing the main body?

e ——
- =5 = g — —
) = — =

=

Fig. 8.

Perhaps it is relay bounce if keying relay
is used. I seem to recall that this particular
operator said something about time sequence
keying which might rule out the keying relay
in the amplifiers. Whatever it is, it sure
messes up another fellow’s QSO even 15
kHz away.

What's this mess? Actually, it is a noisy
signal, probably with excellent keying char-
acteristics, riding on the QRN-—deep grass
for sure, but surprisingly, this signal was
very easy to copy. I would have given it
a 539.

Fig. 9.

Fig. 10 shows a thumpy and mushy signal.
I'm sure it is click free, but this is really
hard to copy, and this particular one had
chirp to boot.

1 M
— '& \
If the owner of this form could see his

Fig. 10.
own signal (ARRL Handbook shows how),
I'm sure he would try to do something about

i ’W' |
|‘ |
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=
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it. However, the listener to whom this signal
was directed gave the owner a 589. Like
Linus  blanket, indiscriminate 589’s make for
false security.

Here’s one that can boast of a good regu-
lated power supply and plenty of key click
filtering—as a matter of fact, the owner
seems to have gone overboard in trying to

eliminate key clicks.

H’llﬂﬂ]m f( "mw ; ' W”W’Wﬂﬂllmw—

Fig. I 1.

It is too mushy and very hard to copy
because one pulse trails off into the next one,
producing an undulating sort of sound which
is hard to define, and hard to copy beyond
10 words per minute. It has to be heard
while seen.

Fig. 12 shows the same pulse as in Fig. 2,
The difference is that for Fig. 12, the AVC
was turned on. It can be seen that the AVC
action has reduced the gain. The point is,
when looking at CW signals, keep the AVC
off. Otherwise, you will be adding character-
istics to the signal that do not exist.

-

-_ﬂul l |

1l

Here is a dandy. Fig, 13 developed very
early in the design of the receiver modifica-
tion. Actually these wiggles were the only
things to be seen for a while.

/I/

Fig. 13.
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Fig. 12.
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While trying to figure out this sausage
pattern, the answer came unexpectedly. My
wife had come into the shack to make some
comment about chores still waiting to be
done. I turned down the audio to hear what
she had to say. Later, as I looked back at
the scope to continue my observations, the
sweep had straightened out. This was pretty
frustrating because it sure looked like some-
thing intermittent had developed. I turned
the volume back up to listen to the signal,
and there was the sausage again. The
crookedness was proportional to the volume.
Volume down, straight sweep; volume up,
baloney. Poor regulation in the B4 line of
my receiver was the cause.

May I suggest that you keep these pictures
handy and if we ever bump into each other
(low end of 80 early evenings), I will be
happy to tell you what kind of signal you
have by saying that it is similar to, or exactly
like figure so and so. If you bump into some-
one else who has made this modification,
let him tell vou what you look like. It's fun
watching the characters as vyou listen to
them.

So tar all the discussion has been on CW
characters, mainly because there is such a
variety, and it is my prime interest. How-
ever, dont discount the AM aspect. The
modulated carrier envelope is a pleasure to
watch—you can tell your QSO exactly how
he is modulating, and on AM vou can leave
vour AVC on, or off, as vou wish. SSB signals
are easy to monitor. Flat topping is very
apparent. You can do all the monitoring as
shown in the Handbook. In addition, vou
can monitor the other guv’s carriers where
the Handbook indicates only how to monitor
yvour own. Do you like trapezoid patterns?
Just plug the audio into the horizontal am-
plifier.

Now for the technical details. I said earlier
that a good place to look at a carrier was
at the last if stage before detection.

A cathode follower is added to the re-
ceiver. Inasmuch as this circuit presents

about a 30-megohm load, the loading of the -

if is negligible. As a result of this connec-
tion, no trimming or touching up of the last
if is necessary. The output of the cathode
follower is brought out to a phone jack in-
stalled in a convenient place. Because the
output impedance of this follower is approx-
imately 180 ohms, plain unshielded wire was
used between the cathode-follower output
and the phone jack, keeping the wire close
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172 12ZATT

LAST IF

Fig. 14, Cathode follower circuit which is used to
isolate the last if stage from the oscilloscope.

& :ﬁ&m

to the chassis, and not over a foot long.

Between the phone jack and the vertical
input of vour scope, use a piece of RG-58.
Plain shielded wire will work fine if vour
second if is 50 kHz as are most double con-
version jobs. Assuming that you use as much
as six feet of plain shielded wire to connect
your scope, about 300 pI' of shunt capacity
will be added across the cathode follower
output. Sounds like a lot, but 300 pF at 50
kHz provides a reactance of about 10,000
ohms. When shunted across the 180 ohm
output of the cathode follower, this will not
produce any noticeable attenuation. At 455
kHz, the reactance of 300 pF would be about
120 ohms. When shunted across the follower
output, the attenuation would be quite no-
ticeable, but it will still work. However, if
yvour scope has lots of gain at 455 kHz, it's
still ok. The choice is up to you.

Your scope may need a small modification
to produce a slower sweep than you nor-
mally have. I found that as low as two
sweeps per second is very useful. The scope
on the W3RMI operating console is a three-
inch Heath Model 10-21 with a bandwidth
of 200 kHz, more than adequate to handle
50 kHz signals. A capacitor and switch were
added to produce the slow rate, as shown
in Fig. 15.

... W3RMI

i AL
quh COARSE SWEEP
! : CONTROL
.DDEE j’
3\ Bt i
|
I
2 |
|
e a/. o— :
) : | ADD SWITCH &
02 ! W o 'Imm‘mﬂ TO
SLOWEST SWEEP i 200V ' SCOPE
POSITION ON SE(PE, :
e e e i S S J

Fig. 15. Adding a capacitor to the scope's sweep
circuitry to slow down the trace for CW monitoring.
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How Much Power Are You

Francis Natali K2DXO
44 Garden Road
Buffalo, New York

Losing Through High SWR?

This article will show you how to cal-
culate the amount of your transmitter’s out-
put power that is being radiated by the
antenna and the amount being lost in the
feedline.

To perform this very important calcula-
tion, all you need to know is the SWR
and the type of coax you have (the number
is printed on the insulation).

Before we go into more detail, let's con-
sider why this is important. First of all,
it tells you how high an SWR you ecan
tolerate without wasting most of your power
melting ice off the coax. You may find that
this SWR is considerably higher, or lower,
than you thought; this depends on the fre-
quency and the type of coax you use. Second-
lyv, you can assume the superior attitude
of an antenna expert toward any kid on
75 meters who doesnt show the proper
respect for your two letter call.

Now, how do you measure SWR? Well,
the easiest way is to buy an SWR bridge
such as those distributed by Heathkit, Knight,
Laffeyette, etc. These bridges are all essen-
tially the same; they provide continuous
monitoring of tne SWR and relative power
output.

To apply the following analysis to your
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Fig. |. Ratio of power at antenna to power at

transmitter versus SWR.
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antenna system, first compute the attenua-
tion of your transmission line at the fre-
quencies of interest when properly matched.
This is done by looking up the attenuation
per 100 feet of coax in Table 1 or in
the Radio Amateur’s Handbook under Trans-
mission Lines. Then:

A (Attenuation in db attenuation per 100
of line when prop- = ft X Length of coax

erly matched) in feet
100

With this information the % of the input
power delivered to the antenna for a given
SWR can be read directly from Fig. 1, for
most antenna systems.

If a more exact answer is desired, use
the formula

Power to Antenna

Power Output of =
Transmitter

Where S is the SWR indicated by the
bridge and K is found by referring to Fig. 2.

The SWR should be measured close to
the transmitter output connector for this
analysis to be valid.

As a brief example, consider a station
that has an 80 meter dipole fed with 50 feet
of RG-58/U. Consulting Table 1, we find
the attenuation at 80 meters to be 0.8 dB

per hundred feet and A = Sxones 4

100
dB. If the SWR is 4:1, Fig. 1 shows that
81% of the transmitter output power is de-
livered to the antenna; that is, about 1 dB
of power is lost in the feedline.

Consider a second example where the
station is using the same feedline as above
to feed a two meter beam. Let’s say that the
SWR measured on this band is only 2:1;:
this sounds like a more favorable situation
than the one postulated in the first example.
Once again, we refer to Table 1 and calcu-
late A = 3.5 db. Fig. 1 shows that only

22% of the power is delivered to the an-
tenna.

(S+1)2 —K= (S—1)°
4KS
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Type of Coax Attenuation per 100 . in dB

RG-8/U. RG-9/4 3.5 MHz 7.0 MHz 14 MHz 21 MHz 28 MHz 50 MHz 144 MHz
RG-10/U, RG-11/U .38 53 75 92 .1 1.5 2.6
RG-58/U S S 1.75 e 2.6 s Vi b B

If we use the equation given to do the
same problem, we have

Power to Antenna

Power Output of =
Transmitter

9—5.06
183G

The value K = 2.25 was read from Fig. 2.

These examples show that there is no
guesswork or magic associated with SWR,
and much of the confusion on the subject
is unwarranted.

(3)= —2.25)* (1)*
4(2) (2.25)

22

4

K(SEE TEXT)

0 I 2 3 4 S5 6 T *

A (ATTENUATION OF COAX WHEN MATCHED) IN dB (Fir,

Fig. 2. Attenuation of coax versus factor K.

Table |—Attenuation of coax lines per hundred feet

This analyvsis has some interesting results.
For instance, if the antenna were discon-
nected from the feedline of example two,
Fig. 1 shows that the SWR bridge would
read an SWR of only 2.6; a deceptively low
reading considering that all the power is
being lost in the feedline,

On the other hand, the operator of the
station postulated in example one would
lose less than 3 dB of power with an SWR
of 10:1!

The moral is, don't be fooled by guess-
work and generalizations; compute the pow-
er you are losing at your installation on
your favorite frequencies, and decide it you
have an SWR problem.

One note of caution; high SWR’s often
make the transmitter difficult to load and

excessive rf voltages may be created at high
power levels. . K2DXO

1. Stewart, John L., “Circuit Analysis of Trans-
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New York.
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neering,”” 3rd Edition,
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3. The Radio Amateur's Handbook, ARRL.
4. Reference Data for Radio Engineers,

Edition, 1T'T Corp.
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Break-In for the HX-20

The VOX function for the Heathkit HX-20
transmitter may be used for CW break-in
without making any changes in the trans-
mitter's wiring. All that is needed is an
audio signal from a CW monitor common
to every CW man’s shack. There are two
simple ways that this may be accomplished.
In the first method the microphone is simply
hung beside the speaker of the monitor,
the transmitter's audio gain control is set
to the “CW” position, and the mode switch
placed in either the “upper” or “lower” side-
band position. For this the microphone ele-
ment must remain open when the push-to-
talk switch is released. The author found
it necessary to open his microphone and
spring open the part of the push-to-talk
switch that normally shorts the microphone
element when the button is released.

An alternate method is similar except
that a part of the audio signal from the
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monitor is fed through a .01 uF. capacitor
and shielded cable to the microphone input
(pin no. 1). A small outboard aluminum
box equipped with a DPDT toggle switch
and appropriate microphone fittings can be
used to switch from c.w. to phone. No micro-
phone tampering is necessary with this
method.

As long as the transmitter’s audio gain
control remains in the “CW" position there
is no signal distortion or 1000 Hz shift in
frequency. The audio signal should not be
taken from the receiver speaker since the
transmitter anti-trip function will not allow
the receiver audio to operate the VOX. The
audio monitor must be one actuated by the
station key rather than by the transmitters
rf output. (There will be no output until
the vox has operated and turned on the
transmitter).

. Arthur Gillespie W4VON
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Mike Goldstein VEIADH

9 Edgehill Road

Armdale (HFX), Nova Scotia
Canada

Using Toroids In Ham Gear

More and more amateurs are using toroid coils in their
construction projects — they offer high @ and excellent

performance in a compact package. If you haven't tried
toroids yet, VEI ADH shows you how.

During the past few years, use of the
toroid core in winding inductors and trans-
formers has become increasingly popular.
Once used primarily in telephone and tele-
type equipment, and some dec-de converters,
the toroid core can now be found in a great
deal of contemporary solid-state electronics.

The advantages of using toroid cores are:
high Q in a small size, a winding scarcely
affected by external fields, and tight cou-
pling of transformer windings. The disad-
vantages are that the ferrite cores are sub-
ject to temperature changes (more on this
later) and a little inconvenient to mount
on a chassis.

Since coils wound on toroid cores are in-
sensitive to external fields (compare the
permeability of ferrite with that of airl),
it seems that the coil must be measured

Fig. |. A toroidal-core of six turns. When using to-
roids, there is no such thing as half a turn—if the
wire goes through the center of the core, the turn
counts as one full turn,
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on an inductance bridge, since coupling to
a grid-dip meter is not practical.

Toroid cores are available in sizes rang-
ing from at least a foot to less than %
inch in diameter. The basic material of the
core is ferrite, a high-permeability material
made up from several magnetic materials
and a binder. It is important to note that
there are many different grades of ferrite
used in these cores, all with different elec-
trical characteristics. To design around these
cores, one must obtain manufacturers’ data
on the type of core at hand. If the cores
obtained are unknown, (scrounged com-
ponents don't always come with spec sheets!),
grab some wire and head for the nearest
inductance bridge. Some cores are good to
100 kHz, while others are used up to 50
MHz, so assume nothing.

There are several things one should keep
in mind when using toroid cores:

1. For a loop of wire to be counted as
a turn on a toroid core, the wire need only
pass through the center of the core. There-
fore, there is no such thing as a half-turn
on a toroid core. Each time the wire passes
through the core, a complete turn has been
wound. If we remember that magnetic lines
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of force tend to be self-completing, this is
easily understood. Fig. 1 illustrates this con-
cept of turns through the center., The coil
shown in Fig. 1 is a six-turn coil, not a five-
turn coil as it first appears to be.

2. Ferrite cores have a tendency to change
their electrical characteristics with changes
in temperature. One manufacturer states that
for a selection of toroid cores popular in
industrial rf work, the percent change in
permeability per degree Centigrade varied
from .01% to 0.5%, depending on core ma-
terial. While this variation does not appear
extreme, it means that oscillators using
toroids in the frequency-determining cir-
cuits will drift, and sharp tuned circuits will
drift out of resonance®.

If it is necessary (or desirable) to use
toroid cores as the core of a high-Q coil,
and drift must be considered, one can use
varactor diodes and/or temperature com-
pensating capacitors to correct for drift. A
much simpler solution is to use a much
higher Q coil than is actually required, then
pad the coil with resistance to decrease the
Q to a desired value. The drift tendencies
are padded by the resistance as well. The
resistance may be put in series with the
coil or in parallel with it. If I may delve
into higher mathematics for a moment, the
exact method of calculating the needed re-
sistance will become clear. Considering the
case of the series resistor first, let’s assume
that we require a 10 xH inductance with
a Q of 10. As long as the coil we intend
to pad has a much higher Q than the de-
sired Q, we can ignore the coil resistance.
Assume we measured our coil, and it meas-
ured 10 zH inductance with a Q of 50.
What resistance do we put in series with
the coil to decrease the Q to 107

Rseries = Lol
Q
where f = Operating frequency of coil
in MHz.
I. = Coil inductance in H.
Q = Desired Q of the finished coil

Substitute the proper values into the equa-
tion, grind out the answer and you have

*For the temperature range normally encountered in
amateur equipment, particularly solid-state units, the
drift contributed by the toroid core will usually be
insignificant when compared to the other devices in
the circuit. ed.
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Fig. 2. Winding a high-frequency transformer on a
toroid core.

the required value of series resistance.
Now, let’s consider the case of a resistor
in parallel with the coil. This will probably
be the most popular case, as putting a re-
sistor in series with a coil usually fouls up
some de¢ circuit in the process. This might
be a good place to mention that these
parallel-tuned/padded circuits are dandy
for broadband untuned circuits in trans-
mitters, receivers, and converters. To de-
sign such a circuit, first determine the values
of capacitance and inductance that resonate
at the center of the band to be tuned. Then
determine the necessary Q of the circuit:

f
S
where f = Center frequency of desired
band in MHz.
Bw = Width of the desired band in

MHz.

Having found our desired QQ, we need to
know the parallel resistance across the coil
to provide the desired Q.

anrnllrl — 6.28 fLQ

where f, L, and Q have the same values as
the series resistance equation.

Perhaps I should point out that unpadded
toroid-core circuits are dandy for high-Q,
sharply tuned high-frequency circuits in re-
ceivers. Toroid cores are also very useful
in constructing transformers for other high-
frequency uses and for dc-dc converters.

g1

Q
cT

(A) (B)

Fig. 3. A balanced, center-tapped inductor wound
on a toroid core.

CcT
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VALUABLE books from E.&E.

(> SINGLE SIDEBAND:
THEORY AND PRACTICE

by Harry D. Hooton, W6TYH. The

one-source guide to ssb.
Covers the origin and
principles of ssb, deriva-
tion of ssb signals, car-
rier suppression tech-
niques, sideband selec-
tion, carrier generators,
speech amplifiers and filters, ssb generators,
balanced mixers and converters, low-power
ssb transmitters, linear r-f amplifiers, ssb
communications receivers, transceivers, tests
and measurements. Includes chapters on how
to build air-tested linear amplifiers. 352 pages.
Hardbound. Order No. EE-350, only . . . $6.95

NEW 17TH EDITION OF THE FAMOUS
RADIO HANDBOOK <=2

Tells how to design,
build, and operate the
latest types of amateur
transmitters, receivers,
transceivers, and am-
plifiers. Provides ex-
tensive, simplified theory on practically every
phase of radio. Broadest coverage; all origi-
nal data, up-to-date, complete. 816 pages.
Oxdexr EE-167 ,0nlY. ...c.ovcvesnanons $12.95

RADIOTELEPHONE LICENSE MANUAL

Helps you prepare for all commer-
cial radio-telephone operator’s
license exams. Provides complete
study-guide questions and answers
in a single volume. Helps you un-
derstand fully every subject you
need to know to obtain an opera-
tor’s license. 200 pp. Order EE-030,0nly.$5.75

LEADING BOOK ON TRANSISTORIZED
COMMUNICATIONS EQUIPMENT

TRANSISTOR RADIO HANDBOOK, by
Donald L. Stoner, W6TNS, Lester
A. Earnshaw, ZL1AAX. Covers a
wide range of communication uses
for both amateur and commercial
applications. Includes audio and
speech amplifiers, VHF transmit-
tmg and receiving equipment, SSB exciters,
and complete SSB transceivers. 180 pages.
Order EE-044 , only........ AR e LR

Order from your electronic parts
distributor or send coupon below.

g EDITORS and ENGINEERS, Ltd. @
|

| P.O. Box 68003, New Augusta, Ind., Dept. 7368 |
| Ship me the following books: |
| [0 No. EE-350 [J No. EE-030 |
' [] No. EE-167 [ No. EE-O44 $ ancl. |
| Name |
l Address S =
| City n State Zip |

e o S S s e e
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Fig. 4. Method of connecting several windings in

. series to obtain higher turns ratios. When doing
- this however, the proper phase relationships between
| windings must be observed.

The toroid core provides a means of ob-
taining a highly efficient, easilv wound trans-

' former.

They are efficient because of the very
tight coupling between windings obtained
by interwinding the transformer windings.

~ For example, suppose we need a 1:1 trans-

former, with ten turns on the primary and
for use at high frequencies.
Choose a toroid core useable at the desired
frequency. Parallel two wires long enough
to wind ten turns on the core. Wind the
ten turns and separate the leads. Secure
the windings with some Q dope and voila—
high-frequency transformer. The finished
product is illustrated in Fig. 2.

If a balanced, center-tapped inductor is
needed, wind it on a toroid exactly as the
transformer of Fig. 2 was wound. After
separating the leads, join the proper two
leads to obtain the desired center-tapped
inductor. See Fig. 3. Be careful to connect
the proper leads (one from each end of
the coil) to obtain the proper phase.

The method of winding shown in Fig, 2
and 3 is particularly useful if a multi-turn
inductance or transformer is required. For
example, suppose we require a transformer
with ninety turns on the primary and ten
turns on the secondary. Choose ten lengths
of suitable wire long enough to wind ten
turns on the core, and wind the ten turns
as before, Separate one of the windings

| and call it the secondary. Now, separate the

remaining windings and connect them all
in series to obtain the ninety-turn primary.
Be sure to observe the proper phase relation-
ships when connecting the primary wind-
ings in series. See Fig. 4.

I am sure that many other uses will be
dreamed up by amateurs for these cores,
but these are a few of the more obvious
ones. Most manufacturers will readily sup-
ply information for their products upon re-
quest. The cores may be cemented to a
chassis with one of the epoxy cements.

. « « YE1ADH
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Go

RITY

‘Qestle Box”

TELETYPE CONVERTER!

CHECK THESE FEATURES:

ALL TRANSISTORIZED, SELF POWERED.
13 SEMICONDUCTOR CIRCUIT.
MILITARY GRADE EPOXY CIRCUIT BOARD.

RUGGED CONSTRUCTION.
REVOLUTIONARY TUNING INDICATOR, AS

oo 22

ACCURATE AS A SCOPE.
4 SINGLE CHANNEL AND NARROW

SHIFT
COPY.
4 ANTI-FADE AND DECISION CIRCUITRY.
% SELECTIVE FILTERS TO MINIMIZE GARBLE
DUE TO INTERFERENCE.
% TWO CASCADE LIMITERS EMPLOYING DI-
ODES AND TRANSISTORS.

RT-WIRED AND TesTeD $99.50

| will ship in the 48 states freight
free! Write to me for top trade-

in allowance!
Bill Hullquist K6LOS

MISSION HAM

3316 Main Street
Riverside 3, California 92501
Phone 833-0523 (area code 114)
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ELECTRONICS

AMPLIFIER
LINEAR

Brad Thompson Industues, Inc.

Complete with
Eimac 3-1000Z

579500

RF section only,
with tube $495

Power Supply,
separate $300

Full power input of 2 KW PEP SSB—I1000 DC Watts
CW-AM-RTTY. More than 20 important advanced
features. New HD tank gives more output, especially

on |0 meters. More TVl suppression. Most any exciter
can drive to full output. 220/115 VAC operation.

MISSION HAM SUPPLIES
3

316 Main Street, Riverside, CGalif. 92581
E SHIP DNE "STONER'' RT-l CONVERTER:

TODAY

Send spec sheet on BTl Linear.
QUBT Trade allowance for my...
Please send latest HAM flyer.
Put me on your mailing list.

Name ____________
{pleasa prlnf]

=Y L] i o Y Zip ..
(Calif. ‘orders add 4% tax)
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Malcolm Oakes K6UAW
8922 Reading Avenue
Los Angeles, California 90045

Solid—State Alternator Regulator

An excellent regulator for the mobile operator. It will main-
tain the system voltage within |/3 volt even when drawing
|50 amps — provided your alternator can take it!

The regulator described here was designed
mainly for use with a 40- or 100-amp Leece-
Neville alternator, but the circuit is compati-
ble with just about any alternator made. If
you are using the 100 amp unit, omit the
current limiting pot and connect your bias
wiring directly to the output of the regulator.
(The 100-amp jobs have a tremendously low
source resistance and current limiting protec-
tion is never required. However, fuses are ad-
visable.) If vou have a mechanical regulator,
the best place for it is the round file. These
gadgets offer poor regulation and always
choose to fail when you’re in Timbuktu.

Fig. |. Circuit diagram of the solid-state automotive
voltage regulator. This circuit will provide excellent
regulation to over 100 amperes. Although it was
designed for use with Leece-Neville alternators, it
will work with just about any alternator made.

Transistor types may be chosen by referring to
Table 1.

40

Moreover, it would cost twice as much for a
mechanical unit which would do the same job
as this transistorized unit.

In my car the regulator performs as fol-
lows: the system voltage from the alter-
nator does not vary more than 14 volt from
0 to 70 amps. From 70 to 120 amps the
voltage drops a total of % wvolt. At 150
amps out, the voltage is down only % volt
from the nominal setting. Running the al-
ternator over 100 amps for a period exceed-
ing 5 seconds is not recommended. The
alternator will take it, but the rectifiers

are not only expensive, they are cumber-
scme to replace!

Construction

I built my regulator on a sheet of fiber-
glass breadboard material. However, con-
struction is not critical, so build it in or
on anything you like, Make sure to heat
sink Q3 and Q,. Be sure the heatsinks are
exposed to free air. Heat sink Q, as though
it were to radiate 2 or 3 watts, and Q,
10 to 20 watts, and you will be in good
shape.

The circuit is designed so that you can
use either germanium or silicon transistors
anywhere in the circuit. Table 1 shows
recommended transistors of both types.
Transistors Q5 and Q, will no doubt be the
most expensive, so use germanium if the
cost of silicon is prohibitive. Under no cir-
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cumstances use germanium ftransistors, how-
ever, if you drive in an extremely hot climate
or through deserts. Silicon transistors can
withstand 2 to 4 times the temperature of
a comparable germanium type.

Installation

Once constructed, install the regulator
under the hood, preferably in front of the
radiator so that it is cooled by virgin air
rather than warmed air. On a hot day the
temperature under the hood of a car is
typically 200°F. Connect the output of the
regulator (ground and the collector of Q)
to the bias winding of your alternator. This
winding is sometimes referred to as the
“excitation coil”’. Time to connect 12 volts!
Select a point that is turned on and off
by the ignition switch, fused and easily
capable of delivering 3 amps. Such a point
is obtainable at the main fuse block in
your car. Be sure to provide a good ground
for the regulator.

Adjustment

Connect an accurate voltmeter across the
battery. Throttle the engine up to about
1200 rpm and adjust the regulator for a
system voltage of about 13.5 volts. If you
are using the current limiter pot, be sure
it is in the “shorted position” before making
the above adjustment. There is nothing
magic about the number 13.5; in fact, you
should use the lowest value that will still
maintain a good charged condition on your
battery. After establishing the above poten-
tial, it is time to adjust the current limiter
pot if you are using it. Turn on everything
yvou normally use in the car: lights, ham
rigs, ete., but do not exceed the maximum
current you feel your particular alternator
can safely deliver. Now, with the current
limiter pot, adjust for a system potential
of about 12.4 volts. Further current will
now be drawn from the battery instead
of the alternator.

Circuit Analysis

All high quality voltage regulators de-
pend on a difference amplifier of some sort.
In this case Q, and Q, serve the same pur-
pose but are complementary; Q, and Q,
further amplify and increase the open-loop
gain of the regulator to an extremely high
value. The alternator in the feedback path
feeds back a value of E;. to the voltage
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Fig. 2. Block diagram of the solid-state alternator.
The system used closely resembles the simple dc
feedback amplifier in A. In this type of amplifier,

the gain closely approaches R;/R.. If the gain is
very high, the regulator in B will not allow the

preset voltage to change until the alternator is no
longer capable of delivering the required current.

ALTERNATOR

divider in the regulator. Fig. 2 demonstrates
how this system resembles a dc feedback
amplifier. An ordinary feedback amplifier
is also shown.

If the ratio of R; to R, is quite small
compared to the open-loop gain of the ampli-
fier (amplifier gain without feedback), then
the gain will, in fact, nearly approach the
ratio R:/R-. At this time one can appreciate
the illustration in Fig. 2 and it should be
evident that if the open-loop gain is tre-
mendously high, the regulator (amplifier
if vou like) will not allow the preset voltage
to change until such time that the alterna-
tor is no longer capable of delivering the
required current, The .1 uF capacitors pro-
vide regulator stability since they apply
local degeneration at a relatively high fre-
quency. The 1N645 diode protects the out-
put transistor when vou shut off your igni-
tion. This stops the large negative inductive
surge which might conceivably achieve a
value of 600 volts open-circuited. Any recti-
fier you have on hand that can handle an
amp should do the job.

K6UAW
Table |
Transistor Type Silicon Germanium
Q. NPN 2NI711 | None recommended®
Q. PNP 2N1132 None recommended*
Qs NPN 2N657 None recommended*®
2N3738
2N3739
Q. PNP 2N3790 2N 174, 2N 1537,
2N3789 2ZN3611, 2ZN3612
*No germaniuiz transistors are suggested for

Q:, @: and Q: because czcellent silicon units should
cost less than $6.00. If you use silicon all the way
through, the cost should be less than $13.00 total.
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John E. Boyd WADAYP
RFD 1|
Egan, South Dakota 57024

The Great Dipper

A versatile transistor emitter-dipper for the YHF man.

Test equipment is essential in the ham-
shack, as those of us have found when we
attempted to get that new piece of home-
brew perking for the first time. One of the
most useful pieces of test equipment is the
grid dip oscillator or simply, the GDO; be-
sides being relatively inexpensive, it is partic-
ularly versatile. Need an indicating absorp-
tion wave meter? The GCDO will do that.
How about a modulated signal source? It
handles that too. If vou are interested in
discovering its whole variety of uses, why
not purchase one of several books on the
subject.l

Every item used in this CDO was selected
with an eye toward the average home build-
er. There are no parts which must be spe-
cially purchased from the West Indies Ex-
port Company or similar outtit. Nearly all the
parts, except for the meter, miniature pot,

5 -
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and mode switch, were obtained from the
junkbox, or rather, from several junkboxes.
If vou insist on buying all new parts, total
cost of the project will be about $20.

Circuit description

The grid-dip oscillator, in this case more
properly termed an emitter-dip oscillator,
gets its name from the fact that emitter cur-
rent in transistor Q, decreases when the
tuned circuit C,;-L; is in resonance with a
nearby circuit. This decrease is easily seen
by the dip of the meter indicating pointer.

When switched to the diode position, B+
is removed from the oscillator and the in-
coming rf is rectified by diode Dy; the volt-
age developed across the 2k resistor is am-
plified by the meter amplifier and monitored
by the 0-1 mA meter. In switching to the
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Fig. |I.

Circuit diagram of the great dipper. Note that although the 2N2398 is a PNP transistor, the
2N918 is NPN, and if used as the oscillator transistor,

problems would arise with voltage polarity. The

diode D: may be almost anything that you have available. The | pF gimmick capacitor consists of

115" of twisted wire.

signal position, B+ is removed from the
meter amplifier but applied to the modula-
tor, and a 1 kHz tone is available from one
of the output jacks. In the modulated oscilla-
tor position, B+ is reapplied to the oscilla-
tor, and the oscillator is modulated by the
1 kHz tone.

Like a patch-work quilt, this GDO was
built using circuits from already published
articles or books and modified where nec-
essary. The whole circuit is composed of
three separate entities—oscillator, meter
amplifier, and audio tone generator. The
circuit is not particularly critical, but lead
lengths and dress in the oscillator must fol-
low good VHF practice, if stable VHF oscil-
lation is to be maintained.

My operating time is spent on the various
bands from 28 mHz to 432 mHz. Quite natu-
rally, when 1 discovered that the CDO would

Internal construction of
the great dipper. The ,
modulator and oscilla- =
tor boards are to the
right—the oscillator
transistor is mounted
right next to the coil
jacks.

AUGUST 1967

not oscillate satisfactorily over the entire
range from 2 mHz to 200 mHz, 1 juggled
values so that it would oscillate well at 216
mHz (for tuning frequency doublers to 432
mHz); then I tried to get as low in fre-
quency as possible. Oscillation was vigorous
to about 20 mHz. Coils and scales were then
made to cover the respective ranges. It you
dont do any homebrewing on the VHF
bands perhaps you will find it necessary to
change the wvalue of the emitter-collector
feedback capacitor, and to juggle the emitter
and base resistor values in order to sustain
oscillation at your desired frequencies.

Construction

Vector board was used, mainly because I
wanted to experiment with component val-
ues; however, a printed circuit would be just
as good, especially for something such as a
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MODULATOR (FRONT)

Layout of the two circuit boards used in the great dip, er. Aithough iwo boards were used in this

case, the circuit could be easily adapted to one board, and even to printed circuitry.

club project. It can be seen from the photo-
graph that the meter amplifier and audio
oscillator are built on separate boards. This
is due to the fact that I built several differ-
ent amplifiers; the layout would look neater
if they were on the same board. Positioning
of the rf oscillator and capacitor C; as
shown in the photograph is recommended,
but the placement of other parts is not
critical.

Fiberglass board is used as an insulator
for mounting the banana jacks and plugs.
It cuts and drills easily and appears to work
fine. Three banana jacks were used, the
third jack being used merely to provide me-
chanical rigidity. It could also be used, if
necessary, to shunt additional capacitance
across the emitter and collector on the lower
frequencies.

Because a shear and a brake were available,
I constructed my own chassis, consisting of
two U-shaped pieces of ¥4¢” aluminum. Using
the GDO is a breeze, for it fits the hand
very comfortably; if placed on the work-
bench, it doesn’t roll off each time it is
bumped. The completed case (1%”" H x
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25" W x 64" L) is exceptionally rigid
and imparts a reassuringly solid feel when
handled. Commercially available miniboxes
could be used if you don’t have facilities
available for rolling your own.

In building the rf oscillator, keep all the
rf leads as short as possible; especially the
short lead from C; to Q and from ecircuit
ground to chassis ground. It was found that
false dips could be completely eliminated if
a copper strap 4" wide was added from the
capacitor ground lug directly to chassis
ground. Apparently the ground on the var-
iable capacitor C, is not quite good enough
at frequencies above 100 mHz. Various
transistors were tried in the oscillator; the
PNP type 2N2398 was found to be a good
performer, as was the NPN type 2N918.
However, the use of the NPN type could
lead to problems with battery polarity. Ca-
pacitor C, is a 1%" length of twisted wire
positioned near the collector lead of Q.. This
slightly modified oscillator circuit is from a
book describing, among other things, a tran-
sistorized GDO which you may wish to use
as a reference.?
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The three plug-in coils
for the Great Dipper.
Three ranges cover from

28 to 216 MHz. The sec-
ond harmonic of 216

MHz may be used for
tuning up 432 MHz con-
verters and such.

To keep cost low, a 0-1 mA meter was
used in conjunction with a simple meter
amplifier. If you happen to have a 0-50 pA
meter lying in the junkbox, that would work
equally well, and the circuit could be sim-
plified accordingly. Several -circuits were
built for the meter amplifier; the one chosen
was a compromise between cost and per-
formance. A germanium transistor was used
because it requires less voltage to turn it on.
Leakage is low, the pointer of the meter
resting just off zero when no coil is in place.
Further information can be obtained from

| _ DIAL
| e
|
coiL—
|
X |
I
BANANA PLUGS :+ :
V3
&\ g
vV v
B BANANA JACKS
INSULATORS /
D

CASE

"

Fig. 3. Construction of the plug-in coil assemblies.
The coil forms were made from the plastic con-
tainers which hold Polaroid print coater.
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January 1966 73 Magazine, which was the
source for this circuit.®

A transistorized audio tone generator is
coupled by a 2 uF capacitor to the base of
the oscillator transistor for modulation. This
modulated oscillator allows the GDO to be
used as a versatile signal source. An output
jack is included on the panel to allow the
1 kHz tone to be used without turning on
the oscillator. The deceivingly simple circuit
was taken from June 1966 73 Magazine.*

There are a couple of components which
not everyone will want to duplicate. One, the
sub-miniature 10k pot with SPST switch, was
chosen because a very limited amount of
space was available; if the unit is built on a
larger chassis, the more commonly available
Midgetrol could be used. The other, a four
position switch used to select the desired
mode, is a 29¢ variety available from Lafa-
vette or Radio Shack. It has a peculiar
switching arrangement and if you duplicate
this project, several hours of experimenting
could be eliminated by following the pic-
torial diagram included in this article. A
disadvantage of this particular switch is that

4-POSITION SWITCH (29 CENT VARIETY
FROM RADIO SHACK OR LAFAYETTE)

/

SIGNAL i
I O METER AMP,
DIODE &—1
I O AUDIO OSC.
0s5Cc. —
i3 O RF 0OSC.
MOD. OSC. ¢——+1

I

Fig. 4. Wiring the four-position slide switch for
the great dipper.

O +9
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28-48 MHz

48-105 MHz

105-215 MHz

wo
120

Fig. 5. Full-scale dials for the great dipper. If the
construction shown in the photographs is followed
closely, the calibration of these dials should be
within several percent.

the meter does not indicate in the modulated
oscillator position.

Using individual scales on each plug-in
coil assembly greatly enhances scale leg-
ibility, reducing the chance of reading error
and speeding frequency identification. This
scheme, however, is not original. It was de-
scribed in a 1957 issue of Short-wave Maga-
zine, and is currently being used on a com-
mercial GDO. It requires little additional
effort to build the coil assembly in this man-
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ner and is, to me, well worth that extra
effort. For want of anything else, the coil
forms were made from the plastic tubes which
contain the film coater supplied with each
roll of Polaroid film.

Lastly, ease of tuning is accomplished
largely through the use of a 1” skirted knob.
Small knobs are simply too difficult to use
comfortably.

Calibration and operation

It is best to calibrate this GDO by listen-
ing for the oscillator, modulated by the 1
kHz tone, on a general coverage receiver.
An alternate method is to use another GDO,
placing one in oscillate and the other in
diode, tuning for either peak or dip. The
scales which were used on this GDO will
serve if parts and layout are followed closely.

To use this unit as a dipper, place the
mode switch in oscillate, and place the dip-
per coil next to the coil under test. The turns
of both coils should be parallel, and not at
right angles to each other. To keep from
pulling the oscillator frequency, keep the two
coils separated as much as possible, while
still maintaining a meter dip. This assures
that dial accuracy will be kept high. If a coil
is inaccessable, twist a pair of wires togeth-
er, forming a two turn coil on each end;
slip this coupling link over the two coils.
Keep in mind that a coil, when it is in a
circuit, may not dip at the same frequency
as when it is out of this same circuit.

Conclusion

This is one of those pieces of test gear
that makes yvou wonder, when you finally
get one, how you ever got along without it.
Not only is this GDO rugged and reliable,
it is also inexpensive to build. The meter
exhibits a deep positive dip and no false
dips are evident. It has become indispensable
to me. Some hours were spent optimizing
values and layout for my particular needs,
but the final result justified this effort. If
voure skeptical, plug in the soldering iron
and see for yourself!

. . . WAQAYP
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B-500-SSC TRANSCEIVER — The Complete Big Station In One Little Box

This is the World's Most Advanced Transceiver, utilizing techniques that significantly extend the state of the transceiver art.
A completely self-contained unit, it provides superb, high-efficiency performance on SSB, CW and AM.
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The B-500-SSB uses a rugged Eimac 4CX250B. Power input is 600 watts PEP class ABl on SSB, 500 watts PEP input class C
on CW and 500 watts PEP input class C with high-level plate modulation on AM. The B-500-AM plate modulator is an ac-

cessory. 3.5 thru 30 MHz in 8 500 kHz segments. See full details in 73 Magazine for April, 1967, and November, |966.
Price $1195.00. Available, December 1967.

28 Durant Ave. L E BABCOCK & Co Maynard, Mass., 01754
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John Crawford WA4SAM
Box 13
Berryville, Virginia 22611

A 20—Amp Power Supply

Service your mobile gear with this inexpensive 20 amp
supply built from surplus parts.

When I needed an inexpensive variable
power supply for my mobile gear, I built this
one with excellent results. I had previously
found that commercially built supplies were
either too costly or did not have the current
requirements I needed. Construction of this
supply centered around two ideas; keep it
as simple and as inexpensive as possible
while obtaining the highest power (my
ARC-1 draws 15 amps without the autotune
running). After looking around a little, I
was able to get some high quality surplus
parts very reasonably and this is the circuit
I finally ended up with. While looking in
the various electronic catalogues I found
several components which would have been
just as good except for price.

Because of the very nature of surplus—
here today, gone tomorrow—I doubt if the
same parts I used can be easily obtained.
They are included in the parts list merely
as a guide. I have presented some alter-
natives here to save trouble for anyone
wanting to build a similar unit.

Basically, the circuit consists of a high
current, low voltage transformer with solid-
state rectifiers and an inductive-capacitance
“L” filter. Several refinements were added
later to give the circuit shown in Fig. 1.
A switch on the front panel (S1) provides
up to 16 volts or up to 30 volts at 20
amps through a relay which changes the

The 20-amp power supply without its cover. In the

photo the capacitors and two chokes can be seen
in the rear.
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windings on the secondary of the power
transformer. Meters showing voltage and
current are provided and the voltage is
varied by means of a small variable trans-
former mounted on the front panel.

The main component of this tvpe of power
supply is, of course, the power transformer.
I obtained mine from John Meshna' for
$4.50. The secondary consists of four 9-volt
windings at ten amps each. Filter chokes
T2 and T3 are both ten amps, also from
Meshna for about a dollar each; or, a 50-amp
monster weighing 22 pounds is available
from Barry’s® for $22.00. I used the others
mainly because I had them in my junk box.

If you can’t get a transformer like mine,
the companion to the above choke is listed
in Barry's catalogue at $27.00. It has only
one winding and is rated at 24 Vac, 50
amps. This would be an excellent choice
it you are willing to spend the extra money.
You could almost arc weld with it! If you
don’t need that much power and want to
spend less, Barry's has several different
high current transformers and chokes listed
from five to ten dollars.

The diodes, meters, switches and output
connectors can be found almost anywhere.
I had mine just lying around. The 0-30
ampere meter is for a car and was purchased
for a dollar from the Surplus Center in
Lincoln, Nebraska. The variable transformer
is a small two-amp unit which came out
of a piece of fire-control equipment and
varies the voltage on the primary of the
power transformer, I already had the cabinet.

I used two 1000 «F, 25 volt capacitors
in series at first, hoping they would work,
but found my ripple was too high with T2
and T3 at .037 henries. 1 had several of
these capacitors on hand and proceeded to
stutf them in the cabinet wired in series-
parallel until 1 had sixteen totalling 8000

IMeshna, 19 Allerton Street, Liynn, Mass. 01904,

*Barry Electronics, 512 Broadway, New

York, New
York 10012,
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Fig. |. Schematic of the 20-amp power supply. The 1600 uF filter capacitors consist of sixteen 1000 uF
units wired in parallel. A minimum of 8000 uF should be used. The diodes are 100 PIVY, 20-amp units

available from Meshna.

#F. Not very professional, but quite etfec-
tive. Two 8000 xF units at 55 volts each
from Barry’s for $2.50 apiece would work
even better in parallel. If you use odd
values in series be sure to shunt them with
a 3.3k, % watt, resistor or at least 100
ohms per volt of supply voltage to equalize
the voltage drop across the capacitors.
Construction is straightforward and wir-
ing noncritical. The front panel should be
attached to the chassis first and then the
switch and pilot light holes drilled. Locate
the rest of the parts on the chassis and
“fit” them. then drill the holes. If a variable
transformer with an external wiper arm is
used, make sure there is clearance with
the arm in all positions. Control wiring-
switch contacts, variable transformer wind-
ing leads, pilot light terminals—is made
with regular solid hookup wire, but wuse
heavy wire for all current carrying leads.
I used stranded number 14 wire for easier
handling. Manipulating the power trans-
former’s solid leads proved to be very diffi-
cult, If vou get a transformer like mine,
any heavy duty relay can be used to switch
the secondaries. A pilot light enables me
to tell when T am in the low-range position.
It is connected across K1 and lights when

the relay is energized. The diodes run cool
mounted to the chassis with no heat sink.

The diodes are rated at 20 amps each,
although T seldom have more than ten-amp
loads on the supply. A circuit breaker
should be included in series with the output
to prevent damage to the diodes and other
components because the fuse in the primary
of the transformer will not act fast enough.

With the power supply in operation, regu-
lation is poor because of the charge of
the capacitors. However, the variable trans-
former can be adjusted to compensate for
different loads. On-off switch S1 is a DPDT
type with a center off position. In the low-
range position, with the toggle pointing down-
ward, the relay kicks in to place the trans-
former windings in parallel. In the high-
range position, the toggle is up and the
relay is not energized. Because of the in-
stant on feature, the switch should be wired
this way to prevent accidentally placing a
higher voltage on units under test. To turn
on a piece of equipment, the operator will
instinctively push the switch down to get
a low range voltage.

I have been using this supply for servicing
transistor radios and running my mobile
equipment and unconverted 28-volt surplus
gear for over a year with no trouble. 1
even charge batteries with it at times. Sur-
plus parts are used throughout except for the
two pilot lights, and from the use I get
out of it, the parts have proved to be the
best deals T ever made. This under-twenty-
dollar 20 amp supply would probably sell
for well over a hundred dollars retail! So,

Bottom view of the 20-amp power supply showing
the layout of the bottom bank of capacitors and 20-
amp diodes. Since no heat sink was available at the

time of construction, rubber grommets were used to
insulate the diodes from the home-made bracket.

if you are short on cash and high on amps,
try this one. It's a shame to let all those
high quality parts go to waste.

. » . WA4SAM
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Jim Fellows WA3AJD
7517 Creighton Drive
College Park, Maryland 20741

X Marks the Spot

Did vou ever consider trying some mobile
operation, only to drop the idea like a hot
813 for fear of marring your car with a
permanent antenna installation? Worry no
longer, for here is a temporary antenna mount
which in no way harms the wvehicle it is
fastened to, and yet is as strong as any
bumper-mount.

The X-mount was born of necessity; 1
wanted to share in the fun of mobile oper-
ation, and vet, there were orders that no
holes of any type could be drilled in the
family car. A search for a commercial bumper-
mount revealed the recessed bumper on the
1961 Valiant to be a tough customer. I only
found one mount which would hold the mast
clear of the over-hanging rear, and it was
so flimsy that it couldn’t be considered. I
really didn’t want to use a bumper-mount
anyway, because they are too permanent.
This is a distinet advantage when Friday
night comes. Women, young and old, share
an aversion to being seen in an automobile
that looks like it belonged on the set for
“Highway Patrol.”

Several tests of gutter-mounted verticals
were made, but they were so susceptible to
ignition interference from other vehicles that
they were ruled out. Also, the majority of the

The X-mount is slid around on the roof of the car
until it is centered, then the straps are put in
place. In this picture the mount is being used to
support a commercial two-meter halo antenna.
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2-meter stations in the Washington, D.C. area
are horizontally polarized. A halo or big
wheel seemed to be the best antenna for my
purpose, but how to mount it?

Just when I thought that I was destined to
drive around holding a halo out the window,
the great antenna search was ended. Dad,
WA3DRI, had designed an antenna mount
that seemed to have evervthing that was re-
quired. It was sturdy yet easily installed, and
did not harm the car. Besides, this was the
only antenna which WA3DRI would allow to
be used on his car—the one he designed of
course. The X-mount, so named because of
its shape, provides a solid mount for VHF
antennas,

The cross-pieces of the original were cut
from % inch plywood. They were 4% inches
wide by 48 inches long, but could be made
smaller. The prototype turned out to be
much stronger than we had thought it would
be. Three good coats of varnish sealed the
plywood from the weather, but those who
worry about such things might paint the
mount to match their car.

The suction cups are replacements for car-
top carriers and are easily obtained through
the popular mail-order stores. We mounted
ours by simply screwing them to a jam-fit
with machine screws.

Due to a lack of originality and a surplus
of screw-eyes, we secured our mount to the
car with webbed straps and gutter-clips. The
straps, with the clips attached, are simply
looped over the screw-eves.

Four bolts hold the cross-arms at their
intersection. At this point a faceplate pipe
fitting was mounted, The antenna mast con-
sists of a length of pipe which is threaded
so that it screws into the flange.

Although the X-mount was designed as a
mount for VHF antennas, there is no reason
why it couldn’t be adapted to support high-
frequency verticals, particularly those short-
ened by a loading coil. There is no limit
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to the length of mast which could be tole-
rated on a parked car during portable opera-
tions.

Much discussion developed concerning the
height above the car roof at which the two-
meter halo should be mounted. Some books
said % wave length, and some hams said that
this would make a good vertical beam with
the car’s roof acting as a reflector. Nice for
talking to aircraft, but not too practical for
conventional use.

Accepting no one’s word, we tested differ-
ent heights from one inch to four feet above
the roof. The antenna was observed to radiate
the strongest field when it was 19 inches or
% wave length above the roof. Adding extra
height up to four feet did not improve the
signal.

This would indicate that a six-meter halo
should be mounted 52 inches above the roof,
a little high for a rigidly mounted antenna.
The antenna would probably load satisfac-
torily even if it were lower. After all, how
many bumper-mounted six-meter halos are
52 inches above the trunk?

Hopefully, we have given you some ideas
for a quick and dirty mobile set-up. Don’t
miss out on the fun of mobiling because vou
think that your car must be torn up to mount
the antenna. By the way, if you do build
a mount similar to ours, be prepared for
such comments as: “Doesn’t watching tele-
vision interfere with your driving?” and
“Where's the moose that rack came from?” The X-mount is secured o the car with suction cups,

... WASBA]JD  qgutter clips and straps as shown here.

e
=
0

T
5 -]

+‘Beamed-Power”’ ANTENNAS, “BALUNS”
I. V. KITS and ROTATOR SYSTEMS!

Most Technically-Perfected, Finest Communication
Arrays in the World! Precision-Tuned-Matched
and “Balun’’ Fed for “Balanced-Pattern” to assure
“TOP-MAN-ON-THE-FREQUENCY"" Results

Enjoy, World renown TELREX performance,
value and durability! Send for PL67 tech. data
and pricing catalog, describing professionally
engineered communication antenna systems,

AN “‘:“"'—--
. & ' rotator-selsyn-indicator systems, “Baluns"; I.V.
’fh "_'. ’ Kits, Towers, “Mono-Pole”, “Big-Berthas™, ac-
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Use, is one of the most dependable
testimonials of endorsement, and Telrex
products are in use in 139 Lands ASBURY PARK, NEW JERSEY 07712, U.SA.




Russ Alexander W6IEL
2890 San Francisco Avenue
Long Beach, California 90806

Go-Go-Mobile

40, 20, 25 and 10 for under $10.

If you've had the urge to go mobile at the
least possible cost—particularly regarding
the mobile antenna—here’s a good, inexpen-
sive way to do it. All the parts are easy to
obtain, construction is simple and quick, and
a highly effective antenna is the result. The
"Hi-Q” coil arrangement has been found
very effective, and on field tests, the per-
formance of this unit exceeded that of two
popular commercial antennas. Comparative
S-meter reports at several hundred miles’
distance showed one full S-unit higher, and

WHIF

LOADING COIL
E‘.’.‘."

BASE SECTION

"Z-MATCH" COIL
{iF DESIRED)

Hooking up the Go-Go Mobile antenna with a
Z-match,
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s

local field strength measurements showed
appreciable gain over the commercial units.

The base section is electrical-mechanical
tubing (EMT, which is light, strong, and
attractive). The top whip is a walkie-talkie,
CB replacement unit, or a standard auto
radio item—whichever is preferred. With
their sliding sections, these units give smooth
and rapid adjustment to your exact trans-
mitting frequency.

The unit illustrated here covers 40, 20, 15
and 10 meters by tapping the coil and ad-
justing the height of the top whip section.

Construction is begun by fitting a plastic
or maple rod into the EMT base section
tubing and securing it with a self-tapping
screw through the tubing into the plastic
rod. The next step is to mount the whip by
tapping into the top of the plastic rod with
the same screw-thread size as provided on
the bottom of the whip.

The loading coil is supported on the plas-
tic rod by three wires, top and bottom,
soldered 120° apart, on the coil turns at
each end of the coil. These wires are then
bent toward the plastic rod and clamped in
place by the worm-drive hose clamps. One

The loading coil. Note the support wires, which are
connected from the first and last turns of the air-
wound coil.
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Table 1.

Contacts made during final test of mobile antenna project.

Band Call Q@TH Signal Report

40 WeVX Brentwood, California 10 over S-9

40 WAGSLFQI Fullerton, California Wants antenna data

40 WB&SEC Bakersfield, California ©5-S-15

20 WAT7BKW Billings, Montana Plus S-12

I5 WSPLE Houston, Texas "Exceptional Mobile Signal"
10 WENRY Fullerton, California Q-5

10 WB&HYVS Garden Grove, California Excellent Signal for "Ground

Wave"

10 KH&EEM Honolulu, Hawaii 5-58

10 W4QKK Winter Park, Florida @5-S10 plus

10 WA4WFE Winter Park, Florida Q5-5-10

10 WELG Chicago, lllinois "Terrific Signal"

Note: These contacts were made from the driveway at my home with a Drake TR-4 Transceiver. The

SWR was less than 1.5:1 on all bands.

of the three wires on each end of the coil
should be extended to provide electrical con-
nection to the base section on the bottom
and to the whip section on the top.

The pipe cap on the base section is drilled
with a %¥” hole and a %"-24 threaded cap
screw is inserted and soldered in place. This
is best done over a gas flame, flooding
plenty of solder over and around the head
of the previously well-cleaned cap screw.
Then the EMT base section is fitted with an
EMT compression fitting, which
screwed tightly into the %" pipe cap.

The antenna is now ready for installation
—run 52-ohm coax between the transmitter
and the antenna base, making certain that
the coax braid is well grounded. The antenna
must now be tuned to your operating fre-
quency; this is best done with an SWR meter
and test clips, tapping down a turn at a time
until the lowest SWR is obtained. Coarse ad-
justment may be made with a GDO, if avail-
able, followed up with fine adjustments ob-
tained by changing the length of the top
whip in increments of %” or so. The overall
length of the top whip should then be mea-
sured for future reference when making an
appreciable frequency change within the
band in use. After setting the top whip for
the correct length for the operating fre-
quency, the sliding section can be easily
locked in place with a single wrapping of
transparent Scotch tape.

On the antenna illustrated, the 40-meter
phone band required all but two of the coil
turns, and the top whip was extended to

AUGUST 1967

is then -

47% inches; on the 20-meter band, the coil
was tapped down to 10 turns; for 15-meters,
5 turns. For operation on 10 meters, the coil
is completely shunted and resonant frequen-
cy adjustments are made entirely by adjust-
ing the top whip section. In order to mini-
mize the amount of dielectric in the field of
the coil, no cover was used, thereby retain-
ing the highest “Q” and efficiency.

If a spring mount is used with this anten-
na, a fish line is used to stabilize it and to
minimize swaying while under way. Tie the
line between the car and the underside of

=

Construction of the base section of the WA4IEL
mobile antenna.
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Over 60% of listings changed in only a year!
QSL Managers Around the World in every issue!'
Plus many other interesting features!

Base mounting of the mobile antenna, showing the

use of a threaded pipe cap.
Over 275,000 QTH's in the U.S. edition

Over 127,000 QTH's in the DX edition

. | Mobile Antenna Parts List
See your favorite dealer or order direct (add 25¢ for mail-

ing in U.S., Possessions & Canada. Eisewhere add 50c). Loading Coil— 34 turns, 215" diameter, 8 turns

per inch, Air Dux #2008T. |l-
lumitronic Engineering,
vale, California.

io Amateurs Reference Library
i Set Today!

Sunny-

of Maps — Order Your e

Coil Support—

e m—— T —

10" x 1" diameter solid polysty-
rene or lucite rod. If plastic is
not available use hard maple

dowel; wax thoroughly before
mounting.

i

e A R e

Two worm-drive hose clamps.

Top Whip—

CB replacement antenna or re-

X

28" shows prefixes on each country . . .

DX zones, time ZONES,
enced tables

.......

ities, Cross refer-
E. .postpaid $1.00

CHART
AMATEURS GREAT CIRCLE
ggn‘:'ﬂE WORLD—from the {:Je’ntezrﬁgf ‘}EE
United States! Full color, 29" X .

ing Great Circle 'l_]l'-::i;'lrin
:aiE major U.S. cilies;
ton. D.C., Miami,

& Los Angeles ...%.

RADIO AMATEURS MAP
ICA! Full color, 29

> & ®

s in degrees for
Eﬂﬂstﬂn, Washing-
geattle, San Francisco

" postpaid $1.00

OF NORTH AMER-
_ includes

Central America and the Caribbean 10

the equator, showing

ies prefixes and time ZONES,
bﬂundanesuﬁart. plus informative infor-

frequency
mation on each u_f the
and other Countnes

call areas,

United States
S $1.00

WORLD ATLAS-—Only Atlas compiled for

amateurs.
nents, prefixes
color, 16 pages

Polar projection,
on each

SiX E{l?t:‘i
country . . . 14
_.postpaid $1 .50

Complete reference library of maps—set

of 4 as listed above .

See your favorite dealer or

FREE ca

BROCHURE!

__ _postpaid $3.00

order direct.

lbook

 Dept. B,4844 W. Fullerton Ave.

Chicago, IIl. 60639 |

Base Section—

the coil support.

If vou haven't gone mobile before, you'l
be surprised and delighted at the additiona
| pleasure to be obtained from ham radio and
| the amazing DX that can be worked using
an eflicient, center-loading mobile antenna.

placement auto whip, 50" ex-

tended, |1 section, Olson # AA-
148, Olson Electronics, 260 Forge
Street, Akron, Ohio, 44308.

52" of 34" diameter electrical
metallic tubing (Thinwall con-

duit—EMT)
|—34" EMPT connector—Com.-

pression type (T & B #5221 or
Appleton F#96T075)

|—3"" Brass pipe cap
I—38" x 24 THD cap screw

| Bumper mount, Allied #86U606

. . « WEIEL
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| Astatic GD-104 desk type

| push-to-talk microphone and
_] stand. Regular price $51.20.

Special price $25.00

AJ-1 Audio Fil-
ter. Ideal for
CW and SSB
transceivers. Yar-
iable audio
range. 28 dB
down at 100 cps
—peaks 200 cps.
4 ohm input and
output imped-
ance, built-in in
and out switch. 84" L x 33" W x 2" D.

Special $7.95

CO-4 4 Position Coaxial
Antenna Switch. Uses low
loss connectors and a ce-
ramic switch. Complete with

knob. Regqular price $9.95.
Special price 56.95

2 color
chromekote
cards

“HAM” BUERGER’S

August Specmls

Volt - Ohm - Milliammeter.
20,000 ohms per volt DC,
10,000 ochms per volt AC.
DC voltages: 0-0.6-6-30-120-
600-1200-3000-6000 V. AC

voltages: 0-6-30-120-600-
1200 V. Resistance: 0-0K-
600K -6 meg-60 megohms

(30-3K-30K-300K at center
scale);: plus DC current, dB
and capacity. With leads and
batteries. 6" H x 4" W «x
%" D. Reqular price $19.95.

Special price $12.95

Astatic mobile
ceramic micro- | Saesl
phone. Super |
talk power. Reg- |

ular price $12.75.
Special price

$6.50

CO-2 2 Position Coaxial
Antenna Switch. Same con-
struction as the CO-4 switch
to the left. Used for switch-
ing linear amplifier in and
out of the antenna line. Reg-

ular price $8.95.
Special price $6.95

QSL Cards

$2.95

per
100 cards

AADID
AT
T

=T IOk O R0 O e
EST OGN N CW FONE SIGE Y
WoINE ANT RCWA

“HAM BUERCIR™

34 Odd Tark doakiniewn, Pe. 18044
PEE OBL THI ., ol

R S

R ETERT
All prices plus postage ® Pa. residents add 5%, state tax.

Open evenings — Monday, Wednesday, Friday; 9 AM {o 9 PM.

Sqiurdu’Q,AH through 5 PM.
424 York Road e Jenkinnw. Pa. 90 o hu 21831-350

Amateur Radio W3BAH
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Edgar Wagner G3BID
5, Feroncroft Avenue

London, N.W. 3, Enghnd“

The Front-to-Back Ratio

of an Automobile

Have you ever checked the antenna pattern of your mobile antenna?

We are, of course, accustomed to think-
ing in terms of the back-to-front ratio of
beams, but how about the directional prop-
erties of the automobile in mobile opera-
tion?

Some time ago I did some work on this
subject with a view to learning something
about the effect of different positions for
an antenna on a car.

My first experiments were carried out on
a station wagon with a nearly flat metal

DIRECTION OF

ANTENNA

Fig. |. Directional pattern of a vertical mounted
in the rear left corner of a station wagon.

56

roof. I deliberately placed the antenna base
on a bracket mounted at the left hand rear
corner of the roof,

I soon found that the major lobe was
in the direction diagonally across the roof
of the car as shown in Fig. 1. Thus it ap-
peared that the roof was acting as one part
of a dipole (see Fig. 2) rather than as a
ground plane,

On 10 metres this was very logical since
the diagonal length of the roof of the car
was roughly % wave length on 10 metres.

On 15 and 20 metres a similar radiation
pattern was found although, of course, the
roof of the car was too short for ¥ wave
length on 20 metres. Probably the SWR
was quite high but I never measured this,
because owing to the very short feeder used
in mobile installations I do not regard the
SWR as very important. Provided the SWR
is not so bad as to prevent the antenna
loading, the actual SWR is felt to be of
little importance. The losses on that length
of feeder are small.

For some time I continued to use my
mobile installation with the antenna placed
unsymmetrically in this way and found a
back to front ratio of about 3 dB on 10,
15 and 20 metres. This small beam effect
was at first welcomed as it facilitated mak-
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COAX FEEDER

S

Fig. 2. Apparent effective antenna on |0 meters
with the arrangement in Fig. |.

ROOF OF CAR

ing contacts when the car was stationary.

Soon, however, the disadvantages became
apparent. When in motion, particularly when
driving in towns where frequent turns are
necessary, this beam effect tended to in-
crease the QSB always present in mobile
operation. This was a distinct disadvantage.

So a second bracket was fitted in the
centre of one side of the roof. See Fig. 3.

It may be asked why I did not mount
the antenna in the middle of the roof.
There were two reasons.

(1) I felt that to pierce the roof might
lead to rain coming through the roof.
It would need a good professional job
to do this effectively.

(2) It would be difficult to reach the

antenna to adjust it to take it down.

Thus I tried it in the two positions shown
in Fig. 3.

The effect of position two was about as

expected—a somewhat cardoid pattern de-
veloped, as in Fig. 4.
In other words the antenna radiated best
in those directions in which there was long-
est line of roof and least well where there
was no roof at all. For operation in motion
there was an advantage, though to some
extent I lost the beam effect when station-
ary, that is I could no longer get as much
advantage from aiming the car towards the
other gtation as I could before.

Recﬁnt]y I fitted a mobile rig into an-
other car. This is a convertible and so no
metal roof was available. T decided to mount
the antenna as symmetrically as possible
and chose the centre of the panel between
the back of the roof and the hinge of the
trunk, as in Fig. 5. Here I got a profes-
sional body builder to seal the hole against
rain, etc.

I took great trouble also on this occasion
to bond all parts of the metalwork of the car
together. I bonded the trunk lid to the body,
the doors to the body (I do not regard the
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POSITION
NO. |

Fig. 3. The second location for the antenna is
shown above.

door hinges as adequate contact) the body
to the chassis, the engine to the chassis,
the hood lid to the body, etec. ete.

The results on the new car have been
very satistactory, much DX has been worked,
all continents and a number of new coun-
tries added to my MCA award (Mobile Cen-
tury Award) including BV1US.

Recently I was able to take a polar dia-
gram (Fig. 6) by rotating the car while
getting readings from a station about 60
miles away on 15 metres (presumably
ground wave).

I was quite surprised to see how direc-
tional the car still was despite my efforts
to put the antenna as nearly centrally as
possible in a convertible.

I have not mentioned the vertical posi-

Fig. 4. Pattern of the antenna in position two
in Fig. 3.
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“Northern California’s Most Complete Ham Store”
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Fig. 5. Antenna mounted in the convertible.

Fig. 6. Directional pattern of the antenna as
mounted in Fig. 5.

tion of the antenna so far. In the first two
examples, the antenna was mounted at roof
level and in the second case as high as
possible bearing in mind that there is no
tixed roof.

Many people fix their antennas to the
bumper. But I believe that the higher the
antenna is placed, provided a good massive
metal base is under it, the better.

No claim is made that this polar diagram
is conclusive, since, in my opinion, far more
experimentation is needed and this polar
diagram is based on one test only.

I hope that this discussion will stimulate
interest in mobile antennas and their posi-
tioning from the efficiency rather than the
aesthetic point of view.

iie o GOBIE)
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You work where the action is when you're in 2-Way Mobile Radio
Servicing—with police, airline crews, fire fighters, and other mo-
bile radio users. Many, like CIE-graduate Ed Dulaney (above),
own their own mobile radio businesses. Says Dulaney, “My CIE
electronics course was the best investment I ever made. CIE de-
serves full credit for greatly expanding my technical background.
I am much better off financially and really enjoy my work."”
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You earn a man's pay as a Broadcast Engineer, putting glamorous
radio and TV entertainers on the air, covering sports evenlts and
big news developments. “Now I am a Broadcast Engineer,” wrote
Don Fosco after taking a CIE course, “and earn $150 more a
month.” Once you get your FCC License and some broadcast
experience under your belt, you can earn $185 to $215 a week at
big city stations. (Photo above posed by models.)

Want a real man’s job and pay?
Your best bet today is Electronics!

Electronics is a great life for a man!
And breaking in is easier than you think.
Here’s how you can prepare right at home.

What does a real man want from his job?

A man'’s pay, for one thing. Money enough to raise a famuly
comfortably. .. take some exciting vacation trips...send the
kids to college.

But you want a man’s satisfaction on the job, too. You don't
want to be just a workhorse harnessed to routine chores, Nor
do you want to sit behind a desk and push a pencil all day.
You want the feeling of doing something important—of being
needed. Of having dozens, maybe even thousands, of people
depend on you and how well you do your job.

Offers High Pay and Excitement

For that kind of satisfaction—a real man’s job and a man-
sized pay check to go with it—your best bet today is ELEC-
TRONICS. This booming field really separates the men from
the boys. Every vear more good jobs open up, and there just
aren't enough good men to fill them. The unprepared don't
stand a chance. But the fellow who takes the trouble to learn
what it's all about can write his own ticket.

For instance, how would you like to meet with top political
leaders and sports celebrities—put glamorous radio and TV
stars on the air? As a Broadcast Engineer you'll be an “in-
sider” in the exciting worlds of show business, sports and
news reporting.

Or how about getting out “where the action is”"—working
with your local police, firemen, airline crews, etc.? You can,
by getting into 2-Way Mobile Radio Servicing. It pays con-
siderably better than fixing television sets because you hold a
Government FCC (Federal Communications Commission)
License. You can even become your own boss—start your
own service shop—come and go as you please.

How to Become “The Man in Demand”
And these are just a few of the many golden opportunities in
the great wide world of electronics today. Computers...elec-

Cleveland Institute of Electronics
1776 E.17th St..Dept. ST - 14, Cleveland, Ohio 44114

B
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tronic automation...electronically guided spacecraft...the
whole world is going electronic. And the man needed to keep
it all running, the electronics expert, will be “king.”
Breaking into electronics does call for some training. But
you needn’t quit your job or turn your life upside down to get
it. You won’t even have to set foot in a classroom, CIE can
teach you electronics right at home...in your spare time.

Over the past 30 years we have developed special home
study methods that take the mystery out of electronics...even
for men who've had trouble with other studies. Your instruc-
tor, an expert in electronics, will give you all the personal
help you need.

Send for 2 Free Books
We offer two free books that tell all about career opportu-
nities in Electronics, and how to prepare for them without
previous training. Just fill out and mail the coupon below. No
obligation, And the books may open the door to an exciting
and rewarding life in electronics...doing a man’s job and earn-
ing a man’s pay. If coupon is missing, write to address below.

ENROLL UNDER NEW G.Il. BILL
All CIE courses are available under the new G.I. Bill. If
you served on active duty since January 31, 1955, or are in
service now, check box in coupon for G.I. Bill information.

Cleveland Institute of Electronics
1776 E.17th 5t., Cleveland, Ohio 44114

Please send me without cost or obligation:

1. Your 40-page book *How To Succeed In Electronics™ de-
scribing the job opportunities in Electronics today, and
how your courses can prepare me for them.

2. Your book on “How To Get A Commercial FCC Li-
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cense.”
Name Age_— =
( Please Print)
Address
City State Zip
[] Check here for G.1. Bill information
Accredited Member National Home Study Council ST-14
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Geerge Cousins VEITG
Box 18, RR 2

Lower Sackville, Nova Scotia
Canada

Beginner's Beam for 10 Meters

The ten meter openings are going to be better this winter
than they were last—this simple, low-cost four element
beam will increase the effectiveness of your signal.

With the steady improvement in 10 meter
propagation conditions, it looks like DX pros-
pects will be pretty bright by the winter of
1967/68, and many old-timers will be dusting
off their beams and looking forward to a
return of the “good old days”. However,
there are a great many newcomers to the
ranks of ham radio who are inexperienced
on this band, and this article is really in-
tended for them.

Most people will argue that the power
output of the rig is the least important fac-

mmmmm

» __i;__ B )| A

The antennas at YEITG—the four-element ten-meter
beam is on top with homebrew |5 and 20 meter
beams on the bottom. The tower is also home built.

60

tor in 10 meter DX operation. Naturally a
kilowatt will make a big noise, but a 100-
200 watt rig will make just as much noise
if it’s hooked onto a good antenna. The size
and weight of 10 meter beams are well within
reason for even the most crowded back
yard or roof-top.

The beam described here is ideal, es-
pecially for the newcomer, as it combines
light weight, standard components, very sim-
ple construction, and of course, low cost.
Despite the simplicity, the gain will be 7 to
8 dB for the three-element version, and
around 9 or 10 dB for the four element one.
For the small extra cost and work involved,
the four element version is much to be pre-
ferred. The front-to-back ratio will also be
better, and the extra gain is worthwhile.

Depending upon your operating preferen-
ces, the length of the elements should be
decided by reference to the standard formu-
lae:

473

Driven element length = Freq MHz

501

Reflector length = Freq, MHz

450

Director length (both) = Fr MH
eq. MHz

Since the elements are adjustable, the
exact lengths are easy to come by, If the
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Fig. I. Alternate methods for mounting the beam elements on the boom.

material is purchased new, choose rigid
aluminum tubing 1” and %” in diameter (or
similar relationships in size) so that the cen-
ter sections can be made of the larger tub-
ing with the smaller tubing inserted into the
ends to form the adjustable sections. For a
4-element beam, you’ll need four lengths of
the larger size, and three lengths of the
smaller. This is assuming you get 12-13 foot
lengths which are pretty well standard. The
three lengths of smaller tubing can be cut
into four foot pieces for the end sections,
with a little left over. If cost is a prime fac-
tor, vou can use old booms from defunct
TV antennae as I did. I scrounged a bunch
of these from a local service shop, took off
all the elements and assorted junk, and ended
up with excellent material for the beam ele-
ments.

Without doubt, the best material for the
boom is old reliable irrigation tubing. The
2” diameter stuff is fine, in a 20 foot length.
This gives reasonably wide element spacing.
As a matter of fact, a 5-element beam can
be mounted on such a boom if vou wish, but
I happen to prefer the wider spacing. Steel
TV masting is another common material
which can be used for the boom, but it is
quite a bit heavier and you may have to
couple sections together to make up the re-
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quired length.

Several methods can be used to mount
the elements on the boom, as shown in
Fig, 1. In both cases, standard automobile
mufller clamps are used to fasten the ele-
ment support plates to the boom. Make sure
the clamps are given a couple of coats of
rust-proofing first. By using the flat plates,
the elements can be laid across the long di-

DRIVEN
H‘EFLE_ETDH ELEMENT DIRECTOR DIRECTOR
I7-6 " NO.I NO.2
16 - 510" I5-10"
BOOM

SRR RSN e - -

Fig. 2. Physical layout of the four-element ten-meter
beam. Dimensions given are for approximately 28.4
MHz.
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Fig. 3. Construction of a typical element, showing
the adjustable end sections.

mension of the plate and fastened with small
U-bolts. On my own model I used angle
iron instead and fastened the elements onto
the iron with stainless steel bolts. Be sure
you use nothing but rust-proof hardware on
the beam. There isnt much required, and
the small cost is well worthwhile if and when
you try to take it apart again,

Fig. 2 shows the arrangement of the ele-
ments on the boom and the spacings used.
Antenna handbooks give all sorts of opinions
on which spacing is best, and why, but as
a general rule the optimum spacing should
be 0.2, 0.2 and 0.25 wavelength, reading
from the reflector to the second director. 1
modified this a bit in an effort to get a higher
front-to-back ratio, so feel free to change the
spacing if vou wish.

Fig. 3 shows a typical element and how
it is put together. Simple. All you need is a
hacksaw, a screwdriver and two hose clamps
per element. Depending upon how the tubing
fits, you may need small shims to tighten up
the joints. Incidentally, if aluminum tubing
is not readily available, look up the nearest
electrical contractor and his stock of thin-
wall conduit, either steel or aluminum. This
comes in all diameters, but unfortunately the
standard length is only 10 feet, so your total
requirements will be a little different.

The boom-to-mast clamping arrangement
shown in Fig. 4 is probably in its simplest
possible form. Two pieces of flat steel or iron
and four muffler clamps—with a couple of
coats of paint—will do the job very nicely.

With the whole beam assembled, the last
problem is tuning. Since the majority of rigs
today use coaxial outputs, the easiest method
of feeding the antenna is with 52 ohm coax

I‘—IB' TO 24'4.1

-

DRIVEN ELEMENT _6

--------

) GAMMA ROD

. CAPACITOR
IN PLASTIC DISH

S2.n COAX

Fig. 4. Gamma match details for the four-element
ten-meter beam.
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and a gamma match. This is diagrammed in
Fig. 5 and uses a small variable capacitor
mounted in a plastic refrigerator dish or simi-
lar weatherproof container. Use a fairly wide-
spaced capacitor, not because of power han-
dling requirements, but to prevent oxidation
from shorting out the plates. The gamma
rod is tapped onto the driven element at a
trial position and the SWR is measured on
the transmission line. Use as little power as
possible for this adjustment procedure in
order to reduce QRM. Carefully rotate the
capacitor through its range and try to re-
duce the SWR as close to 1:1 as possible, It
may be necessary to change the position of
the tap several times, but usually the capa-
citor will do the trick after one or two trials.
For this procedure the beam should be
mounted reasonably well off the ground and
away from trees, guy wires, etc. The ideal
place for it is on top of your tower, but this
may not be possible. The procedure will be
infinitely easier if you can persuade someone
to turn the capacitor while yvou watch the
SWR meter and the resonance of the final in
the rig. It changes considerably while all this
is going on, so make sure vou check it often.
Actually, if vou get the SWR down under
1.5 you can be pretty happy with it. It is
debatable whether or not the extra effort
of getting down to 1:1 is worthwhile.

The last problem is tuning the elements
for best forward gain-or best F/B ratio. The
two factors don’t go hand-in-hand. Several
methods can be used, all of which involve
test dipoles, field strength meters, signals
which stay steady enough to make adjust-
ments and of course, the “friendly amateur”
“a few miles away” who will dutifully do just
what you want him to—baloney! If you figure
out yvour dimensions properly by formulae,
measure the lengths exactly, and get the
gamma match adjusted, you are very likely
going to get just as much out of the antenna
as if you spend a month fooling with it. It’s
vour choice—the methods are detailed in the
various handbooks. Personally I don’t think
it's worth the effort.

The tower and rotating system are up to
the individual. However, the light weight
construction should allow the use of a TV
type tower and rotator. This beam will give
the low or medium power operator many
hours of fine contacts and provides a kilowatt

type signal at a small fraction of the cost.
Welcome to 10 meters.

e o VEITG
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“THE HAM'S HEAVEN”

CRABTREE'’S

ELECTRONICS

PRESENTS

_ MGMAXY V mark 2

5 BAND TRANSCEIVER
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WE WANT \'DUR BUSINESS

And we are prepared to offer King-
‘Size trade-in allowances on your
“present gear. Also, we will give you

@ quote on any packag& combina-
 tion you are looking for. The pack-
~ age pric Tin this ad ﬁwﬂas to both-»g:ﬁ

cash and charge iaﬁders |

| Crabfree s Electronics
Phone 214—748-5351

WRITE or CALL For Quotes or
Trade-in Allowances
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CRABTREE'S ELECTRONICS
2608 Ross Ave., Dallas, Texas 75201

Please ship me the following:

Mobile Package — $549

Galaxy V Mark 2 — $420

Free 1967 Catalog with credit form
Check or Money Order attached

' sm*ommq

MONEY SAVING PACKAGE
(DELUXE MOBILE) Reg. Price
Galaxy V Mark 2. ..$420.00
DC35 12V DC Supply...... 99.95
CALS S CaliBrator, o s s T 19.95
MMB Mobil Mount. . _ s 7.95
DELUXE Ball Mount and Spring
with 25" RG58 and connector........ 16.20

WEBSTER WMWD Mast and Top Section

plus KW Coils 75 thru 10........ .. _ 4945
TURNER 350C Mike and Connect. . 8.25
Mobil Log Book . . .50

e T gt ek R T TRIC Y o $622.25

ALL THIS
ONLY

549

COMPLETE

NAME CALL
ADDRESS
CITY STATE

ZIP
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PHONE WITH ONE TUNING ADJUSTMENT!

10-15-20-40 METERS |
Only from HUSTLER will you receive the
mechanical and electrical performance you want |

in a 4 Band Trap Vertical. Make the com-
parison and see for yourself.

Look what you get with Hustler!

e Individually and precisely tuned traps!

e Lowest SWR and Widest Band width!
Outstanding mechanical construction!
Heavy gauge heat treated aluminum!
Stainless and cadimum plated steel parts!
Base impedance nominal 52 ohms! |

e« WHOLE BAND OPERATION WITHOUT
READJUSTMENT!

e FOR 75-80 METER OPERATION ADD HUSTLER MOBILE RM 75

OR RM 755 RESONATOR ON TOP OF 4BTV. BAND WIDTH 60 TO
100 KC...UNDER 2 TO 1 SWR

“ow FINED STATION
TRAP VERTICAL

| See your
- I distributor or
new catalog

3455 Vega A
NE W' TR ONICS corp. / Eleuelaniﬁfli]hi?ziﬁﬁ



Paul Dodson
1326 Parr
Amarillo,

K5IRP

Texas

Simplitied Printed Circuits

Current interest in transistorized construc-
tion projects is high; prices of many types
of transistors are much lower than equival-
ent tubes. Many of the current construction
articles include a printed circuit layout and
this makes things more interesting and much
easier.

I have etched several of these circuits with
success and have even done the layout my-
self on a few of them. I use the photograph-
ic method, as it is much easier and one can
produce several circuits from one negative
if necessary (for club projects and such).

First, you need the photo-sensitive (pre-
sensitized) copper-clad boards. I use one-
sided glass base, obtained from B-A® for
about 75c¢ each in the 3” x 6" size. They
come in light-tight packages, so don’t expose
them to flourescent lights or direct sunlight:
low wattage incandescent bulbs can be used
to work by. You will also need a contact-
printing frame, which is nothing more than
a sheet of glass placed over a flat sheet of
foam rubber and can be as fancy or plain
as you wish. Just be sure the negative is
absolutely flat when put it in the frame; use
clamps or weight on edges of glass. The
board to be etched is placed face up on the
foam rubber, the negative is placed on top
of the board, and the whole works is ex-
posed. For exposure lamps I use a couple of
R40 sun lamps in a Kodak bracket and ex-
pose for 16 minutes.

The negatives I use are paper negatives
produced on a Verifax copying machine.
These are the Fine Line one time matrices:
use a soft, damp sponge to remove any color
from the white areas. Careful, don’t scratch!
If you know of a printing shop using offset
printing you can probably get them to shoot
a whole batch for a couple of bucks or so.
These will be film negatives and will require
about a third less exposure than the Veri-
fax Negatives.

*Burstein-Appleby, 1012 McGee Street, Kansas COity,

Missouri 64106.

AUGUST 1967

After the exposure, the board is placed
face up in an aluminum pan or dish and
trichlorethylene is gently poured into the
container so as to cover the board. Do not
disturb the copper surface; at this stage it
is very soft. Rock the container gently for
a minute or so, then carefully remove and let
dry. Drying only takes about 30 seconds, so
don’t blow or heat, just let it air dry. When
completely dry, place the board face up in
a plastic container, such as the larger ones
that disc capacitors come in. Gently flow
ferrous chloride solution into the container
and start etching. This takes from 20 minutes
to an hour, depending upon the tempera-
ture of the solution. I use an old hair dryer
a couple of inches above the surface of the
solution to speed things up a bit. Check on
the etching frequently and when the un-
wanted parts of the copper are completely
etched away, drain and wash in running
water for a couple of minutes.

These chemicals are perfactly safe, just
don't spill any ferrous chloride because it
stains quite badly. Dump it carefully and
flush with plenty of water. Trichlorethylene
was obtained from a local chemical com-
pany ($1.00 a gallon) and the ferrous chlo-
ride was scrounged from a local photo-en-
graver.

In making the originals I use pen and ink
and Chart-Pak tapes. The Chart-Pak tapes
are rolls of black paper tape in various
widths and are available from most office
supply houses. The dots and connectors are
usually furnished with the board kits. These
are gummed on the reverse side and save a
lot of time-consuming hand-drawn circuits.

To date, I have etched the Multical (five
at a time), the Two-Tone Test Oscillator,
Regulated Power Supply, Grid Dip Oscilla-
tor, FET Voltmeter, 6 Meter Converter and
several others in fine shape. Why not get a
fist full of inexpensive transistors and have
a ball with etched circuitry?

| . . . KBIRP
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Jim Fisk WIDTY
RFD |, Box 138
Rindge, New Hampshire 03461

Designing Transistor Oscillators

If you have been having trouble with transistor oscillators,
this article will show you how to design them to meet your
requirements. Five brand new nomographs eliminate most

of the math.

Of all the electronic circuits that the ham
must analyze, design, construct and use, os-
cillators are apt to give him the most trouble.
Although oscillators are basic requirements
for any radio communications, they are prob-
ably cussed at more and understood less than
any other singular circuit. Actually, vacuum
tube (and FET) oscillators are relatively
easy to get going, and except for some ther-
mal drift problems, are fairly simple to tame
down. In vacuum tube circuits, you can hang
just about any tuned circuit across the output,
feed a little of the output energy back to the
grid, and the thing will take off. It really
doesn’t seem to matter a great deal what the
tuned circuit values are so long as they are
resonant at the desired frequency. It's this
last statement that gets most oscillator build-
ers into trouble. Even though in many cases
it doesn't seem to matter what the tuned-
circuit values are, in almost every instance it
does, and frequency stability, amplitude sta-
bility, and power output can be improved by
pursuing proper design.

With the transistor oscillator, it's a little
different story; this is because the low value
of input impedance associated with a transis-
tor may seriously load the oscillator circuit
if it is not properly designed. In fact, if
the tuned circuit is not properly designed,
chances are the circuit won't oscillate at all.
It is the purpose of this article to describe
some of the more common transistor oscilla-
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tor circuits and to present a simplified me-
thod for their design.

Although all oscillator circuits consist of
an active device such as a transistor, and
some passive elements like capacitors and
coils to store energy, there are actually two
basic categories of oscillators, harmonic and
relaxation.

In the harmonic oscillator, energy always
flows in one direction from the transistor to
the tuned circuit, and the frequency of oscil-
lation is determined by the frequency char-
acteristics of the feedback path. In the relaxa-
tion oscillator the transistor acts like a large-
signal switch which periodically turns on and
cuts off the flow of dec power to the passive
storage elements in the circuit; its frequency
is determined by the charge and discharge
time during the exchange of energy. This
type of oscillator is normally characterized
by a nonsinusoidal output, while the har-
monic oscillator primarily produces a sine
wave and is of major importance in all radio
equipment. Only the harmonic oscillator will
be discussed in this article.

Depending upon what frequency selection
components are used in the circuit, the out-
put waveform may or may not show in what
way it was generated. One important char-
acteristic of the harmonic oscillator is that
the transistor is continually applying power
to the tuned circuit; in the relaxation oscil-
lator there is an interchange of energy in a
discontinuous manner,
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Fig. I.

Basic oscillator circuit
Before we discuss transistor harmonic os-

cillators in detail, let’s talk a little about the
most simple oscillatory circuit of all, the
straight-forward L-C circuit illustrated in Fig.
1. If the capacitor in the tank circuit is
initially charged with a battery (Fig. 1A), and
then switched in parallel with an inductor
(Fig. 1B), it will discharge through the in-
ductor. The capacitor doesnt discharge in a
single blue flash, but discharges quite slowly
because the inductor tends to oppose any
change in current through it. As the capacitor
starts to discharge, the current in the induc-
tor slowly increases and a magnetic field
builds up around the coil. When the capaci-
tor is fully discharged, the magnetic field
surrounding the inductor starts to collapse
and as it collapses, it generates a current
equal in magnitude to the original discharge
current, but of opposite polarity (Fig. 1C);
when the field around the coil is completely
collapsed, the capacitor is recharged to the
opposite polarity (Fig. 1D). However, as soon
as the capacitor is recharged, it again seeks
equilibrium and discharges through the in-
ductor (Fig. 1E); the magnetic field builds
up, and when the capacitor is completely
discharged, the field collapses, recharging
the capacitor to its original polarity (Fig. 1G).

This action ha over and over again,
with the capacitor and inductor exchanging
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CAPACITOR DISCHARGES THRU
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COLLAPSING MAGNETIC
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THE CAPACITOR.

Oscillatory action in a simple resonant LC circuit.

electrical energy. If there were no losses,
this circuit would continue to oscillate back
and forth as long as the coil and capacitor
were connected in parallel. However, in prac-
tical circuits, the coil exhibits a certain
amount of resistance and the capacitor doesn’t
quite regain a complete recharge on each
succeeding cycle. The result is that the oscil-

Vo

LOSSLESS
CIRCUIT

Fig. 2. |dealized waveforms for various operating
conditions in harmonic oscillators.
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Fig. 3. All harmonic oscillators consist of an am-
plifier and a frequency-selective feedback network as
shown in A. In the popular Colpitts and Hartley
circuits, the feedback network consists of three
reactances, Xa, Xu, and X. as shown in B.

lations slowly decline in magnitude as illus-
trated in Fig. 2B. To maintain oscillations, a
small amount of energy must be added to
the circuit once each cycle as illustrated in
Fig. 2C. It is here that the transistor or
vacuum tube must be used, to provide the
little kick of energy once each cycle.

This little kick of energy is a lot more com-
plex than it would appear at first glance.
First of all, it must be just large enough to
overcome the inherent losses of the circuit;
and second, it must occur at just the right
time. If the boost does not occur at precisely
the right time, it will either do nothing at
all, or it will result in the rapid demise of
oscillations as shown in Fig. 2D,

Actually, any oscillator may be represented
by an amplifier and a frequency selective
feedback path similar to that of Fig. 3A: by
looking at this block diagram for a moment,
we can see exactly what the requirements
are for oscillation. First of all, we know that
the amount of energy contributed by the
amplifier to the tuned circuit must be exactly
equal to the energy lost through circuit re-
sistance. In other words, we want an output
that is exactly equal to the input; the total
gain through the amplifier and frequency se-
lective feedback network must be equal to
one or unity.
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The other requirement for oscillation is
that the kick must occur at just the right
time. This is not really so difficult to do once
we sit down and think about it—all we are
saying is that the kick furnished by the am-
plifier must be in phase with the oscillator
ouput. Since there is a 180° phase shift
through the transistor from base to collector,
the tuned feedback circuit must provide an-
other 180° phase shift so that the output
signal appears in phase with the input. In
summary then, to function as an oscillator,
the amplifier and frequency selective net-
work must exhibit a total gain of unity and a
phase shift of zero (or 360) degrees.

In the two most popular oscillator crecuits,
the Colpitts and Hartley, the frequency se-
lective feedback path consists of three re-
actances denoted as Xa, Xb and Xc in Fig.
3B. In the Colpitts oscillator, Xa is an induc-
tor and Xb and Xec are capacitors. In the
Hartley circuit, Xa is a capacitor and Xb
and Xc are inductors.

Colpitts oscillator

In the transistor version of the popular
Colpitts oscillator in Fig. 4 and 5, capacitors
C: and C: form a resonant tank circuit with
the inductance L. A small fraction of the
current flowing in the tank circuit is fed
back to the base of the transistor through
Cs. Although the oscillation frequency is de-
termined primarily by the tank components
Ci, Cs, and L, the transistor input impedance
(hw) and output impedance (he) affect it

Cl

C2 —~

L
I Mg

2y ol c2 rd

S

Fig. 4. The basic Colpitts oscillator. Bias resistors
and power supplies have been left out for clarity.
Since the input and output impedances of the
transistor (Z; and Z. respectively) load the tuned
circuit, the circuit may be further simplified by re-

placing the transistor with two resistors representing
the loading.
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Fig. 5. Practical transistor Colpitts oscillators. The common-base connection is shown in A, the common-
emitter in B and the common-collector in C. C3 is the unmarked capacitor connected to the junction of

Cl and C2.

slightly. The frequency of oscillation is given
by

1 1 hnh
f ===
o ‘\/ IC: @ hatiGa
where Cr is the equivalent capacitance of
C: and C: in series:

CiCas
C: + G

Fortunately, the term (hoo/hiCiC:) is us-
ually quite small, and the frequency of oscil-
lation may be simplified to

1 0.157
2w \/ LCr V LCr

This formula is not difficult to work if youre
familiar with the slide rule, but its solution
can be quite tedious if done by hand. The
nomograph of Fig. 6 does all this work for
yvou. In fact, Fig. 6 may be used in any case
where the resonant frequency of a tuned LC
circuit must be determined.

For more accurate results, the more com-
plex equation including the term (ho/hwCs
C:) must be used. In solving this formula,
the nomograph will not work. However, us-
ually a slug-tuned coil is used in a practical
circuit, so the oscillator may be adjusted to
the correct frequency after the oscillator is
constructed.

Although predicting the frequency of os-
cillation is important, it has been previously
noted that just any combination of inductance
and capacitance that is resonant at the de-
sired frequency will not necessarily cause the
circuit to act like an oscillator. From the
diagram of Fig. 4 it can be seen that the
portion of energy circulating in the tank cir-
cuit which is fed back depends upon the
size of C: and C.. To ensure that the oscil-

CT:

e
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lator will start and sustain oscillations when
voltage is applied to the circuit, the common-
emitter current gain (hre) must be greater
than the ratio of C: to C..

Cs
C

where hee is the value of forward current
gain at the frequency of interest.

hfl >

Frequency stability

In addition to these two -requirements,
there is one other important consideration
when designing an oscillator—that of fre-
quency stability. Frequency stability is ex-
tremely complex because it varies with
changes in temperature, power supplies, ex-
ternal circuit components and circuit Q. In
addition, frequency drift is a function of am-
plification, and through amplification, of the
collector voltage and emitter or base current.
It is also a function of the effective imped-
ance of the tuned circuit, and that impedance
is a function of the coupled loads reflected
from the input and output loads of the tran-
sistor—complex, to say the least. If frequency
stability is of paramount importance, the first
thing to do is to insure that only a small
amount of power is taken from the tank cir-
cuit. In most cases a good buffer amplifier
will effectively isolate the oscillator from
loading and load variations and eliminate
many problems with drift.

Theoretically, the frequency stability of
an oscillator is independent of the configu-
ration in which the transistor is used. How-
ever, degradation of circuit Q by transistor
loading and amplification variations must be
identical; in practice this is difficult to
achieve. This being the case, the best sta-
bility can be expected for the circuit ar-
rangement which provides the smallest load-
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CAPACITY FREQUENCY INDUCTANCE
0.02 uh
I pt 1000 me
800 0.03
i 0.04
2 500 0.05
200 0.06
3 560 0.08
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&
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10pt 100 me
=5 03
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‘ﬂ Dq"
30 30 08
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80
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100 pt IOmec
2 3
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4 8
300 3 8
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500 2 '
600
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1000 pf 1000 ke
800 30
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4000 100 uh
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6000
8OO0 200
Olmt 100 ke
80 300
€0 400
02 50 _ 500
o3 oo 800
D4 - 1000 uh
05 * 20O
06
08
0.1 mf 10 ke

Fig. 6. Nomograph for determining the resonant fraquency of tuned circuits. It may also be used to find
the value of capacitance which will resonate at a given frequency with a given coil, or vise versa. A
ruler is laid across the two known quantities and the third may be easily found. In the case illustrated,

42 uH resonates at 3.5 MHz with a 50 pF capacitor.

ing and the smallest variation in gain. The
common-base circuit has reduced stability
because of the large input signal power re-
quired by the emitter and because of the
transistor’s reduced power gain when con-
pared to the common-emitter configuration.

The selection of a configuration between
the common-emitter (CE) form and the com-
mon-collector (CC) or emitter-follower con-
figuration is much more difficult. The power
gain of a CC amplifier is much smaller than

the CE, but the uniformity of both in load-

70

ing and gain are much better; consequently,
selection between the two can be rather
difficult. If the common-emitter circuit is
properly designed, it can provide an excel-
lent high stability oscillator; otherwise, the
emitter-follower circuit often gives the most
stable arrangement. This is borne out by the
large number of Clapp and Q-multiplier type
emitter-follower oscillators. The improved
drift characteristics in both cases is a result
of the reduced and uniform loading of the
transistor on the tuned circuit and more uni-
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form gain.

Temperature variations which result in
frequency drift may be largely neutralized
by proper biasing techniques or by using
temperature sensitive capacitors in the tank
circuit. Although the design of bias networks
is beyond scope of this article, there have
been several excellent articles and books
written on the subject.® Essentially, the
bias resistors must be chosen so that the
operating point remains relatively fixed with
changes in the outside environment. This
may often be done economically by using
temperature-sensitive resistors; the tempera-
ture dependence necessary to stabilize the
frequency may be determined quite easily.

A variable resistance is simply inserted into
the circuit in place of the temperature-sensi-
tive element. Then the circuit is exposed to
the projected temperature range and this
resistance is varied to keep the frequency
constant. The temperature dependence of the
temperature-sensitive resistor is then selected
to match the measured temperature curve.
This resistance may not necessarily keep the
bias point constant, but it will change in such
a way that it maintains a constant frequency
of oscillation, compensating for more than
one fluctuation in the circuit as a function
of temperature.

A temperature sensitive capacitor in the
tank circuit may be selected by the same
technique—a variable capacitor is placed
across the tank and adjusted for constant
frequency output at the temperature ex-
tremes. The compensating capacitor should
be chosen to follow the same curve.

Although temperature considerations and
circuit loading are both very important to
frequency stability, low drift is primarily de-
pendent upon the Q of the tank circuit. All
other things being equal, the higher Q cir-
cuit always results in lower drift. When the
effects of temperature and circuit loading
are neglected, the percent of drift is a direct
function of Q as shown in Fig. 7. With pro-
per temperature compensation and very light
loading, the frequency stability obtained in a
practical circuit will very closely approach
this curve.

In addition, the tank L/C ratio should
be low; this results in a larger value of
capacitance in the tank circuit to filter out
harmonics which tend toward frequency in-
stability. Also, the self-resonant frequency of
the inductors and capacitors in the tank cir-
cuit should be at least ten times the operat-

AUGUST 1967

lu'ﬂ[—"'ﬂ— —

50

naa
21
g —
ed e

FREQUENCY DRIFT (%)
E o

D—ﬂl : - — |
0.005
0.001 —— L)
0.0005
0.0001 v ) 50 100 . 500

TUNED CIRCUIT Q

Fig. 7. The affect of tuned-circuit @ on frequency
drift in an oscillator. For maximum frequency sta-
bility in a practical circuit, the ©Q should be as
high as possible.

ing frequency of the oscillator, and where
possible, even larger. Otherwise, the internal
parasitic parameters of these tank components
will seriously degrade oscillator performance
to the point that stability will be unsatisfac-

tory.

Colpitts oscillator design

Since frequency stability is usually the
first consideration, circuit Q is a good place
to start the design of a transistor oscillator.
From the graph of Fig. 7, you can choose
a value of Q that is compatible with prac-
tical components and will provide the fre-
quency stability required. With this value of
Q in mind, the frequency of operation and
the desired impedance of the tuned circuit
at resonance, the correct value of tank capaci-
tance may be found from

=150
2 OnfZ,

Again, the math in this formula, although not
completely formidable, is inconvenient, so
the nomograph of Fig. 8 was prepared to
give you an almost instant answer; the nomo-
graph has the added advantage that you
can quickly check the effect of various values
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Fig. 8. Nomograph to determine the required tuned-circuit capacitance when frequency, circuit Q and
load impedance are known. First the frequency of operation and load impedance are plotted. A straight
line is then drawn from the cross-over point on the pivot line through the required value of circuit Q
to find the necessary tuned-circuit capacitance. In the example illustrated, a 9 MHz oscillator with a
5000-ohm load impedance and circuit Q of 100 requires a 355 pF capacitor. In addition to its use in
oscillator design, this nomograph may also be used when designing rf and if amplifiers, transistor or

vacuum tube.
of tank capacitance.

For example, let's assume that you want
to build an oscillator at 9 MHz with a cir-
cuit Q of 100; the load impedance is chosen
to be 5000 ohms. From the nomograph, plot
a straight line between 9 MHz on the fre-
quency scale and 5k on the load impedance
scale; note where this plot crosses the pivot

12

line. Now plot a line between the cross-over
point on the pivot line and 100 on the Q
scale to find the required value of capaci-
tance; in this case about 355 pF. To find
the value of inductance that resonates with
355 pF at 9 MHz, use the nomograph of
Fig. 6.

Before we can go any further, we must
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Fig. 9. Nomograph to find the required collector-emitter capacitor in a transistor Colpitts oscillator

when the forward current gain (h;s) and total tuned-circuit capacitance (Cr)

In this

is known. case,

forward current gain of 20 and total tuned-circuit capacitance of 355 pF requires a collector-emitter

capacitor of 375 pF.

determine the impedance of the tuned circuit
at resonance. For maximum power again, the
tank impedance should be equal to the tran-
sistor output impedance; this may be found
from

7 A\ At Vee?

ZPﬂ IE

where P. is the output power, Ver is the
voltage between collector and emitter, and
Ic is the collector current. In practice a value
in the range from 1500 to 5000 ohms is
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usually used.

The only other consideration is what tran-
sistor to use. Theoretically, the oscillator
transistor only requires a gain of one or
unity, but in practical circuits the gain must
be greater than unity because if it were not,
aging of the components would eventually
result in discontinuance of the desired wave-
form because of gain reduction. The mini-
mum excess gain that will assure starting is
usually about 50 to 100 percent for ordinary
circuits. When the gain is greater than one,
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more signal is fed back than was originally
present, and a buildup in signal level re-
sults; however, this increased signal will
always be limited by the inherent nonlineari-
ties in the transistor. These nonlinearities
will result in some distortion of the output
waveform, but in good oscillator design the
distortion should be very slight.

Now that we have all the information we
need, we can design a Colpitts oscillator for
any frequency we desire. Perhaps the best
approach at this point is to lay out a “recipe”
that will provide us with the desired re-
sults:

1. Choose a transistor that has an fr seve-

ral times greater than the frequency of

operation; it should have a value of for-
ward current gain (h:) of at least 5 at
the frequency of oscillation.

2. Design a bias network which will result

in the desired operating conditions. Use

the manufacturers recommended operating
point.

3. With the operating frequency, desired

load impedance and required circuit Q in

mind, find the proper value of tank ca-

pacitance from the nomograph in Fig. 8.

4, The total tank capacitance (Cr) found

in step 3 is equal to the equivalent capaci-

tance of C: and C: in series. These capaci-
tors must have a ratio that satisfies the
equation hte > C2/C:. Since the forward
current gain of the transistor should be
about five times greater than that required
for oscillation, this condition is satisfied if
we use a starting value of hs in choosing

C: and C:. The starting value of ht. is

simply found by using % of the actual

transistor hse in our calculations. This will
ensure an adequate margin of safety in
our design.

When the total capacitance (Cx) and stari-

ing heo are known, the value of the collec-

tor-emitter capacitor (C:) may be found
from the nomograph of Fig. 9. Then the
required value of emitter-base capacitance

(C:) may be calculated by multiplying C:

by the starting hse.

5. From the nomograph of Fig. 6 choose

a value of inductance that will resonate

with the total capacitance at the desired

operating frequency.

This recipe may seem to be a little com-
plex at first, but as soon as you use it, you
will find that it is really pretty simple; all
the drudgery is removed by the three nomo-
graphs.
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To illustrate the use of the Colpitts’ recipe,
let's design an oscillator for 9 MHz with a
2N918 transistor. At 10 MHz the 2N918 has
a gain of about 20, so we can use this value
at 9 MHz. A check with the manufacturer’s
spec sheet shows that 1.5 mA collector cur-
rent (Ic) and 7.5 volts collector-emitter volt-
age (Vor) is a good operating point. A nine-
volt power supply, a 1000-ohm emitter
resistor, a 2200-ohm stabilization resistor and
a 6800-ohm base-bias resistor will satisfy the
biasing requirements (Fig. 10). The required
load impedance can be found from Z =
Ver/Ic; in this case 7.5 volts/1.5 mA = 5000
ohms.

Choosing the value of circuit Q to be 100,
a load impedance of 5000 ohms and operat-
ing frequency of 9 MHz, the total tank cir-
cuit capacitance from the nomograph of Fig.
8 is 355 pF. To insure starting, use % the
value of hr. in finding the values of the feed-
back capacitors; since the value of hr. in this
case is 20, use a value of 4. From the nomo-
graph of Fig. 9 the collector-emitter capaci-
tor (C:) is found to be 444 pF; use the next
largest standard value, 470 pF.

The emitter-base capacitor is found by mul-
tiplying 444 pf by the starting ht., 4:

C: = heeC: = 4 X 444 = 1756 pF

Here again use the next largest standard
value, 1800 pF,

Now that the feedback capacitors have
been chosen, all that is left is the inductor.
From the nomograph of Fig. 6, the value of
inductance that will resonate with 355 pF at
9 MHz is 0.84 «H. This will be a little bit
off because we used standard values of ca-
pacitance, but if a slug-tuned coil is used,
it will compensate for these larger values as
well as the output capacitance of the tran-
sistor and any stray capacitance introduced

+8Y

RFC

L* 0.84 pH. 10-1/2 TURNS NO. 26 ON JLW.MILLER
4 SLUG-TUNED FORM.

Fig. 10. Practical 9 MHz Colpitts oscillator de-
signed with the procedure outlined in the text.
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by wiring.

The completed circuit is shown in Fig. 10.
When this circuit was constructed on the
bench, it started oscillating as soon as power
was applied. The collector current was 2 mA
and the collector to emitter voltage was 7
volts—very close to the desired operating con-
dition. The frequency could be tuned from
8.7 to 11.6 MHz by tuning the slug-tuned
coil. The output voltage, measured at the
collector with a VIVM and rf probe, was
4.4 volts peak to peak.

Hartley oscillator

The Hartley oscillator in Fig. 11 and 12
differs from the Colpitts in that the capac-
itors in the Colpitts circuit are replaced by
two magnetic-coupled inductors in the Hart-
ley configuration, and the inductor is re-
placed by a capacitor. The behavior of the
Hartley circuit differs in one significant way
from that of the Colpitts; if the magnetic
coupling between the two sections of the
inductor is relatively high (it usually is),

O

Fig. 11. The basic Hartley oscillator without bias
resistors and power supplies. The circuit may be
further simplified as shown by substituting resistors
Z« and Zp for circuit loading by the transistor.

~Vee

A

Fig. 13. The two-winding version of the Hartley
oscillator. In this circuit the necessary phase re-
versal is obtained by connecting the transformer as

shown by the dofts.

L

RFC

Fig. 14. Another version of the two-winding Hart-
ley oscillator. In this case, since the drive is applied
to the emitter, no phase reversal is required and
the transformer is connected as shown.
then transformer action can be utilized to
obtain the required current gain to the out-
put of the circuit. Consequently, smaller
values of Q-factor can be used for the tuned
circuit without loss in circuit efficiency.

In most cases the loading of the Hartley
circuit is relatively unimportant as long as
the coupling coefficient between the two
windings on the inductor is high. If the
coupling coefficient is small, then the cir-
culating current in the tank must be large
compared to the load current (implying light
loading) as is the case with the Colpitts

£, L
——
Li \ 'I LI ,}
M o=C
L2 /
+VEE =¥cc - ——— "ﬂnc. +¥eE
A c

Fig. 12. Practical transistor Hartley oscillators. The common-base configuration is shown in A, the com-

mon-emitter in B and the common-collector in C.
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e

Fig. 15. Push-pull Hartley oscillator.

This circuit
may be designed for greater power and less har-
monic output than single transistor circuits.

oscillator.

Although the inductance in the Hartley
circuit is usually a tapped coil, a trans-
former with separate primary and feedback
windings may be used. This particular ar-
rangement allows an additional degree of
flexibility in that it is possible to obtain
the de bias from the collector supply or
from a separate dc source. For higher power

output and greater efficiency, the Hartley
circuit may be readily modified for push-pull
operation by providing center-tapped pri-
mary and feedback windings on the trans-
former. In Fig. 15 oscillating currents flow
in the tank circuit formed by the winding
L: and the capacitor C.. Winding L: feeds
back sufficient energy to the bases of the
transistors to maintain oscillation. If the tran-
sistors are operated in class B or C, sub-
stantially greater efficiency and output power
may be obtained than from the single tran-
sistor version.

In some respects the design of a Hartley
oscillator closely follows that of the Col-
pitts, but as you might expect, the tap point
on the inductor is found in a somewhat dif-
ferent manner. To insure that the Hartley
oscillator will start, the value of ht. must be

.+ M
bt e
In this case, like the Colpitts, the value of

hte used will be about % the actual ht of
the transistor at the operating frequency.

Unfortunately, this formula contains the
mutual inductance factor (M) which is de-
pendent upon the coupling coefficient. And
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Fig. 16. The approximate coupling coefficient (k) of a single wound tapped coil as a function of the

coil size.
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Fig. 17. Graph for determining the tap point on the tuned-circuit inductor in a transistor Hartley oscilla-

tor when the forward current gain (h;.) and coupling coefficient (k) of the coil are known.

—the coupling coefficient is dependent upon
the size of the coil and the tap point. Be-
cause of all the inter-related dependencies,
it’s a little tough to come up with the proper
tap point on the first try, but by approaching
the middle from both ends, the graphs of
Fig. 16 and 17 will simplify things.

Once the total inductance is decided upon,
the coil can be designed using conventional
techniques. When the length and diameter of
the coil are determined, the coefficient of
coupling can be approximated from Fig. 16.
With this value of coupling coefficient (k)
and the starting value of he, the necessary
turns ratio can be found from Fig. 17, Al-
though both of these curves are approxima-
tions, they will get you into the ball park
with an operating unit; the oscillator can
then be optimized for maximum efliciency
and power output.

With these points in mind, we can come

up with recipe for the transistorized Hartley
oscillator:
1. Choose a transistor that has an fr sev-
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eral times greater than the frequency of
operation; it should have a value of for-
ward current gain (he) of at least 5 at
the frequency of oscillation.

2. Design a bias network which will result
in the desired operating conditions. Use
the manufacturers recommended operat-
ing point.

3. With the operating frequency, desired
load impedance and required circuit Q in
mind, find the proper value of tank capac-
itance from the nomograph in Fig, 8.

4. From the nomograph of Fig. 6 choose
a value of inductance that will resonate
with the tank capacitance found in step 3
at the desired operating frequency.

5. Design an inductor that will fit the
requirements of step 4; the inductance
curves in the ARRL Handbook and the
inductance nomograph in the Radio Hand-
book® will eliminate some tedium here.
6. When the length and diameter of the
inductor are known, the length to diameter
ratio may be calculated and the coupling
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coefficient found from Fig. 16.

7. The required turns ratio between La

and Ls may be found from Fig. 17 by using

the coefficient of coupling from step 6

and the starting hz..

As with the Colpitts design, the best way
to illustrate the Hartley recipe is to go
through a practical example for a Hartley
oscillator with a 2N918 transistor at 9 MHz.
Since the same transistor is being used, the
bias network and total tank capacitance and
inductance will be identical to the Colpitts
oscillator we previously designed. In this
case, however, we have to design the in-
ductor before we can proceed. By scanning
the data sheet, we find that 10% turns of
number 26 enameled wire on a J. W. Miller
4500 form will pretty closely put the target
value of 0.84 xH midway in its range. Since
the total length of the coil may be found
by multiplying the wire diameter times the
number of turns, and number 26 enameled
wire is 0.017 inches in diameter (from the
wire table in the ARRL Handbook), the
length of the completed coil will be 10.5 x
0.017 = 0.170 inches.

The diameter of the Miller 4500 coil form
is 0.260 inches, so the length to diameter
ratio is 0.179/0.260 or 0.69. From the graph
of Fig. 16 a 1/d ratio of 0.69 provides a
coefficient of coupling of approximately 0.35.
From Fig. 17 a 0.35 coefficient of coupling
and starting he« of 4 indicate a turns ratio
between L. and L. of 2.6.

This turns ratio and the total number of
turns may be used to find the tap point on
the inductor. To find the number of turns
in L. simply add one to the turns ratio
(which gives 3.6 in this case) and divide
this factor into the total number of turns.
In this example Ls = 105/3.6 = 2% turns.

+9V

L= 10-1/2 TURNS FI?H.HEETE.JW 4500
FRoM BoTTOM: o T &34 1 i

Fig. 18. Practical § MHz #ransistor Hartley oscil-
lator designed with the procedure described in the
text.
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Inductor L. is the rest of the coil-7% turns.

The completed circuit is shown in Fig. 18.
Like the Colpitts circuit, this oscillator took
off as soon as the nine-volt supply was con-
nected. The desired operating condition was
very close to that required—Voers of 7.2 volts
and Ic equaled 1.8 mA. The output voltage,
at the collector, was 3.8 volts peak to peak
and the tuning range was almost identical

to the Colpitts circuit previously constructed
—8.6 to 11.5 MHz.

Clapp oscillator

Another popular oscillator circuit is the
series-tuned Colpitts or Clapp circuit shown
in Fig. 19. This circuit is especially useful
to the amateur because in practice it is sus-
ceptible to less drift. This is because the
tuned-circuit capacitors C: and C: may be
made so large that they swamp out the
effects of element capacitance in the tran-
sistor. The large values of capacitance also
tend to minimize harmonics, further increas-
ing frequency stability.

No recipe for Clapp oscillator design will
be given, because in practice the design very
closely follows that of its parent, the Col-
pitts. Usually the values of C. and C: are
so large that the resonant frequency of the
circuit is determined primarily by the value
of Cs, Since the capacitors C: and Ca govern
the amount of feedback, their ratio may
be found by using the procedure outlined
in step 4 of the Colpitts recipe. The value
of Cs may be found from the nomograph in
Fig. 8, and the inductance, from Fig. 6.

Since the Clapp oscillator is usually used
in a VFO, capacitor Cs is a variable. This
is the tough part—to choose a combination
of inductance and capacitance (Cs) that will
cover the desired range. Although this can

—"."m
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Fig. 19. The transistor Clapp oscillator. Excellent
frequency stability can be obtained with this circuit
because the capacitors C; and C; may be made

large encugh to swamp out any capacitive effects
of the transistor.
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Fig. 20. A tuned-collector oscillator with a feed-
back winding to the emitter.

be given mathematically, the resulting for-
mula is long and drawn out.* The best ap-
proach is to design for the center of the
required frequency range, and then juggle
the values of L and Cs to exactly what you
want. If you use a value of Cs which is
slightly smaller than what your calculations
call for, a padding capacitor can be placed
in parallel with it to provide the necessary
capacitance adjustments.

Other oscillator circuits

In addition to the Hartley and Colpitts
circuits, there are obviously many different
ways to satisfy the condition for oscillation.
In the tuned-base tuned-collector oscillator

=Vee

Ri

Fig. 21. A tuned-base oscillator with feedback from
the collector winding. A better impedance match
to the base of the transistor may be obtained by
using the tapped inductor as shown in B.
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for example, a series LC combination is in-
serted in both the base and collector leads,
which together form the necessary resonant
circuit. Fig. 20 shows an oscillator with the
tank circuit connected between the collector
and base with feedback taken off the tank
circuit by the in-phase feedback winding and
applied to the emitter.

In the circuit in Fig. 21, the tuned tank
circuit is placed between the base and emit-
ter (through ac ground) and out of phase
teedback picked up from the collector wind-
ing. In Fig. 21B a better impedance match
to the base of the transistor is obtained by
tapping down on the tuned-circuit induc-
tance.

Most of these simple circuits have one
very serious disadvantage—the frequency of
oscillation is very dependent upon the col-
lector resistance of the transistor. There is
some dependence on the transistor character-
istics in all oscillator circuits, but in the
circuits of Fig. 20 and 21, the influence of
the transistor predominates.

Colpitts or Hartley?

One of the big questions that invariably
arises is what circuit to use in a specific
application. In many cases the Clapp oscil-
lator is chosen, particularly for VFO’s, be-
cause in practice stability is somewhat easier
to obtain. For other applications though,
both the Hartley and Colpitts find favor.
Between these two the choice is more diffi-
cult. However, as a rule of thumb, the Hart-
ley is more satisfactory at the lower fre-
quencies, while the Colpitts works best in
the high-frequency and VHF range. The
reasons for this are quite complex, but they
can be explained fairly simply with a couple
of block diagrams.

In all transistor oscillators where the tuned
circuit is connected between the collector
and emitter, the feedback network may be
represented by X., Xs and X. as shown in
Fig. 22. Neglecting circuit losses, the only
way that the voltage across Z: (the base
input impedance) can be precisely 180° out
of phase with Z. (collector impedance) is
for the reactance X. to be opposite from the
reactances X» and X. and for X. to be equal
to the sum of Xs and X.. In the Colpitts
oscillator Xs and X. are inductors and X. is
a capacitor. When the circuit losses are
neglected, at resonance the input impedance
of the feedback network in Fig. 22A appears
as an infinitely large resistance.
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Fig. 22. The current flow in the feedback paths of
the Colpitts and Hartley oscillators is shown in B
and C. The general case is illustrated in A.

However, in a practical circuit there is
base loading, series resistance in the tank
coil, loading due to power being coupled
from the circuit and the impedance is not
purely resistive. In a practical Colpitts oscil-
lator for example, the feedback circuit would
be represented as shown in Fig. 22B; Z. is
the output impedance of the transistor, while
Z: is the input impedance. In this circuit
currents ir and i: are not exactly the same
magnitude or of opposite phase as in the
ideal lossless circuit. The loading of the base
circuit (Z:) causes the current i: to lag the
collector driving voltage across Zn by less
than 90°; hence the base driving voltage lags
the collector driving voltage by something
less than 180°.

On the other hand, in the Hartley circuit
represented in Fig. 22C, the base loading
causes the current i: to lead the base driving
current by less than 90° and therefore the
base driving voltage leads the collector volt-
age by less than 180°,

In the Hartley oscillator the effect of cir-
cuit losses and transit times are accumulative,
but in the Colpitts circuit these effects tend
to offset one another. The fact that the base
driving voltage through the Colpitts feed-
back circuit lags the collector voltage par-
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Fig. 23. Connecting a zener diode across the tank

circuit of a Clapp oscillator to obtain output
stability.

tially compensates for the effects of transit
time. For this reason the Colpitts oscillator
is somewhat superior to the Hartley circuit
at the high and very high frequencies.

Oscillator requirements

The requirements on any oscillator circuit
are varied, but in addition to frequency sta-
bility, there are several important character-
istics which serve to specify the performance
of any particular circuit. Perhaps most im-
portant of these are amplitude stability, har-
monic content, output power level, efficiency
and noise output.

Amplitude stability

It is usually desirable for the output sig-
nal to remain constant within certain limits
as the transistor and other components age
during operation. This is particularly a prob-
lem with variable frequency oscillators, but
fortunately the output may be stabilized in
most cases by one of the techniques de-
scribed below. Theoretically, the amplitude
of the voltages and currents in an oscillator
will become infinite unless some limiting
action occurs somewhere in the circuit. The
nonlinearities which will limit the amplitude
of the output in a practical circuit are:

I. Limitation of the available de voltage
or current by the capability of the supply.
2. Nonlinearities in the transistor.

3. Nonlinearities in external loads. This is
true because the external loads are often
a function of voltage and current: above
a certain amplitude their values change
so that the condition for oscillation is no
longer satisfied.
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In any case, the amplitude of oscillation
will build up until it is limited by one of
these three basic limiting mechanisms.

When the oscillator is designed for high
efficiency and the output wvoltage nearly
equals the supply voltage, variations in the
supply will cause fluctuations in output pow-
er. These Huctuations may be eliminated by
stabilizing the supply voltage with a zener
diode.

Another technique which is slightly more
sophisticated has been successfully applied
to variable frequency oscillators (Fig. 23).
Here the output is compared to a reference
diode and the difference fed back to the
transistor. Whenever the ac voltage across
the capacitor in this Clapp oscillator exceeds
a value determined by the variable resistor
R3, the diode conducts a compensating base
current and reduces the output amplitude.

Harmonic content

In many applications it is desirable to
restrict the output power of the oscillator
to one single frequency. In other cases har-
monics are desirable for frequency multiply-
ing. There are always certain nonlinearities
in an oscillator circuit which give rise to
signals as multiples of the fundamental. The
harmonic content depends on many factors
and is as difficult to control as is stability,
but primarily it is dependent upon the non-
linearities in the circuit and the filtering
action of the tank capacitance. If very low
distortion is desired, push-pull operation in
a two-transistor oscillator may be advised.
On the other hand, nonlinearities may be
deliberately used to produce frequency multi-
plication. This is done by incorporating an-
other tank circuit into the oscillator which
is tuned to the desired harmonic.

Output power level

The maximum power output from an oscil-
lator is important in many cases, as well as
the maximum voltages and currents available
within the limitations of stability and har-
monic content. The requirements for fre-
quency stability and harmonic content are
closely connected with the power, voltage
and current-handling characteristics of the
transistor used in the circuit.

The conversion efficiency of the transistor
oscillator depends primarily on the class of
operation and increases as you go from class
A to B to C. However, the circuit must be
initially biased somewhere in the active re-
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gion to insure that the oscillator will be
self-starting. With most transistors, efficiencies
of about 50% in class A, 78% in class B and
80-90% in class C may be expected.

A bypassed emitter resistor permits class C
operation in a manner somewhat similar to
the grid-leak method used with vacuum-tube
oscillators. An average voltage builds up
across the emitter RC combination that pro-
vides reverse bias for the emitter diode.
With an initial operating point near cutoft,
rising oscillations will first result in clipping
at the low-current end of the load line, and
eventually the buildup will be limited by
the nonlinearities at the high current end;
the operating point will eventually lie in
the cutoff region.

The efliciency of an oscillator is reduced
by the dc losses in the resistors of the bias
circuit and is tied in very closely with the
required operating point stability and ease
in getting the oscillator started. AC losses
in the resonant tank also reduce efficiency,
and a high unloaded Q in the tank circuit
is desirable. To obtain high efficiency it is
necessary in all classes of operation to utilize
as much of the available de supply voltage
as possible, with the peak ac collector volt-
age being equal to approximately 90% of
the supply voltage.

In addition, the output power delivered
by the transistor to the tank and load must
be high. This means that the load impedance
seen by the transistor must be designed to
be as close as possible tor the matching
impedance for the transistor. If the output
power from the oscillator is specified, then
the supply voltage should be only a few
percent higher than the ac voltage swing
necessary to deliver the required power into
this approximately matched load impedance.

Unfortunately, the requirement for high
efficiency will lead to low Q of the loaded
tank circuit. This may cause poor frequency
stability and a compromise must be found.

Noise output

In many applications it is very important
to keep the noise power from the oscillator
at a minimum, This is particularly true in
VHF converters where a- minimum of noise
should be injected into the mixer.

Noise in the transistor also effects fre-
quency stability—the initiation of oscillation
is a result of thermal and other forms of
noise shock-exciting the oscillator ecircuit,
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2 db NF, .2 uv for 6 db signal to noise ratio, mil.
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ward gain control, built-in power supply available
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THESE CONVERTERS CAN REALLY PULL IN THE DXI

Model Input M Hz Output M Hx Price
85610 60-54 14-18 $21.95
SS610F Same as above but FET rf amp. 39.96
S85611 b0-54 7-11 21.98
SS811F Same as above but FET rf amp. 39.96
85510 50-54 MHz rf pre-amplifier 9.95
88511 50-64 MHz FET rf pre-amplifier 29.95
SS600X Special IF (.6-30 MHz) 24.95
SS660XF FET special IF (.6-30 MHz=z) 42.96

For built-in power supply, add 5.00
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Here are the chapters: semiconductors, compo-
nenfs and construction, recelver topics, oscillators,
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bleshooting and test equipment. Once you've di-
gested this book thoroughly, you won't be able to
build or modify any gear without consulting [i.
$1.50

Technical Topics for the Radio Amateur
by Pat Hawker G3VA

Order from
13 Magazine, Peterborough, N.H. 03458

changing the over-all amplification and af-
fecting the phase stability at the same time.
Consequently, in oscillators that must meet
extreme frequency stability requirements, the
transistor must be very quiet at the operat-
ing frequency. In addition, the operating
conditions should be selected to introduce a
minimum amount of noise.

The design of transistor oscillators is not
particularly amenable to a paperwork design,
followed by building an optimum circuit on
the very first try; in all cases the design
must be accompanied by some experimental
cut and try. The frequency of oscillation,
the desired power output, and other require-
ments, such as frequency and amplitude
stability are required with fluctuations in
supply voltage and transistor perameters over
certain temperature ranges. However, ex-
perience has shown that the following gen-
eral procedure provides best results:

1. Select a transistor capable of the de-
sired power output and exhibiting suffi-
cient gain at the frequency of oscillation.
2. Select the type of oscillator circuit to
use.,
3. Establish the bias point and design a
bias network with the necessary degree
of stability. The bias point may be subject
to change later to improve efficiency by
shifting operation into class B or C.
4. Design the tank circuit using the given
formula and design nomographs.
2. Try varying amounts of feedback to
optimize efficiency; vary the operating
point to achieve class B or even class C
operation without sacrificing ease in get-
ting the oscillator started (the emitter junc-
tion must not lock in the reverse-biased
condition).
6. Use a slug-tuned coil or trimming ca-
pacitor to make final adjustment, if neces-
sary, of the frequency of oscillation.

... WIDTY
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Back Issues of 73

$1 per year

$1 per year

That'’s right, only one dollar for each year.

We want to clear our shelves so here is your opportunity to
get those back issues you have missed.

Some years are complete, some lack one or two issues. If there
are less than ten available for a year we will fill in from another

year.

Send your name, address, a dollar for each year, and indicate
which year or years we should send.

L9901 .
1962 . .
Y03~ -
1964 . . .
FYOD: o .
1966 . .
907 o e

. January and March are out
. June is out

. Complete, at present
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. Not available on this deal

Forget it.

The back issues of 73 make fascinating reading. Each year is
like a complete handbook with from 200 to 300 technical and
construction articles. Nothing much to get old in 73 . . . none
of that who-worked-who jazz, just good live articles.
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Gus Browning W4BPD

Cordova, South Carolina

Gus: Part 26

Tristan de Cunha

When last month’s episode ended, I was
on board the South African ice breaker, de-
parting Capetown for the first scheduled
stop at Tristan da Cunha. Jack (ZS10U) and
I had gone aboard the ship a few days ear-
lier. We had installed the gear in my little
stateroom and it was ready to go. I watched
the city of Capetown slipping away in the
distance as we headed in a general North-
westerly direction.

After about an hour or so, the Captain
said it was OK to use the radio gear, so 1
headed back to my little room, turned on
the rig, re-calibrated the receiver and trans-
mitter at 14100 kHz, then checked the SWR.
It read almost 1:1 so I was all set. Out went
the first CQ signing W4BPD/MM and 1
was back in business again. The boys were
all there, no East Coast fellows to be sure,
because the band wasn't open to them, but
a goodly number of W6's and some WT's
called. They all wanted to know when I
expected to arrive at the island. I could only
make an educated guess at this time, so 1
told them the approximate time. Then the
Europeans began calling and all the info
had to be given out again. This kept up for
a few hours and since I was in no hurry, 1
took it easy and gave them all the answers
they requested.

When the little pile-up died down some-
what, I decided to take a walk around the
ship and meet all the crew again. I wanted
to get to know them better and to see what
kind of work each fellow was doing. The
last one was the wireless operator. He was
all shut off by himself in his little poop-
deck. We had a long eye-ball QSO and I
had a good chance to look over his Japanese
built radio gear. It was beautifully built and
seemed to work very FB. The nicest part
was that I had no interference from him on
the ham bands, and I didn’t cause him any
QRM either. This meant we could both op-
erate at any time without bothering each
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other. Later 1 found that this is not usually
the case when you set up a ham rig on a
ship.

The ship had been built in Japan about
five years before, so as far as ships go, it
was practically a new one. The old diesels
ran as smooth as a new Swiss watch. While
on board the ship, I used to hang around
the engine room looking at those two big
diesels. Each one was about the size of an
automobile and they purred like kittens. As
near as I can remember, their cruising speed
was about 300 RPM and I was told they
usually last a lifetime.

It was always interesting for me to sit
and look at the Radar on board the ship. It
would even spot whales and waves in the
distance if the gain were turned up. Then
the depth finder was another item I found
interesting. It would show every hill and
vale down below the ship and it would even
spot a school of fish now and then. Large
tish could be easily seen and I believe if one
were to study it for a while, he could tell
the size of some of the larger fish. ;

Listening to the sounds from that depth
finder made my flesh crawl. They were some
of the wierdest sounds I've ever heard. You
could hear the reflected echo from each of
the objects shown on the CRT screen. This
was something I had never observed before
in my life and it always attracted me when
[ had nothing to do, especially late at night
after the last cup of coffee. I had brought
about five cases of Cokes along with me and
I always kept a few of them in the ship’s
“Fridge”, as they called it. Some nights i
was coffee, other nights Coke—sort of del
pended on the mood I was in. )

I spent many hours of the night sittin}
up on the top deck looking at the strangg
arrangement of stars overhead in the South-
ern Hemisphere, with the Southern Cross
about 45 degrees above the horizon. During
the early morning hours quite a few whales
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were spotted and each of them took a nose
dive, straight down, as the ship approached.
They were really some “whoppers” too.

Listening across the bands, when there was
nothing else to do, was always interesting,
especially if someone was talking about me.
It did sort of shake them when 1 would
break in and say, “Hey, Ole Buddy, you had
better be careful, I am a lissenin’ to what
you say .

I had plenty of time to just sit and reflect
and ask myself why I was down here, away
from all the comforts of home and my nice
family . . . especially sweet Peggy. The more
a DXpeditioner thinks about it, the more he
is convinced that the fellows back home in
the air conditioned houses or apartments are
actually getting more enjoyment out of the
DXpedition than he is. It’s like I have always
said, the fun is in the chase, getting in the
pile-ups, working that elusive and rare DX,
then going in and telling the XYL about it
. . . and she sometimes saying, “So what?”.
I am sure the only one who can appreciate
the thrill of working a new one is a real
DXer. The 75 meter rag chewers cannot
understand all this, and you are wasting
your time trying to explain to one of them
how it is with you. But, vou know, if every
ham was a real DXer, the bands would be
absolutely unusable. Can you picture the
mess if the pile-ups were about 10-15 times
as high as they are? The poor DXpeditioner
would go stone crazy and 