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24-MONTH TERMS!

Pick the Tower You

“Mage’”’ Magers, W¢OJI, says

“Old Timer or Novice—it will pay you to choose the lifetime steel
tower the airports and many leading hams use! It's fun to erect
i kA this tower yuur§e|f. Just dig 4 hques, set anchor posts in plucs:-,
ranca Torms IF You Néed ﬂnd. bolt the pieces together. 5)2-foot ladder sections make it
'Em| easier to assemble as your tower goes up! Let me send you all the
22’ . . . . . s192  dope today!”

SR, :ggg HURRICANE PROOF! NO VESTO HAS EVER FAILED!
39 . . . . . %343 HERE'S WHY:

S o e o 3 :395 ® 4-Post Construction for Greater Strength! ® Completely
gg 2 Sl E;gg Self-Supporting—No Guy Wires to Break or Stumble Over!

517 " ss05 @ Completely SAFE—Ladder to Top! ® Hot-dip Galvanized

e T A sggg  Steel Lasts a LIFETIME! ® Tower Shipped Complete—Ready
100°. . . . .S51392 to Assemble!

“VESTO TOWERS ALL OVER THE WORLD”

VESTO CO., Inc.

20TH & CLAY NORTH KANSAS CITY, MISSOURI
“Mage” Magers, President WgoJli
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The View from Here . . .

With all the technological advancements
that have been made in amateur radio in the
past few years, there’s no reason why we
must perpetuate antiquity by using AM on
any of the high-frequency bands.

I'm sure this will evoke a few cries from
isolated corners, but the fact is, if you listen
in on the bands below 30 MHz at any time
of the day or night, AM stations in the Amer-
ican phone band are few and far between.

Ten years ago it was the other way
around—sideband stations were in the minor-
ity. Even five years ago the gentlemen’s
agreement on twenty meters was useful—-now
it is ridiculous. The two or three AM sta-
tions operating between 14200 and 14250 do
a lot of complaining about the sidebanders’
violation of this archaic agreement, but
theyre the only AM stations on the band.
Everyone else has gone to more efficient and
compatible sideband.

When king spark was outlawed in favor
of CW and modulated oscillators were elim-
inated from the high-frequency bands, there
were cries of anguish from a few who had
fallen behind the times. The same thing is
true today. There are always a few who fail
to keep the pace.

The spectrum that we have available is
limited and there’s not a chance in the world
that it will be enlarged. There’s even a good
possibility that we'll lose part of it. At the
very best we'll have to contend with more and
more intruders. Therefore, it's incumbent
upon us to use the space we do have avail-
able to the best advantage. Maximum utili-
zations of the bands available, cannot, with-
in any stretch of the imagination, include the
use of Ancient Modulation. Most amateurs
are aware of this and have switched to side-
band.

Not only do AM transmitters require much
more bandwidth, they are inefficient and in
many cases, ineffective. This has been prov-
en many times in the past, both theoretically
and practically. If you can copy a station
Q5 on CW, about 90% of the time you can
make a successful contact on sideband. Don't
try it on AM—90% of the time you won't
make it.

Although spectrum utilization and inter-
ference are the two big arguments against
AM, there is one other important consider-
ation—state-of-the-art. In years past, amateurs
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donated much to the advance of the radio
art. As our technology sky-rockets forward,
there doesn’t seem to be an awful lot that
the backyard experimenter and amateur can
contribute. However, we can use the best
techniques that are available—this doesnt in-
clude AM: it went out with 872 rectifiers,
general coverage communications receivers
and swinging links.

A lot of the AM procrastinators will holler
about the high cost of sideband. Bunk! You
can buy a high-frequency sideband trans-
ceiver today from five or six prominent manu-
facturers for about the same thing you paid
for a good communications receiver a decade
ago. If you don’t like transceive operation,
remote VFQO’s are available from most of
the same manufacturers for less than a hun-
dred dollars.

Kilowatt power amplifiers are no problem
either—if it will work on AM, a few modi-
fications will turn it into a linear. In most
cases all that is required are a few changes
in bias. While all tubes were not designed
for linear operation, most of them will per-
form pretty well when properly biased.

Furthermore, the conversion of an AM
transmitter to double sideband is a relatively
easy operation. Although double sideband
uses twice the bandwidth of single side-band,
it has at least the same efficiency and the
troublemaking carrier is eliminated. The
widespread use of single sideband has pretty
much inhibited any serious experimentation
with double sideband, but it appears to offer
at least one advantage—synchronous detec-
tion. When a properly designed double side-
band system with synchronous detection is
used, QRM free QSO's are apparently the
rule rather than the exception. Not that I'm
advocating double sideband—I just think it
deserves more investigation.

It doesn't really make a great deal of dif-
ference whether we use one sideband or two
—either system is compatible with the other.
Actually, there is little danger that double
sideband will ever be very popular; single
sideband equipment is too readily available.

None the less, AM is not compatible. It’s
not compatible with sideband, nor spectrum
utilization, nor state-of-the-art. It's inefficient
and ineffective. Isn’t it about time we elim-
inated it from the high-frequency bands?

Jim, W1DTY
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A low cost Crystal for
the Experimenter

International

e LOW COST

¢ MINIMUM
DELIVERY TIME

3,000 KHz to 60,000 KHz

SPECIFICATIONS: International Type
“EX" Crystal is available from 3,000
KHz to 60,000 KHz. The “EX" Crystal
is supplied only in the HC-6/U holder.
Calibration is = .02% when operated In
International OX circuit or equivalent.

CONDITIONS OF SALE: All "EX" Crys-
tals are sold on a cash basis, $3.75
each. Shipping and postage (inside U.S.
and Canada only) will be prepaid by
International. Crystals are guaranteed
to operate only in the OX circuit or its
equivalent.
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COMPLETE OX OSCILLATOR KITS

Everything you need to build your own
oscillator. Two kits available. "OX-L" kit
3,000 to 19,999 KHz. “OX-H" kit 20,000
to 60,000 KHz. Specify “OX-L" or “OX-

H'" when ordering. $235

Postage Paid
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type "EX”

/3

Postage
Paid

MINIMUM DELIVERY TIME We guaran-
tee fast processing of your order. Use
special EX order card to speed delivery.
You may order direct from ad. We will
send you a supply of cards for future
orders.
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ORDERING INSTRUCTIONS

(1) Use one order card for each fre-
quency. Fill out both sides of card.

(2) Enclose money order with order.

(3) Sold only under the conditions
specified herein.
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INTERNATIONAL
G, (5 L.

CRYSTAL MFG. CO., INC.
10 NO. LEE ® OKLA. CITY. OKLA. 73102




ROHN.

Mighty big in towers

CATV e Microwave ¢ Communica-
tions < Broadcast » Home TV
* Amateur » Specialty Towers

The dominant position ROHN
enjoys in the tower industry has
its foundations established on
a concept of providing the cus-
tomer with more than he ex-
pects to get. The built-in extra
quality factor begins with:

ENGINEERING AND DESIGN —
computer-assisted for exactness

MANUFACTURING — vast, mod-

ern, custom-designed facilities
and methods

FINISHING — hot-dipped gal-
vanizing after fabrication and
continues with . ..

ROHN SERVICE — strategically
located warehousing, world-
wide representatives, turnkey
tower erection service and com-
plete lines of towers, lighting,
microwave reflectors, acces-
sories and equipment.

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

Letters

The Price of Progress

Dear 73:

. A few months ago I subseribed to 73 and had
a rude awakening. I did not know the language well
enough to read half the articles. Progress had run
ahead of me and ] was in bad shape. Since that time
I have been trying to ecatech up and it's rough . . .
Just wanted you and wvour associates to know that
you are greatly appreciated and I think you are doing
a great job for the fraternity. Mavbe some of the
youngsters like to Buy ready-to-operate, but there are
still some of those left around that like to experiment
and build our own. Again, thank you very much for
the fine job you are doing. Keep up the good work.

Emery White, Sr. W4TQD
Glasgow, Kentucky

Dear 73:

. Your magazine is getting better all the time
and you may yet make a technician out of a mathe-
matician. Hi.

John Bauer
Kanata, Ontario, Canada

@RP

Dear 73:

The following might be of interest to younger
hams and perhaps refresh the memories of some of
the old timers. The following input powers were
taken from QSL cards received from stations worked
on 28 MHz in 1948. My call was then KZ5RS: OZRJ—
12 watts; ZLIDW-—T0 watts; ZS1CG—2b watts:
OQ6HL—60 watts; GM3BON—35 watts: and VEK3PG
—b0 watts. My reports to these stations were 57 or
better.

R. W. Stewart WA4EKF
Warner Robins, Georgia

The sunspots do make a difference.

Transistor Circuits

Dear 73:

Congratulations on your article by Wi1DTY—too bad
you cut off the “T"" in his ecall on the front cover
of the March 73. His 73 transistor circuits are going

to be a big help to this ham and a lot of others I am
sure.

S. R. Gross W90JI
Wheaton, Illinois

Dear 73:

. the transistor ecirecuits article in the March
issue was a real dandy and received a lot of favour-
able comment from the boyvs around here.

George Cousing VEITG
Nova Scotia, Canada

Dear 73:

Only two tubes in the March issue—what did wou
do, fire the drawer of tube diagrams? If so, FB. Pro-
mote Fisk for his solid state jewel!

Ev Tayslor W6DOR
Sacramento, California

(turn to page 126)
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KNOW ... your rig is running right!

(keep it in constant check)

DUMMY LOAD-WATTMETER
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DUMMY LOAD - DUMMY LOAD/WATTMETERS

DUMMY LOAD/WATTMETERS

MODEL 334A . . . Reads power out-
put to 1000 RF watts over 2 to 230

MHz. 4 calibrated scales for accur- You'll transmit a consistently better signal with your

ate readings. THE wattmeter if you

operate through VHF! rig kept under constant operating surveillance. And

_ a Waters Dummy Load/Wattmeter will help you do
MODEL 374 . . . Indicates RF power just that! Even more . . . you'll know with every trans-

Luaslsfiaﬁrb;ﬂ? :éﬂ{:f é:ei?ﬁp:a}:ﬁ mission your precise power output measured directly

designed for the 2KW PEP Linears in RF watts. Dummy Load/Wattmeters are available
to 30 MHz. in two models to handle either 1000 or 1500 RF

watts.

DUMMY LOAD

MODEL 384 . . . Handles up to 1500 Send for your copy of Waters
RF watts from DC to 230 MHz. Com- new Catalog.

bined with Waters Reflectometer

operates as a Dummy Load/Watt-

meter — and a VSWR Meter.

CANADIAN HAMS: Order direct

from M. J. Howard & Co. Ltd. WATERS
1300 Carling Ave., Ottawa, Can-

ada. MANUFACTURING INC.
WAYLAND, MASSACHUSETTS




E. L. Klein W4BRS
6814 Criner Road, S. E.
Huntsville, Alabama

The Whole of The Doughnut

How to use toroidal tank coils in high power amplifiers
for increased efficiency with reduced size. Practical in-
ductors are shown for 100, 500 and 1000 watts.

Toroid rf tank coils have brought a new
era of construction technique to the amateur
builder as well as commercial manufacturers.
Spurred on by modern requirements for com-
pact construction, the toroid has seen recent
applications in DC to DC power converters,
interstage audio transtormers, and many
other uses. Indeed, the largest single applica-
tion of the toroidal coil is the television fly-
back transformer which has been taken for
granted for years in the home TV set. Recent
articles have described toroidal coil applica-
tions in VFO’s, 22 low power transmitt-
ers,* VSWR meters® and multi-band tuners®.
Now, for the first time, the outstanding ad-
vantages of toroids have been realized in
higher power transmitter rf tank -circuits.

The impact of toroids upon modern elec-
tronic equipment design has been of first
order importance. Not since the advent of
transistors or SSB itself, has so important
an advance in construction technique been
available to the electronics industry. Sig-
nificant reductions in size, ease of packag-
ing and improved efliciencies lead the list
of reasons why toroids have emerged as the
currently favorite tool of electronic designers.

Advantages of toroids

The most significant feature of the
toroidal coil is that its magnetic flux is
almost entirely contained within the coil
itself. This means that generous spacing

[

of the coil from adjacent components, panels
and chassis need not be provided. Further,
by virtue of using a powdered iron core
within the coil, an adequate inductance can
be achieved with fewer turns, smaller diam-
eters and resultant smaller physical sizes.
When fewer turns are used for the coil,
larger gauge wire can be accommodated.
Also, if the flux is restricted within the
coil, greater Q and improved power trans-
fer efficiency are achieved. These factors
add to accomplish less heating loss within the
tank coil assembly itself, resulting in more
power output.

In rf tank circuits for example, we are
able to achieve a volumetric size reduction
of better than 8 to 1. Part of this is due
to the fewer turns and smaller diameter
winding which is possible. More importantly,
however, less spacing is required around
the coil to accomodate its magnetic flux,
because this flux for the most part is
contained within the toroid. Therefore, a
tavorably high Q is achieved without spacing
the coil at least one diameter away from the
chassis as would normally be required with
conventional construction. While toroids
promise many desirable features, several
new design considerations must be recog-
nized. The higher Q presented by a toroidal
coil makes its tuning relatively sharp. This
is particularly true when tuning an un-
loaded or lightly loaded tank circuit. There-

73 MAGAZINE



Fig. |. Toroidal rf tank coil for use in a 100 watt transmitter. The powdered iron core provides High-Q
and therefore, good energy transfer. Compact construction results in a tank coil only a fraction of the
size normally encountered in conventional designs. The core is given several coats of epoxy cement prior
to winding so as to prevent flash-over from the winding to the core.

fore, when a toroid is used in a transmitter
final tank circuit, it may be necessary to
“re-dip” the final more often than a conven-
tional circuit when changing from one oper-
ating frequency to another. Also, when the
quasi-conductive powdered iron core is placed
within a high power rf tank coil, some ten-
dency toward flash-over to the core is ex-
perienced. However, with proper precautions

JUNE 1967

and adequate spacing as described later, this
tendency can be eliminated.

The toroidal core

Cores tor the toroidal tank coils described
in this article were obtained from Ami-
Tron Associates, 12033 Otsego Street, North
Hollywood, California. Their model T-200-2
was selected for its large size (2 inch out-
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Fig. 2. Winding data is given here for the 100
watt coil. Enameled copper wire (#14 AWG) is
used. Windings have a greater spacing at higher
frequencies in a manner typical of multi-band tank
coils.

side diameter) and 2 kW PEP rating from
500 kHz thru 30 MHz, This same core is
used in the Ami-Tron Signal Antenna Balun
Kit.

Powdered iron cores are manufactured
from iron ore by a process called “sintering”.
While several special proprietary processes
enter into their fabrication by different man-
ufacturers, the essential process requires a
thorough dehydration by baking and pulver-
izing of the iron ore. The resultant iron
granules are then compacted or sintered in
a properly shaped mold under extreme pres-
sure and high temperature. Organic binders
are generally not used. Rather, a mechanical
inter-granular adhesion is achieved which
produces a solid mass with each iron granule
being electrically quasi-insulated from the
rest. This is needed, as we know, to prevent
hysterisis losses and is analagous to the

LOOP

Fig. 3. Taps for connecting to the band change
switch are made to small "U" shaped loops in the
wire. These loops are placed on the edge of the
coil facing the switch and leads are only about /3
inch long. The switch is a Mallory ceramic wafer
switch.

insulated laminations in a conventional
power transformer or choke coil. Higher
frequency applications require smaller gran-
ule sizes.

The 100 Watt toroid

In our experimentation with toroids in rf
tank circuits, three dilterent sizes were
selected to satisfy three different power
ranges; 100 watts, 500 watts and 1000 watts.
The builder might well use somewhat higher
or lower powers in connection with the phys-
ical sizes of the coils illustrated here.

Corona flash-over to the iron core mass is
eliminated by first coating the T-200-2 toroid
core with several coats of epoxy cement.
Teflon, vinyl or fiberglass tape may also be
used for this purpose. Fig. 2 gives the wind-
ing data and shows the placement of taps
which are connected to a ceramic wafer
band change switch. Number 14 AWG enam-
eled copper wire is used. The windings for
the 10, 15 and 20 meter portions of the
coil are spaced out at the center of the
toroid equal to the wire diameter. The re-
maining 40 and 80 meter portions of the
coil are close spaced at the toroid center.

32 TURNS -TAPPED AT 4,

7,11, 4 20 TURNS FROM

PLATE

Fig. 4. Schematic of a typical pi
network. Additional fixed capacitance
is provided at both the input and
output in the 80 meter position. This
permits smaller tuning capacitors to
be used.
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Taps to the toroid tank coil are made by
forming a small loop in the winding as
shown in the cross-section, Fig. 3. Stout
needle-nose pliers are used for this purpose.
After all windings are completed, the enamel
is scraped from the loop and short sections
of the #14 buss wire are soldered on, com-
pleting the connections to the band change
switch. These short sections provide a rigid
mounting of the coil to the switch and permit
the completed assembly to be panel mounted.

The reader will note that a double pole
wafer switch was selected for the 100 watt
toroid tank coil. This permits the switching
in of a fixed 50 pF padder capacitor on the
80 meter band as shown in Fig. 4. Conse-
quently, the smaller 100 pF variable tank
capacitor can be used, resulting in further
space and cost savings. In the 80 meter
position, a switch tap is also available for
padding the output or antenna loading capa-
citor.

Winding toroids

When winding toroids commercially, spe-
cialized machines are used. Large numbers
of turns are made by passing a bobbin of
wire thru the toroid on a circular guide
ring. Winding rf tank coils with heavy gauge
wire presents a whole new family of pro-
blems. The toroids in this article were all
wound by hand with a pre-determined length
of wire.

The builder’s first inclination is to hold
the core in a bench vise and pull the turns
taut with pliers as shown in Fig. 5. Don’t
do it! A broken core is bound to result.
The core should be held by hand and each
turn is pressed into place. While this is a
challenge to the strength and endurance of
one’s fingers, it is necessary for successful
toroid construction. Powdered iron cores are
fragile and it one happens to be dropped or
otherwise broken, it can be cemented to-
gether again as shown in Fig. 6. Remember,
that insulation between the iron granules of
the core is fundamental to its design. Avoid
use of organic cements which deteriorate
with heat or age.

The following are a few pointers which
will ease the task of designing and winding
toroids employing heavy gauge wire:

1. If the proper number of turns is not
known, wind the coil first with small size
bare wire. It will be easier to wind, eas’er
to space out the turns and more con-
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Fig. 5. How not to wind your toroidal coils! The
fragile core is sure to break if heavy wire is pulled
taut with pliers. When winding toroids, the core
should be hand held, and the wire pressed into
place with your thumb.

venient to solder on taps to verify where
they should be placed. After making the
necessary electrical measurements, the
small wire can be clipped loose, discard-
ed and replaced with wire of the proper
size.

f .u:.\_—:' . N {11 | I 1 i .|' — 1 i . F .' 1 \ b i
b bt O s S SR U s L G st

Fig. o. vLrosen powdered iron cores may be re-
paired with epoxy or household cement. Core ma-
terial is a quasi-insulator and electrical contact
between the broken pieces is neither required nor
desired.
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Fig. 7. Medium power (500
watt) toroidal tank coil
employs one powdered iron
core. The polystyrene end-
spacers prevent flashover
from the winding to the
core. Coil taps for the
various amateur bands are
made to the outside of
the windings that bridge
across the two end spacers.

. The length of heavy gauge wire re- twisted an equal number of turns to the
quired should first be calculated or sim- right and then to the left with a hand
ulated with string. This will avoid the in- drill. Avoid excessive working of the
convenience of threading an excessive copper which causes it to harden and
length of wire through the toroid and become more difficult to handle.

will eliminate wastage when cutting off

the surplus after the proper number of 5. Start winding from the center of the
turns are reached. measured length of wire and work to-

8 ' Note the direction to which the wind. ward each end. This eliminates passing

ings advance; left to right. Determine the
proper winding direction so that taps
for the various bands proceed from left
to right when viewing the band switch
from the front panel.

the total length of wire through the tor-
oid core on each turn. It also minimizes
work-hardening of the wire and kinking
due to excessive handling,

6. Press wire firmly in place on each

4. Prior tf:u starting the Wiﬂ::fling, straight- quarter-turn so that tight windings an
en the wire and remove kinks. This can neat right angles are obtained on eac

be done by holding one end in a bench turn.
vise and jerking the far end with a pair

of pliers. Alternately, the far end can be 7. Prior to passing the free end of the

10
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wire thru the core, unwind the last quar-
ter turn slightly. This permits the wire to
thread through parallel to the axis of the

core and avoids kinks.

8. When spaced turns are called for,
first wind them close spaced. After the
proper number of turns are in place,
space them out to the desired locations.
This results in neater windings and tends
to tighten them upon the core.

500 watt toroid coil

Fig. 7 shows the 500 watt toroid. An
Ami-Tron T-200-2 core is also used with this
coil. The band change switch pictured with
the coil is the husky tap switch taken from
a surplus BC-375 antenna tuning unit. These
are still available for little cost from sur-
plus dealers who advertise in this maga-
zine. If a new switch is to be purchased
for this purpose, the Ohmite power tap
switch model 111 or 212 will work very well.

The reader will observe that insulating
end spacers have been employed to hold the
wire away from the powdered iron core
material. About one-eighth inch of space is
thus provided and has served well to prevent
flash-over from the coil to the core. This
spacing is about equal to that usually
used between the rotor and stator of a tank
capacitor selected for this power level.

Enameled copper wire of #12 AWGC size
is used for the 500 watt toroid coil. It is
wound using the same general instructions
as used with the 100 watt unit. Because a
larger coil diameter results from use of the
end spacers, fewer turns can be employed.
This is a welcome advantage due to the
smaller inner diameter of the end spacers
and less space which is available for the
windings. Fig. 8 gives the winding data and
tap information for the amateur bands from
80 to 10 meters inclusive.

1000 watt coil

Fig. 9 illustrates the high power coil which
is suitable for 2 kW PEP on single sideband.
The 10 meter portion of the coil has been
externally wound. This was done to provide
further isolation of the high impedance
or highest voltage end of the coil from the
powdered iron core. Copper tubing of 3/16
inch diameter is used for the 10 meter coil
and #10 AWG tinned copper buss wire is
used for the remainder of the coil within
the toroid core.
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In the 1000 watt coil, two Ami-Tron T-200-
2 toroid cores are used to minimize the poss-
ibility of core saturation and “flat-topping”.
Prior to winding, the two cores as well as
the end spacers are cemented together with
epoxy cement. This makes winding of the
coil much easier. Alternately, the two cores
and two end spacers could be temporarily
clamped together or lashed with string until
the initial windings are in place. .

The heavy duty band change switch is
again used as previously described. Even
with the greater mass presented by the two
cores and heavier wire, no problem was en-
countered in making the complete assembly
rigidly panel mounted by short pieces of
#10 AWG copper buss connecting the taps
to the band change switch. Fig. 10 provides
the winding data for the high powdered coil.
This spacing is ensured by placing small
% inch by 2 inch pieces of 1/16 inch alumi-
num or plastic between the turns at the
center of the coil. After proper and uniform
spacing is achieved the individual turns are
secured to the end spacers with epoxy ce-
ment. The temporary spacers can then be
removed.

End spacers
Polystyrene sheet % inch thick is used to

Fig. 8. The medium power toroid tank coil uses a
surplus switch from a BC-375 Antenna Tuner. Wind-
ings are made with #12 AWG enameled wire.
Fewer turns are required when the end spacers are
used due to their producing a larger effective coil
diameter. The 10 and |5 meter windings are spread
out slightly more than the rest of the coil.
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make the end spacers. Fig. 11 gives the

dimensions of these pieces. Lucite or bake-
lite should not be used due to their inferior
dielectric strength. The end spacers can be
readily make on a lathe or can be cut out
and recessed by means of a chassis fly-cutter
in a drill press. If the end spacers are to
be cemented to the toroid core, it is not
necessary to cut the circular recess in them
as pictured.

Tap connections

Fig. 12 shows alternate methods of secur-
ing tap connections to the toroid coils. Good
success was achieved by providing about a
2 inch overlap of the tap lead on the coil
winding. Solder is cautiously flowed on both
sides of the tap taking care not to melt the
polystyrene end spacer material. When as-
sembling the coil to the band change switch,
it is desirable to first form and solder the
two major coil ends to their proper terminals
on the switch. This serves to position the coil
and makes it more convenient to form the

taps and solder them in place.

12

Fig. 9. High power tank
coil for | kW operation.
Two cores are stacked to
lessen the possibility of
core saturation. Larger wire
(#10 AWG) is used in
this model. The same heavy
duty band change switch
is used for this and the
medium power version.

Coil measurements

A Boonton Q Meter is invaluable in the
empherical design of coils. However, such
an instrument is not generally available to
the amateur constructor. In lieu thereof, a
grid-dip meter and calibrated capacitor will
serve for frequency determination. A recent
article in 73 Magazine™ described this method.
The three toroid tank coils were measured
on a Boonton Q-meter and the following un-
loaded Q values were recorded:

Band 100 watt 500 watt 1000 watt
80 310 360 332
40 177 200 190
20 160 205 188
15 132 186 190
10 128 146 250

The lower Q values measured at the higher
frequency bands are due to the coil being
“bunched-up”. That is, the small number of
turns occupy only a fraction of the total
core length. To achieve maximum Q for any
given number of turns, those turns should
be spaced out evenly over the whole core

73 MAGAZINE



Fig. 10. The high power coil utilizes two powdered
iron cores whose larger winding cross section re-
quires that still fewer turns be used than for the
medium power coil. While it is optional with the
builder, in this case, the 10 meter section of the
tank was externally air-wound. This is desirable be-
cause it reduces the electro-potential stress between
the "hot" end of the coil and the core. Four turns
of 3/16ths inch diameter copper tubing are wound
on a Y4 inch diameter form and spaced out to

134 inches long.

length (or circumference). This situation is
always encountered with a multi-tapped coil.
It is interesting to note that the high power
10 meter coil has a relatively high Q. This
is obviously due to its heavy construction,
optimum length/diameter ratio and the
fact that it is self-supporting, external to
the toroid.

Fig. 13 provides a handy guide in deter-
mining the value of tank capacitance to be
used in resonating these coils. Of course,
the first step to be taken when designing a
resonant tank circuit for your transmitter
is to select the proper L/C ratio to match
the tubes output impedance. The toroid coils
described in this article are suitable for
most tubes in common use today. However,
if several amplifier final tubes are paralleled
as is frequently done, the reader should
be guided by the references on this subject
in one of the amateur radio handbooks to
obtain a proper L/C ratio.

The future of toroids
Having already gained wide spread use in
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Fig. 11. Drawing showing dimensions of end-spacers
used on both the medium and high power toroidal
tank coils. Polystyrene, |/4 inch thick is used to make
the end-spacers by means of a chassis fly-cutter
mounted in a drill press. Wire tension and friction
hold the end-spacers in place.

many lower power applications, toroids can
now be used to great advantage in high
power transmitters. Perhaps before long, com-
mercial transmitters will be using toroids. In
the meantime, the amateur may avail him-
self of their superior compactness and ef-
ficiency and thereby continue the pioneering
heritage which has earned the amateur radio
operator and constructor his place of re-
spect today.
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Fig. 12. Details of alternate methods for making the
tap connections to the toroidal tank coils. Care
must be taken to prevent solder from bridging over
to the core, thus promoting a flash-over. Excessive
heat must be avoided when soldering near the end-
spacers so as to prevent their being melted.
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AMI-TRON

Ferromagnetic Products
Red "E" Cores — 500 kHz to 30 MHz:

T-200-2 $3.00
T-94-2 .75
T-80-2 60
T-68-2 50
T-50-2 45
T-37-2 40
T-25-2 30
Yellow "SF'" Cores — 10 MHz to 90 MHaz:
T-94-6 95
T-80-6 .80
T-50-6 50
T-25-6 .35
Black "W'" Cores — 30 MHz to 200 MHz:
T-50-10 60
T-37-10 45
T-25-10 40

FERRITE BEADS: Package of 12
4+ Spec Sheet: $2.00
KILOWATT TOROID BALUN KIT: $5.00
EXPERIMENTER'S 2 CORE
TOROID KIT: $1.50
Minimum Order: $1.00
Please add 25c per order
for packing and shipping.

Ami-Tron Associates

12033 Otsego Street

North Hollywood, Calif. 91607
Courtesy To Distributors

' PORTABLE ANTENNA
with Non-Shatterable Base

o 20-15-10-6-2- Meters
« Very Low SWR

* Folds to 19 inches

« Weighs only 2 pounds

« Complete for 5
Frequencies

$24.50 |

ask your local dealer
or

Patented

DPZ CORPORATION
P. 0. BOX 1615
JUPITER, FLORIDA 33458 |
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Fig. 13. Charts showing the capacitance required
to resonate the three toroid tank coils on the five
amateur bands. The L/C ratios obtained on each
band match the tube impedances most frequently
used today. If a very low tube output impedance
is encountered, such as found in paralleling of many

;W tubes, a much lower L/C ratio would be called
OF.
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deserve credit respectively for the model shop
work and art work used in this article.
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Performers appreciate the
Broadcast Engineer's skill. He
makes an imporrant contribution
to a smoothly-produced program.
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Get an Exciting Job “Inside’” Radio or
Television...as a Broadcast Engineer

No college or high school diploma needed—just a Government
FCC License. Here's how you can prepare in your spare time

OOKING FOR A JoB with more money and
more excitement? Become a Broadcast
Engineer!

When you work at a radio or TV station,
you're where the action is, You're in on news
as it breaks. You hear new records before
they're released. You often know the behind-
the-scenes stories of important events. You
rub shoulders with famous people in show
business, athletics and politics. And you may
get to announce news or music and become a
local celebrity yourself.

There are deeper satisfactions too. In emer-
gencies you help save lives and restore order.
During the great power blackout of 1965,
radio helped prevent widespread panic.

Yes, broadcasting is exciting. And breaking
into it is easier than you might imagine. Right
now, there's a desperate shortage of broad-
cast engineers—a job that pays from $185 to

“| GIVE CLEVELAND INSTITUTE CREDIT FOR
MY GOVERNMENT 1ST CLASS FCC LICENSE,"

savs Matt Stuczynski, sen-
ior transmitter operator,
Station WBOE. “Even
though I had only six
weeks of high school alge-
bra, CIE's AUTO-PRO.
1 GRAMMED™ |essons
,&l make clectronics theory

' Ji.. - and fundamentals easy.
After completing my CIE course, 1 took and
passed the Ist Class FCC Exam. 1 now have a
good job in studio operation, transmitting, proof
of performance, equipment servicing. Believe me,
CIE lives up to its promises. | really enjoy my
work and I'm on my way up."

$215 a weeck at big-cily stations once you
have a little experience under your belt.

All You Need Is a License

You don't need an engineering degree to qual-
ify. You don't need a high school diploma,
All you need is a Government 1st Class FCC
License. If you have one, most stations will
welcome you with open arms. In fact, Radio-
Electronics magazine says: “If you can't get
a good job with one...you'd starve to death
in a candy store."

For some men, getting an FCC License is
easy. For others it's hard. It depends on how
much electronics you know when you take
the licensing exam,

Our specialty 1s making it easy. For over
30 years, we've been teaching men electronics
in their homes. No lost income—no classes
to attend. Yet our graduates learn their elec-
tronics so well, 9 out of 10 pass the FCC
exam. Without our training, two out of three
men fail! For this reason we can back our
license-preparation courses with our iron clad
Warranty: Upon completion of your course,
you must be able to pass the FCC exam...or
your tuition will be refunded in full.

What makes our course so good? For one
thing, we us¢ AUTO-PROGRAMMED™ |essons.
You build your knowledge of electronics the
way you'd build a brick wall—one piece at a
time. Each “piece” 1s small and easy to
handle, And it rests securely on the pieces
that came before it. It's easy to learn this
way, even if you once had trouble with your
studies,

And you get more personal attention than
yvou might in a busy classroom. Your instruc-
tor doesn't merely correct and grade your

Cleveland Institute of Electronics

&
Cl

JUNE 1967

1776 E. | 7th St., Dept. ST-12, Cleveland, Ohio 44114

work—he analyzes your thinking to make sure
you are staying “on the right track.” Then he
mails back your assignment the same day he
received it, so you can read his notes and
corrections while everything is still fresh in
your mind.

These 2 Free Books
May Change Your Life

If you itch for a better-paying, more inter-
esting job, the two books we offer may have
your answer. One tells how to qualify for the
many fabulous career opportunities in elec-
tronics. The other tells how to get yvour FCC
License and break into broadcasting. Both
are free. No obligation—just mail the coupon.
It may be the turning point of your life.

ENROLL UNDER NEW G.l. BILL

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

e R iy

Cleveland Institute of Electronics
1776 E. 17th 51., Cleveland, Ohio 44114

Please send me without cost or obligation:

1. Your 40-page book “"How To Succeed In
Electronics’™ describing job opportunities
in electronics today, including those. in
broadcasting, and how your courses can
prepare me for them.

2_ Your book on "How To Get A Commer-
cial FCC License."

Name _ £ —— =
PFigweg Pl
Address _
ity Lo __State __Zip
Occupation Age

[_ICheck here for G.l. Bill information

Accredited Member National Home Study Council.
A Leader in Electronics Training . ., . Since 1934

ST=I12

I
|
I
|
|
I
I
I
I
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A 1296 Grid Dipper

Conversion of the APX-6 transponder to a grid-dip oscil-
lator that covers from 1050 to 1320 MHz.

One of the big problems with operating on
1296 MHz is locating the operating frequen-
cy of your equipment. Not only is the new-
comer faced with this problem—any longtime
resident on 1296 will attest to the many
checks he has made to ascertain operating
frequency and band edges. Some UHF ama-
teurs have been able to obtain signal genera-
tors that cover the 1215 to 1300 MHz band,
but many must resort to the time-proven
lecher-wire system for any meaningful fre-
quency measurements on this band.

Each of the systems commonly in use suf-

16

fer from one disadvantage or another. More-
over, there is no commercial grid dip meter
on the market, to my knowledge, which will
cover this range. Most of them stop at 1000
MHz or so, This conversion of the APX-6
is not difficult and results in a very versatile
grid-dip meter, Like its lower frequency
counterparts, it may be used for dipping
resonant circuits, detecting rf energy or as a
signal source. The built-in Veeder-Root
counter provides excellent frequency readout
and the internal gear system ensures repeat-
ability.

The only part of the APX-6 you need for

73 MAGAZINE
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Fig. |. Schematic diagram of the APX-6 grid-dip oscillator. Note that a 2C42 is used in the oscillator
instead of the original 2C46. The built-in bypass capacitors and cavity inductance are not shown in

this drawing.

this conversion is the cavity assembly. You
can buy the door assembly of the APX-6 from
many surplus dealers, but this contains the
if strip which you don’t need. In any case,
the cavity assembly, with or without the if
strip can usually be obtained for less than
ten dollars. I picked mine up at an auction
for five bucks—the original owner had
started to convert it but evidently had given
up. No matter, the transmitter and T-R cavity
don’t serve any useful purpose in this con-
version. In fact, if you can obtain an APX-6
that has already been converted for use on
1215 MHz, by all means do so. Many times
units that have already been converted go
for much less. The only requirement for this
conversion is that the receiver local
oscillator cavity has not been disturbed. This
is the case in most of the popular conversions.

The first step in this conversion is to pull
out the tubes and separate the cavity assem-
bly from the door. Now remove the screws
holding the cathode cavity plate to the cavity
body and the six screws holding the cavity
yody to the gear and counter housing. To
remove the cavity body, pull it straight up
from the casting. With the unit broken down
to its three main parts, we can start the
actual conversion process.

First of all, pull the plate off the back of the
gear housing. Inside you will find three sets
of bevel gears and the rest of the paraphena-
lia that translate cavity plunger move-
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ment into numbers on the counters. Turn
one of the counters up to 999 or down to 000.
Note the tab on the horizontal gear which
engages with the tab on the small bevel
gear to prevent further movement of the
tuning plunger. As you look at the casting
from the rear, the receiver cavity is on the
left, the diplexer (transmit-receive) cavity is
in the center and the transmitting cavity is
on the right.

Remove the five screws which hold the
bottom plate on the housing and carefully
remove it from the casting. It has to be
pulled straight out. Three long pins with small
locating tabs at the top are mounted on
this plate. These tabs fit into keyways located
in the tuning plungers. The receiver and
diplexer plungers are removed by pulling
them out from the gear end; the transmitter
plunger is lifted from the top after unscrew-
ing it from its drive gear. Now remove and
discard the transmitter and diplexer Veeder-
Root counters and gear trains. To remove the
% inch drive shafts (on which the knobs
were mounted ), drive out the small retaining
pins with a pin punch.

Unscrew the receiver tuning plunger from
the gear assembly and cut %¥ inch off the
end. This can be done on a lathe by any
machinist or, with care and a very fine hack-
saw, at home. To prevent undesired reson-
ances the cut must be exactly perpendicular
to the plunger axis—this is best accom-
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The three pieces of the cathode cavity plate—the

modified plate to the left, the serrated contact ring
in the center and the new plate cover on the right.

plished on a lathe. Handle the plunger very
carefully so the surface is not scratched. If it
is damaged, the diplexer plunger may be
used as a substitute.

While the plungers and gears are out of
the housing, remove the shoulders around the
transmitter and diplexer drive shafts on the
front of the casting, If these shoulders are
not cut off with a hack saw or filed down,
the completed unit won't sit flush against the
new front panel.

After the piece is cut off the tuning
plunger, screw it on the gear drive assembly
and push it through the contact fingers on
top of the gear housing. Set the Veeder-Root
counter to 000 and put the bottom cover in
place. Now you have to do a little juggling.
Adjust the plunger so it just protrudes
through the contact fingers. Now mesh the
drive gears so that the stop tabs engage.
Usually you'll have to move the gears a few
teeth each way to get the shaft to stop with
the counter on 000. When the gears are all
lined up, install the screws in the bottom
cover.

The Ffirst step in the conversion of the
cavity body is to remove the large coaxial
connector. Remove the screw from the split
collar which holds the connector on the front
of the cavity. When the screw is removed you
should be able to rotate the connector in
the collar. The center contact is soldered to
a pickup loop which is located in the wall
between the diplexer and transmitter cavi-
ties. When this joint is unsoldered the con-
nector may be easily removed. Remove the
collar by unsoldering it from the front of
the cavity.

Cut out a piece of copper 1-23/32 inches
wide by 2-1/4 inches long. This will be used

as a partition in the center of the old di-
plexer cavity. If you cut this partition a little
larger than required and form lips at the
edges, it may be force-fit into the diplexer
cavity and no soldering is required.

Look down inside the receiver cavity. You
will note that the plate voltage is applied
through a feedtthrough capacitor (C403) to
a piece of wire which winds spirally around
the plate line. Unsolder this wire from the
capacitor, remove the three retaining screws
and pull out the plate line. This line must be
shortened by % of an inch. This is most
easily accomplished with a tubing cutter.

In the unmodified APX-6 the local oscil-
lator energy from the receiver cavity is
coupled into the crystal mixer with the small
loop adjacent to the aperture in the cavity
wall. Somewhat heavier coupling must be
provided for grid dip service. Cut a strip
of copper % inch wide and about 2%
inches long. Form a short tab on one end
of this strip and solder it to the bottom of
the receiver cavity about ¥ inch out from
the wall. Put a “Z” bend in it as shown in
Fig. 2. and solder it to the contact on the
crystal mixer. After the new coupling loop
is in place, put the modified plate line back
in place and reconnect the B plus line to
the feedthrough capacitor.

Unscrew the connector from the crystal
mixer and pull out the diode. Remove the
crystal retaining fingers from the BNC con-
nector with a pair of pliers and push an
awl through the ceramic capacitor which is
built into the connector. Remove the pieces
of ceramic and pull out the center contact,
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Front view of the cavity assembly and gear housing
before installation of the cathode cavity plate.
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Save this female pin. If the ceramic capacitor
is not removed, all of the 1200 MHz oscillator
energy will be bypassed to ground.

If you look closely at the back end of the
mixer assembly you will see a round cover
plate which is soldered in place. You will
also see that a small hole has been drilled
through this plate. Form a small hook in the
end of a piece of #16 buss wire and hook it
through this hole. Heat the cover plate with
a small torch and when the solder is softened,
pull the plate free with the buss wire.
Solder a two inch length of #18 wire to the
center contact of the mixer assembly and run
it up through the connector body—cut it so
it extends 13/16” above the threaded shoul-
der. Solder the female connector pin to the
end of this wire and replace the BNC connec-
tor. Replace the round cover plate on the rear
of the old mixer assembly and solder it in
place. Modifications to the cavity body are
now complete.,

Unsolder the diplexer cavity from the
cathode cavity plate and discard it. Discard
the transmitter cathode cavity and saw off
the grid contact fingers which extend above
the plate at the transmitter end. Using the
cathode cavity plate as a guide, cut out a
piece of thin aluminum as shown in the photo-
graphs to cover up the holes. This cover
serves no functional purpose, but it does make
a neater looking unit. All that is left are
the modifications to the receiver cathode cav-
ity.

If you look inside the receiver cathode
cavity, you will see that the grid contact
is suspended from the top of the cathode
cavity with three wires. These wires are
soldered to both the cathode cavity and the
grid ring. Carefully unsolder the support
wires from the top of the cavity and pull
out the grid ring; remove the three wires.
Enlarge the three holes in the top of the
cavity with a reamer, install three 500 pF
feedthrough capacitors (Erie X5U0 501M or
equivalent), and solder them in place. These
feedthroughs consist of a coaxial shell and
are actually only half a capacitor—when you
run a wire through the center, the capacitor
is formed. If you can’t locate this type of
capacitor, you can make your own by un-
soldering and removing the center conductor
from a conventional feedthrough capacitor.

Solder three 1%"” lengths of #16 buss
wire to the grid ring and put it back in
the cathode cavity with the new support wires
going through the feedthrough capacitors.
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Fig. 2. Cutaway view of the APX-6 receiver cavity
showing the location of the new pickup loop.

Place the 2C46 in the cathode cavity and use
it as a guage for placing the grid ring in
the proper position. When vou have every-
thing all lined up, solder the three support-
ing wires to the feedthrough capacitors. It’s
a good idea to check for shorts between the
grid ring and the cathode ecavity before
soldering everything down—they should be
electrically isolated for dec.

The APX-6 cavity modifications are now
complete. It will tune smoothly from about
1050 MHz to well over 1300 MHz and grid
current may be monitored in the modified
cavity. All that is left is the power supply
and modulator.

For maximum stability the power supply
is regulated with a zener diode. The ninety
volt supply is more than adequate for this
purpose—when the grid is shorted to ground
the grid current is nearly 1 mA. With the
10,000 ohm grid resistor, grid current is on
the order of 150 A. A 200 microampere meter

Clusaupi.ln view of the modified APX-6 local oscillator
cavity showing the installation of the grid-ring feed-
through capacitors.
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is ideal for this grid dipper, but since I
had a large 1.5 mA meter which I wanted to
use, I incorporated a simple transistor meter
amplifier. The negative supply voltage for
the amplifier is developed across the 330 ohm
resistor in the power supply. The meter
.mplifier transistor and bias resistors are
mounted on a small piece of Vector board
which is mounted on the meter terminals.
if you don’t want to use the meter amplifier,
simply connect the meter between the arm of
the sensitivity control and ground.

Modulation of the oscillator is provided
by the 1000 Hz transistor phase-shift os-
cillator—modulation is adjustable up to
about 90%. The oscillator is constructed on
a small piece of Vector board which is
mounted behind the APX-6 cavity on the
main chassis. A jack on the front panel
may be used for external modulation—a
three to four volt audio signal will provide
90% modulation.

I built the chassis for my APX-6 grid-
dipper from sheet aluminum, but a stand-
ard 12” x 11" x 8" utility cabinet can be
used if you dont like to bend aluminum.
My chassis is 11”7 wide, 10%” high and
5%” deep and consists of two U-shaped pieces.
Bracing is provided by two brackets across
the top and bottom as shown in the photo-
graphs. These brackets are made up from
do-it-yourself aluminum angle and actually

serve two purposes. In addition to strengthen-
ing the chassis, three tapped holes in each
bracket accept the cover retaining screws.
The front panel is laid out as shown in Fig. 3.
Even if you don’t use this type of chassis
construction, it is recommended that you
use this panel layout.,

The parts placement was chosen to pro-
vide a balanced layout. This means that all
the available space is used. In fact, the two
phone jacks occupy space previously taken
up by the discarded counters in the gear
housing. It they are moved to any great
extent, they will interfere with the gear
housing. The layout for the square counter
cutout and five cavity mounting holes are
not shown in Fig. 3—these are best ob-
tained by using the old APX-6 door as a
template.

Construction is quite straightforward and
no problems should be encountered. Note,
however, that the phone jack in the grid
lead must be isolated from ground—this is
easily done with fiber washers. Since the
jacks are hidden by the gear housing when
the cavity is attached to the front panel,
wiring to them is run through the small
screw holes drilled in the bottom of the hous-
ing. These holes were originally used to
hold the counters in place.

The output of the oscillator is connected
to the front panel connector with a short
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L) __J the APX-6 grid dipper. The
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length of coaxial cable. One of the newer
Teflon insulated cables would be ideal for
this purpose, but RG-58/U is perfectly ade-
quate—that’'s what I used. Mismatch losses
at the BNC connectors may be minimized
by using the connector assembly diagrams
in 73°.

Although a 2C46 was used in this cavity
in the original APX-6, I found that it would
not always oscillate in the modified cavity
when power was applied. Substitution of
the 2C42 from the old transmitter cavity
solved this problem. An added bonus was
the extra power output available with the
2C42.

Since there is a considerable difference
in grid current between the oscillator and
detector modes, be sure to turn down the
sensitivity control before switching from one
mode to another. If vou don't, the needle
will slam against the pin. It’s also a good
idea to turn the modulation control down
when modulation isnt required. Since the
meter indicates the relative magnitude ot

the modulating signal, less meter sensitivity
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Inside the APX-6 grid dipper. The phase-shift mod-
ulator is in the right foreground, the power supply
chassis is mounted on the rear panel. The cover
is held with screws through the tapped holes in
each of the four corner braces.

**‘Coaxial Connector Handbook”,
gust 1966.

WAG6BSO, 73, Au-
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Fig. 4. Calibration curve of the APX-6 grid dipper.
Counter readings for each |0 MHz point in the
1215 MHz band are included for accurate inter-

polation.

is required when the oscillator is modulated.
It the modulation is turned up when you
switch from carrier to detector through the
modulated position, a bent meter pin is
inevitable.

After you have completed the unit, all
that is left is calibration. There are several
approaches at this point, depending upon
the type of equipment you have or can
borrow. Lecher wires are the most straight
forward but not necessarily the easiest, 1
used a General Radio 1140A wavemeter
and an old surplus echo box and then made
a double check with an LAE signal genera-
tor which covers this range. The calibration
curve (Fig. 4) was then mounted on the
front of the grid dipper for easy reference.

The completed unit tunes very smoothly
through its range with no jumps in frequency.
A few false dips in grid current appear
around 1100 MHz, but in the main range
of interest, 1200 to 1300 MHz, there are
no false dips. In the detector mode, rf sig-
nals down to several millivolts provide an
upswing on the meter. When used as an
oscillating detector with headphones, sig-
nificantly lower magnitude energy may be
readily detected.

For the amateur who is interested in op-
erating on the 1296 band, this grid dipper
is a very useful piece of equipment. It may
be used for tuning up converters, dipping
out filters, detecting parasitics, determining
transmitter frequencies and in tuning up
frequency multipliers. In a pinch it may
even be used as a low power transmitter
by plugging in an external modulator.
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The Classic 1045
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The New ‘CLASSIC’ Approach
To The Hot Bands
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The Classic 1015, power rated for 1 KW
AM/CW and 2 KW P.E.P. SSB input to
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the best daytime DX band and 10 Trabiilacier . TA<33, Maxtmon Frnnyt-tn-
back. And so lightweight (only 27.5 |bs.,
assembled weight) it may be easily
stacked with your present 20 and/or 40
meter beam,

meters is gaining more ground every
day. An All New approach to these
bands is the Classic 10-15 The newest
addition to the Classic Trap-Master beam
family. Incorporating the very latest in

matching systems, Broad Band Copacie The Classic 10-15 ., . « another reason
tive matching (Pat. Pend.), first intro- why you select quality when you specify
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Richard Palace K3LCU
4402 Cleafield Road
Wheaton, Maryland

Using FET's in the Command
Set Transmitter

How to build a very

stable VFO using

a Command Set

and three transistors—one FET and two conventional types.

Do you need a good stable VFO that's
quite easy and inexpensive to build? Well
I did, and after discarding many possibilities
I came back to the old reliable Command

Bottom view of the transistorized Command Set.
The oscillator section of the original Command Set
is located on the rear of the chassis. In this con-
version the chassis was cut in half and the rear
part attached to the front panel.

> ORIGINAL COMPONENTS

Set,

Tubes were definitely out—after all,
who needs them with so many types of semi-
conductors to choose from. Besides, the FET
is supposed to behave like a tube, why not
use it.

Hastily I attached an FET to the cathode,
ogrid and plate pin of the oscillator tube.
Boy, was I surprised—the oscillator took
right off when voltage was applied without
any component changes.

Enthusiastically, I began to remove every-
thing from the chassis and decided to cut
down its size as detailed in the Command
Set® book. All parts except those associated
with the oscillator were removed. The set
was then rewired as shown in Fig. 1. The
first transistor after the FET oscillator is
operated as a class A buffer amplifier to
isolate the oscillator from the output tran-
sistor and to build up the small signal to
drive the next stage. The output stage is
a broadband class C amplifier and only draws
current when the oscillator is operating.
No tuned circuits are used except the orig-
inal circuit so the output is constant across

*“Command Sets,”” Copyright 1957 by Cowan Pub-
lishing Co., Port Washington, 1. 1., N. Y.

- 10 (SEE TEXT)

JAP NOT USED
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| TO 25mH
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IJSE HEAT RADIATOR
ON THIS TRANSISTOR

Fig. |. Schematic of the fransistorized Command Set transmitter. All components marked with an asterisk
are original Command Set parts. The use of an FET in the oscillator circuit permits a simple and direct
conversion from vacuum tube circuitry to semiconductors.
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1 B L mobile antenna.

//MORE
.
CHANGING.

with the new improved

SWANTENNA

The only remote controlled
band switching mobile
antenna on the market.

POWER RATING

We are pleased to offer the new band switch-
ing deluxe Swantenna as part of the Swan
line. Two of the major improvements are the
use of GE Lexan®in the center coil support

that makes it virtually unbreakable, and the |

new light weight stainless steel whip. The
higher Q of the Swantenna and the gold plated
switching contacts provide greater radiation
efficiency and field strength than most coil
changing designs. Thus with the new improved
Swantenna you achieve the ultimate in mobile
operation; a high efficiency antenna system
plus band switching while driving.

MODEL 55 remote controlled

MODEL 45, same antenna as Model 55,
but with manually operated coil switch

llllllll

$65

orignal K WITK-ON

Disconnect your antenna from

$3l25
free.
antenna mounts in years, No chain to break,
trate how to fit this deluxe mount to the exact
best looking mount for your

bumper mount in seconds. Made
DELUXE BUMPER MOUNT
no clip to stretch. Made of highly polished
contour of your bumper,

$2 495

Antenna Connector
entirely of stainless steel. Noise
The most important development in mobile
cast aluminum. Complete instructions illus-
! providing the strongest,

ELECTRONICS CORP
Oceanside; California

9 BANDS-500 WATT

i
| The shortie, transistorized Command Set. The tran-

" sistor sockets are mounted in the center of the old

octal tube sockets.

the band. With a 10 volt supply you get
a full watt of input power to the final
transistor. This is plenty enough to drive
any crystal controlled transmitter.

All the HF Command sets were tried and
the oscillator functioned perfectly. 1 won’t
attempt to give any of the basic data on
converting the Command Sets. This infor-
' mation is quite readily available and would
' only bore most readers.

To keep the heat dissipation of the final
transistor within safe limits, 10 volts is used
for the supply voltage. Even with 10 volts
| a cap type heat radiator should be used.
An increase of 2 volts more than doubles
| the power so be careful. When driving a
Gonset Communicater 111, for which this unit
was designed, I find that dropping the supply
voltage to 6 volts is more than ample to
drive the transmitter to full output.

The transistors really carry a nice price
tag, and should appeal to almost everybody.
They are made by Fairchild Semiconductors
and sell for about 62¢ apiece. The FET is a
Siliconix wunit. If another type is used it
| should have a transconductance of 1000 or
better. If you really like pleasant surprises
' try this conversion,

. « - K3LCU
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5 BAND —480 WATT SSB TRANSCEIVER
FOR MOBILE — PORTABLE —HOME STATION

It won't take long for the new Swan 500 to establish
itself as “King of the Road.”” 480 watts of solid power,
improved circuit efficiency, and Swan's excellent audio
quality combine to give you home station performance
while operating mobile.

At the top of the Swan line, the 500 offers many extra
features: Automatic noise limiter, selectable upper and
lower sideband, 100 kc crystal calibrator, and provision
for installation of an internal speaker.

The new 500 is equipped with the finest sideband filter
used in any transceiver today. With a shape factor of
1.7 ultimate rejection better than 100 db, and a care-
fully selected bandwidth of 2.7 kc, this superior crystal
filter combines good channel separation with the excel-
lent audio quality for which Swan transceivers are so

well known.

Frequency coverage of the five bands is complete: 3.5-4.0
mc, /.0-7.5 me, 13.85-14.35 me, 21-21.5 mc, 28-29.7 mc.
(In addition, the 500 covers Mars frequencies with the
405X accessory crystal oscillator.)

Along with higher power, improved styling and many
deluxe features, the new 500 has the same high stand-
ards of performance, rugged reliability and craftsman-
ship that have become the trademark of the Swan Line.
Backed by a full year warranty and a service policy
second to none, we feel that the Swan 500 will estab-
lish a new standard of value for the industry.

So if you'd like to hear a VK, ZS or UA say “‘stand by,
the mobile station,” put a Swan 500 in your car this
summer!

ACCESSORIES:
12 Volt DC Supply, for mobile operation. Full Coverage External VFO. Model 410 ... ...... $ 95
e s O R I S e Wy e ol S AR $130 Miniature Phone Band VFO. Model 406B ......... 5.5
Matching AC Supply. Model 117XC ............. $ 95 Crystal Controlled Mars Oscillator. Model 405X ...$ 45
Plug-in VOX Unit. Model VX-1 ...... ... ... $ 35 Dual VFO Adaptor. Model 22 .................. $ 25

SEE IT AT YOUR
SWAN DEALER

ELECTRONICS

Oceanside, California




Charles Landahl WESOT
121 Barranca Road
Los Alamos, New Maexice

The Dichotomy of a Tube Man

Including the use of a FET in the BC-906 frequency meter.

It is hard to resist a winning combina-
tion, particularly when that combination
happens to be articles and ads in 73 maga-
zine, The spell-binders referred to are,
“Field Effect Transistor Primer” by Jim
Fisk! and “Two Transistor Testers” by Frank
Jones.2 Couple these with advertisements
such as Poly-Paks and Meshna in which you
find almost unbelievable semi-conductor and
transistor bargains and you are lost.

When such a powerful coalition causes
an old died-in-the-wool tube man to become
a transistor enthusiast, that is an accom-
plishment. Would vou believe a fellow who
buys two assortments of 50 new, unused,
20—24 year old tubes for $2,95 per assort-
ment®, just to have them on hand in case?
Hold on now, consider what electronic mir-
acles you might perform with an orbital
beam, hexode uhf amplifier, type 1630,
Army Signal Corps Tube VT-128! Just to
hold it in vour hand and look at it is in-
spiring, It looks like a grown-up 955 acorn
tube, except that it has 12 radial electrode
wires instead of five. Into this world of
dreams came WHAM, POW, SOT—Fisk and
Jones et al.

After the order of solid state goodies
arrive, you find yourself impressed by how
few identifying marks are on the TO-5 and
other style cases. In fact, you reminisce and
recall that at least you could peek inside

* 1964 Catalog, MeGee Radio Company, Kansas City,
Misgouri.
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Fig. |. Circuit for testing the oscillating character-
istics of unmarked transistors. This circuit is shown
with a negative supply for PNP transistors—for NPN
units reverse the meter and use a positive supply.
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the orbital beam hexode glass envelope and
try to guess which is the grid, filament and
cathode lead. At this point enter Frank
Jones. Build up and use one of his transis-
tor testers and the door of knowledge is
opened. No longer do you care if you can't
see inside. Everything becomes orderly.
PNP’s go into one box and NPN's into the
other. The duds are set aside for Psuedo-
Zener use. The sorting process turns into
an exhilarating game. Plug them in, test,
pull 'em out. You dont mind that after
squeezing the three little wires between
thumb and forefinger for the hundredth time,
you have an excruciating cramp in the
thumb! But wait; now that these wonderous
things are sorted, how do you know which
of them is “Power’, “RF”, “IF’, “Audio”,
“Switching” and no test? Frantic thumbing
through all issues of 73 from January 1962
forward was of little help for a solution
to this new dilemma. In fact it was a hinder-
ance. You find far too many tube articles
which you remember wanting to try! Any-
way, after having invested so heavily—at
least $10 so you can take advantage of the
double bonus—it is incumbent upon you to
take the next step to find out which of
these little three-pronged rascals will oscil-
late. A circuit to help sort the unmarked
transistors further is shown in Fig. 1.3
This is a Clapp transistor oscillator, either
crystal or series L-C resonated. As shown,
the battery and meter are set up for PNP’s.
Change the polarity to check NPN’s. By us-
ing several crystals, for example, 450kHz,
2MHz, 3.5MHz and TMHz or higher, you
can learn which of the 100 or more bar-
gain transistors in your possession will oscil-
late. It sure takes a lot of plugging but
its worth it. Imagine the thrill that shivers
through your frame as you hear that crystal
clear note in the station receiver. It takes
you back to the days when—for old-timers—
after you sawed two hacksaw slots at right
angles across the bakelite base of a type 76
triode, between the four prongs, so as to
decrease the dielectric shunting, you got the
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GAYITY TUNES 43 - 237 MHz
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(USE LS TO I3V AS
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BREAK CIRCUIT AT (2) POINTS
2k

Fig. 2. Conversion of the BC-906 frequency meter to a field effect transistor. This frequency meter will
detect rf signals down to a 100 microvolts or so and will tune through both the 2 and 14 meter bands.

tube to work at 2% meters! For the young-
er man the occasion might be similar to
uncorking his first 807 on 10 meters. At
any rate, the yield of good oscillators from
the packet of 100 bargain items is surpris-
ing, Many were vigorous to 7.3MHz. How
well they will work in other circuits re-
mains to be learned. It may be safe to assume
that some of them will perform as rf ampli-
fiers; how noisy they are can be learned
from trial and error unless one uses the
more modern transistor testers which are
available at much greater cost than the
simple ones referred to in this work.

The field effect transistors are indeed
fascinating. It boggles the mind to think what
would have happened to the radio-radar-
sonar systems had the solid state version of
the tube arrived firstt We'd probably be
discovering the vacuum tube about now and
that would be a blessing to those of us who
need bi-focal glasses in order to work with
these miniature components. Jim's FET Prim-
er caused me to try the FET's offered by
Poly-Paks. Again, the ones received are un-
marked except that one is painted an omi-
nous black. The advertisement seems to say
that mine are low noise FET's made by
Crystalonics. The package has a nice re-print
from 73 and also some data which leads
me to believe that one of the FET’s is a
C-610. Since my surplus BC-906E Frequency
Meter had a 1S5 tube which went west, it
was a logical choice to go FET. The original
and modified circuits are shown in Fig. 2.

The FET can be plugged into the tube
socket for experimentation, then later
soldered in if you so desire. The schematics
show the tube socket pin numbers in which
to plug the FET leads. It is necessary to

JUNE 1967

remember that when looking at the bottom
of the FET, the base lead is where the collec-
tor lead normally is located on a standard
transistor. (Not on all FET's. Consult manu-
facturer's data sheet if in doubt. Ed.)

The absorption wave-meter with the FET
performs much the same as the original tube
version. One less battery is required and the
battery voltage will depend upon the FET
used. The FET which I assumed to be a C-
610 works well with 1.5 volts. When the
meter reads 500 micro-amperes full scale,
the measured drain current is 1.5 milliam-
peres. As the cavity is tuned through a
two meter rf field, the drain current will dip
just as it did with the vacuum tube in the
circuit.

The sensitivity may be improved by leav-
ing out the 1IN34 diode and disconnecting
the 1.5 megohm resistor from the end of
the radio frequency choke nearest the Hi-Lo
switch. These modifications are indicated in
Fig. 2 by the heavy lines. Then, with the
rf lead from the cavity connected to the
gate of the FET, the field effect transistor
will act like an old-fashioned vacuum tube
with a floating, leaky grid.

With this modification the frequency me-
ter will respond to 100 microvolt signals
fed into the cavity by way of the plug-in
antenna. The fact that the FET will per-
form in this manner is a measure of com-
pensation and a bit of solace to a hard

vacuum tube man.
W5S0T

1. WAG6BSO, ‘Field Effect Transistor Primer,” 783,

December 1965.
2. W6AJF, “Two Transistor Testers,” 73, September

1966.
3. M, 8. Kiver, “Transistors,” 3rd edition, 1962, Mec-
Graw-Hill Book Company, New York.
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Del Crowell K&RIL
1674 Morgan Street
Mountain View, California

Converting the Swan 120 to 6 Meters

With the continued upswing in sunspot activity, inter-
continental DX on 6 meters is just around the corner. This
simple and inexpensive conversion will provide a complete

SSB transceiver for six.

This conversion makes a complete 180
watt PEP six meter transceiver with more
features than the original 20 meter unit and
compares favorably with commercial 6 meter
units at much less cost,

General description

With the Swan single band transceivers
consistently appearing on the used market,

the right foreground. The rack on the left contains
a kilowatt and transverter for 432 MHz, a 2 kW
PEP rig for six and a 2 kW amplifier and transverter
for 144,
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the SW 120 models may be purchased for
a very reasonable price. This inspired me to
investigate the possibility of converting one
into a 6 meter transciever. The investigation
seemed to prove that this was entirely pos-
sible, -

[ noticed that the Swan people left a lot
of chassis room in the right hand side around
the final section, so I decided to take a
chance. A SW 120 was purchased for
$85.00 and the modification was started.
I was quite amazed at how simple the modi-
fication appeared. As described previously,
there is a lot of empty space under the
chassis for adding extra parts.

New transmitter circuit

The transmitter conversion consists mainly
of changing the original driver stage to a
second conversion mixer and removing the
original driver plate coil and all of the final
circuits. The new driver, a 6CL6, operating
in class A, and new final with 6146’s oper-
ating in AB1 were added. In addition, a local
oscillator with buffer was installed. These
added parts fit into the empty space very
nicely. When checking out the transmitter,
two major problems were encountered. First,
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Fig. I. New circuit of the
SW 120 for six meters. L4
and L5 are 8 turns number
26 on a 343" form. Relocate
L5 and wire as shown. Lé
and L7 are 5 turns number
20 closewound on a 34" o
form—use a white slug. L8
consists of 35 turns of 14"
copper tubing—I1/4"" inside
diameter, 233" long. Para-

ha' L

D 5 o & @ o
BlAS L.O. INJECTION +185 +275 BIAS
FROM GEAB

(36 MHz)

RCVR

sitic chokes PCl and PC2 I'N\ca9

are 2 turns number 22
wound around a 470 ohm,
l/5 watt resistor. PC3 and c33
PC4 consist of one turn
number 14 wound around

AMPLIFIER

B30
157" RF INFUT

| TURN 500

a 47 ohm, 2 watt resistor.
RFC3 is the original choke
with 14" removed from
each end.

the final showed signs of instability even
after neutrilizing. This proved to be parasitic
oscillations—parasitic chokes in the plate
leads cured this problem. The driver was
also unstable—the original 11 pF butterfly
driver capacitor was used to reduce the cost
of modification, but this capacitor produced
too much feed back due to the configuration
so a new double section capacitor had to be
used. Since a small capacitor with low capa-
city was not available on the market, a
small bracket was fabricated and two John-
son type 160-140 capacitors were ganged
for this job. This arrangement provides good
isolation, takes up a minimum of space and
gives more than adequate tuning range.

New local oscillator circuit

A new local oscillator and buffer were in-
stalled using a 6EAS8. The triode section oper-
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|
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c4q2 71 C43 RFC 4
: 50 485 TpH
§ :

| TURN

RFC 3

e % 3 00! BYPASS CAPACITORS
(FROM PINS 1,4, AND )

~100

ates as a standard crystal oscillator with low
voltage applied to the plate and the pentode
section provides a small amount of gain and
acts as a buffer to prevent frequency shift.
A crystal switch and five sockets were in-
stalled to give additional coverage in the
band. The crystal switch also has additional
contacts to resonate the buffer coil when
the oscillator frequency is changed—this ad-
justs the buffer output to maintain a con-

stant injection level.
The crystal switch mounts in the hole

where the tune switch was originally mount-
ed; this tune switch was completely removed
and the wires disconnected. The 12AV6 that
was used as an audio oscillator is converted
to an AGC amplifier.

Other transmitter changes
The basic exciter was left as original
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Fig. 2. Conversion of the SW 120 receiver to six meters. LI consists of 10 turns number 26 closewound on
a /4" slug-tuned form. L2 and L3 are both 12 turns number 26 closewound on a /3" form; L4 and L5 are
30 turns number 30 closewound on 4" form; L6 and L7 are 11 turns number 26 closewound on a 34" slug-

tuned form.

except for the minor changes shown in the
carrier balance control and transmit-receive
switch. Also, the VFO was adjusted to cover
14.0 to 14.150 MHz to the 12BY7 mixer.
This was only done to use a crystal that was
available. The original dial calibration was
used with the 20 meter markings removed
with a pencil eraser (dont use paint thin-
ner). New markings were made to indicate
0-100 kHz and 150 kHz. When calibrated,
the dial now can be read to 1 kHz and crys-
tals can be selected to cover any 150 kHz
range in the band.

The original driver plate coil with as-
sociated capacitors is now installed under
the chassis and connected to the grid of the
12BY7 mixer. A 10 pF capacitor is connected
between the two coils—this forms a 14 MHz
bandpass coupler for added rejection.

Transmitter modification
Before starting the conversion to six, a

0

preliminary check of the transceiver should
be made to insure proper operation on the
original band. Disassembly is accomplished
by first removing all covers and the front
panel. Mark any wires that may be discon-
nected. Follow these steps for removal of the
unused parts:

1. Remove the final tube and all parts
in the final compartment; leave only the
plate and load capacitors and the two
stand-oft insulators.

2. Remove the 6DQ5 socket, disconnect
wires and mark each with the pin num-
ber as it is removed. Pull the wires back
through the chassis, but leave the meter
wires in place.

3. Remove the driver plate coil and the
associated wiring from pin #7 of V2
(12BY7) and driver tune (butterfly) ca-
pacitor.

4. Check to see that all parts from the

driver plate and final grid are removed.
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Closeup view of the new transmitter wiring.

The plate meter should also be removed
before holes are drilled.

Mark the chassis for new holes by reter-
ring to the photos. Holes should be drilled
with a small drill before enlarging for the
chassis punch; use care when drilling so you
don’t damage parts left in the chassis. Holes
for the crystal sockets require careful layout
or much filing will be needed. New holes
for the 6146 final tube sockets will have
to be cut in the ventilation holes in the
bottom of the final compartment. The tubes
will now be mounted in the vertical position.
Several stand off terminal strips must be
installed for assembly of the new circuits;
these holes should also be drilled before
any parts are installed. When the holes have
been deburred and all chips removed, the
chassis is ready for installation of new parts.

Transmitter assembly and wiring

The new sockets can now be installed.
If the 6146 sockets have no ground Iugs,
extra lugs will have to be installed. Install
the mixer and driver coils as shown in
photo—the new mixer coil is mounted under
the chassis on an L-bracket. Position the
terminals for direct connections. Wiring of
the new mixer plate, driver, local oscillator
and buffer should be done in sequence start-
ing with the 12BY7 mixer plate. Be sure to
leave room for the new driver capacitor and
bracket. This capacitor should be installed
last—refer to the photos and circuit diagrams
for connections and layout. The new crystal
switch mounts in place of the tune switch.
Assembly of the final output circuit will
require installation of a new coil with a
better blocking capacitor. Start by installing
the original neutralizing capacitor, modi-
fied plate choke and original dc bypass ca-
pacitor; position the parts as shown in the
photo.

Modify the large loading capacitor by dis-
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Fig. 3. Wiring the new function switch. S-2 is a
double pole, four position rotary switch.

connecting the front half of the dual section.
Use only the rear section. Remove two plates
from the rotor and stator of the plate tuning
capacitor and install the final tank coil
Use a brass strap from the stand-off to the
plate tuning capacitor. Bend a "U” in the
blocking capacitor bracket and install the
new blocking capacitor. Also use a strap
from the plate tuning capacitor as before.

Parasitic chokes must be used in the plate
leads or the final will be unstable. Check
back through all the wiring to insure that
no wiring errors have been made. Be sure
all bypass capacitor leads and socket pin
grounds are very short. Use neat workman-

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

.....

e
L

The new 50 MHz final amplifier showing placement
of parts including the relocated rf choke. The small
variable capacitor is connected in series with the
original neutralizing capacitor.
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Fig. 4 New filament circuit for the modified SW
—all others are original.

ship. Install the second mixer and driver
plate tuning capacitor with a bracket, con-
nect leads to the proper coils and install the
front panel.

Receiver modifications

Since no room was available on the main
chassis for the new rt and mixer stages,
the 6 meter front-end and mixer were built
on a small sub-chassis and attached to the
VFO housing, This front-end consists of a
6CW4 cascode rf amplifier and a 6CW4 mix-
er. The local oscillator energy is injected into
the 6CW4 cathode across a 47 ohm resistor.
A double tuned output feeds the grid of the
original 12BE6. The 6BA6 was originally
used, but I found that the receiver had too
much gain and excessive background noise.
By eliminating the 6BA6 (V5) and feeding
the first mixer directly to the 12BE6 mixer,
the overall receiver gain is ideal. A very
weak signal can be copied as well as on the
more elaborate equipment I have available.

The 14 MHz bandpass coupler must still be
used between the two mixers for rejection of

The new local oscillator and driver tubes and crystal
sockets are mounted below the meter. The extra hole
in the foreground was evidently punched by a
previous owner. Hole in the final compartment wall
was for the original final socket.
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120. The tubes indicated by an asterisk are added

unwanted signals. A length of 50 ohm coax
is used to couple the local oscillator injec-
tion and if output. The final output tank also
serves as the receiver input. Coupling to the
6CW4 grid is provided by two 3 pF capaci-
tors. On transmit the 6CW4 is cut off by
switching bias to the grid as is done in the
original circuit.

By referring to the chassis layout and
circuit diagram, the new front-end can be
built and checked out prior to installation.
This completes the receiver changes except
for the AGC and audio modifications.

AGC and audio modification

As most persons know, the single band
Swan has no AGC circuit or audio level con-
trol. With no control to hold the audio level
at a pleasant volume, a loud signal blasts the
operator out of his shoes before he can get
the rf gain turned down. After using the
transceiver a few days like this, I decided
something had to be done.

In the original SW 120 the 12AV6 (V15)

The 50 MHz front end. The two tubes on the left
are the cascode rf amplifier. A 3 pF capacitor con-
nects from the feedthrough on the final compart-
ment to the grid of the rf stage.
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Under-chassis view of the modified transceiver. The
local oscillator is in the upper right-hand corner,
final sockets bottom right and mixer plate and driver
center right. The new driver socket is partially hid-
den by the double tuning capacitor. The AGC cir-
cuit is next to the YFO dial plate. The new volume
control and power switch are in the upper left-hand
corner.

is a tune-up oscillator which generates a
lot of excessive noise when tuning. This
stage was converted to an AGC amplifier.
Some early transceivers didn't have this os-
cillator.

The AGC system used is an audio derived
method. The audio signal is sampled from
the plate of the product detector and am-
plitied. Finally, it is converted to a minus
dc voltage which is proportional to the audio
level. This voltage is than fed to the grids
of the tubes to be controlled.

In this case the first rf and second if
stages are controlled with the AGC loop.
This allows the rf gain to be run full open.
An audio volume control must now be used
to adjust the audio level. The original rf
gain control was moved to the hole which
was occupied by the on and off switch. The
new volume control with power supply

CAL. SW.

Fig. 5. Circuit of the 100 kHz crystal calibrator for
the six meter Swan 120.

switch is now in the space left by the rf gain
control. Two signals with extreme variations
in strength now sound the same level in the
speaker and very little popping or distortion
is noticed even on loud signals.

The 50k pot marked ACC threshold should
be adjusted with the antenna connected-
adjust the control to give a residual voltage
of -0.3 volts and a little kick on background
noise from autos or static.

This AGC circuit works much better than
any other version that I tried. I find it
hard to give signal reports because most
signals now sound the same strength. As
stated previously, the quality of the stations
received are still very good regardless of
the signal level and I wouldnt be without
AGC control. This circuit can be adapted to
all the single band Swan transceivers whether
modified to 6 meters or not.

VIT va
ATk gumu
oM
001 ——
5 i IOM
77
AN 2 ® oTP
OFF
m] o .
TRIAD C-IX
o0 T[T AGC THRESHOLD ¥
RELAY
e
¥ ADJUST FOR -3V WITH

ANT. CONNECTED

+150 (SHOULD KICK ON

NOISE PEAKS)

Fig. 6. Audio derived AGC system for the SW 120. This circuit is equally applicable to other single-band

Swans.
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Fig. 7. Chassis for the 6-meter cascode rf amplifier
and mixer circuitry.

Miscellaneous changes

A new function switch is shown in the
circuit diagram. This will allow the oper-
ator to insert carrier for different modes
by simply turning the switch. Fixed resis-
tors are selected for AM and tuneup modes.

A calibrator was installed for checking
calibration. This switch is mounted in place
of the old transmit-receive switch.

Adjustment and operation

Transmitter section

Preset all coils with a grid dip meter,
disconnect the final screen and plate volt-
ages, and check to be sure there are no
short circuits and wiring is complete. Apply
power and with the grid dip meter in the
diode position, tune the local oscillator and
buffer for maximum output indication. Turn
on the transmitter, insert carrier and adjust
the mixer and driver plate coils for maximum
output at 6 meters. Set the VFO dial to
the center of the range and peak up the 14

TO PIN 6
vi2
Vio
005
6VE
oos 30
500k
K
RS2
470k

ﬁ. o

# MOVE RF GAIN TO OFF-ON POSITION
MOUNT CONTROL IN HOLE MARKED VOLUME

Fig. 8. New audio volume control circuitry.
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MHz bandpass coupler for highest level at
6 meters. Connect a voltmeter across the
10k bias resistor feeding the grids of the
final tubes and again adjust all coils for
maximum voltage on the meter.

Check to be sure the output is on 6 meters.
The driver tuning capacitor should be set
at near maximum capacitance for the low
end of the band—this will allow coverage of
2 MHz or greater range. All coils should
be peaked several times to make sure maxi-
mum output is obtained.

Neutralization

Connect a detector probe and VIVM to
the final output jack. With the screen and
plate voltages disconnected apply drive to
the final and adjust the final plate and out-
put capacitors for maximum reading. Next
adjust the neutralizing capacitor for mini-
main output. Check to make sure the capaci-
tor is not completely open or closed—it
should be in the center range and the output
reading low in relation to the original level.
Now the screen and plate voltages can be
applied and carrier inserted. Peak the driver
tuning, connect the output into a good load,
and tune up the final to about 230 mA with
tull drive.

Receiver

The new front-end should be adjusted for
maximum gain before mounting to the VFO
housing. Only slight peaking is needed for
final adjustments.

The crystal calibrator is wired with a
lead run into the final compartment and posi-
tioned about one-half inch from the final
tank coil.

Final comments

This transceiver has proved to be a very
worthwhile investment; the reports are ex-
cellent and it does a fine job. The final
runs the same power as most other trans-
ceivers on 6 meters and will drive a 2 kW
linear with power to spare. It makes a very
handy rig for portable, mobile or just general
use, and the Swan power supplies can still
be used for fixed or mobile operation. With
6 meters looking up for the next few years.
the VHF operator can get ready for lots of
enjoyment from this conversion. Get your
tools out and get to work.

. . « K6RIL
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S/ LINEAR SYSTEMS all Solid-State
Power Supplies o are built by the com-
pany most experienced in designing
mobile power supplies for the amateur
0 provide higher transmitter power
output at all input voltages o have
multiple output voltages to operate all
transceivers o are used by the military
without added ruggedization o have
P the highest efficiency

AN o p
power supply on

12 Volts DC :
& 117 Volts AC

the market o come

complete with cables
O available from B
dealers throughout the country o o o
Commander Model $189.50 0 Century
Models $124.50—$149.50—$249.50

LINEAR SYSTEMS INC.
220 Airport Boulevard, Watsonville, Calif. 95076 Tel. (408) 722-4177




Maurice J. Shumaker WOHYB
3077 South Hurley Circle

Military Quartz Crystals > ==
for the Radio Amateur

How to find crystal bargains

Surplus military quartz crystals are avail- The writer has gathered together a lot
able at just about any frequency throughout of useful data on military quartz crystals
the low and high frequency portion of the and has presented it in tfibllllﬂl’ fﬂ}'m (Tﬂblﬁﬂ
radio spectrum. These crystals can be very 1 and 2). The information contained in the

useful to hams and are available at modest t‘;hle}f “I:,H[Ffl'feriv%d fr_fu;n tithe M[;L g‘éioﬁigﬂsn
prices from many electronic surplus houses of the Military oSpeciiication : ’

General Specification for Quartz Crystal
or through some crystal manufacturers and (7,0 The table does not reference all of
dealers. Surplus crystals can be put to many

the 69, yes I said 69, types of quartz crystals
good uses including transmitter and/or re- ysed by the military. Rather, only the more
ceiver frequency control, band pass filters, common types frequently found in the sur-
frequency standards and many others. plus markets are discussed.

Military Quartz Crystal Holders

Holder Pin Pin Holder Holder Holder
Type Dia. | Spacing Height Thickness Width
HC5/U 0.156 T LANOBITN Y T ] 2.205 1.817 1.594
HC-5/U 0.050 | 0.486 0.775 0317 0.725
HC-10/U 0.062 | N-A ' 1.055 0.560 N-A
HC-13/U 0.050 0.486 0.775 0.317 0.725
HC-18/U 0.017 | 0.192 0.530 0.150 0.402

Note: All dimensions are in inches.

Table I. The dimensions of popular military crystal holders.

-'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,
rotator-selsyn-indicator systems, “Baluns”, I.V.
Kits, Towers, “Mono-Pole”, “Big-Berthas”, ac-
cessories, ete., ete.
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I Military Quartz Crystal Type

' Freq. | |
Toler- Drive Temperature
Military | Holder | Frequency | Oscillating ance | Reso- | Level Range
Item Type Type Range Mode (%) | nance | (mW) (degrees C)
| | CR-15B/U [ HC-5/U | 80-200KC | Fundamental | =.01 | Parallel — | —40to 470
2 | CR-16B/U | HC-5/U | 80-200KC | Fundamental | .01 | Series | — | —40to 470
15-25MC 3rd Overtone
3 | CR-17/U HC-10/U 25 E0MC ik Oveftons +.,005 | Series - +60to 4-80 |
| 4 | CR-18A/U| HC-6/U | 0.8-20MC Fundamental +.005| Parallel| 5-10 —55to 4 105
5 : CR-I?A}L_I_ HC-6/U | 0.8-20MC Fundamental +.005 | Series 5-10 —55to 4105
6 [CR23/U | HC-8/U Lo;;";:g :: :’:::: +.005 | Series | — —5540 4105 |
I15-25MC 3rd Overtone
7 | CR-24/U HC-10/U 3550MC | Bih Overiors +.005 | Series | — —55t0 4105 |
8 | CR-26A/U | HC-6/U | 200-500KC | Fundamental =+.0l Siries | == | | =407 -85
9 | CR-26A/U| HC-6/U | 200-500KC | Fundamental | =.002| Series | — | 75 =5
10 | CR-27TA/U| HC-$/U 0.8-20MC Fundamental +.002 | Parallel] 2.5-5 | 75+ 5 |
I j CR-28A/U | HC-6/U | 0.8-20MC Fundamental +-.002 | Series | 256 | 75+5
12 | CR29A/U| HC-5/U | 80-200KC | Fundamental | =+.002| Parallel| — 75 + 5
13 | CR-30A/U | HC-5/U | 80-200KC | Fundamental | —+.002| Series | — 75 + 5 |
e TCR-E 1/U HC.6/U I-10MC Fundamenta —+.005 | Parallel| — —55 to 490
10-52MC 3rd Overtone
15 | CR-32A/U | HC-8/U } E2.75MC S Ovaics +.002 | Series | — 75+5
16 | CR-33A/U|[ HC-6/U | 10-25MC | 3rd Overtone | =+.005| Parallel| 2.5 —55to + 105
17 | CR-35A/U| HC-6/U | 0.8-20MC | Fundamental | =.002| Series | 2.5-5 85+ 5
18 | CR-36A/U | HC.6/U | 0.8-20MC Fundamental -+.002 | Parallel| 2.5-5 85 +5
19 | CR-37A/U | HC-13/U | 90-250KC Fundamental +.02 | Parallell — | —40to 470
20 | CR-38A/U | HC-I13/U | 16-100KC Fundamental +.,012 | Parallel] — —40to 470 |
I 21 | CR-42A/U | HC-13/U | 90-250KC Fundamental -+.,003 | Parallel] — 75+5
22 | CR-43/U HC-16/U | 80-860KC Fundamental +.,01 | Parallel] — —30 to 475
23 | CR44/U | HC-6/U [ 1520MC | 3rd Overtone | =.002| Parallel] — 85 + 5 |
| 24 | CR45/U | HC-6/U | 455KC Fundamental | +.02 | Series | — | —40to 470
25 | CR46A/U | HC-6/U | 200-500KC | Fundamental | —=.01 | Parallell — | —40 to 485 |
26 LCRA?A!U HC-6/U | 200-500KC | Fundamental +.002 | Parallel] — 75+5
| 27 | CR-48/U | HC-6/U | 800-3000KC | Fundamental | =.008 | Parallel] — —55 to 490
28 | CR-50A/U | HC-13/U | 16-100KC Fundamental +.012 | Series | — —40to 470 |
29 | CR-51A/U | HC-6/U 10-6IMC 3rd Overtone | =+.005 | Series | 200 | —55to 4 105
30 | CR-52A/U | HC-6/U | 10-6IMC | 3rd Overfone | =-.005 | Series | 24 | —55fo - 105
| 731 | CRB3A/U | HC-6/U | 50-87MC | 5th Overtone | ==.005| Series | 20.0 —55to 4-105 |
32 | CR-54A/U | HC-6/U | 50-125MC 5th Overtone -+.005 | Series 2.0 —55to 4105
33 | CR-56/U | HC-18/U | 17-6IMC S5th Overtone | —+.005| Series | 2.0 | —55t0 4105
34 | CR-56A/U | HC-18/U | 50-125MC 5th Overtone i.UDF:rSeries 20 | —55%0 4105
Table 2. Operating characteristics of popular military quartz crystals.
The next time you visit your local surplus and vice versa. Table 2 provides much

store on a crystal buying spree, bring along
the tables. You will find that they will be
very useful as you rummage through the bins.

Table 1 can be used when selecting the
crystal type to match a particular socket
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needed information for designing the oscil-
lator circuit of a receiver or transmitter or
when trying to select an appropriate crystal

oven.
. . . WOHYB
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Converting the BC-728

A low frequency superhet receiver for 160, 80 and
40 with a very attractive price.

One of the items vou can sometimes find
on the surplus market is the BC-728 receiver,
a six tube superheterodyne battery operated
unit for shoulder carrying. This unit is adver-
tised by several dealers for the amazing price
of $7.95!

It is possible, for a bit extra, to buy the
units complete with antenna, wet battery and
charging cable. This antenna is a good deal
if you are going to use the unit for portable
use, the most logical application. This plugs
into the antenna jack on one side, has a
heavy cable with shoulder strap on it and
the antenna fastens to the other side of the
case. Thus the antenna feedline is used for
the shoulder carrving harness. The antenna
is telescoping for easy portability.

The case is rugged and most units are
waterproof. If you have a selection you might
pick out one with a sliding cover over the
loudspeaker which would be very handy
should you leave it out in the rain on Field
Day.

The receiver has four pushbuttons inside
to select the received channel. Channel one
tunes from 2.0 to 2.6 MHz. channel two from
2.6 to 3.5 MHz, channel three from 3.5 to 4.5

Inside the BC-728. Note the large amount of elbow
room. No crowding like most surplus gear!
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MHz, and channel four from 4.5 to 6 MHz.
While this was designed as a fixed channel
receiver, you will find that there are tuning
knobs right below each push button for tun-
ing the channel. Thus, if you want to use the
receiver for amateur use vou can tune chan-
nel one, with a little padding, to the 160
meter band. Once vou have peaked up the
antenna and rf knobs vou only have to tune
the oscillator knob to cover the band.

Applications

For amateur band reception it is simple to
slightly retune channel one for 160 meters.
Channel three covers 75 meters as it stands,
and channel four can be retuned to cover 40
meters quite easily.

Boating enthusiasts (or friends of boating
enthusiasts) will find channel one worth more
than the price of the whole unit for it covers
the ship-to-shore bands and really brings
them in with a wallop.

People having an interest in time and
frequency standard signals (astronomy, piano
tuning, watch adjustment, event timing, etc.)
will find the receiver ideal. Channel one
brings in WWYV on 2.5 MHz, channel two
tunes CHU on 3335 kHz, channel four tunes
WWYV on 5 MHz, and channel three can be
retuned to bring in CHU on 7335 kHz. At
least one of these should be available at all
times of the day or night.

Conversion

Unless vou are interested in wet nursing
a wet battery it is a good plan to forget
the beautiful vibrator power supply built
into the case. This is designed to work with
a 2 volt midget wet battery (“Keep upright
when charging”). There is also a charging
circuit with an external plug to go to a six
or twelve volt battery. If you get the charg-
ing cable it should come with the battery
clips.

Should you agree that dry batteries are
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far better than wet (when one is inclined to
forget about charging) then you can follow
the next instructions. If you are planning
to use the receiver for long periods then
the wet battery would be a better deal, but
for short periods of use dry batteries are
ideal.

Step one: remove the power unit. Unscrew
all of the bolts vou can see coming through
the outside case, bottom, top, back, and sides.
Open the case and unscrew the knurled screw
holding the antenna plug. This plate is also
held by two small knurled knuts which will
probably take a pliers to loosen. Lift the
plate out and let it dangle. Unplug the power
plug and gently lift the whole power supply.
easing it out of the compartment. There is
a little finger that extends into the power
supply from the back of the case which will
keep the unit from slipping out easily. You
will have to work it out. Par for getting the
unit out, counting all the screws and antenna
plate, is six minutes.

The power unit can be relegated to the
“junk box” for possible ravagement on future
construction sprees. There are a lot of real
nice goodies in it so don’t give it the heave-
ho.

Power cable

Your choice: remove the power connector
socket from the power unit and connect the
batteries to this or else remove the plug from
the wires and connect them directly. If you
decide to deplug the power line then keep
track of the wires and connect them the same
as vou would with the plug.

Batteries

A number 6 dry cell is best for thz fila-
ments. They draw 300 mA at 1.5 volts, which
will run down a flashlight cell pretty fast.
And besides, there is plenty of room for the
arger cell. A small 67% volt portable radio
batterv will give more power than you need
'or the B plus and the drain is only 7 mA.
so even the small #VS-016 batteries will
give good life. You will also need a bias
supply. Since there is no current involved
here vou can use small transistor radio or
photoflash batteries. You will need about 7
volts, so a 7% or 9 volt battery will do fine.
Penlight cells. soldered in series are excellent
and inexpensive.

Retuning the channels

Once you have golten the receiver working
and have checked out ¢ll the channels vou are
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ready to retune. Let us take one specific
channel and go through the process. For
imstance, if we want to move channel three
so it will cover the 40 meter band, here
is what we will have to do.

Since you will be about doubling the fre-
quency of the channel you will have to re-
move about half of the windings from the
three coils in that channel. Remove the
shield can over the antenna coils and cut the
connections to coil 3. The four small tongues
can be bent back from the bottom of the
coil form to release the coil. It is easier to
remove turns when you have the coil right
out there in your hand. Unwind half of the
turns from the terminal end of the coil. Don’t
be afraid, make it a good generous half or
vou may have to pull it back out and pull
off some more. Resolder the wire end of the
coil to the terminal and put the form back
into the set. Once the coil is soldered back
in the circuit you can make sure you hit the
right spot by checking it with a grid-dip
meter and tuning the slug to both extremes
to find out the new range of the antenna cir-
cuit.

Be very careful of the bottom end of the
coil for if you should break the wire going
from the tenmninal to the bottom of the coil
vou will have problems. The coil is wound
with every other turn overlapped so that it
is extremely difficult to unwind a turn or
two from the bottom of the coil in order to
give you enough wire to reach back up to
the terminal. Better careful than sorry, to
coin a phrase.

Step two is the rf stage. This is just as
easy as the antenna coil. Do it the same
way. There are not as many turns on this
coil so you will only have to pull off about
30 turns instead of 40: run it down half
way. Dip this one too if you have the instru-
ment. Order a dipper if vou don’t have one
so voull be in better shape for the next
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