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EVER WONDER
IF YOU'RE WANDERING ?

With a Collins 32S-3 Transmitter, you'll know

you're locked on frequency. That's because /\//'//_—R\

the 325-3 has Collins’ stable PTO, plus crystal- > Sk
: COLLINS

controlled beat frequency and HF conversion ;

oscillators. \—//

Don’t be a drifter. See your Collins distributor.

COMMUNICATION / COMPUTATION / CONTROL
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Great Things are
Happening with

®All New 3 and 5 Band Operation
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Versatility of Six!

Ground Mount ( no longer is a concrete footing necessary)

to the addition of a ‘Top Hat’ where it counts most for

a low, low angle of roof-top radiation.
Q
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e Improved 4-Band Performance
o New Simplified Ground Mount

e Versatile Ground or Roof-Top Installation

Mosley’s World-Renowned TRAP-MASTER traps offer a new
. . plus easy, low

dimension in Vertical Performance
Three New RV-Series Verticals with the

cost installation.
New design — from the Simplified

Trap-Master Verticals will take you places . . . Qutstanding
Omni=Directional Radiation — Top DX-Ability. Whatever
your needs, Mosley has a New RV-Vertical designed and

engineered to give you a real 5-9 signal.

e Model RV-3C for 10, 15, and 20 Meter Bands
eModel RV-4C for 10, 15, 20, and 40 Meter Bands
eModel RV-5C for 10, 15, 20, 40, and 756/80 Meter Bands

For detailed Brochure on Specifications and Performance

Data, see your nearest authorized Mosley dealer, or write
factory direct: Dept. 170

4610 N. Lindbergh Blvd.,

Mx/ﬂy Atson2s Ghe Bridgeton, Mo. 63042
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HOUR DELIVERY ON
ALL ORDERS OF TEN
CRYSTALS OR LESS

-..well it will take someone J o
with manufacturing

“know how" to do it

But of_ mare importance the crystal must be manufactured
to Strict Specifications, have good activity and operate
“on frequency” in the circuit for which it was ordered.
SENTRY can manufacture crystals for all two-way radio
equipment: Commercial, Amateur, Aircraft, Military and
Citizen Band. You need only to specify the model of
set and channel frequency.

You don’t believe it, when we say - “Buy the Best’?

You are satisfied with your present supplier?  p==-—===========-===--=
You are satisfied with high prices? ! SEND FOR OUR CATALOG OF PRECISION i
e waks o { QUARTZ CRYSTALS AND ELECTRONICS
: p 3 \ L._ ! . >
Yoli oo setisfied with _second Past | FOR THE COMMUNICATIONS INDUSTRY. |
]
1 I
i i

Until you try SENTRY you will never know!
; IT WILL CO YOU NOTHING!
Try Us! Make Us Prove It! “Buy the Best’ e Al 9 8

B SENTRY MANUFACTURING COMPANY
1634 Linwood Boulevard-0klahoma City, Oklahoma 73106

PHONE: 405-232-1431

) S 3 3 «
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In case you don’t know it, the frequency
spectrum above 30 MHz is in serious trouble.
Communications technology has outstripped
our methods for controlling it and many har-
ried users are clamoring for more space. The
FCC has traditionally allocated blocks of fre-
quencies to various users—in the vhf and
uhf range they have taken advantage of line-
of-sight propagation to allocate the same fre-
quencies to various sections of the country.
However, with satellite communications, a
new problem arises: since a single satellite
signal blankets a large region, the same fre-
quency can’t be allocated in other areas.

In the past, when a particular band of fre-
quencies became too crowded, we simply
improved our technology and moved higher
in the spectrum. However, now the only
higher bands lie in the region above 10,000
MHz. These frequencies are not too attrac-
tive, even if we develop equipment to use
them, because of high atmospheric attenua-
tion.

A four-year study sponsored by the IEEE
and the ElA has recommended the allocation
of space on the basis of need rather than the
existing “block” approach. This is where the
amateur frequencies are liable to be looked
at very closely. Although our bands represent
a small portion of the total spectrum between
30 and 960 MHz (about 5%), a complete
overhaul may reduce this—particularly if the
overhaul is based on use and need!

Some of the other recommendations pro-
posed for putting more transmitters into the
same amount of space include: more “split-
ting” to reduce the originally-assigned band-
width to make room for other users, narrow-
ing the 6-MHz now allowed for TV stations
so that adjacent and in-between frequencies
can be used for other purposes, and tighten-
ing of standards for both receivers and trans-
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a second look ﬂé
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mitters to conserve bandwidth. This last pro-
posal could have some interesting effects on
amateur operation—for one thing, improved
standards governing receiver susceptibility
could reduce TV problems. On the other
hand, improved standards might carry a
“type-acceptance” clause that could elimi-
nate our traditional privilege of building our
own equipment.

In addition to the four-year study spon-
sored by the IEEE and the EIA, the President’s
Task Force on Communications Policy is
working on the problem. Although their re-
port was originally due in the summer, it's
not expected to be released until this month.
Among other things, it's expected that they
will recommend a new Department of Tele-
communications with a Cabinet-level admin-
istrator or the creation of a telecommunica-
tions agency along the lines of NASA or the
FAA.

Although no action is expected this year,
things are apt to happen when the new
President takes office. However, before the
government makes any drastic changes,
they’ll probably set up a pilot project in a
representative region to test the recommend-
ed frequency allocation concepts. Now is the
time to think about vhf—not after the seri-
ous action starts. Conduct your close-in com-
munications and rag chews on the bands
above 100 MHz, resolve to get on 220 and
432, and if you're already on 432, consider
going to 1296 or 2304 MHz. If you're a mem-
ber of a local traffic net, consider moving
from 75 meters to vhif—you'll get the same
coverage with less QRM. We may not be
able to save everything from other frequency-
hungry services, but we should give it a jolly
good try.

Jim Fisk, WiDTY
Editor
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THE NEW SWAN TV-2 TRANSVERTER

2 METER SINGLE SIDEBAND

144-148 MC 240 WATTS P.E.P. INPUT. THE TV-2 IS A TOP
QUALITY RECEIVING AND TRANSMITTING CONVERTER FOR
THE 2 METER BAND . . . . DESIGNED TO OPERATE WITH
SWAN TRANSCEIVERS, MODELS 250, 350, 350-C, 400, 500 AND
500-C. 14 MC INTERMEDIATE FREQUENCY IS STANDARD,
HOWEVER ADDITIONAL CRYSTALS MAY BE ADDED AND
SWITCHED IN FOR OTHER PORTIONS OF THE 2 METER BAND.
THE TV-2 MAY, OF COURSE, BE ADAPTED TO OTHER

TRANSCEIVERS ALSO. PRICE: $295.00
MODEL 250 ...... $325
MODEL 350C ..... 420
MODEL 500C ..... 520
MODEL 117-XC
AC POWER SUPPLY . $105
MODEL TV-2

144 mc TRANSVERTER

LHf*m‘_\' Radio has a great antenna package program ... big savings. Write for literature. J

EASY FINANCING « 10% DOWN OR TRADE-IN DOWN + NO FINANCE CHARGE IF
PAID IN 90 DAYS * GOOD RECONDITIONED APPARATUS * Nearly all makes & models.

Our reconditioned equipment carries a 15 day trial, 90 day warranty and may be traded back
within 90 days for full credit toward the purchase of NEW equipment. Write for bulletin.

CALL DIRECT USE AREA CODE
. Butler, Missoun, 64730 816 679-3127
tores
Henry Bl bl i 11240 W, Olympic, Los Angeles, Calif, 90064 213 477-6701
931 N. Euclid, Anaheim, Calif. 92801 714 7729200

“World's Largest Distributor of Amateur Radio Equipment”’



2-kw pep amplifier
for 432 mhz

The combination

of a new

ceramic zero-bias triode
and unique circuitry
promises higher power
and greater efficiency

in high-power rf amplifiers

for the vhf/uhf region
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William 1. Orr, W6SAI, Eimac Division of Varian, San Carlos, California

John T. Chambers, W6NLZ, 2228 Via La Brea, Palos Verdes Estates, California

The design of a high-power linear amplifier
for 432 MHz poses some interesting prob-
lems. Most important is choosing the tube
to be used. Most medium-cost transmitting
tubes tend to “run out of gas” in this portion
of the radio frequency spectrum while others
require extensive and expensive cavity en-
closures to make them play. The vhf en-
thusiast, then, is severely limited in his
approach to high power on 432 MHz, and
the goal of a so-called “two-kilowatt PEP”
amplifier has been outside practical radio
amateur capabilities until now.

The new Eimac 3CX1000A7 ceramic zero-
bias triode shows promise of superior per-
formance in the vhf region. This interesting
“bottle” resembles the well-known 4CX1000A
in general shape and outward appearance,
although electrically it is a cousin to the 3-
1000Z. Although the 3CX1000A7 is rated for
operation to 220 MHz, it has been run on an
experimental basis at higher frequencies.

Suggested maximum peak-power input in
the high-frequency region is 2000 watts (2500
volts at 800 mA) with maximum peak power
output of 1200 watts. Peak drive power, ac-
cording to the data sheet, is 67 watts. The
all-important question, of course, is, “How
closely can these low-frequency operating
conditions be duplicated at 432 MHz where
circuit losses are higher, tube efficiency low-
er and driving power dearer?”

Since no operational data for the 3CX-



1000A7 was available for 432 MHz, the only
answer was to build an amplifier, try the
tube at this frequency and obtain the results
on a first-hand basis. A grounded-grid
cathode-driven configuration was chosen, as

shown in fig. 1.

strip-line plate circuit

In the interest of simplicity, it was decided
to try the simple strip-line plate tank circuit
shown in fig. 2. Since the output capacitance

seemingly large value would pose problems
at 432 MHz. We hoped that excessive driving
power wouldn’t be expended in the charging
currents flowing through the input capaci-
tance and that the power gain of the stage
wouldnt be excessively low. Both of these
difficulties were overcome by properly de-
signed tank circuits.

The plate circuit strip line consists of a /s-
inch-thick copper plate, rounded at one end
and placed in an aluminum cavity box. The

The half-wavelength sirip line is supported at anode height by two ceramic insulators. Anode of 3CX1000A7 is
encircled by copper collar bolled to sirip line; the inner circumference is lined with flexible finger stock. Plate
rf choke is al right and antenna capacitor plate is mounted to coaxial plug. Edge of the plate-tuning capacitor

is visible below end of strip line.

of the 3CX1000A7 is only about 15 pF in the
grounded-grid configuration, a half-wave-
length plate line was chosen. Even so, a large
portion of the line is swallowed up inside
the tube because of its internal capacitance
and rather large physical size. The half-wave-
length line eased coupling problems and
promised better operating efficiency than a
shorter line.

The input capacitance of the 3CX1000A7
is approximately 30 pF. We thought this

rounded end of the strip line encircles the
anode of the 3CX1000A7 and is connected to
it with a matching copper collar, fig. 3, with
flexible finger stock soldered to its inner
circumference.

The collar is bolted to the strip line which,
in turn, is supported at the center by a pair
of 2-inch high ceramic insulators. The free
end of the strip line is capacitance tuned by
means of a copper flipper that is hinged to
the chassis and moved to and fro by the arm
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C1 Coupling capacitor. Copper tab 1’ x 54"
spaced approximately 2"’ from plate line.
Tab is supported by copper rod 0.188"
diameter, soldered to center pin of coaxial
connector J2. Rod may be made from center
conductor taken from RG-17/U coaxial cable

c2 Tuning capacitor. Aluminum tab 1" x 4
spaced about 'i'' to ¥’' from plate line.
Tab is portion of longer strip bent in an
inverted L with brass hinge at bottom.
Hinge is jumpered with copper shim stock
to provide low-impedance ground path. Tab

is d by an tric arm and ¥’
diameter teflon drive rod driven by worm
gear

Cc3 220-pF dipped silver mica capacitors (4
required) mounted from heater terminals to
socket ring

c4 50 pF (Centralab 850S-50Z)
C5, C6 200 pF, 30 A capacity (Erie 482-463-10)
C7, C8 0.01 ».F, 30 A capacity (Sprague 80-P3)

c9 3 pF. Grounded to two through-bolts of the
ket bly. C t bolts in parallel
and to one side of capaciter (Centralab

855-32)

1 UG-58A/U
J2 UG-352/V
RFC 15 turns number 16, 4"’ diameter, 1-'4"" long

T 5 V, 30 A filament transformer (Stancor P-
6468)

Blower 80 cubic feet per minute (Dayton 1C-180)

Socket Eimac SK-870

fig. 1. Schematic diagram of the kilowatt amplifier for 432 MHz.

and worm gear arrangement shown in the
photo. The antenna circuit is capacitively
coupled at this end of the line.

grid circuit

The grid of the 3CT1000A7 is at nominal
ground potential since the Eimac SK-870 air-
system socket grounds the multiple grid
terminals to the chassis. Even so, the grid
structure within the tube is above ground at
432 MHz by virtue of the small but discrete
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cumulative inductance of the socket, grid
terminals and grid cone assembly within the
tube. A portion of the driving voltage appears
across this cumulative grid inductance, and
makes the circuit degenerative and reduces
the input-to-output isolation of the tube.
Improved circuit stability and increased
stage gain is achieved by adding a small
capacitance between the input circuit and the
grid circuit at the tube socket terminals. This
partially compensates for the effects of the



inductance of the socket and internal grid
structure of the tube.

filament circuit

The broadly resonant tuned filament circuit
is composed of a segment of parallel trans-
mission line run from the socket terminals
to feedthrough capacitors mounted on a
nearby aluminum brackel. From this point,
shielded filament leads run to a second pair
of feedthrough capacitors mounted on the
chassis deck. The filament transformer is
mounted above the deck in a corner of the
main chassis out of the field of the amplifier
plate-tank assembly.

amplifier construction

Amplifier construction is relatively easy and
simple. The complete assembly is mounted
on a 10 x 17 x 3-inch aluminum chassis, sup-
ported behind a 19-inch relay-rack panel. A
space is left between the chassis and panel
to accommodate the gear mechanism of the
plate-circuit counter dial.

The plate-circuit assembly box is a standard
aluminum enclosure measuring 6 x 4 x 10

inches, with removable 6 x 10-inch sides. The
box is firmly bolted 1o the chassis by the lips
of one of the open sides and the other side
serves as the top of the enclosure.

In order to cool the 3CX1000A7 properly,
a blower is used, and the under-chassis area
is pressurized by a bottom plate. The air is
fed through the tube socket, past the anode
of the tube, and exhausted through the
perforated top plate of the amplifier box.

The half-wavelength anode strip line is
shown in fig. 2. A copper ring is cut on a
lathe, and the anode finger stock® is soldered
to the inner diameter of the ring. The ring
is drilled for sixteen 4-40 screws and firmly
bolted to the strip line. The whole assembly
is supported over the tube socket opening by
two ceramic insulators. The electrical center
of the plate line is very nearly at the outer
anode diameter of the tube, so the plate rf
choke is attached at this point as shown in
the photograph.

* Eimac CF-300. Available from Allied Radio Corpora-
tion, 100 N. Waestern Avenue, Chicago, Illinois
60680. Order catalog number 47E2087. $5.80 plus
postage; shipping weight 12 ounces.

Underneath the amplifier. Socket and filament lines are at right; input connector is
tapped on one line al approximately mid-point. The surplus gear drive and flexible
couplers connect the plate-tuning capacitor to the counter dial on the front panel.

september 1968 9



The complete anode assembly with the
3CX1000A7 in the socket resonates near the
high end of the 432-MHz band. A small vari-
able capacitance placed at the opposite end
of the line from the tube permits circuit
resonance across the complete amateur band.

The plate-tuning capacitor is built from a
brass hinge purchased at the local hardware
store. The hinge is attached to the chassis
and supports an inverted L-shaped aluminum
plate, which swings in close proximity to the
strip line. When the top portion of the plate
is parallel to the plate line, it is about ¥/s-inch
away from the line.

The moving part of the hinge is jumpered
with a wide strap of flashing copper. The
hinge provides mechanical stability—electri-
cal conductivity through the hinge joint is
provided by the flashing copper. The capaci-
tor is varied by means of an eccentric arm
driven by an under-chassis worm drive from
the counter dial. A Ys-inch diameter teflon
rod insulates the drive system from the
hinged capacitor plate.

The filament line is made of two 4-inch
lengths of number-10 copper wire spaced */s-

fig. 3. Anode ring oRuL 8 TP
for the strip-line 16 PLACES
amplifier. Make ;,

from %" copper.

SOLDER EIMAC CF-300 FINGER
STOCK TO INNER CIRCUMFERENCE

inch apart. They are bent back to reach the
filament bypass capacitors mounted on an
aluminum bracket in the corner of the chassis.
The filament circuit tunes quite broadly and
is relatively uncritical.

The rf drive point is attached to one leg
of the line, near the midpoint, and may be
juggled a bit to establish the lowest drive
level after the amplifier is in operation. This
is best accomplished with a directional watt-
meter in the drive line. In the interest of con-
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serving drive power, RG-225/U teflon coaxial
cable is used to couple the driver to the
amplifier.

The Eimac SK-870 air socket and chimney
ground the multiple grid terminals of the
3CX1000A7. Four small mica capacitors are
placed across the heater terminals of the
socket to bypass the two sides of the heater.
The 3-pF neutralizing capacitor is connected
from one side of the heater to a short length
of wire soldered to two adjacent bolts of
the mounting socket.

fig. 2. Construction of the plate line.
Make from """ copper sheet and silver
plate.

73
P T
3
£
— ¥

ORILL FOR 4-40 SCREWS TO MATCH ANOOE RWNG

A small value of cathode bias—11 volts—
is applied to the 3CX1000A7 to reduce the
zero-signal plate current. In lieu of an ex-
pensive zener diode, a homebrew version
was made by placing 13 bargain-counter 3-
ampere stud rectifiers in series and using
their summed forward voltage drop as zener
bias. The rectifiers are rated at 50 volts PIV
and provide enormous carrying capacity at
minimum price. The diodes were mounted
on a 'Ya-inch aluminum plate with mica in-
sulating washers and placed in the power
supply unit. Alternatively, two TN4561 50~
watt zener diodes may be connected in series
to provide a bias of 11.2 volts at a sub-
stantially higher cost.

The output circuit is capacitively coupled
to the plate line by means of a small, semi-
variable capacitor made of a copper tab sup-
ported by the center pin of the coaxial an-
tenna connector. The output circuit of the
amplifier is designed for heavy-duty RG-17/U
coaxial line. The mounting holes of the co-




axial connector are made oversize; antenna
coupling may be adjusted by loosening the
bolts holding the connector to the chassis
and moving it about in the mounting hole.

amplifier adjustment

The filament line and plate line may be

The plate-tuning capacitor is made from an
L-shaped aluminum plate and brass hinge.
The hinge is shorted with copper foil for
good eleclrical conductivity; flipper is driven
with length of teflon rod and offset cam. The
teflon rod is drilled at end and copper wire
is passed through the rod and soldered to
the plate with aluminum solder. Brass may be
used for plate if desired.

grd-dipped 1o 432 MHz with the 3CXT1000A7
in the socket and no vollages applied. Altern-
atively, the plate circuit may be tested cold
by applying grid drive (no plate or filament
voltage) and coupling a diode voltmeter to
the antenna terminal. The resonance point
should be achieved in the mid-range of the
“flipper” capacitor, For “hot” adjustment, a
dummy load and power output indicator are
required since plate-current dip is not a true
indicator of performance

For initial adjustment, reduced plate volt-
age, 2000 volts or so, and reduced rf drive
are applied to the amplifier. The plate circuit
is resonated for maximum output, and the
antenna coupling capacitor (C7) is adjusted
for best power transfer. Coupling exists be-
tween the input and output circuits, and

while the amplifier remains stable, grid

current varies abruptly with plate-circuit
tuning and loading. Grid current should run
about 40 percent of the loaded plate current
at all times.

It may be necessary to experiment with
the value of the feedback capacitor (C9) to
obtain the proper ratio of grid-to-plate cur-
rent at the full input level. Either a 3-pF or a
5-pF capacitor may be used. A variable
capacitor is not recommended at this point
because the internal inductance of such a
unit is too high.

Once you have established a feel for the
tuning, the plate voltage and drive may be
increased to the values shown in the table.
The filament voltage should be reduced to
the minimum value that will provide full out-
put—about 4.7 volts or so, This is because
backheating tends to raise cathode tempera-
ture above normal. Standby bias is incorpo-
rated in the power supply and is removed
for proper operation by shorting out the
VOX terminals.,

When antenna coupling is too heavy,
resonance indication of the plate current
will be very broad, and the output will be
low. When coupling is too light, you'll find
a sharp resonance combined with rather
severe fluctuations in grid current as the plate
circuit is tuned. When properly loaded,
maximum power output will be achieved
with the plate circuit slightly detuned from
the apparent point of resonance, as noted on
the plate meter.

operation

At a plate potential of 3000 volts and with
670 mA of plate current, power output into
a dummy load was measured at better than
850 watts. This is an over-all amplifier
efficiency of 41 percent and includes losses
in the measuring circuit. Operating efficiency
was estimated to be nearer 45 percent, with
an actual plate-circuit power output of about
900 waltls or better. Driving power was
measured at 170 waltts including circuit
losses. Raising the plate voltage to 4000 volts
permitted a plate current of 900 mA for an
input of 3.6 kilowatts with a measured out-
put of 1.75 kilowatt into the load and an
over-all efficiency of about 48 percent

A word of caution: the 3CX1000A7 has not

september 1968 [i§ 11



been rated for operation at this frequency
nor for plate potentials above 3.5 kV. Experi-
mental operations of this magnitude at this
frequency exceed the warranty of the tube.
In addition, it should be noted that full grid
drive should not be applied without the plate
circuit loaded and high voltage applied under
any circumstances—otherwise the grid struct-
ure may be damaged. The data derived is
based on an experimental test, and the
Application Engineering department of the
Eimac Division of Varian should be consulted

There are many times when it's helpful to
have an outboard receiver available for listen-
ing on frequencies other than your transmit
frequency. Remote VFO’s accomplish this in
most cases, but not always. A good example

fig. 1. Here is a way
to use an outboard re-
ceiver with your trans-
ceiver for split-frequen- :
cy operation. !

[l

|

o— !
i
o—4
5 VAC

before using this information for final equip-
ment design.

While this amplifier is an experimental
unit, it points the way toward future ampli-
fier design in the upper portion of the vhf
spectrum. This design could be scaled down
in size and power for a single 4CX250B run-
ning at the 500-watt level. Meanwhile, tests
to determine the full capability of the
3CXI000A7 tube in the vhf region continue,

ham radio

Il using an outboard receiver with a transceiver

board receiver may be switched onto the
antenna and speaker at the flick of a switch.
When the transceiver is switched to transmit,
the speaker and antenna are automatically
connected to the transceiver. Relay K1 is a

LINEAR AMPLIFIER
GONTROL

SPEAKER

O repmiNaLS
47

A o

1
¢
|
'
'
‘
'
.
1

i , AUXILIARY
o RECEVER

/.

TRANSCEIVER RELAY CONTACTS;
CLOSED ON  TRANSMIT

occurs when working DX stations on 80
meters. With your transceiver tuned to 3850
kHz, the preselector isn't peaked up on the
European section of the band even if you
have a remote VFO. Also, with a separate
receiver, you can monitor other bands for
activity. This is particularly useful when
you're waiting for ten or fifteen meters to
open up in the morning.

With the circuit shown in fig. 1, an out-
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;
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ANTENNA '
; TRANSCEIVER
|
; A—g,z
: AUXNIARY RECEIVER
'
;
1
i
AUXILIARY X2
RECEVER
o—
TRANSCEIVER

Ki: 1ISVAC 3POT RELAY
K2: COAXIAL RELAY WITH DPOT CONTACTS

3PDT relay and K2 is a 115-Vac coaxial relay
with auxiliary dpdt contacts. Before con-
necting this circuit to your transceiver, check
the ratings on the external contacts of the
relay in the transceiver; some of them are
not designed for 115 volts. If this is the
case, you'll have to go to a lower voltage
4pdt relay at K1 and use the extra contact

to control the coaxial relay.
Jim Fisk, WIDTY

-O TRANSCEIVER



Super-Pro & Sons

HQ-180A

Ask a commercial radio operator— he
knows the Super-Pro! Ask a military com-
municator — he knows the Super-Pro! Ask
a ham— he knows the Super-Pro! Contin-
uously updated, the Super-Pro is still a
standard for commercial communica-
tions world wide!

In the best Super-Pro tradition, all
Hammarlund receivers offer you the same
high standards of performance and
quality!

The all new solid state HQ-215 Receiver
is setting records of performance un-
matched by radios costing many dollars
more! The HQ-180A and HQ-145A Re-
ceivers are tops in their price range and
give you high sensitivity with your choice
of selectivity —from 540 khz to 30 mhz.

Super-Pro

The HQ-110A and VHF models are the
only receivers you can operate from 160
through 2 meters with everything built in!

Feature-full, the improved HX-50A Trans-
mitter permits novice and extra class alike,
unmatched operating versatility!

Ihe HXL-ONE 2000
watt PIP Linear
Amplifier is not
called “Big Mouth”
by its owners with-

out good reason!

Hammarlund equipment is built by the
people who man our military production
lines — with a heritage beginning in 1910.

So if it carries the name of Hammarlund

—it’s got to be goed. GRERT [

Send for full specifications —we’ll happily tell you how to “Ham” with Hammarlund!

"“HAMMARLUN

MANUFACTURING
COMPANY, INCORPORATED

A subsidiary of Electronic Assistance Corporation
MARS HILL, NORTH CAROLINA 28754

september 1968 m 13



digital
wind direction

indicator

If you like

to turn your beam
into the wind

when the wind starts
blowing, why not try
this simple system
for remote

wind-direction indication

14 september 1968

Hank Olson, W6GXN, P. O. Box 339, Menlo Park, California 94025

If you know that the wind speed is on the
increase, you can certainly lower your beam
before the storm hits, but to many hams, the
wind direction is important. This is especially
true if you can’t lower your beam below sur-
rounding buildings and trees, and must rely
on “turning the elements into the wind” for
protection. Here is a digital wind-direction




indicator of relatively unusual design using
integrated circuits.

The usual method of remotely indicating
wind-direction is to use a pair of selsyns. This
scheme requires five wires between the sel-
syn mounteq on the weather-head and the
indicator in the shack. Selsyns, while normal-
ly very expensive, are available inexpensively
as military surplus and are readily adaptable
to wind-direction-indicator service. The fact
that many surplus selsyns are designed for
400 or 800 Hz is not a deterrent to hams; they
just use them on 60 Hz with lower voltages.

I used digital encoding for this indicator
because | wanted to explore some new tech-
niques. If you build this unit, you'll not only
end up with a durable wind-direction indi-
cator, you may also get a foothold on the
rapidly expanding field of digital control and
integrated-circuit logic.

digital shaft encoder

The heart of the indicator is the digital
shaft encoder illustrated in fig. 1. This en-
coder is a very simple one that will indicate
only sixteen discrete directions (points of the
compass). This example is a binary-coded
disc; note that there are four tracks on it
These four tracks cut the information-carrying
region of any direction sector into four boxes.
Since any box can be white or black, every
direction sector has a different pattern of
black and white boxes. If you doubt this, go

fig. 1. Binary-coded direction wheel.

through tnem and check. These black and
white patterns can easily be converted to
voltages by lamps and cadmium sulphide
(CdS) photocells and transmitted to a remote
readout. The wires necessary would be six;
one common, four for CdS cells, and one for
the lamp-supply voltage.

As an example, the system could be con-
nected as shown in fig. 2, with a + 1.5-volt
cell to determine the logic-level. Assume a
CdS cell “dark resistance” of 2 megohms and
an “illuminated resistance’”” of 200 ohms. The
output will be +1 V when a cell is covered
by a black box and nearly zero when covered
by a white (clear) box. This gives the series
of outputs listed in table 1. You may recog-
nize this series of numbers as the binary
equivalent of our decimal numbers zero
through 15, if the segments were numbered
clockwise starting at N (north).

However, for direction indication, the ordi-
nary binary-coded disc has a major drawback

fig. 2. Cadmium-sulfide cell circuit.

+, 0
15V 1
ouTPUT

CdS$ CELL
R (ILLUMINATED) = 2K
R (DARK) = 2M

—if there are CdS cell misalignments, errors
as great as 180° can occur. For this reason, we
will use the Gray-scale coded disc shown in
fig. 3. Notice that on this disc, misalignment
of a CdS cell can't cause an error greater than
one sector. The voltage outputs using this
disc are listed in table 2. This electrical code
will appear at the shack end of a multi-con-
ductor cable and resistor-battery combina-
tion.

digital decoding
The binary code is used to actuate sixteen
lamps that are labeled with the sixteen points

september 1968 15



table 1. Output from a binary-coded disc.

Binary Output

Direction Voltages
N 0000
NNE 0001
NE 0010
ENE o011
E 0100
ESE 0101
SE 0110
SSE 0111
S 1000
SSW 1001
swW 1010
Wwsw 1011
w 1100
WNW 1101
Nw 1110
NNW 1M

of the compass (N, NNE, NE, etc). The decod-
ing will be done with integrated-circuit four-
input gates. These particular gates belong to
the DTL (diode-transistor logic) family, but
any of the other logic families would be
used in a similar way. The main reason { used
DTL logic was because DTL units were avail-
able at a very low price.

The 930 series of DTL integrated circuits
come as close to an industry standard as any
digital IC made. This series is made by Fair-
child, Motorola, Raytheon, Sylvania and
Texas Instruments, as well as several others.
With such industry-wide acceptance of the
930 series, and with so many companies

fig. 3. Gray-scale direction wheel.
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table 2. Output from a Gray-scale coded disc.

Gray-scale Qutput

Direction Voltages
N 0000
NNE 0001
NE oott
ENE 0010
E 0110
ESE o111
SE 0101
SSE 0100
S 1100
SSW 1101
sSwW 1111
wsw 1110
w 1010
WNW 1011
NW 1001
NNW 1000

grinding them out to mil specs, it is only
natural that a large quantity of rejects are
available through the surplus electronics em-
poriums. Such is the case in the San Francisco
Bay Area, where 930 DTL series units are pro-
duced, and where one local surplus store

fig. 4. A four-input DTL gate
using one-half of a Fairchild

11930,
A FOUR-INPUT D.T.L. GATE (HALF A uL930)
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o——{¢ oxs |
{a |
o W f
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—— _(L ———————— — — — — _]
AUx GND
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offers them at ten for a dollar—mixed, un-
marked, and of unknown worth. 1 built the
wind-direction indicator shown in the photos
from 930’s and 946’s that were gleaned from
$5.00 worth of such offerings.

Several large mail-order companies who
specialize in surplus semiconductors have
930 DTL series IC's for sale at 50c to $1.50
each, depending on whether they are tested
or not. While it's true that these are 1C's



from a production line turning out units
which sell for $10 and up, they may or may
not be bargains. The reason for this is the
Motorola MC830P DTL line, in the plastic
dual-inline package.

The MC830P line is electrically identical to
the 930 series but it is not in a ceramic pack-
age nor is it tested to military specifications.
The MC830P and MCB846P are $1.55 and $1.65
respectively. This pricing makes the surplus
mail-order units much less attractive because
the MCB830P series has defined specifications.

The way these DTL gates are used is the
crux of this system. To understand it we must
take a look at the basic DTL gate. The circuit
of a 930 four-input gate is shown in fig. 4.
With all four inputs open-circuited, or con-
nected to +1.5 volts, the output level will be
nearly zero since both transistors are con-
ducting. If any one or more inputs are

Gray-scale code wheel on the cadmium-
sulfide cell mount. If you look closely,
you can see three of the CdS cells. The
tape side of the wheel is turned down so
that it appears reversed from fig. 3.

grounded, both transistors stop conducting,
and the output level goes up to at least 3
volts. We can sum this up by saying that the
output is low when all the inputs are “high,”
and the output is “high” when any input is
“low.”

The only exclusive state for the gate is
when all the inputs are high, the “and” con-
dition. That is, input number 1 is high and

input number 2 is high and input number 3
is high and input number 4 is high. This is
called NAND logic (short for Negative AND)
since the output has a logic state opposite
from the inputs. Since the exclusive state will

fig. 5. Lamp-driver +3v
cireuit.
oo
ZN404
39
”,
2V, 80md

"

be the one that lights the indicator, a “low
gate output is used for the turn-on signal.
The circuit of fig. 5 will turn the lamp on
when driven by a “low” gate output.

The circuit of fig. 4 is generally abbreviated
in logic diagrams. A combination of fig. 4 and
5 is drawn in fig. 6. It is the circuit of fig. 6
which is duplicated sixteen times—once for
each indicator lamp at each point of the
compass. Each one of these circuits has the
same function: when all four inpuls are
“high,” the lamp lights. If the sixteen indi-
cator circuits all work the same way, how is
the lamp that corresponds to the digital code-
wheel position lighted? Figs. 7 and 8 show
the circuitry that does the job.

fig. 6. Lamp-driver circuit
and four-input gate.

Unlike the example of fig. 2, no 1.5-volt cell
is used to generate zero and T-volt logic
levels in this system. If a dark square is des-
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REGULATED POWER SUPPLY FOR DIRECTION INDICATOR

STANCOR

Peise

D (6.3vAC -

GP oo, 4-1N4002
rvac

eNRT?

INGTI4

3 AG | AMP

+5

@ HEAT SINK MOUNTED TO CHASSIS WITH
INSULATING MICA SPACER

fig. 10. Regulated power supply for the direction indicator.

ignated as 1 and a white (clear) square as
zero, the resistance of any of the four CdS
cells is low for zero and high for 1. By con-
necting each CdS cell from input to ground
of a DTL inverter (a DTL gate with only one
input used) we will get an output with the
correct DTL logic levels, but inverted in sense.
Another inverter is added to restore the sense
of the input signal.

If the CdS cells are designated as A, B, C
and D, the eight outputs will be A, A, B, B,
C, C, D, and D. A is the inverse of A, or as
the logic designers say, “not A.”” So A will be
1 when A is zero and zero when A is 1. B, C
and D are “not B,” “not C” and "not D.” By
connecting A, A, B,B,C,C, D and D to the
four-input gates as shown in fig. 8, the cor-
rect gate (and only the correct gate) will al-
ways end up with four 1 inputs when the wind
vane points to the direction that corresponds
to that gate. You can check this by methodi-
cally going through and checking (by pencil-
ing in zero and 1) for each possible input
condition (direction) and determining which
gate has all its inputs at 1.

construction

The details of construction are shown in
the photos. The indicator unit is built around
a 3-1/2-inch rack panel with odd bits of
scrap aluminum to form a box-type arrange-
ment. The power supply is located in the
right-rear corper. The indicator circuits are
built on perforated Vector board (64AA18)

in the front of the unit right next to the indi-
cator lamps. The IC’'s are mounted on two
six-section strips of etched-circuit board at
the left center. The layout of these etched-
circuit boards is shown in fig. 9. Note that
an rf-interference filter was put in each of the
four input signal lines to prevent false-trig-
gering the DTL circuits with your transmitter.
The particular filters | used are simple toroid-
L, coaxial-C filters from the surplus store, but
any good rf lowpass filter should do as well.

The Gray-scale encoder wheel is cut from
1/8-inch plexiglass, scribed, and the dark sec-
tions pasted on with masking tape. The
masking tape is then colored with a black
felt marking pen. The CdS cell assembly is
made from odd pieces of phenolic; the cells
are held in the holes with GE RTV Silastic
which is widely available for caulking show-
ers.

Although this remote-wind direction indi-
cator only indicates sixteen point of the
compass, it eliminates most of the moving
parts associated with remote indicators—in
addition, you don’t have to worry about a
long multiconductor selsyn cable. The six-
teen indicator points have another advantage
—if you want to tie an antenna rotator to the
wind-direction system, small deviations in
wind direction won’t activate the rotating
system. If you want more than sixteen points
of the compass, a more complex coded wheel!
will do the job.

ham radio
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calibrated

signal source
for

432 and 1296 mhz

Find your way
on 1296
and 432 MHz

20 september 1968

Del Crowell, K6RIL, 1674 Morgan St.
Mountain View, California 94040

A stable signal source for the uhf bands is
a very useful item for all vhf and uhf experi-
menters. The circuit shown here is simple,
has good stability and is very portable. It puts
out a strong signal on 432, and when it was
carried three blocks from home a strong
signal was received.

The signal source is simply a 108-MHz
crystal-controlled oscillator using a single
2N708 transistor with a 1N916 diode con-
nected from the output tap on L1 to ground
for generating harmonics. When the output
is displayed on a Hewett-Packard spectrum
analyzer, the twentieth harmaonic is still quite
large. The spectrum chart in fig. 2 shows the
output before and after the diode was in-



fig. 1. The calibrated uhf 33
signal source. L1 is § }}
turns number 20, space

wound on Y diameter; 2NTO8

tapped 1 turn and 2': turns
from ground end.

a0

The General Electric 1N916 was
recommended by K6UQH, and | find it does
very nicely as a multiplier. You can also use
this diode in local oscillator chains for 432-
and 1296-MHz receiving converters; for 50
cents, it’s a very good varactor.

The signal source can be built into most
any type of package—I| used a home-made

stalled.

. +

of the calibrated signal source.

L]
ADWUST VALUES FOR FEEDBACK
AND CAYSTAL FREQUENCY

sheet-brass box 2'/2 x 5 x 1 inch. Make all
the leads as short as possible. A 6-"4-inch
antenna made from number-12 copper wire
can be used for both bands.

This is an excellent signal source for tun-
ing antennas and adjusting receiver front
ends. Stability is very good, and | use it on
432 MHz for frequency calibration. The

fig. 2. Spectrum output of the sig-
nal source as measured with a
Hewlett-Packard 8551 analyzer.
Heavy lines indicate spectrum with-
out diode.

108

FIRST 10TH  12TH 20TH

HEAVY LINES INDICATE SPECTRUM WITH NO  DIODE

oscillator is checked periodically on a
Hewlett-Packard frequency counter; usually
it is within 1kHz at 432 MHz. Drift is very
slight—with a stable BFO, | can only detect
approximately 200-Hz drift during a 10- to
15-minute period. This is apparently due to
slight voltage drops in the flashlight cells.

ham radio

september 1968 21



frequency
translation in

ssb transmitters

After an ssb is generated,
it has to be

put on at least

one of the amateur bands;
here's how

it is done

22 [ september 1968

Forest H. Belt, 2610 Whittier Avenue, Louisville, Kentucky 40205

Single-sideband signals for ham communica-
tions are almost never generated at the
operating frequency of the ssb transmitter.
For example, a transmitter output consisting
of either the upper or lower sideband of 14.25
MHz is not actually generated at that fre-
quency. No matter what the output frequency
of the transmitter, sidebands are developed
in the balanced modulator with a constant
“carrier’” frequency.

The fixed-frequency sideband is changed
to the several operating frequencies through
what is basically a heterodyne process. The
sideband is mixed with a pure rf signal; they
beat together and form a new sideband signal
near the desired frequency. The process has
several names. The most common is fre-
quency conversion. But, in transmitters, to
distinguish from the similar process in re-
ceivers, the term frequency translation is more
accurate.

the simplest system

You can understand the basics of the pro-
cess easily if you refer to fig. 1. The block
diagram illustrates the simplest form of fre-
quency translation.

A crystal oscillator generates the carrier
for modulation. Its signal is mixed with voice
signals in the balanced modulator, producing
a double-sideband signal with the carrier
eliminated. A sideband filter, either mechan-
ical or crystal-lattice, trims off the unneeded
sideband. All that is left is the one sideband
of the initial carrier frequency.

To transfate the desired sideband upward
to an operating frequency, a heterodyne
mixer is used. A variable-frequency oscillator
(VFO) furnishes a signal that beats with the
sideband from the filter and produces a
sideband at the desired frequency. In the



process, the simple mixer can’t avoid also
producing a carrier at the VFQO frequency
and an image sideband (as far from the VFO
carrier as the desired sideband, but on the
opposite side).

Ordinary tank circuits, tuned to the de-
sired sideband, eliminate the carrier and the
unwanted sideband-—neither of which is very
close to the frequency of the wanted side-
band. The sideband, which is now the side-
band of the operating frequency, is fed to
the linear power amplifier.

The reasons for going through this pro-
cess may not be obvious. First of all, the
isolated sideband can’t be raised in frequency
by simple frequency multipliers, as in non-ssb
transmitters, because they would lose their
identity completely. In the second place, a

fig. 1. Simplest

A typical double-heterodyne system is
diagramed in fig. 2. The diagram includes
more detail of an actual transmitter than did
fig. 1, yet it is still simplified. Also included
are frequencies as they occur in one model
of transmitter; they will help you under-
stand exactly what’s happening in a trans-
mitter like this.

The carrier oscillator in this one is in the
455-kHz range. (Others include 1.65 MHz,
2.2 MHz, 3.3 MHz, 5.5 MHz, and 9 MHz.) To
pick which sideband will be generated, the
carrier frequency is shifted above and below
the nominal 455 kHz; the two frequencies
are listed on the diagram. I'll base my ex-
planation of the system on generating a
lower sideband (Isb) in the transmitter out-
put; the carrier oscillator runs at 453.65 kHz.

UPPER CARRIER AND

CARRIER NO CARRIER SICEBAND VFO CARRIER IMAGE_ SIDEBAND
means of trans- ELIMINATED
lating a sideband

-

from a carrier-gen- '
erated frequency to i
an operating fre-
quency.

CARRIER

OSCILLATOR MODULATOR

BALANCED | ' | SiEBAND '
™ _4 FLTER | ] MIXER 7

: :
; i
TUNED

GRCUITs [ > TO LINEAR M

L
-

VOICE
AMPLIFIER

constant carrier frequency in the balanced
modulator means that the resulting sidebands
can always be fed to the same filter. If there
were a lot of different frequencies, a different
filter would be needed for each one. It's much
easier to heterodyne or translate the fixed
frequency up to the various desired ones.

double heterodyning

Not many ham transmitters use the simplest
single-translation version just described—
only a couple of kit-type models, that | know
of. Such systems are not very effective at
producing high output frequencies. Therefore,
in multiband ssb transmitters and in those
for vhf use, something more elaborate is
preferable. A double heterodyne arrangement
can produce the higher output frequencies
needed. It's the most popular frequency-
translating system found in ham transmitters.

»*
vFO

* OR SWITCHABLE
CRYSTALS

Mixed in the balanced modulator with the
.1-3 kHz voice signals, the carrier produces a
pair of sidebands. The lower sideband con-
tains frequencies from 450.65 to 454.55 kHz
(the differences between the Isb carrier fre-
quency and the voice frequencies). The upper
sideband contains frequencies from 453.75
to 456.65 kHz (the sums). The mechanical
filter sharply chops off the upper sideband,
leaving only a single sideband encompassing
450.65 to 453.55 kHz. For simplicity, this can
be called the lower sideband of 455 kHz, even
though there is some separation from that
frequency. The carrier itself is eliminated in
the balanced modulator.

The first frequency translation takes place
in the first mixer. The VFO is tunable from 2.5
to 2.7 MHz; a frequency of 2.6 MHz (2600
kHz) is chosen for the example. Again, be-
cause of the heterodyne process, two side-
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bands are produced, but they are far apart.
The desired one encompasses the sideband
frequencies from 3050.65 to 3053.55 kHz; the
other is an “image,” with frequencies from
2146.45 to 2149.35 kHz. The desired sideband
is still a lower sideband even though it has
an ‘“upper” position with respect to the
image. The desired sideband is the lower
sideband of 3055 kHz (2600 + 455 kHz).

The tuned circuits that follow the first
mixer get rid of the 2.1-MHz sideband, being
tuned to the vicinity of 3 MHz. The VFO
carrier doesn’t appear in the output of this
mixer, as it did in fig. 1, because the mixer
is a balanced mixer. It's a close relative of
a balanced modulator and cancels whatever
tf carrier is applied to it. Translation there-
fore affects only the sideband that is applied
to the balanced mixer.

The 3055-kHz sideband must still be raised
to the operating frequency. The second
translation is handled much like the first. A
switchable crystal oscillator supplies an rf

8.6775; but its oscillator is a doubler, so its
operating frequency is 17.3550 MHz. The
lower sideband of 14.25 MHz lies from
14.2470 to 14.2499 MHz. The sideband signal
fed to the second mixer must therefore be
the difference between those frequencies and
the hf crystal frequency; that sideband covers
from 3.1051 to 3.1080 MHz.

For the first mixer to produce that side-
band for the second mixer, the VFO must be
set at the difference between it and the input
sideband from the filter. Calculating the
differences, you can find that the VFO must
produce an rf signal at 2654.45 kHz. (You can
subtract 450.65 from 3105.1 kHz or you can
subtract 453.55 from 3108.0 kHz; those are
the limits of the lower sideband coming
from the mechanical filter and the limits of
the sidebands to be developed by the first
mixer.)

On the front of the transmitter, the hf-
crystal switch would point to the 14.2-MHz
sector of the 20-meter band, and the VFO

fig. 2. Double heterodyning gives the operator a wide choice of freq ies, grouped into the several bands.
AMPLIFIED
45065 453,75 uss  oeeds. 303065 PERY rurm
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MMM. ; Y L
| !
453.65KkHr  (LS8) ' ; i i i
456.35kHr  {UIS8) ! : ! : '

' i | FIRST i i Tuum

SECOND GRCUITS
CARRIER BALANCED 455 kHz MECHANICAL MIXER TUNED vy
4’ — CIRCUITS [~ XER 0

OSCILLATOR MODULATOR AMPLIFIER FLTER (BALANCED) privtld (BALANGED) LINEAR
ORIVER

AND PA

26 MHz
AF
voiGe wo CRYSTAL
AMPLIFIER OSGILLATOR
DOUBLER
4 TO 3 kHz 2570 2.7 MMz SWITCHABLE
VOGE FREQUENCIES 85 10 328 Mz

signal for the second balanced mixer. Beat-
ing with the sideband signals that were pro-
duced in the first mixer, the rf signal develops
a single-sideband signal in one of the ham
bands. The band depends on the crystal
selected in the hf oscillator, and the exact
frequency depends on the setting of the
VFO. An example will show you how this
works.

Suppose you want to produce the lower
sideband of 14.25 MHz. You set the switch of
the hf oscillator to the crystal that places the
output frequency in that vicinity. The crystal
for this happens to have a frequency of

24 september 1968

dial would indicate 50 kHz. The combined
readings would signify an operating tre-
quency of 14.25 MHz. The transmitter output
would be the lower sideband of that
frequency.

frequency synthesis

Developing bands of frequencies by one
translation and developing the frequencies
within that band by another are excellent rea-
sons for using double and triple heterodyne
systems. Frequencies can be spread out wider
than with any other system. Bands can even
be sectored, and the VFO range used to cover



only a portion of each ham band—thus
spreading the frequencies even wider and
making it that much easier to tune a par-
ticular operating frequency.

There’s another way this can be done—
by a method called frequency synthesis. The
chief principle behind synthesis is illustrated
in the transmitter diagramed in fig. 3. For
simplicity, the frequencies are marked with-
out reference to the sidebands; you know
that what comes through the 9-MHz ampli-

If the desired operating frequency is to be,
say, 28.9 MHz, the synthesizer must supply
an rf signal at 37.9 MHz to beat with the
9-MHz sideband signal coming from the
filter and amplifier.

How does the synthesizer create such a
signal? It mixes the signal from the 43-MHz
crystal with a signal from the VFO. To syn-
thesize a 37.9-MHz signal, the VFO must be
set to generate a 5.1-MHz signal.

From the panel of the transmitter, with

fig. 3. The basic
setup for frequen-
cy synthesis. The

translating signal
itself is hetero- T
dyned up before it

is mixed with the VOIGE
sideband for the
translation  proc-
ess.

fier is actually one sideband or the other of
9 MHz. The same is true of the frequencies
following the mixer.

The switching from band to band, and the
tuning within bands, is all accomplished be-
fore the rf signal is mixed with the sideband
signal. Developing all the various rf mixing
signals artificially is where the term syn-
thesis comes from. In commercial multi-
frequency transmitters, it is done entirely
with crystals; a few crystals can synthesize
hundreds of individual frequencies by the
heterodyne translation method.

How the transmitter in fig. 3 works is not
hard to figure out. The 9-MHz carrier oscil-
lator is common in modern ham transmitters.
After the balanced modulator, the sideband
filter, and some amplification, the single
sideband is applied to the mixer. There, the
translation process is simple—just a single
heterodyne. The synthesizer (sometimes
called heterodyne mixer or premixer) must
supply a signal that will heterodyne with the
9-MHz sideband to form the sideband of the
desired operating frequency.

CARRIER BALANCED CRYSTAL 9 MHz omvER
osciLLAToR [ | moouiator |1 Futem ameupEr | N1 MIXER “~
IMHT
SYNTHESIZER
AMPLIFIER wo (MIXER)
40,15, 10M
570 5.3MHz
(DIRECT FOR 8OM]
23 M cRYSTAL
43.0 Mhz OSCILLATOR
SWITCHABLE
-

=

the viewpoint of the operator, it looks like
this: the bandswitch knob is tuned to cover
the segment of ham band from 285 to 29
MHz; this selects the 43-MHz crystal. The
VFO dial is twisted until it reads .9; this repre-
sents 900 kHz (.9 MHz) on the dial and sets
the VFO frequency at 5.1 MHz. The syn-
thesizer mixes the 43-MHz and the 5.1 MHz
signals. A tuned circuit that was selected by
the bandswitch control picks off the differ-
ence between the two, or 37.9 MHz, which
is fed to the main mixer. There, the 37.9-
MHz signal beats with a sideband of 9 MHz;
another tuned circuit picks off the difference,
which is the sideband of 28.9 MHz—the de-
sired operating frequency.

Other crystals and mixing schemes in this
transmitter produce the other frequencies in
the ham bands that are used for ssb. In some
bands, the VFO is fed to the mixer directly
to produce the desired operating-frequency
translation.

triple heterodyning
From the words, you can figure out that
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a transmitter with triple translation is one
with three mixers. And, of course, it also
needs three oscillators in addition to the
carrier generator.

You can probably picture the arrangement
in your mind. After the balanced modulator
and sideband filter, the sideband signal goes
to a first mixer where a crystal-generated
signal is beat against it to produce a sort of
intermediate-frequency sideband signal. At
the second mixer, a VFO puts in a signal to
tune the sideband signal within each band.
A third mixer, usually with crystal switching,
translates the sideband signal to bands or
segments of bands. In other words, a triple-
heterodyne system works like a double
system with an extra stage of mixing in front
of it.

An interesting example of triple translation
in a ham ssb transmitter is in the Sideband
Engineers SB-34 transceiver. Fig. 4 is a block
diagram of it. An interesting thing about this
one is the use of the carrier oscillator to also
furnish the rf signal at the first mixer. By care-
ful choice of the carrier frequency, the de-
signer has also come up with a novel way
to shift sidebands.

band near 2281.9 kHz. If the stage is operating
as a tripler, the signal going to the first mixer
is 2738.2 kHz. That translates the 456.38-kHz
sideband signal to a sideband near 2281.8
kHz.

The VFO generates a signal that is tunable
from 5456 to 5706 kHz. This translates the
sideband to some frequency between 3.174
and 3.424 MHz—the exact frequency depend-
ing on the dial setting of the VFO. Whatever
the VFO setting, the sideband developed is
on the upper or lower side of the new fre-
quency, whichever is selected at the doubler/
tripler stage.

You've probably already figured out the
third mixer, if you've been studying fig. 4.
With the crystal selector set for the 7.2-MHz
crystal, the range of difference frequencies
tuned in the second mixer by the VFO is
from 3.775 to 4.025 MHz. For the 10.475
crystal, it is from 7.05 to 7.3 MHz; for the
17.525 crystal, from 14.1 to 14.35 MHz; for
the 24.625 crystal, from 21.0 to 21.45 MHz.
Thus, the 80-, 40-, 20-, and 15-meter ham ssb
bands are all covered. Naturally, the VFO dial
is calibrated to show each of these band
sectors.

fig. 4. Special case of triple translation. The first mixer gets multiplied signal from the carrier oscillator.

22649 LSO 3.i74 TO
456 Kz — 22008 USB 3.424 Mz
CARRER BALINCED MECHANICAL FRST EcoND THARD LINEAR
osciLLATOR [ "] moousTor ANPUFER [—* oy ren uxer "1 wxer [ wxer AMPLIFIERS
o fe25L58
W 4563800 2738 U
N2 hHz
voicr BOUBLE l DOUBLER o CRYSTAL
AMPUFRIER R TRIPLER OSCILLATOR
5486 TO J_ SWITCHABLE
5.706 M 7.2 Mz
B 10478 MHz
17,523 MHz
T 24,625 Mz

The 456.38-kHz carrier is modulated as
usual, amplified, and filtered to produce the
sideband signal. A sample of the carrier is
also fed to a doubler to produce a 912.75-
kHz signal. The stage following that is either
a doubler or a tripler, depending on the set-
ting of the sideband switch. With the signal
frequency doubled, a signal at 1825.5 kHz is
fed to the first mixer. There it beats with the
sideband of 456.38 kHz, translating to a side-
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mixers that translate ssb

In most single-sideband ham transmitters,
the mixer circuits are ordinary tube or tran-
sistor mixers. In one transmitter | know of,
a semiconductor diode mixer is used for
translating the carrier frequency to an inter-
mediate frequency. Typical tube and tran-
sistor transmitter mixers are shown in fig. 5.

These are not the only configurations used,
by any means, but they are typical. Tube




mixers are usually pentodes in modern ssb
transmitters; seldom do you find a triode used
for this purpose. The two signals are merely
coupled to the grid, mixed inside the tube,
and fed along to the next stage.

In transistor mixers, common practice is
to couple one signal to the base and the
other to the emitter. In the transistor stage
shown, the sideband is fed to the base, and
the VFO signal to the emitter. The output
frequencies are developed in the collector
circuit.

Simple frequency conversion like this is
okay for ssb transmitters, although it does

fig. 5. Two versions of frequency
mixers used in amateur ssb transmit-
ters.
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create a problem. When two signals are beat
together in a nonlinear mixer, the output
consists of the two original frequencies, their
sum, and their differences. As an example,
suppose the VFO in the transmitter of fig. 4
is set at 5500 kHz, and the lower sideband
has been chosen. The frequencies applied to
the mixer (the transistor in fig. 5) are 2281.9
and 5500.0 kHz. The output consists of four
frequencies: 5500.0 kHz, a sideband of
2281.0 kHz, a sideband of 7781.9 kHz (sum),

and a sideband of 3218.1 kHz (difference).
Picking out the right one is the job of the
tuned circuits following the mixer. In this
example, a broadband tuned circuit centered
around 3.3 MHz can do the job. Only the
sideband of 3218.1 kHz gets through. The
tuned circuit thus eliminates the new car-
rier that was generated as part of the trans-
lating process, as well as the original side-
band and the new image sideband.

In first mixers, getting rid of the new
carrier can be a problem because it is so
near the sideband frequencies. It may even
be troublesome to get rid of the image side-
band unless the translation is a long step up-
ward. Also, some of the original carrier may
be lingering with the sideband, having slipped
through the balanced modulator and the side-
band filter.

The solution to all these possibilities is a
balanced mixer, which was already mentioned
briefly. An example of a tube-type balanced
mixer is shown in fig. 6. A balanced mixer
looks and operates just like a balanced
modulator; the difference is that two rf sig-
nals are fed in rather than rf and af signals.

As in the usual balanced modulator stage,
the signal to be canceled out is fed into the
stage in parallel, and the output is taken in
push-pull. Mixing is accomplished by feed-
ing in the other signal—in this instance the
sidebands—in the same mode as the signal
is taken out of the stage. Thus, the VFO sig-
nal is fed simultaneously to the grids of
both tubes (in parallel), and the sidebands
from the mechanical filter are fed to the
mixer grids in push-pull. The two 220-pF
capacitors couple the VFO signal equally to
the grids.

Balance is important in the two tubes, so
a balancing-type cathode bias circuit is com-
mon to both tubes. During alignment of a
transmitter using this system of translation,
the balancing potentiometer is adjusted for
a null of VFO signal in the mixer output.*

Bringing the sideband up to the operating
frequency in a single-sideband transmitter
is obviously not as simple as mere frequency
multiplication. That approach would be im-

* The subject of ssb transmitter alignment, includ-
ing how to adjust balanced modulators, is covered by
Larry Allen in repair bench on page 58.
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fig. 6. Balanced mixer used in some ssb transmitters to eliminate the carrier that is generated by frequency

translation.

possible with sideband. An alternative, in hf
ssb transmitters, is phase-shift generation of
the sideband signal; the sideband can be
produced right at the operating frequency.
This method was discussed in the July issue
of ham radio. Modern designs shy away from
the phase-shift method because multiband
characteristics are desirable in ham transmit-
ters. Frequency translation seems to be the
most practical way to raise the sideband
frequency.

I the i-f cathode jack

Here is a very simple modification that
will greatly increase the versatility of your
communications receiver. Only one part is
required: an ordinary closed-circuit phone
jack. The diagram shows where the jack goes:
in the lead between the i-f stage cathode by-
pass capacitor and ground. The jack may be
mounted on the rear apron of the receiver
chassis near the last i-f stage.

As long as nothing is plugged into the jack,
it is a short circuit and the receiver works
exactly as before the modification. When a
phone plug is inserted, the i-f stage becomes
a cathode follower, and: provides a low-
impedance i-f output for driving a Q-5'er,
fm adapter, monitor scope, etc. An ac vtvm
can be plugged into the jack for precise indi-
cation of signal level. With a vtvm plugged
in, it is possible to make comparisons of an-
tenna gain, measurement of front-to-back
ratio, transmission line attenuation, preamp
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Next month VIl delve into another little-
understood facet of the modern ham ssb
transmitter: voice-operated transmission, bet-
ter known as VOX. I'll explain various
methods of accomplishing this type of hands-
off operation. Also, we’'ll take a quick look
at MOX—the manual version, usually called
PTT or push-to-talk. VOX and MOX go to-
gether, in a way, and the up-to-date ham
should understand both.

ham radio

gain, TR switch loss, image rejection, signal
fading, skirt steepness ratio—practically any
measurement requiring dB comparisons or rf
signal levels. Be sure to turn the agc off.

LAST +F STAGE
'/omnw. CATHOOE

8y-PASS

——
=2
*

TO RF GAN
CONTROL

Sometimes a cathode follower becomes re-
generative if terminated in a capacitive re-
actance. If there is any sign of instability, the
phone plug should be shunted with a suitable
loading resistor.

Fred Brown, W6HPH



VALUE

ENGINEERED

Swamn 500 C

There must be some very good rea-
sons why Swan has become the lead-
ing manufacturer of transceivers for
the amateur radio service. One of the
most important reasons is our dedi-
cation to the principles of Value
Analysis.

Value Analysis is the process of
examining a product to find ways of
improving its performance, reduc-
ing costs, or whatever can be done
to make the product a better value
to the buyer. It is surprising how
often this leads to greater simplicity,
improved reliability, and overall con-
sumer satisfaction.

At Swan our engineering depart-

@Swnn

ELECTRONICS
OCEANSIDE, CALIFORNIA

A Subsidiary of Cubic Corporation

SWAN SPEAKS YOUR LANGUAGE

ment is constantly applying these
principles in an intensive search for
improvements in our products. The
500C transceiver is an outstanding
example of the results. It combines
all the features you require in a com-
plete SSB-AM-CW transceiver with
performance, quality, and reliability
second to none. Yet the price is sub-
stantially less than competitive gear.
There's really no secret or mystery
about this. We believe that the 500C
is the most completely ‘‘Value En-
gineered'' transceiver on the market,
and this is why we are in the lead.
Visit your Swan dealer soon, and see
for yourself.

500C Amateur Net
117XC POWER SUPPLY ... .$105

ASK THE HAM WHO OWNS ONF




what you should know
about

standard RG-type
coax cable
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Charles Camillo, W9ISB, Amphenol Cable

Division, Bunker Ramo Corporation

Most amateurs who need standard coax cable
will merely call out a catalog number, an
RG designation and a length requirement—
and patiently wait at the counter for the
merchandise. To other hams, particularly
those with vhf background, more thought is
given to selecting the line. Unfortunately,
this consideration never gets much further
than the length of feedline required vs
attenuation per foot. And even then they are
likely to purchase inferior cabling.

behind the problem

To all too many, standard coaxial cable is
a foolproof commodity which can normally
be bought “blind.” Few realize that today a
feedline made by one manufacturer can



exhibit completely different characteristics
from that made by another—even though
both cables carry the same RG designation.

Moreover, too free usage of the term
“RG cable” has led to considerable confusion.
The term RG actually connotates cable meet-
ing latest revision specs of MIL-C-17; older
versions of JAN-spec and MIL-C-17 cable do
not. Unless the manufacturer clearly states
this, it cannot be assumed that the latest spec
is being adhered to.

Additionally, some manufacturers have
blurred this distinction with meaningless
terms such as “RG-type.” It is essential that
you be aware of these things—since your
entire cabling system could fail as a direct
result of buying the wrong coax for your
individual application. Slow cable degrada-
tion, prime cause of gradually-deterioration
signals, is extremely hard to detect.

In some instances, it might prove valuable
to review military specifications. While many
will be irrelevant, some reveal key parameters
applicable to amateur needs.

For example, consider percentage of braid
coverage in a typical ssb transmission system.
To prevent signal leakage that might inter-
fere with other services such as television,
the percentage of braid cover should be
quite high—at least 90 percent of the di-
electric must be completely shielded. Yet,
many cables presently being used in this
kind of rf work exhibit only 65 percent cover-
age. Add to this other problems that fre-

quently develop, and the over-all evaluation
process can be more clearly appreciated.

determine characteristics, spot
problems

Some amateurs are confused by the sig-
nificance of the cable dielectric. Simply
stated, the dielectric quality of any coaxial
line determines both long- and short-term
attenuation as well as over-all power-handling
capabilities.

How do you spot a poor dielectric? If a
thick-wall coaxial line with silver-plated cop-
per conductor has a dielectric that appears
amber or gray when placed on a sheet of
white paper, it is probably composed of in-
ferior or scrap polyethylene. Inspect a sample
of the cable you are replacing (or currently
using).

Demonstrating the color check can be
extremely helpful. Bear in mind, however,
that wall thickness—which varies from one
impedance to another (between 50-, 75- and
95-ohm types)—determines opacity; opacity,
in turn, determines color hue. Also, con-
ductor color can affect over-all hue.

What about foam cables? Here, too, some
evaluation can be accomplished visually,
Bubbles should be of similar size and round
in shape throughout. If a micrometer’s handy,
check the extrusion of the cable and check
to see if the dielectric is tight on the con-
ductor.

If you ask yourself a few key questions,
you can shed a lot of light on both the
operational effciency of your system and the
requirements that should be met with new
cable. Does the line become brittle or fluid
during periods of temperature extremes? Or,
is it presently fluid or brittle? What about
dimensional stability? Have gradual changes
been noticed?

watch for capacity

Although few amateurs are aware of this
characteristic, standard coax lines are actually
extremely long capacitors—each exhibiting
a pronounced effect on the tuned output
circuit at each end (transmitter, antenna,
etc.).

To cope with this problem, coaxial cables
are rated in terms of dielectric constants. As
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the constant approaches 1.00, the more nearly
the capacity (and subsequent attenuation)
approaches the low figure of open-wire lines.
Knowledge of this figure allows you to ana-
lyze frequency-handling capabilities of the
coax in question.

For example, cellular polyethylene types
(foam cable) are rated at a dielectric constant
of 1.5, compared to 2.26 for conventional
solid polyethylene. A look at solid dielectric
RG-8/U cable in terms of capacity shows an
actual capacity of 29.5 pF per foot. This com-
pares with 24.5 pF for foam lines of equal
size.

seldom exceeds $.02 per fool.

rf power attenuation

RG-8/U and RG-58/U cable should be
examined at this point in terms of attenua-
tion. Both solid-polyethylene and polyethy-
lene-foam types are compared in table 1. The
dB rating is per 100-foot length. These figures
assume no cable degradation due to heat or
general aging.

Suppose you have a 144-MHz vhf system.
Given such information, it can be seen that
with RG-58/U, more than 5 dB of rf power
output is lost at 144 MHz. With RG-8/U

table 1. Attenuation and power ratings of popular RG/U coaxial cables.

type dB per 100 feet power rating
RG/U cable nominal attenuation walls
MHz MHz
10 50 100 200 10 50 100 200
RG-8/U solid 055 133 200 3.50 3500 1500 975 685
RG-8/U foam 032 077 118 2,07 3500 1500 975 685
RG-58/U solid 125 313 416 690 1000 450 300 200

If you want to buy a 100-foot length, the
difference between one dielectric and
another can be 500 pF—enough to severely
degrade matching of the most well-designed
220- or 432-MHz transmission system.

solve migration problem now

While nearly all standard coaxial cables
have black polyvinyl-choride jackets, there
are actualy two sub-categories of jacket
material that should be evaluated early in
the game. If you don’t consider this now,
you may be plagued with high attenuation
in a few months.

The first kind, known as Type |, is found
only in older versions of JAN and MIL cables
and can prove troublesome in certain
applications. Depending upon age and en-
vironmental temperatures, it's possible for
the polyvinyl chloride’s “plasticizer” to
migrate out of the jacket and into the cable.

Result of wrong application choice?
Electrical characteristics will be drastically
changed, to say nothing of attenuation. In
nearly all instances you should use Type lla
polyvinyl-chloride jacketing material. In-
cidentally, the cost of this extra protection
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foam, however, only 2.7 dB is sacrificed.
This means you would have to generate
almost twice the power with RG-58/U to
achieve the same results as you would with
foam-dielectric RG-8/U.

In lower right foreground, cable conductors
enter an extruder. The extruder puts an in-
sulation of polyethylene on the conductor
wire—then the cable travels through a cool-
ing bath.




(dB)

ATTENUATION PER 100 FT

table 2. Sampling of popular foamed polyethylene dielectric coaxial cables,

]

RG/VU Amphenol jacket jacket shield di
number number oD type
8 621-111 405 1 c
" 621-100 405 lla (]
59 type 621-715 195 lla C
59 621-186 .242 P [

oD

.285
.285
107
146

maximum
operating nominal
ic t ve pacit volts imped
conductor % pF/ft rms  in ohms
7/19C 80 245 1500 50
14¢C 80 16.5 3000 75
2Ccw 80 17.0 500 72
20 cw 80 17.3 1000 75

C—copper, CW—copperweld, P—polysthylene, VP—propagation velocity

determine power requirement

Note the maximum power ratings for
standard communications cables listed in
table 1. It is important to know both the
power-handling capability of the cable in
question as well as the specific frequency

fig. 1. Attenuation curves for
three popular types of coaxial
cable.
70
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intended for use. The ratings in table 1 assume
a perfect match between transmitter and
line, and line and antenna. If vswr is high,
power-handling capability diminishes and
losses run high as dielectric heating occurs.

check conductors

It is important to realize that in order to
meet many of the standards and ratings dis-
cussed so far, other elements of coax con-
struction come into play. Many of these—
while seemingly obscure—may account for -
difficulty you are experiencing now with a
particular brand of cable.

Again, if a sample can be obtained of
existing in-use cable, much can be deter-
mined. Visually, for example, check whether
the conductor is off center in the dielectric.
If there is more than 10-percent error, serious
problems can be expected. Are there as
many strands in the center conductor as
specified in the latest MlIL-spec requirement?
Though this might seem unimportant, it can
be crucial in work above 10 meters.

In most good-quality standard coax lines,
braid should fit tightly. If it doesn’t, this can
indicate a strong possibility of a change in
electrical characteristics. Braid tightness,
however, can vary; RG-8A/U, for example,
has an extremely loose braid. It's wise to
check cable specifications.

Be sure to inquire as to flexibility require-
ments. Maximum flexibility is achieved with
stranded center conductors, although attenu-
ation losses can be cut appreciably with solid
conductor carriers. The answer to this
question involves considerations discussed
earlier—including frequency of operation
and transmitted power in watts.

cable selection checklist
In addition to the above, an amateur should
consider the following checklist:
1. Impedance: What is the actual impedance
and percentage of spec variation?

2. Frequency: [s there any attenuation period-
icity (high points) along the intended
frequency curve?
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table 3. Coaxial cable joint jacket characteristics.

MIL-C-17 jacket type temperature limits
designation
type | black polyvinyl —-40° C to 480° C
chloride
type lla black polyvinyl under %,

—55° C to +80° C
over Yu'’, —40° C
to 4+80° C

chloride,
non-contaminating

3. Power: What is theoretical corona voltage?
Actual voltage?

e

Jacket composition: [s it of non-contamin-
ation material, according to MIL specifi-
cations? What are the changes in attenu-
ation at 432 and 1296 MHz after aging
tests?

5. Jacket tightness: Does it fit tight enough
to show braid marks clearly, or is it loose,
possibly indicating poor extrusion and
instability?

Many DX’ers find that heavy headphones
are too heavy on the head and ears for long
periods. The solution to the problem is a bit
complex and will be discussed here.

EP2BQ uses the TELEX twinset which has
a headband plus eartips. On test, however,
it was found that this type has a strong peak
above 2kHz that causes problems with inter-
ference and voice intelligibility.

There is a group of TELEX secretarial-type
under-the-chin units called Dynaset, Mono-
set, and Tele-fi. Although not offered to the
mass market, Allied and Newmark also carry
a “new 799;” this appears to be a Monoset
built for additional impedances. These de-
vices all use the same transducer with a re-
sponse of 50 to 500 Mz and are very light,
weighing from one-half to 1.25 ounces.

KH61] highly recommends the Dynaset
HUP-01. This has the transducer in a phone
plug, with plastic tubing leading up to a
junction below the chin. This is available
only in 15 ohms, however. It is frequently
found in airliners.

Don Miller, WOWNYV, has been pictured
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6. Connectors: Has the right coaxial con-
nector been selected for use with the
standard RG cable chosen? Is it designed
specifically for this purpose, or does it
require an adapter?

If you take these steps, and the cable
you are using fills each requirement satis-
factorily, you should have a minimum of
trouble with your system. However, here are
three more steps you can take to insure that
you're getting the best cable available:

7. Vendor: Have you seen the manufacturer’s
certification stating that the cable meets
given RG specs?

8. QPL: Is the manufacturer on the federal
Qualified Products List (QPL)?

Vendor certification availability: Have you
seen simifar certification? When you
bought cable from another supplier, was
it merely a restatement of catalog specs?

ham radio

®

-
[l lightweight headphones

wearing the Monoset unit, which has the
transducer in the junction under the chin.
Although these have been offered in 125 and
2000 ohms, Newark now shows them as the
“new 799” in 15, 500 and 1000 ohms too.
For those of you with 500-ohm equipment
such as Collins, this appears to be the best
solution.

The remaining design is the Tele-fi. This
has the transducer in one earphone, with a
tube leading to the other ear. This results in
a half-ounce unit but puts a millisecond time
delay in the line to the other ear. This
promises good performance on music and
voice, but we have no reports on the pos-
sible effect of this small time delay on code
reception, However, it is available in the full
range of five impedances, is extremely light
weight and passes under the chin. Further,
it appears to have small earmuffs that fit into
the outer ear rather than plastic tips to fit
the entrance to the ear canal as found in the
other units.

ham radio
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When it’s tough to separate last year’s
science fiction from today’s state of the
electronic art . . . when even the “new’’ transis-
tor has been superseded in many cases by more
versatile and efficient devices . .. and most of
the electronics industry has been turned upside
down... WHY DOES AMATEUR RADIO STICK
TO THE TECHNOLOGY OF THE FIFTIES?

The manager of advanced development
for a big communications company-—an active
ham since his early teens — asked the same
question of another long-time enthusiast and
nationally-known authority on solid state de-
vices. They observed that effective application
of the new technology — largely a product of
the aerospace industry — demanded a high de-
gree of engineering sophistication and a variety
of technical capabilities not generally found
outside of that industry . .. Their idea . .. why
notorganize a group of outstanding professional
engineer/hams...to do the job...and develop
their own new generation of no-compromise,
ham gear?

The idea grew . ..

Word got around . . . and it became ob-
vious from the interest it aroused that a lot of
serious amateurs were eager for really modern
equipment . . .

. .and grew ... with the creation of
a unique engineering team ... young and en-
thusiastic . . . encompassing several advanced
EE degrees . . . more than half-century of up-to-
the-minute communications engineering ex-

What's the BIG Idea?

perience . . . plus some seventy years’' post-war
hamming . . . DX, contests, VHF, RTTY ... the
whole spectrum of amateur radio . ..

...and became really big...when
the backing of a major corporation turned itinto
an intensive, full-time professional operation.

The “BIG IDEA" became SIGNAL/ONE.

SIGNAL/ONE is a new criterion for
judging amateur radio equipment . . . sophisti-
cated engineering combined with classic ham
ingenuity to offer you unprecedented perform-
ance .. .and operating pleasure. Unigue new
marketing and warranty policies reflect
SIGNAL/ONE’'s pride and confidence in this
superb new line . .. and the determination to
keep SIGNAL/ONE ... NUMBER/ONE ... In
investment value.

WHAT'S THE BIG IDEA?

It's all the performance ... the versa-
tility and convenience . ., the quality ... that
a few demanding engineers knew was possible

.and wanted to put into their own ham
gear . . . They did . . . and the result is ...
SIGNAL/ONE.

The remarkable SIGNAL/ONE line will

soon be available for you to put through its

paces .. .when you use it you'll agree. .. the
idea was great...and the result well worth
waiting for . ..

- SIS/ one

Indian Rocks Beach, Florida
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dummy loads
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How to design
and build

dummy loads
that provide

good performance
well into

the vhf region
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As so often happens to the inveterate home
brewer, | needed a good dummy load which
was usable well into the vhf region. Like
many others, | had some misgivings about
the accuracy of homebrew loads. The follow-
ing information is presented as a guide to the
design and construction of dummy loads, as
well as a description of my load and its char-
acteristics as measured on a laboratory-type
rf impedance meter.

The better commercial loads are built
around deposited film or similar resistors
where the film thickness is made small to
minimize variations in bulk resistance due
to skin effect. At low frequencies, rf currents
penetrate more deeply into a conductor and
as the frequency is increased, penetration
becomes progressively less. Depending upon
the type of resistor, other effects are also
present. Since the average homebrewer can‘t
afford an ideal resistor, we must do the best
we can with ordinary carbon composition
resistors.

In addition, at vhf the reactive effects can
become rather formidable. Commercial prac-
tice is to construct the load shield in the
form of tapered line sections to match the
load impedance at all points as shown in
fig. 1. Notice that the tubular resistor element
is long compared to diameter. Also, the



resistor-to-connector lead is in the form of a
cone that tapers from the outside diameter
of the resistor element to the diameter of the
connector center conductor.

The coaxial structure between point A and
B is a tapered line section which is designed
so that its characteristic impedance is the
same as the impedance of the resistive ele-
ment at all points. The resistive element
starts at point B, and from that point to point
C the impedance diminishes uniformly to
zero. At point C the outer section of the
coax structure is fastened to the resistor to
form the return leg back to the connector
body.

| designed it for an air dielectric—it wasn’t
intended to be used with an oil coolant. The
dimensions and values were chosen for a 50-
ohm load.

The completed unit looked good enough
to consider as a permanent load, so | mount-
ed it in a coffee can and added oil coolant.
If you intend to use cooling oil, the shield
diameters should be increased about 30% to
allow for the different dielectric constant of
oil. The performance curve shown in fig. 3
from 4 to 50 MHz shows some deviation
from the measured dc value of 52 ohms.

The impedance meter indicated that the
reactive effects through this range were small

fig. 1. G try used in cial loads to maintain the load imped: at all point
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Any departure from the mathematically de-
rived curve of the coaxial shield, or any de-
parture in the linearity of the deposited re-
sistive film on the ceramic tube which makes
up the resistor element, results in something
other than a purely resistive load; this be-
comes progressively worse as frequency is
increased.

Since I've worked with and rebuilt preci-
sion dummy loads, | was dubious about the
prospects of building anything useful with
available components. However, since | had
a large number of 390-ohm, 2-watt resistors
with very short leads (I bought one of those
“five for a buck” board deals) | built the
dummy load shown in fig. 2. | didn’t know
if the load would be worthwhile or not, so

compared to the variations in resistance and
were negligible below 30 MHz. At 50 MHz,
resistance variations contributed approxi-
mately 1% of the impedance variation. The
load, then, is resistive for all practical pur-
poses to 50 MHz.

The changes in resistive value are a built-in
factor determined by the use of plain old
carbon resistors. Above 50 MHz, the load
impedance begins to do some pretty wild
things. This is shown in curve A of fig. 4.
Again, the wildest excursions were due to
variations in the resistive value, while the re-
active value remained surprisingly reason-
able. 1t was apparent that the over-ali geom-
etry of the load wasn’t too bad, and the limi-
tation seemed to be the resistors themselves.
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fig. 2. The air-cooled dummy load built by WBYFB
plotted in fig. 3 and 4.

the load leveler

To improve the performance of the load, |
built a load leveler. This is nothing more than
a long length of coax—the longer the bet-
ter. It's connected in series with the load.
This piece of coax improves the load through
attenuation.

For example, suppose you were to feed a
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. The performance of this load at various frequencies is

vhf transmitter into an SWR bridge, then out
to a long length of coax which could be open
or short circuited at the far end. If the cable
were long enough to represent a 10-dB loss
and you fed 100 watts to the line, only 10
watts would actually arrive at the far end.
The remainder would be dissipated in line
loss. Since the 10-dB loss works both ways,
the line would appear beautifully matched,



n)

because the reflected signal would be 1/100
of the forward power indicated on the SWR
bridge—and with an infinite mismatch at
that! This, incidentally, is the reason why a
vhf antenna should be measured at the an-
tenna rather than the transmitter end of the
line.

| coiled 80 feet of RG-58A/U into another
coffee can, fed the ends through rubber
grommets in the lid, and put coaxial connec-
tors on the ends. With the load leveler, a
recheck on the impedance meter showed the

fig. 3. Impedance of the dummy load from § to 60
MHz.
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expected results—curve B in fig. 4. The im-
provement is already felt near 50 MHz; above
150 MHz the curve begins to flatten out.
Since the impedance meter | used only goes
to 250 MHz, this represents the end of the
line for actual measurements.

However, because of the characteristics of
the load leveler, the undulations of the curve
will become progressively smaller with in-
creased frequency; the curve tends to center
around the mean impedance of the coax used
in the load leveler. It should be noted that
an appreciable part of the total power may
be dissipated in the load leveler. At fre-
quencies above 50 MHz, watch for hot spots
in the load leveler cable. One way to do this
is to use a length of coax from the transmit-
ter to the load leveler—perhaps eight feet
long. As you use this combination, run your
hand along the 8-foot length of cable. Don't
let it get very warm.

Similar hot spots will occur at half-wave
intervals all along the line coiled up in the

can, and inside the can, heat dissipation is
impeded. It helps heat dissipation if the in-
side layers of coiled coax go to the dummy
load instead of the transmitter. This is par-
ticularly true if the inside layers are coiled
on a form. | used a 1-1/2-inch wood dowel
as a form.

The combination dummy load and load
leveler certainly isi’t the sort of thing need-
ed for lab-standard work, but it does repre-
sent a fair resistive load for amateur practice.
At worst, it exhibits an SWR of about 1.25,
and over much of the range it is considerably
better.

choosing the resistors

Since the impedance meter indicated that
the maximum variations were a result of the
resistive component, it appears that the basic
geometry of the load allows considerable lati-
tude in resistor choice as long as the basic
configuration is maintained. It's economically
unsound to buy all new resistors to dupli-
cate my load when a Heathkit Cantenna is
available for the same maney. However, if
you have a bunch of resistors stripped out of
television sets and old equipment, it's worth-
while to see if you have a usable group of
values. One such group is illustrated in fig. 5.
Maximum power capability is available when
all resistors are the same value. When using
dissimilar values, group values together which
are closest in resistance. To find the total
resistance value, proceed as follows:

1. Find the equivalent resistance of each
group of identical resistors; merely divide the
value of one resistor by the number of re-
sistors in the group.

2. Find the resistance of each paralleled
group: this can be done rapidly on a piece of
cross-ruled paper as shown in fig. 6 or cal-
culated from Ry = (Ry X Ro)/(Ry + Ry)

3. Add the values of each of the series
banks to obtain the total for the load; this
value should be between 50 and 53 chms.

The next problem is to determine the wattage
capability of the load:

4. First, determine the maximum voltage
capability of the second highest group of
three resistors—in fig. 5, this is group 5:
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E= VPR = V6 X40 = 154V

5. Determine the current through this
bank from Ohm’s law:
I =E/R=15.4/40=0.385 A

6. Since this same voltage will appear
across resistor bank number 6, determine the
current through bank number 6:

I=E/R=154/50=0.31A

7. Determine the maximum current
through the dummy load by adding the cur-
rents found in steps 2 and 3:

0.385 1+ 0.31=0695 A

8. Determine total power capability for
load:
P = |2R = (.695)2 X 52.7 = 25.6 watts

fig. 5. Method of setting up
resistance values to obtain a
satisfactory dummy load.

|

through banks 3 and 4 and 5 and 6. If you
raise the current through banks 1 and 2 to
the point where they are dissipating their
maximum power, the same current exceeds

fig. 4. Imped of the d y load be-

tween 30 and 250 MHz. The effect of the load
leveler at the upper frequencies is quite

evident.
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the ratings of the higher resistance banks.

It is often helpful to determine the dissipa-
31200 3 3ee tion of each bank of resistors separately—
or at least each paralleled bank. For example,
GROUP 5 GROUP banks 1 and 2 have an equivalent resistance
of 12.4 ohms; from step 8 the power dissi-
BT 3 3 e pation is calculated at 6 watts.
1 3 To measure the resistance of the load with
GROUP 3 ol a simple chmmeter, it’s best to buy one good
resistor; preferably a 50-ohm 1% film resis-
aire 3 3 e tor but at least a 51-ohm 5% carbon com-
. position type. If you use resistors that may
GROUP | l GROUP 2 I‘f’&',j" be on hand for the load, you may find that

QGROUP 5B 6 » 22.20
GROUP 3 B4 = (8.1 0
GROUP1 82 = j2.40
TOTAL» 52,78

ALL RESISTORS 2W. CARBON COMPOSITION

If you use an oil coolant, this number may
be safely multiplied by four for short periods.
This load would then have a peak capability
of about 100 watts.

Some of you may question the value | ob-
tained in step 5. Since we have eighteen
2-watt resistors, you may think that the load
should be capable of dissipating 36 watts.
However, remember that the current that
flows through banks 1 and 2 also has to flow
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although the finished load is calculated to be
50 ohms, it will measure 55 to 60 ohms after
assembly. You can measure the 50-ohm stan-
dard resistor with your ohmmeter, adjust the
meter so that it reads exactly 50 ohms and
connect the meter across the dummy load.
Then connect resistors across the highest re-
sistance bank in the load until you find a
value that gives a reading of 50 ochms.

Under no circumstances use wire-wound
resistors—even those that are claimed to be
non-inductive. Be wary of resistors which
look like molded carbon types but have one
color band much wider than the others. They
are wire wound.



construction

Make four rings of thin brass shimstock,
dairy tin (light gauge steel which is tinned
on both sides) or light galvanized iron. See
fig. 8 for details. Space the resistors around a
circle so there is an 1/8-inch or more between

300 _J r!oﬂ
2040 —'£ -208
2044 — - —— -~ m—
108 — r— 108
]
oa ry y on

fig. 6. Nomograph for determining the equivalent
parallel resistance of iwo paralle!l resistors. Ex-
ample: what is the equivalent resistance when a 20-
and 30-ohm resistor are connected in parallel? Plot
a line from B on the right-hand scale to 30 on the
left-hand scale and a line from A on the left to
20 on the right. The cross-over point of these two
lines gives the squivalent resistance. This chart can
easily be extended to higher values if desired since
both scales are the same length.

resistors to allow coolant circulation. If a
resistor has to be added later to make the
entire string look like 50 ohms, it can be
mounted in the center of one bank. The
center hole in the rings is necessary for free
flow of coolant through the resistor assem-
bly.

If your resistor banks are made up of un-
equal groups of resistance values, alternate
the resistors around the circle. The conical
group of wires connecting the ring nearest
the connector are installed next. A dozen
pieces of number 22 or 20 wire make an ade-
quate cone. Get the apex of this cone of
wires as close to the center line of the holes
in the resistor rings as possible. This will
help in assembly of the outer coaxial shield
later. When you have completed the cone,

you can get an accurate measurement of the
distance from the connector body to the
first resistor ring.

the coaxial shield

Next, determine the dimensions and lay-
out of the conical pieces. These are made
from copper window screen. Don't use alu-
minum screen; it’s difficult to make a solder
joint. If any substitution is necessary, go to
good clean galvanized screen.

The screen can be cut by trial and error to
form the desired sections, but it's easy to
make an accurate cardboard template and
use this to cut the screen sections to exact
size and shape. Fig. 2 shows the overall as-
sembly, but is drawn to illustrate the original
load. We'll make one modification. The ratio
of diameters shown for the screen diameter
and resistor ring diameter were for air di-
electric. In this design example, we’ll make
the ring diameter 1-1/4 inches to accomodate
fewer resistors. Also, the ratio of this diam-
eter to the screen diameter will be calculated
for oil dielectric.

fig. 7. Laying out the outer shield.
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For oil dielectric, multiply the desired load
impedance by VK, where K is the dielectric
constant of the oil, to obtain the proper ratio
of diameters using the conventional coaxial-
line impedance formula. The dielectric con-
stant of transformer oil is about 2.2 and the
square root of 2.2 is 1.48. Multiply the de-
sired 52.7-ohm load impedance by 1.48; 78
ohms. From the coaxial-line impedance for-
mula:

Zy= %‘2 log,, (D1/D2)
we find that the ratio of diameters for an air
dielectric is 2.38, while for transformer oil
the ratio of diameters is 3.67.

Regardless of the diameter of the resistor
banks, you only have to multiply the resistor-
bank diameter by 3.67 to obtain the correct
screen diameter for a 52.7-ohm impedance in

fig. 8. Resistor mounting ring
construction.

oil coolant. In this case, screen diameter will
be about 4-5/8 inches,

A method for making an accurate layout
of these screen segments is shown in fig. 7.
First, draw an accurate side view of one half
of the screen cone as shown in fig. 7A. Ex-
tend the line representing the outside of the
cone until it intersects the centerline at point
P. This line provides the needed radii. Mea-
sure the dashed segment with a scale; it is
1-1/2 inches long—total length is 5-5/8
inches. Now draw two concentric circles with
these radii on a piece of cardboard as shown
in fig. 7B. To determine the angle of the cut-
out portion:

1. Find the circumference of the finished
cone from circumference = = diameter =
3.14 X 4-5/8 = 14-1/2 inches

2. Determine the circumference of the
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outer circle you have drawn: 3.14 X 11-1/4
= 35 inches

3. From proportion, determine the num-
ber of degrees of circle needed:

°14.5 _ o
360 ST 150

Lay out this 150 degree segment on your
cardboard template with a protractor; allow
about 1/4 inch more for overlap. Cut the
screen to match the template. Roll the screen
up into a cone with the same amount of over-
lap. The loose ends of screen wire can be
used to hook the thing together until it is
soldered along the entire length of the
screen. Be sure to solder it thoroughly be-
cause it is the return lead and will be carry-
ing fairly heavy rf currents.

Make the top screen cone using the same
method. Securely solder the inner conductor
of the coax connector to the apex of the wire
cone. Then solder the top cone to the body
of the connector. Before soldering the lower
cone in place, cut a hole in it for the rectifier
diode. Mount the diode on the resistor ring
and slide the lower cone into position.

Make a thorough solder connection all
around the cone where it meets the lowest
resistor ring. Then solder the junction of the
two screen cones. The can lid can be made
of galvanized iron or sheet brass. Be sure to
include a vent that can be opened to release
internal pressure when the load runs warm.

calibration

A word about the diode rectifier. It can be
any germanium rectifier such as an TN34A.
Many of these diodes are rated in the vicinity
of 40 volts or so. To prevent breakdown, it's
wise to connect them to the resistor ring
closest to the ground end of the resistor
banks. A vtvm or 20,000 ohm/volt dc meter
may be used to measure the relative output.
Because of the nonlinear characteristic of the
diode at low power levels, it'’s desirable to
have a rough idea of power into the load.
Otherwise, small power increases may look
far better than they actually are. Any power
calibration, of course, will be a rude approxi-
mation unless you have some lab gear avail-
able.

Calibration can be done at 60 Hz by feed-
ing the load with a variable transformer or a



group of series-connected filament trans-
formers. First, calculate a number of calibra-
tion points from P = E2/R. With 12.6V ap-
plied to a 50-ohm load, for example, there is
3.2 watts into the load. After calculating a
number of points, step through them with
the variable transformer or other supply and
record the meter readings. These points can
be plotted on graph paper so the interme-
diate points can be read.

The finished load may be filled with min-
eral oil from the drug store, or transformer
oil if you know someone in the utility busi-
ness. Be sure the top resistor bank is sub-
merged an inch or so below the oil level but
allow some air space for expansion. This load
shouldn’t be run at maximum rating (about
four times rated resistor capability) for much
over three minutes without allowing a ten-
minute cooling period before reapplying
power. I've run mine at this overload level
repeatedly for 5-minute periods, but extend-
ed abuse could result in long-term imped-
ance variations that will eventually send the
load to the scrap heap.
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Here's a
solid-state version
of the clamp tube

that provides

high performance with
low-power dissipation
and

almost no heat
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Chris Grant, WOLRW, 6623 South Grant Street, Littleton, Colorado 80120

solid-state screen clamp

The clamp tube has been a popular circuit
in amateur transmitters for a long time. lts
primary purpose is to lower the screen volt-
age of the final in the absence of excitation
and prevent excessive current in the final
tubes. It has also been used as an a-m modu-
lator. In this application it varies the final
screen voltage—and thus the plate current
—in response to an audio input. The third
reason for using a screen clamp resulted in
this article.

My transmitter uses fixed bias and grid-
block keying. The final tubes are maintained
at low plate current during key-up by this
bias, but they’re not completely cut off. As a
result, when the transmitter is used with a
T-R switch, current in the plate circuit
causes objectionable noise in the receiver.

1 originally installed a 6AQ5 clamp tube to
cut off the final amplifier tubes completely
and eliminate the noise. Before long, the
tube circuit was discarded in favor of a
transistorized version. To see why, let's dis-
cuss the principles of each concept.

tube vs transistors

As shown in fig. 1, the clamp tube may be
represented by a switch and a resistor con-
nected between the screen and ground.
When the final tube is operating normally
and excitation is present on the grid, excita-
tion also puts bias on the clamp-tube grid.
This bias is sufficient to cut off the clamp tube
so that no plate current flows, and it looks
like an open switch.

Screen current flows normally through
the screen-dropping resistor, and the final
tube operates as if the clamp tube were not
present. If excitation is lost, the bias on the
clamp tube disappears, and it conducts heav-



ily. The screen voltage in the final amplifier
drops to a low voltage and prevents the
amplifier from drawing too much plate
current. The clamp tube plate voltage (and
final tube screen voltage) depends upon the
voltage divider formed by the screen drop-
ping resistor Rg and the clamp tube’s satura-
tion plate resistance Rpg. In my transmitter,
this voltage is about 15 volts.

This clamp tube circuit has two serious
disadvantages. First, since final amplifier
screen voltage is not dropped to zero, some
plate current may still flow. Secondly, a
great deal of power is dissipated in the clamp
tube itself and in the screen resistor, Rg,
because of the high plate current through
the clamp tube. This power is wasted and
appears as unwanted heat inside the trans-
mitter cabinet.
fig. 1. Clamp-tube equivalent.

PA TUBE

These disadvantages may be overcome by
devising a circuit which will work like fig. 2.
Here a single-pole, double-throw switch
alternately connects the screen to the supply
and then to ground. When excitation is
applied to the final, the switch connects the
final amplifier screen to the screen supply.
If excitation is removed, the switch moves
to the opposite position, connects the screen
to ground and prevents any final plate
current. ’

Note that in contrast to the circuit in fig.
1, no supply current is drawn when the final
screen is grounded. This can be accomplished
quite simply by using inexpensive high-
voltage silicon transistors in the circuit
shown in fig. 3.

transistor circuit operation

The diagram of the solid-state screen
clamp | use in my transmitter is shown in
fig. 3. The basic principles of operation are
quite simple. If excitation is present on the
final amplifier grid, rf is coupled through the
470-pF capacitor to the 1N60 diode. The

capacitor is charged during the positive half
cycle of the excitation signal and puts a
negative voltage on the base of the 2N3440,
cutting it off. The collector voltage rises to
a value determined by the 91k and 220k volt-
age divider.

The other 2N3440 is connected as an
emitter follower. Its emitter voltage is about
0.6 volts less positive than the base. There-
fore, the final amplifier is effectively con-
nected to a source having the same output
voltage as the junction of the 91k and 220k
voltage divider. Note the addition benefit of
this circuit: final screen voltage is relatively
independent of screen current.

If excitation is lost, the negative voltage at
the base of the first 2N3440 disappears. It is
then biased into conduction by the current
flowing through the 3.9M resistor to the
screen supply. The transistor saturates and
brings the base of the other 2N3440 down
to a few tenths of a volt; the transistor cuts
off and holds the screen at ground (I
measured about a tenth of a volt on the

fig.2. T

PA TUBE

SCREEN
SUPPLY

screen). Therefore, there is no final-amplifier
plate current.

design considerations

You have to go a little farther than basic
operation if you want to adapt this circuit
to transmitters with different voltage sources
and screen requirements. The first consider-
ation is transistor selection. Since the transis-
tors don’'t handle high frequencies, audio
types will do. The collector-to-emitter break-
down voltage, BVpyo should equal or ex-
ceed the voltage of the screen source. The
2N3440's | used with a 300-volt supply in
fig. 3 have a rated BV, of only 250 volts.
However, out of five units | tested, all had
breakdown voltages of at least 500 volts.

The next step is to determine the voltage
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divider resistances (91k and 220k in fig. 3).
The resistors are chosen so that their junction
will be at the recommended screen voltage
when the screen supply voltage is connected.
When the first transistor conducts, this junc-
tion is at ground potential, so the power
rating of the 91k resistor must be computed
using the full screen supply voltage. With the
values in fig. 3, a half-watt rating was suf-
ficient. The divider as shown draws about
1 mA from the screen supply during normal
operation of the final tubes.

The transistor in series with the screen
supply must pass all of the screen current.
The 2.2k resistor is necessary to limit the
power dissipation of the transistor by drop-
ping more of the voltage difference between
the supply and the screen as the screen cur-
rent increases. Thus, as screen current (and
transistor current) increase, the voltage drop
across the transistor goes down. In the circuit
shown in fig. 3, the maximum power dissi-
pated by the 2N3440 emitter follower is less
than 1.25 watts.

The 1N60 peak rectifier and filter (33k and
330 pF) are a simple way of switching the
transistors with rf excitation from the final
amplifier grid. The circuit is fast and sensitive
enough to function properly even during ssb
operation where excitation varies rapidly. If
the final uses no fixed bias, the input end
of the 33k resistor may be connected directly
to the final grid, and the 470-pF coupling
capacitor and 1N60 are not needed.

With a direct connection, it may be neces-
sary to increase the value of the resistor to
reduce loading on the grid circuit. The 3.9M
resistor is chosen so that the first 2N3440
conducts and its collector goes to ground
when there is no excitation on the final grid.

There are four other components which
haven’'t been mentioned. The .01’s on the
screen and supply terminals are used as by-
passes. The two 1TN914's are necessary to
protect the transistors from reverse break-
down at the emitter-base junction.

The design information in the preceding
paragraphs is offered for those of you whose
requirements differ greatly from the ones
shown in fig. 3. If you have or are building a
transmitter which has a low-voltage supply
of about 300 volts and requires about 200
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volts in the screen, the circuit may be used
without changes.

operation

When the board is mounted and all con-
nections are made, turn on the transmitter.
Measure the voltage at the screen terminal
with a vtvm. It shouldn’t read more than
several tenths of a volt. Before going on,
switch the voltmeter to a range at least as
high as the screen supply. Next, key the
transmitter. If all is well, the voltage should
jump to the level determined by the voltage
divider.

In case of trouble check all connections
first. Be especially careful of connections to
the transistors and diodes. If the screen volt-
age does not drop with loss of excitation, try

fig. 3. Schematic of the
solid-state screen-clamp cir-

cuit,
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reducing the size of the 3.9M resistor. If the
screen voltage does not rise with excitation,
check for a low negative voltage at the base
of the first transistor. If the voltage is present,
it indicates the peak rectifier and filter are
operating and that one of the transistors is
probably defective. When correct operation
is obtained, the transmitter is ready to use
on all modes.

The transistorized screen clamp out-
performs the old 6AQ5 and uses a small
fraction of the power. As evidenced above,
it has held up well in operation. 1 strongly
recommend that you use this circuit or a
variation of it if you're building any new
equipment requiring a screen clamp; the
savings in power and the reduction of heat
are worth it.

ham radio
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LARGE 5 ANTENNA LOAD

THE TRI-EX
FREESTANDING

LM 470

(70 FEET HIGH)

This advanced state of the art tower is aero-
dynamically designed to reduce tower wind
drag. This means you can carry more antenna
than ever before. Tri-Ex engineers have made
this possible by using high-strength, solid-steel
rod bracing. Only at Tri-Ex do you get "W type
continuous truss bracing. Developer of the
freestanding, crank-up tower, Tri-Ex prides it-
self on the quality of its products. More Tri-Ex
crank-up towers are in use today than all other
crank-up towers combined. Find out why the
LM 470 tower is such an outstanding success.
Write today for free literature.

AS LOW AS

$1159%°

NO SHIPPING CHARGES WITHIN
CONTINENTAL U.S.A.

iri-ix TUWER CQRPORHTION 7182 Rasmussen Ave., Visalia, Calif, 93277
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a discussion of
thermoelectric

power

Current prices rule out

thermoelectric generators

for hams, but in not too

many years you may be

using them on field day
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Drive, Hudson, New Hampshire 03051

Jesse Bryant, K1AJE, 21 Winnhaven

supplies

With the growth of the atomic age, a new
breed of power supplies has come into being
—thermoelectric power generation. These
are direct-conversion units with no moving
parts, maintenance and lubrication free, silent
in operation, and which provide one of the
most promising long-lived, dependable pow-
er supplies for extended space trips.

Since they are so dependable, the Nassau
Satellite Tracking Amateur Radio Society has
chosen this type of power supply for the
Moonray package they hope to put on the
moon in 1970. Some day in the near future
we will find these power supplies being used
from the outermost fringes of our galaxy to
twenty-thousand leagues under the sea.



Thermoelectric power supplies are not
limited to costly space programs. As of now
they are in use around the world in remote
positions, above, in, and under the sea. That
buoy you passed on your last weekend cruise
could possibly have been powered by a
thermoelectric generator supplemented by
batteries, and operating at a considerable
saving in cost over conventional systems.

Groups who are contemplating remote
mountain-top repeater stations, microwave
links, etc., would do well to consider this type
of power supply where electricity is not read-
ily available. For example, a commercially
available thermoelectric power supply with
approximately 12 watts continuous output
(12 volts, 1 ampere) would require about 300
gallons of propane per year.

Wait! Before you stop reading, remember
that although 12 watts is not much, it's
enough to charge a ballast battery (preferably
nickel-cadmium for long-life and low main-
tenance) during non-transmit periods. A 10-
ampere-hour, nickel-cadium, 12-volt battery
could supply a 120-watt steady-state load
for one hour—but our loads are only inter-
mittent. With properly designed solid-state
transmitting and receiving equipment, the
peak-power duty cycle is very low. The 12-
watt thermoelectric generator would con-
tinue to supply power day and night for

Commercial 1-watt thermoelectric
generator. Total weight is 4.8
pounds; volume, 0.07 cubic feet.

— AT W

charging the ballast batteries—they would
permit a relatively high-power drain during
periods of peak power requirements.

theory

Direct conversion of heat into electricity
has been with us for over 145 years. In 1822,
Johann Seebeck reported he had observed
that a magnetic needle was deflected when
placed near a closed loop of two dissimilar
metals when a temperature difference was
maintained between the two junctions. A
very basic thermoelectric circuit is shown in
fig. 1. One end is hot and the other end is

Inside the 10-watt thermoelectric
generator. Fuel is Plutonium-238.

immersed in an ice bath; by using dissimilar
metal wire in a closed loop, a small voltage
is developed. With the exception of its use-
fulness in measuring temperature, Seebeck’s
discovery went rather unnoticed. In fact, you
can buy a complete set of temperature vs emf
tables for various dissimilar metal thermo-
couples from the U. S. Government Printing
Office.

Very little progress was made until after the
discovery of the transistor in 1948. The de-
mand for ultrapure metals for semiconductors
made it possible for further research on
thermoelectrics. It was found that by doping
certain pure metals, a positive or negative
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valance could be achieved as in transistors
and diodes. By making a closed loop and
applying heat, at temperatures which were
previously considered destructive, to one
junction and cooling the other, considerable
power could be generated. So much interest
was generated in this type of thermoelectric
that the Navy contracted Westinghouse for
material research and development with the
possibility of quiet power generation for
ships.

A typical thermoelectric module is shown
in fig. 2. By applying heat to one end and

fig. 1. The basic thermoelectric circuit.

EMF

cooling the other, power is produced. The
voltage output will be very low, but the
amperage output could be quite high, 25
amps or more, depending on the size of the
module. The P and N legs are hooked in
series; by hooking many more together, you
can get an appreciable voltage output. As
with battery circuits, voltage will increase as
cells are added in series, but current is com-
mon to all.

The type of material and size of the legs
determine the electrical resistance. This is
normally very low, approximately 0.01 ohm
per P and N leg. The thermoelectric mate-
rials are very susceptible to poisoning when
at operating temperatures; therefore, they
are usually sealed in an inert atmosphere or
vacuum.

Some of the metals now used are silicon-
germanium, bismuth-telluride and lead-
telluride. They are usually selected according
to operating temperature, ease of fabrication
and cost per unit. As the state of the art im-
proves in metallurgy, the temperature limit
on the hot end is reaching 2000° F and
above.
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radioisotopic thermoelectric
generators

With the recovery of radioisotopes from
spent nuclear reactor elements, we have a
constantly enlarging fuel supply for use as a
source of heat in thermoelectric generators.
The radioisotope is a byproduct of nuclear
reactor operation and generates heat as it
decays. Radioactive isotopes are rated in
half lives; that is, they will decay to one-half
their original thermal power when they reach
their half-life. Typical half lives of several
radio-active elements or isotopes that show
promise in the thermoelectric field are listed
in table 1.

With the present state of the art, the effi-
ciency of thermoelectric generators is ap-
proaching 10%. If a generator output of 10
watts (thermal) is required at the end of 5
years (half-life of fuel), assuming 10% effi-

fig. 2. Typical thermoelectric
module.

e
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ciency, the initial fuel load for the generator
must be 200 thermal watts. At the beginning
of life, 100 watts of thermal heat must be dis-
sipated. This is wasteful but necessary if the
rated power of 10 electrical watts is to be
maintained at the end of 5 years. This is
called power flattening or dampening.

A radioisotopic thermoelectric generator
for space applications is shown in the photo-
graphs. This generator has an unbelievable
two-watts-per-pound power-to-weight ratio
and is available in 5- to 50-watt output class.
As shown in the graph in fig. 4, the generator
has an optimum operating range where the
load resistance matches the generator elec-
trical resistance and provides maximum peak



power.

The high cost of efficient generators and
the tremendous cost of the long-lived fuel,
Plutonium-238, which is controlled by the
Atomic Energy Commission, leads to caution
when considering the use of isotopic gener-
ators. However, they can be used to charge
batteries (made to last 5 years or more) which
will supply peak power demands.

The battery pack will supply tremendous
power for a short time and is rechargeable
with a thermoelectric generator. At the end
of the sensed battery life, the batteries may

mote repeaters and microwave relay stations
could operate using batteries that are re-
charged by the generator. A typical low-
power generator is shown in the cutaway
drawing.

If you don’t want to go nuclear, there are
several manufacturers offering off-the-shelf
generators with outputs of 100 mW to 50
watts and higher. These are usually heated
with fossil fuel such as gas, oil or propane;
any heat producer can be used. They are
presently used to charge communications
batteries on railroads, supply power for Coast

fig. 3. Method of putting several thermoelectric generators in parallel.
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be disconnected remotely; low power would
still be furnished by the thermoelectric gen-
erator until the end of several half-lives of
the radioisotope fuel. For the Moonray pro-
ject the thermoelectric generator has another
benefit: when the cold lunar night sets in, the
heat from the radioisotope fuel could keep
the batteries from freezing.

For less sophisticated applications there is
another breed of generators called terrestial
generators. These are for remote applications
and use cheaper fuel and abundant shielding.
They can be placed anywhere. Automatic re-

Guard buoys, supply power to fire towers in
remote areas and in many many more ways.

Thermoelectric generators are unique in
that the output can be short-circuited tem-
porarily without harm to the elements. They
are inherently self-protecting. The only real
dangers are overheating and exposing the
internal parts of the generator to air at op-
erating temperature. Most manufacturers
build in safety features to protect against
overheating; they also seal the internal parts.

In most thermoelectric generators, the volt-
age is very low—3 to 5 volts output. This is
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almost useless unless it's converted to a
higher output voltage. Dc-to-dc converters
are used to step up the voltage to a useable
value such as 6, 12, 24 or 28 volts using high-
ly efficient toroid-core transformers and
solid-state circuitry.

I's my opinion that this can be improved
by adding enough legs to get the voltage up
to 13 volts or more. Paralleled generators
would be possible with less power loss by
using diodes to prevent the flow of current
to the lower voltage generator.

Diodes have a 0.75-volt drop, and with low
voltage units this is a considerable power
loss. However, by increasing the initial volt-
age, 0.75 volt would be a small loss, and gen-
erators with different characteristics could
be used as shown in fig. 3. By using thermo-
electrics on both sides of the heat source,
costly insulation would be replaced with
another bank of thermoelectrics, thereby in-
creasing efficiency.

other uses for thermoelectrics

Ok, so you don’t want a unique power
supply. How about cooling the hot final in
that super-duper factory-built rig that threat-
ens to melt under sustained key-down con-
ditions or the VFO that never stops drifting?
By passing current with less than 1% ripple
through a thermoelectric module, you can
have a cooler; one end will get cool, and the
other end will get hot. In effect it's a heat
pump. When you reverse the polarity, the

table 1. Typical half lives and power density of
several radioactive elements that show promise in
the thermoelectric field.

isotope half life power density
years thermal watts/in3
Thulium 170 0.3 100
Thulium 171 1.9 10
Strontium 90 28.0 6
Plutonium 238 89.0 25

hot and cold ends will also reverse. These
are off-the-shelf items carried by most of the
large electronic distributors and are fairly
reasonable in price.

Thermoelectric power generation is still in
its infancy, and advances are being made
every day. In the next five to ten years, engi-
neers will be getting the power up and the
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fig. 4. Operating range of the
thermoelectric module pictured at
the beginning of the article.
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price down—priced low enough perhaps to
compete with batteries at the corner drug
store. Can you think of a better way to power
that field-day station?

references
1. Westinghouse Thermoelectric Handbook.
2. ““General Principles of Thermoelectric Thermome-
try,” Leeds and Northrup Company.
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AT LAST!

2 METER FM TRANSCEIVERS

SPECIALLY FOR HAMS

FULLY TRANSISTORIZED — NO TUBES

Operates on — 117 VAC — 12 Volts DC — Or Optional Internal Batteries — Separate
receiver and transmitter 3 channel operation — Self-contained 3 x 5 speaker — Strong
fiberglass Epoxy printed circuit boards — Power supply even regulates and filters on
12 VDC operation — cannot be damaged by Reverse Polarity — 21 transistors —
14 diodes — Double conversion crystal controlled receiver with 3 full watts of
audio output and better than .3puV sensitivity (12 DB SINAD) — Transmitter
and receiver may be ordered in either wide or narrow band at no extra
charge (wide band supplied unless specified) — Small size 8"w x 3%"h
x 91"d — Light Weight - Less than 414 Ibs — True FM receiver
not a slope detector — Dynamic microphone input with push
to talk — Built in 117 VAC power supply — Simply plug
in proper power cable for either 117 VAC or 12 VDC
operation — Transmitter power output 4 watts minimum.

Complete with one set of crystals on 146.94, 117 VAC and 12 VDC power cables,
less microphone and antenna $285.00

Extra crystals (transmit or receive) $7.00 Mobile Mounting kit $7.00

ICE

INTERNATIONAL COMMUNICATIONS ano ELECTRONICS, Inc.
1917 NW MILITARY HIGHWAY,SAN ANTONIO, TEXAS 78213 =2 34i-131
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TALK POWER

10LID YTATE

ELECTRONIC
YOLUME

COMPRESSOR

The AutoLevel is the ultimate in volume compressors. This unique device provides all the talk power
your transmitter can use., The Autolevel was designed for use with SSB or AM transmitters, with or without

ALC capabilities.

The AutoLevel is not an audio or RF clipper = all compression is attained by a photo-optical regulator
which provides 14 dB"s of compression with a minimum of wave form distortion.

The AutoLevel is easily installed in the mike line,

and it contains its own power supply; (there's no

need to bother with bacteries), It can also be used with your phone patch for the utmost in ease of operation.
When you're ready for the finest, ask your local dealer for the AutoLevel.

SPECIFICATIONS

dB's compression ~ 14 dB minimum
Wave form distortion — neglible

Input impedance — suitable for dynamic or crystal microphone

Output impedance — 50K (nominal)
Power supply — 115 volts AC

Dimensions — 2-3/4"*x4-11/16"" x 6-3/8""
H w D

Weight:— 32 ounces
Color — Bone White with Black front panel
Price — $87.50

AUTHORIZED DEALERS (listed alphabetically)

AMATEUR ELECTRONIC SUPPLY
4828 W, Fond du Lac Avenue
Milwaukee, Wisconsin 53216
Tel: 414 — 442-4200

AMRAD SUPPLY, INC.
3425 Balboa Street
San Francisco, California 94121
Tel: 415 — 751-4661

AMRAD SUPPLY, INC.
1025 Harrison Street
Oakland, California 94607
Tel: 415 — 451-7755

ELECTRONIC CENTER, INC.

107 3rd Ave. North
Minneapolis, Minnesota
Tel: 612 — 338-5881

EVANSVILLE AMATEUR RADIO SUPPLY
1311 North Fulton Ave.
Evansville, Indiana 47710

GR&HAM ELECTRONICS SUPPLY, INC.
122 S. Senate Avenue
lnd napolis, Indiana 46225

Tel: 317 — 634-8486

HAM RADIO OUTLET
999 Howard Avenue
Burlingame, California 94010
Tel: 415 — 342-5757

THE HAM SHACK (Tel-Appliance Center, Inc.)
1966 Hillview Street
Sarasota, Florida 33579
Tel: 813 — 955-7161

HENRY RADIO STORE
931 N. Euclid
Annheim, California 92801
Tel: 714 — 772-9200
HENRY RADIO STORE
11240 West Olympic Blvd,
Los Angeles, C n|lfnmlrl 90064
Tel: 213 — 477-
L. A. AMATEUR RADID SUPPLY
2302B Artesia Blvd.
Redondo Beach, California 90278
ED MOORY WHOLESALE RADIO
Box 506 -
De Witt, Arkansas
Tel: 501 — WH 6-2820
PIONEER-STANDARD ELECTRONICS, INC.
5403 Prospect Avenue
Cleveland, Ohio 44103
Tel: 216 — 432-0010
PIONEER-STANDARD ELECTRONICS, INC.
SREPCO ELECTRONICS DIVISION
314 Leo Street
1)<t}1t1|1 Ohin 45404
Tel: 513 — 224-0871
UNIVERSAL SERVICE
114 North Third Street
Columbus, Ohio 43215
Tel: 614 — 221-2335
VALLEY HAM SHACK
4109 N. 39th Street
Phoenix, Arizona
Tel: 602 — 955-4850

DEALERSHIPS AVAILABLE IN SOME AREAS — WRITE FOR FREE SPECIFICATION SHEET

Ravirack E ‘
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don’t
throw away
that iron!

some thoughts on
converting a-m
power amplifiers

to ssb service

Bill Blankenship, WA4GNW/W1RDR 6709 Green Meadow Court, Louisville, Kentucky 40207 SN

In countless ham shacks across the country
there are a great many a-m components and
complete a-m rigs which you may think are
obsolete, but in actuality, they can be used
with outstanding success on ssb. After many
years on a-m, | was faced with the same prob-
lem as most amateurs changing to ssb:
whether to junk existing equipment, sell it at
give-away prices and buy new gear, or modi-
fy the old rig for ssb operation. Most ama-
teurs buy a commercial ssb transceiver which
runs at power levels of 100- to 500-watts PEP.
Ultimately, however, they feel the urge to
tack on a linear for increased power.

Unfortunately, the average amateur doesn’t
have sufficient know-how or time to design
and build a complete ssb transmitter or
transceiver, so it makes good sense for him
to buy a commercial unit. When it comes to
the linear, it's a different story. Back in the
attic among the cobwebs are many fine pieces
of equipment which are equal or superior to
anything commercially available. This is not
intended as an indictment of the many fine
commercial linears available; but if iron is
more plentiful than silver around your shack,
the following may prove of interest.

My first step in ‘‘going ssb” was to put
together a Heathkit SB-401 transmitter. My
old kW plate-modulated amplifier was an un-
likely candidate for ssb service—at first
glance. The basic circuitry didn’t conform
with the generally-accepted configuration of
today’s ssb linears. It used a pair of push-
pull 250TH'’s in a tuned-grid, tuned-plate con-
figuration with a split-stator butterfly tank
capacitor with a plug-in coil and swinging-
link plus a five-band coil turret in the grid
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circuit tuned with a two-section capacitor.
Sound familiar?

When | took a closer look at the amplifier,
{ couldn’t see any reason why a push-pull cir-
cuit, with its inherent harmonic cancellation,
wouldn’t actually be better than a single-
ended final. Similarly, a tuned-grid circuit
should be as good or better than a broad-
band untuned input. The use of 250TH’s is
irrelevant, and many other tubes will perform
just as well. If the a-m amplifier uses a single-
ended configuration, so be it. The point is
that many existing a-m amplifiers can be con-
verted to linear service at practically no
additional cost.

power supplies

The plate voltage supply consists of two
4400-Vct, 1.5-kVA hypersil-core pole trans-
formers in parallel, a pair of 872A rectifiers,
a capacitor-input filter consisting of a 2-
uF, 4000-V oil-filled capacitor, a 20-H broad-
cast-type choke, another 2-uF oil-filled capac-
itor and a 100k-ohm, 200-watt bleeder re-
sistor. The 3-kVA continuous-duty rating of
the plate transformer is the key to the hard
regulation 1 get with this supply without the
big filter capacitance usually required. The
plate transformer never has to deliver more
than half of its rated output. From idling
plate current to maximum current on voice
peaks, voltage regulation is on the order of
3%.

Grid bias is obtained from a 2500-ohm,
100-watt resistor across the output of a heavy-
duty full-wave supply. The resistor is tapped
at the grid cut-off point of the 250TH. No
grid-leak bias is used. An overload relay pro-
tects the tubes in case of excessive plate
current.

amplifier modifications

| installed a small relay adjacent to the
bias supply and connected the cut-off bias
voltage to one set of relay contacts. A second
slider tap on the bias supply resistor was
positioned so the final draws the correct no-
signal idling plate current when plate voltage
is applied; this bias is connected to the
normally-open relay contact. The armature
is connected to a feedthrough capacitor
which feeds the bias to the shielded grid
circuit. The relay coil is connected to an
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“external relay” socket on the exciter. When
receiving, the final is biased to cut-off, and
when the exciter's PTT-VOX relay is closed,
ssb operating bias is applied to the amplifier.

A dpdt center-off switch replaces the
original spst plate voltage switch on the front
panel. This allows instant switching from ssb
to high-level plate-modulated a-m, primarily
for working DX stations still operating a-m on
10 meters. If you’re only interested in ssb
operation, this change is not needed.

Conventional control circuitry is used: one
side of the ac line to the amplifier is con-
nected to the high-voltage plate relay coil.
The other side is wired in series through the
door interlock, the overload relay contacts
and one set of contacts on the dpdt front
panel switch to the other side of the coil.
With this wiring, high voltage to the amplifier
is independent of exciter control. For a-m
operation one side of a two-conductor con-
trol line from the a-m exciter is connected
to the plate relay coil; the other side is con-
nected as above except that it uses the other
side of the dpdt switch so plate voltage can
be controlled by the “transmit-standby”
switch on the a-m exciter.

A switch in the modulator filament circuit
and a switch which operates a relay to jumper
high voltage across the modulation trans-
former secondary for CW operation are used
for ssb. Therefore, three switches and a relay
convert the amplifier from 1-kW plate-
modulated a-m to 2-kW PEP ssh.

operation

The amplifier is loaded to 1200 watts dc
input—3000 Vdc at 400 mA with the exciter
switch in the “tune” position. Switching the
exciter to upper or lower sideband, a steady
tone is applied to the mike and the mike
level control advanced until the amplifier
plate curent is 330 mA—990 watts dc input.

In regulating the amount of drive to the
amplifier, the exciter should be tuned tor
normal maximum output. If this produces
excessive drive to the amplifier, the exciter
drive control can be reduced slightly. How-
ever, make sure that the drive to the exciter’s
own final is not reduced below the manu-
facturer’s specifications for minimum drive.
Otherwise, the alc circuit and carrier sup-



pression will be upset and signal quality seri-
ously affected. If minimum permissible out-
put from the exciter still results in excessive
drive, use an attenuator.

construction

Little specific mention has been made
about design and construction of the ampli-
fier. Just remember that the dictates of good
engineering practice should be followed
when adapting an existing amplifier to ssb
service. Briefly, the amplifier should have a
well-regulated bias supply; a plate voltage
supply with minimum voltage drop from
idling current to full current drawn on voice
peaks; adequate isolation of grid and plate
circuits; good neutralization; complete
shielding; impedance matching to the trans-
mission line; a good low-pass filter and
adequate cooling. My amplifier—which is
typical of most well-designed a-m amplifiers
—incorporates all these provisions.

One inexpensive way to match a swinging
link to coaxial line is by using a 30- to 500-pF
variable in series with the center conductor
of the coax line. The capacitor is mounted
inside the shielded enclosure on an insulated
plate with its shaft extended through the front
panel. To adjust the link correctly, mesh it
to the point where the amplifier draws a very
small amount of current and tune the loading
capacitor for a peak current reading (usually
an increase of a few mils). Then mesh the
link until the ampilifier is drawing the proper
operating current.

If the link is correctly tuned, retuning the
loading capacitor after the amplifier is load-
ed to the proper value will indicate no
change in the resonant point of the link-
tuning capacitor. Fairly wide frequency ex-
cursions within any given band are possible
without retuning. The tuned-grid, tuned-
plate, tuned-link configuration provides very

effective suppression of spurious radiations.

cooling

Proper cooling of the shielded plate-
circuit compartment is very important. To
quote a recent article by a well-known ham
engineer, “The only time you have too much
cooling is when the blast of air blows the
tubes out of the sockets.” |1 might add that
you may also have too much cooling—or a
bad bearing—when blower noise makes it
hard to hear the receiver. My amplifier uses
the pressurized chassis method; the chassis
has a solid bottom plate.

The top of the chassis forms the floor of
the plate-circuit compartment with twenty-
four a-inch holes drilled around the periph-
ery of each tube socket. Mounted on the
rear edge of the chassis are two 4-inch
centrifugal blowers rated at 250 cfm each
with zero back pressure. Since the total area
of the drilled holes is considerably less than
the combined area of the two blower nozzles,
there’s a certain amount of back pressure,
but this is inconsequential. Blower noise is
at a very tolerable level and do a no-
nonsense cooling job.

An old axiom states that, ““the proof of the
pudding is in the eating.” The old warmed-
over pudding at this QTH is tasty indeed. |
have been literally swamped with unsolicited
signal reports lauding the quality and strength
of the signal. So many reports have been
made of, “strongest signal on the band,”
“beautiful pattern on the scope,” “extremely
narrow, but pinning the S-meter,” etcetera,
that I’'m almost beginning to believe it. I hope
this apparent immodesty will spur some of
you to make your own conversions. Borrow
a derrick and drag that old a-m rig out of the
corner and join the fun!

ham radio

[} next month in ham radio magazine:

Solid-State Six-Meter Transmitter
Three-Band Ground-Plane Antenna
Simple Panoramic Receiver Adapter

Amateur Frequency Measurements

Trouble Shooting around FET’s
Low-Noise Two-Meter Preamp
Interstage Networks

Plus many more . ..
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aligning vhf transmitters

Speaking generally, aligning the broadband
tuned circuits between stages in a vhf trans-
mitter is a lot like aligning them in any
transmitter, Yet, there are subtle differences
you should know about. Take a simple 2-
meter a-m transmitter as an example; one
is shown in block-schematic form in fig. 1.

First, you need some sort of alignment
indicator. Monitoring rf power output of the
transmitter is inadequate for adjusting the
early stages; the indications are too broad
to be any help. A vtvm connected across the
grid resistor of a late stage—say the driver
—is usually effective; it measures class-C grid
current. The manual that comes with the
transmitter may tell you what point is best.

The first slight peculiarity arises in adjust-
ing the oscillator. In many vhf transmitters,
inexpensive 8-MHz fundamental crystals
generate the carrier, as shown in fig. 1. How-
ever, the oscillator is also a tripler. Its output
is at 24 MHz. Tuning its plate coil isn’t exactly
as simple as merely peaking it for maximum
vtvm indication, but the proper technique is
seldom spelled out in a manufacturer’s align-
ment instructions.

For oscillator alignment, you should plug
in the highest-frequency crystal you have.
This permits you to set the plate coil for best
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stability, since any instability of oscillator-
tripler operation shows up first at the higher
frequencies.

Most important is the way you do the
adjustment. Key the transmitter, and tune the
oscillator plate coil for a peak on the vtvm,
Don't stop with that, though. Rock the slug
back and forth a little; you'll notice the
reading drops off more quickly on one side
of the peak than on the other. With the adjust-
ment peaked, turn the slug in the direction
of the slow drop-off—just enough so you
can notice the lower meter reading. Leave
the slug set slightly on the “slow” side of
the peak. That's the point of maximum
stability. This adjustment is even more critical
when the oscillator uses overtone- or har-
monic-type crystals.

For the later stages, such as the driver
and the final, it is better to monitor rf out-
put. In vhf power stages, the plate-current
dip dosen’t usually occur exactly at the most
efficient point. Therefore, for all output-stage
adjustments, an rf wattmeter or other rf out-
put meter is the most effective tuning indi-
cator.

For interstage and output adjustments, use
a crystal frequency near the center of the
over-all range. Only the oscillator needs the
special treatment at the high end. Just peak
the interstage multiplier or amplifier adjust-
ments for maximum rf output.

The order in which you make the final-
stage and output-coupling adjustments can
be a factor in vhf transmitters. Start with
coupling as loose as possible (least rf out-
put). If there is a plate-current meter, use it
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to dip the power-amplifier tank as a pre-
liminary step; later, however, you'll retune
the tank for maximum rf output. Drive in vh{
transmitters is seldom adjustable; you just
tune the driver stage for strongest drive to
the final.

Start by increasing antenna coupling just
enough to get some output reading on the rf
wattmeter or whatever you’re using as an
output indicator. Ignore final plate current
at this point. Now tune the plate tank for
maximum rf output. Then peak the antenna
trimmer, if there is one. In small steps, in-
crease rf output to the rated wattage for the
transmitter, repeating the sequence just out-
lined: increase coupling, tune plate, tune

indicator. At the grid of the final is a good
place to hook a vtvm to check alignment
results in the earlier stages. Loosen antenna
coupling to begin with.

Plug in the highest-frequency crystal you
have for either band. Key the transmitter and
peak both slugs (top and bottom) in the
first interstage transformer. Then go back
and shift the plate-winding adjustment
slightly to the stable side, as already de-
scribed. Change to a crystal whose frequency
is near the center of the bands. If necessary,
use two: one near the center of each band.
Peak both adjustments of the second inter-
stage transformer for best drive at the final,
measured by the vtvm.

fig. 1. Common configuration for an amateur vhi transmitter.
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antenna. Don’t allow plate current to exceed
whatever is recommended for the tube; also,
don’t exceed the FCC-ordained plate power
input. Don’t tune the plate tank for a dip on
the meter—tune for output, always. If plate
current gets too high, back off the coupling
so there’s less rf output; then retune the
plate and antenna controls for peak output.

a-m vhf transmitter

Another vhf ham transmitter is diagramed
in fig. 2. This one is a two-band rig. Also,
interstage coupling is by double-tuned trans-
former, although that makes little difference
to alignment—just a couple of extra slugs to
turn. Let’s run through its alignment quickly.

Connect a dummy load and rf output

@ FINAL
2
3 ——/iﬂ f
FINAL

2
7'\
» e
Switching from 2 meters to 6 meters

changes the interstage coupling to the final
{power amp), and also alters the mode of
operation in the last multiplier stage. For 6
meters, it becomes merely an amplifier.
There’s no driver-stage adjustment for 6
meters, so switch to 2-meter operation. Peak
the two series-resonant trimmers for maxi-
mum drive to the final.

Output coupling systems for each band
are separate and different. Tune the 6-meter
band first, which uses the pi-network output
system. The standard alignment procedure
applies, except that there is no coupling ad-
justment. Tune the plate trimmer (C1) for
maximum rf into the dummy load. Then
adjust the antenna-tuning trimmer (C2). Peak
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them both, going back and forth a couple of
times to make sure interaction doesn’t affect
the result. You’ll have to refine them both a
little when you connect an antenna.

Switch to the 2-meter band. Output
coupling is a simple link, series-tuned. Peak
the trimmer for maximum output, with
either the dummy load or the antenna con-
nected. If you use the dummy, retouch the
adjustment when you change to the antenna.

Many vhf transmitters have the plate and
antenna tuning controls on the front panel.
They should be readjusted with each crystal
change, or with each change in VFO tuning.
Always peak them for maximum rf output.

single-sideband vhf

There are some differences between vhf
transmitters for a-m only and those that
operate in the ssb mode. The variations
aren’t major, but they are sufficient to alter
the general alignment procedure. The block-
schematic of fig. 3 shows the layout of one
double-conversion vhf ssb transmitter—from
the Gonset Sidewinder series. This one is
about average among this class of trans-
mitter, so it makes a fair example. The steps,

VFO, which is part of the transmitter, you can
tune any frequency within the sector. The
carrier oscillator is the 9-MHz type that is
common in modern transceivers. It is this
synthesis method of developing the vhf out-
put frequency that dictates a special sequence
for transmitter alignment steps. The proce-
dure isn’t as straightforward as in simpler a-m
units with frequency multipliers.

The 9-MHz i-f amp and the 15-MHz band-
pass i-f amp are part of the receiver, too (the
Sidewinder units are transceivers). You can
align the two stages with a signal generator;
a sweep generator is recommended for the
band-pass amplifier. However, you can also
do a fairly close job with the transmitter
keyed on, using the signals generated by the
unit's own oscillators. Follow the manu-
facturer’s instructions religiously if you have
the test equipment; if not, the technique I'll
outline here will work.

The first step is to align the 9-MHz section.
Disable the tuning oscillator or VFO. Con-
nect a vtvm with rf demodulator to the out-
put of the first mixer (the transistor collector,
in this instance). Key the transmitter on, with
its mode switch set for CW operation. Peak

fig. 2. Two-band vhf transmitter is only slightly more complex than the design shown in fig. 1.
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and the order you do them in, can be
adapted to other ssb transmitters in the vhf
bands.

This transmitter uses frequency synthesis
to tune the 6-meter band in sectors. Four
35-MHz crystals handle this. The tuning
oscillator lets you use crystals from 5.5 to
6.5 MHz to select spot frequencies within
the 1-MHz spread of each sector; with the
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T10 for maximum. Move the vtvm probe to
the 9-MHz input of the mixer (emitter, here).
Adjust the crystal trimming capacitor (C23)
for exactly 65 mV on the vtvm. Move the
vtvm probe back to the mixer collector
again, and again peak T10. The trimmer
capacitor puts the crystal signal at exactly
the right spot on the response slope of the
sideband filter, and you have peaked T10 to
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fig. 3. Adjustments and their are complicated in this vhf single-sideband transmitter. Special equip-
ment is r ded for adjusting some of the tuned band-pass circuits.

pass the resulting 9-MHz signal efficiently.

Reactivate the tuning oscillator or VFO.
Move the vtvm probe to the input of the
second mixer. Tune the VFO to the center
of its dial, and peak C36 for maximum read-
ing on the vtvm. That couples the tuning
oscillator most efficiently to the first mixer.

Next, if you do have a frequency meter,
check the frequency of each of the four sec-
tor crystals. If you don’t have a frequency
meter, you must simply take them for granted.
If, later, you find one sector isn't accurately
calibrated, its crystal is probably off fre-
quency. 1t’s unlikely that more than one will
be off. If they all are off, you can warp them
onto frequency with L12.

Move the vtvm probe to the output of the
second mixer. Now align the band-pass i-f

amp. It must be stagger-tuned and is best
done with a sweep generator. However, you
can get by this way: key the transmitter and
peak T9, T8, T7, T6, and L18 for maximum
signal reading on the vtvm. Go over all five
a couple of times to make up for any inter-
action. To get the bandwidth needed, go
back to T7 and T6. Turn the slug of T7
counterclockwise one quarter-turn, and the
slug of T6 clockwise one quarter-turn. This
is a rough approximation, but you can
usually get by. To check it, tune the VFO
from one end to the other of its range. The
vtvm reading will vary from one end to the
other, but there should not be any sharp
dropoff in: the reading near either end of
the VFO range. If there is, try correcting it
with T8, T9, or L18. If you can't, realign them
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at their peaks and try correcting the too-
narow band pass with T7 or Té.

Now go back to the front end and adjust
the balanced modulator. Start with the trans-
mitter still in the CW mode. Connect the
vtvm rf probe at the input terminal of the
sideband filter. Key the transmitter, and peak
T11. Switch to the upper-sideband mode, and
adjust R62 for a null (minimum on the vtvm).
With a nonmetallic screwdriver, rock C25
slightly. If the rf indication on the vtvm can
be reduced by turning C25 in either direction,
turn it that way only slightly and re-null R62.
Continue this in small increments—C25 for a
slightly lesser reading and then R62 for mini-
mum—stopping when turning C25 further
starts increasing the meter reading instead of
decreasing it. The meter should finally null
at less than a millivolt.

Interstage coupling from the second mixer
to the driver and final stages is also band-pass
circuitry. Though they are not stagger-tuned,
the circuits are heavily interdependent. Also,
the neutralization network that includes L21
and capacitor C111 complicates adjustment.
The manufacturer recommends alignment
with a sweep generator, and it's a good idea.
If you don't have a sweep generator, or don’t
know how to use it, do not bother the
neutralization.

To align the driver-coupling circuits as
best you can, connect a dummy load and rf
output indicator to the antenna output jack.
With the transmitter in the CW mode, and
the sector switch set at the 51-52 range, peak
L22 and 123 for most rf output. As you switch
sector crystals over the entire 6-meter band,
with the VFO set at center range, you should
notice some variation in output power. If it
varies more than 5 or 6 watts, try readjusting
122 and 123 to compromise between absolute
maximum output and fairly even distribution
of power over the band.

Tune capacitor C112 (the final-amplifier
tune knob on the front panel) for maximum
transmitter output, with the sector switch set
to produce 51-52 MHz and the VFO at center.
Also tune C113 (antenna tune on the front
panel) for best rf output.

antenna adjustments at vhf
Any vhf transmitter should be connected
to its working antenna for finishing adjust-
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ments in the final amp and output network.
Antenna matching is critically important in
vhf operation, and the adjustments in the
final stages can seriously affect this matching.

The most useful indicator is an in-line watt-
meter or reverse-reading rf indicator. It con-
nects in the coax line between the vhf trans-
mitter and the antenna. Lacking this kind of
meter, you can get by with a simple field-
strength meter.

With the in-line rf indicator, you first tune
the final tank for maximum output. If the
output matching network has several adjust-
ments as does the one in fig. 3, start by
setting the panel control to the center of its
capacitance range (the plates half-closed);
you may have to open the cabinet to see
where halfway is, if there are no stops on
the capacitor. Tune the first trimmer (C119,
here) for best output. Change the indicator
to read reflected power and tune the last
trimmer for minimum reflected power. Then
touch up the first trimmer for minimum, too.

Recheck forward power. Touch up C113,
and then—still measuring forward power—
touch up C119 and C120. If you have to turn
these two very much, and if turning them
increases the reflected power indicated by
the meter, the mismatch is serious and is at
the antenna itself. You can’t “adjust” it out.

If you are doing the output alignment with
only a field-strength meter, adjust the final-
amplifier tune control first, then the antenna
tune. Set both for maximum rf radiation
measured by the meter. Adjust the trimmers
also for maximum radiated field strength.
Go through the final-amplifier tuning, an-
tenna tuning, and matching adjustments
several times to overcome any interaction.

With any vhf transmitter, your best bet is
always to follow the alignment instructions
supplied by the manufacturer. if you need
special equipment, buy or borrow it. For best
communications, always try to do a thorough
alignment job. It takes time and care, but
the results are worth it. In a later column, if
you want to know more about it, 'll tell you
how to set up the scope and sweep generator
to do band-pass alignments in receivers and
transmitters (important in ssb transceivers).
Drop me a note and let me know.

ham radio
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the new

heath HW-100

five-band
ssb transceiver

One of the more intriguing new pieces of
equipment to be placed on the market in
recent months is the Heath HW-100—a five-
band ssb transceiver selling in kit form for
only $240.00! This certainly bears looking
into, and a more careful review uncovers
a very interesting piece of gear.

A quick definition might call it a cross
between the well-known Heath HW-series
single banders and their well-respected SB-
101 that sells for $130.00 more. Nothing has
been left out of the HW-100. It gives com-
plete coverage of all amateur bands between
3.5 and 29.7 MHz in 500-kHz segments with
selectable sideband or CW operation. In-
cluded are features sometimes considered
extras—CW sidetone, VOX and a 100-kHz
crystal calibrator.

When the kit arrived here at ham radio,
we looked it over and were all quite im-
pressed to find that the folks at Heath
hadn’t cut any corners quality-wise to give
you a dependable piece of equipment. I'd
certainly hate to try and put a similar group
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Skip Tenney, WINLB, Fayston, Vermont 05673 I

of parts on my bench for the same price.
Among the branded components were many
well-known names including Westinghouse,
E. F. Johnson and Potter & Brumfield.

assembly

The kit should go together in about 35 or
40 hours, although 1 did a bit better. Align-
ment and tune-up went very quickly and
were not at all difficult. About another hour
or so had the rig on the air in good order.
As is usual for the larger kit manufacturers,
the directions were very detailed and excel-
lently prepared. There were one of two areas
which might have used a bit of clarification,
but | suspect that these will be cleared up in
later kits. Ours was in the first group of pro-
duction units shipped. None of these prob-
lems was serious, however, and by reference
elsewhere in the instructions they were
quickly clarified.

Most of the wiring was handled by nine
circuit boards; a large wiring harness provided
most of the interconnections between the
boards, controls and other points. The only



two major portions of the transceiver which
are hand wired are the VFO and the final
amplifier. Both of these were quite straight-
forward and went together very nicely. The
manufacturer was very careful to provide
ample warning regarding any operations re-
quiring special care such as the use of heat
sinks on semiconductor leads, etc.

As mentioned earlier, the unit was amaz-
ingly easy to align. The receiver is tuned up
first. This procedure requires only a vtvm
and another receiver (even a broadcast re-
ceiver will suffice). As you are aligning the
receiver, most of the stages of the transmitter
are tuned up, too, since the receiver and
transmitter sections share many stages and
tuned circuits; final peaking is done later in
the transmitting mode to assure maximum
drive and proper operation.

One point of interest which didn’t affect
our kit, but did trouble a neighbor, was the
initial tune-up of the transmitter. The in-
structions assume that T1 at the output of the
balanced modulator will be sufficiently close
to alignment as shipped from the factory so
some drive will be available before this trans-
former is touched. Our friend found this to
be untrue and had to jump ahead four steps
in the alignment procedure to obtain any ini-
tial drive whatsoever. This may well have
been a random case, but we pass it along for
what it's worth,

receiver section

A block diagram of the HW-100 is shown
in fig. 1. You will see that it is a very straight-
forward unit with a double-conversion re-
ceiver of conventional design.

The incoming signal is first passed through
a single stage rf amplifier/preselector and on
to a crystal-controlled first mixer. The first

intermediate frequency is tunable from

8.395 MHz to 8.895 MHz. The second mixer
converts this signal to 3.395 mHz and uses
the VFO/VFO-amplifier from the transmitter
as a local oscillator: this insures common

operating frequencies for both transmitting
and receiving. It is at this frequency that a
four-pole crystal-lattice filter is inserted be-
tween the second mixer and the first i-f
amplifier.

This filter offers a shape factor of 3 to 1,
which, although not outstanding, is more
than ample for good selectivity, even under
crowded conditions. After passing through
two stages of i-f amplification, the 3.395-
MHz signal is passed into the product de-
tector along with the crystal-controlled out-
put of the combination carrier-oscillator/
BFO stage. The audio output of the product
detector is passed through a two-stage audio
amplifier to the speaker or headphone jack.

The operation of the receiver is identical
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in all modes of reception with the exception
that the BFO frequency is varied for lower
sideband, upper sideband or CW reception.
Numerous a-m stations have been copied
very successfully with this receiver using
both the lower and upper sideband modes.
The lack of an envelope detector for a-m
certainly appears to be no disadvantage.

transmitting section

The transmitting section of the HW-100 is
a typical example of a modern filter-type
multiband ssb transmitter in the 150-watt
class. In ssb operation, the audio signal, after
passing through a speech amplifier and
cathode follower, is mixed with the output
from the carrier-oscillator/BFO in a four-
diode balanced modulator to produce a
double-sideband suppressed-carrier signal.
During tune-up and CW operation the bal-
anced modulator is unbalanced to allow the
carrier signal to be passed on to the isolation
amplifier which follows.

The same four-pole crystal filter is then
used to both attenuate the undesired side-
band and further suppress the carrier. For CW
or tune-up operation, the frequency of the
carrier oscilfator is shifted to place it within
the pass band of the filter. This filter does an
adequate job of sideband suppression. Al-
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though in running tests of my rig | have been
able to copy the undesired sideband, it has
been too weak to make any actual power
measurements of it. | feel sure that the
manufacturer’s specifications of 45-dB sup-
pression are being met and that under normal
band conditions this sideband would never
be detected.

In checking out carrier suppression, | was
very pleasantly surprised. My test consisted of
using a calibrated communications receiver
with a short stub antenna. Coupling was ad-
justed to give a 60-dB S-meter reading with
carrier inserted. When the HW-100 was
switched to either sideband position, the S-
meter reading dropped to below 5 dB—a
difference in excess of 55 dB. I'm sure that
this wouldn’t be considered a completely
accurate test by laboratory standards, but it
certainly indicates carrier suppression well
in excess of the manufacturer's claimed 45
dB. Local on-the-air tests have shown no sign
of a carrier being transmitted.

From the filter the signal is given one
stage of i-f amplification and is delivered to
the first transmitter mixer. The VFO/VFO-
amplifier is used as a local oscillator for this
mixer.

The VFO is quite interesting and deserves
some attention. It uses an MPF-105 FET in a
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Hartley oscillator circuit. This solid-state de-
sign largely eliminates heat and the drifting
which it causes. The engineers at Heath ob-
tained regulated power for the MPF105 in a
clever manner; they inserted a 2N3393 used
as a Zener diode in the cathode leg of the
6AU6 VFO amplifier. This amplifier is run in
a steady-state condition, so it provides a very
stable source of low-voltage dc of ample
power for a VFO circuit.

By varying the polarity of the voltage across
a IN1971 diode, a carrier-shift capacitor is
switched in or out of the VFO circuit. This
causes a frequency shift in the VFO signal
and maintains a constant output carrier fre-
quency regardless of the sideband being used.
This corrects for the carrier oscillator shift
necessary when shifting modes to allow the
proper portion of the signal to fall within
the pass band of the crystal filter.

The output of the first mixer varies in fre-
quency from 8.395 to 8.895 MHz. This signal
is sent through a band-pass filter to eliminate
harmonics or other spurious signals and is
then converted by the second mixer to the
final operating frequency. This second mixer
is crystal controlled by the same heterodyne

oscillator that is used for receiving.

A 6CL6 driver delivers a signal with
sufficient power to drive a pair of 6146's in
the final to a maximum dc power input of
180 watts PEP or 170 watts CW (50% duty
factor). The output of my transmitter varied
from about 110 watts on 75 meters to approxi-
mately 80 watts on 10 meters when measured
with a Waters reflectometer and a 50-ohm
load.

The manufacturer is to be commended on
the choice of a transmitting-type tube in the
final rather than one of the popular TV sweep
tubes. | am sure that the signal is much
better for it*, but the temptation must have
been great when you consider the price tag
on this kit.

Other circuit features which should be
noted include a CW sidetone generator. This
is used to create an audible monitoring sig-
nal when sending CW. It is not used to gener-
ate the CW signal itself. The VOX circuit is
conventional, taking either the output of the

*W. I. Orr, W6SAI, “‘Full-Blast Operation of TV
Sweep Tubes in Linear Service,” ham radio, April,
1968, p. 9.
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speech amplifier or the CW tone oscillator,
as the case may be, and using it to switch
from receive to transmit.

harmonic drive mechanism

Another interesting area is the main tun-
ing dial. This dial is a unique assembly using
the Harmonic DriveT™ principle developed
by the United Shoe Machinery Corporation.
To the best of my knowledge, this is its first
application in a piece of amateur equipment,
although mechanical assemblies designed
around the Harmonic Drive principle bave
been used by both industry and the military
for a number of years.

The principle of this unit is best illustrated
in fig. 2. There are three basic parts to this
drive. One is a fixed spline which does not
rotate (shown in white). Next is a flexible
concentric spline (shown in black) which has
two more teeth than the first spline and is
sufficiently larger in diameter to clear the
internal spline. The variable capacitor shaft
is attached to the outer spline.

The tuning knob fits over these splines.
The bore of this knob has two flats (shown
in gray) which force engagement of the two
splines at two points 180° apart. As the knob
is turned, the point of engagement of the
splines will also see the same angular dis-
placement. Since there is an unequal num-
ber of teeth on the two splines, relative
motion will be created between them. Be-
cause the inner spline is fixed, the outer
spline will turn in the same direction as the
tuning knob. The reduction ratio of the tun-
ing knob to the outer spline is the number
of the teeth on the outer spline to the
difference in number of teeth on the two
splines. In this case there are 82 teeth on
the outer spline and 80 on the inner. Thus,
the reduction in the Harmonic Drive assembly
is 82/2 or 41:1. Add this to a further gear
reduction at the variable capacitor in the VFO
and you end up with a tuning rate of 18 kHz
per turn, a very pleasant dial indeed.

When this dial is first assembled, it may
seem unsatisfactory. The “stiction” or break-
away force required each time you start to
turn it may be annoying. Don’t worry! With
proper lubrication as outlined in the direc-
tions, and a bit of use, this dial rapidly be-
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comes a real beauty. | have been well pleased
with mine.

operation

In actual use, | was quite pleased with the
VOX operation of this transceiver, and | hap-
pen to be one of those not usually given to
VOX operation. The semi-break-in operation
on CW is also quite satisfactory.

In summary, | can say that the HW-100

fig. 2. Internal construction

of the Harmonic-Drive dial
used on the Heath HW-100.

has given a fine account of itself on the air.
Critical comments regarding audio quality
have been excellent. Sensitivity of the receiver
has been very surprising. It has been placed
on the bench beside a very good receiver
costing several times as much, and it has held
its own with no trouble at all. The ease of
tune-up and handling of this transceiver in
all modes of operation are a pleasure.
Whether you are considering your first plunge
into sideband or are looking for a versatile
transceiver for both home and mobile
operations, you should be well pleased with
the Heath HW-100.

ham radio
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The Horizon VI incorporates the latest in solid state VHF techniques. Field-effect transistors are used
throughout the unit to provide excellent protection against overload and cross modulation.

All power is provided by a built-in 115 volt AC power supply — (no need to buy extras). An additional
crystal position has been provided to allow the owner the option of expanded frequency coverage. Local
oscillator output is accessible from the front of the unit for those who desire transceive operation.

The low noise figure of the Horizon VI assures the operator of excellent performance when stations are
weak.

See your local dealer for a demonstration of the Horizon VI; you'll be impressed by its exceptional
performance.

SPECIFICATIONS
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Los Angeles, California 90064
Tel: 213 — 477-6701
L. A. AMATEUR RADIO SUPPLY
23028 Artesia Blvd.
Redondo Beach, California 890278
ED MOORY WHOLESALE RADIO
Box 506 -
De Witt, Arkansas
Tel: 501 — WH 6-2820
PIONEER-STANDARD ELECTRONICS, INC.
5403 Prospect Avenue
Cleveland, Ohio 44103
Tel: 216 — 432-0010
PIONEER-STANDARD ELECTRONICS, INC.
SREPCO ELECTRONICS DIVISION
314 Leo Street
Dayton, Ohio 45404
Tel: 513 — 224-0871
UNIVERSAL SERVICE
114 North Third Street
Columbus, Ohio 43215
Tel: 614 — 221-2335
VALLEY HAM SHACK
4109 N. 39th Street
Phoenix, Arizona
Tel: 602 — 955-4850

DEALERSHIPS AVAILABLE IN SOME AREAS — WRITE FOR FREE SPECIFICATION SHEET

Rﬁrfﬁﬂa{ __ E |

2l SPRINGHILL DRIVE

Columbus, Ohio 4322

TELEPHONE &14/486-7090
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propagation

September is a month
of large seasonal change
in ionospheric behavior;
Perhaps now is the time
to consider changing

your operating schedules

70 september 1968

Victor Frank, WB6KAP, 12450 Skyline Boulevard, Woodside, California 94062

predictions for september

During the past few months, amateurs in the
Northern Hemisphere have enjoyed excellent
twenty-meter propagation during hours of
darkness, and fifteen meters has frequently
remained open into the middle of the night.
Ten meters has opened late, or not at all, and
primarily to the south.

During September, all this will change.
Fifteen and ten meters will open and close
earlier and be open to higher latitudes. This
is the month when median ionospheric pre-
dictions are least representative of conditions
on any particular day during the month. The
reason for this change is that the apparent
solar latitude has dropped from 8° North to
3° South during the month of September. The
resulting change in ionospheric propagation
conditions has caught many an unwary ama-
teur with his schedules down.

predicting the muf

Propagation conditions during September
1968 will be very similar to those that oc-
curred during September 1967. The observed
smoothed sunspot number for September
1967 was 96; the predicted smoothed sun-
spot number for September 1968 is 103. As
a result, the predicted MUF's for September
1968 are only about 5% greater than those
of September 1967.

With this in mind, | scaled a number of
vertical incidence ionograms taken at Point
Arguello, California, (35.5° North latitude)
during September 1967 to determine the
MUF for the east-west path with a control
point at 35.5° North latitude. The transforma-
tion from vertical to oblique incidence prop-
agation is not without its problems, and the
MUF's derived this way are invariably low.
This is due to a number of causes. However,



the MUF error for east-west F2-layer propaga-
tion in temperate latitudes is usually less than
8%.

The particular scaling method [ used yields
MUF values that are somewhat higher than
those scaled for a fixed transmission distance
of 2500 miles (4000 km). This discrepancy
arises from consideration of reflection from
virtual heights (apparent heights of reflection)
as great as 400 miles which result in single
F2-layer hops up to 3300 miles.

This type of propagation is not usually
considered for commercial communication
circuits, but amateur radio communications
can stand the spreading loss that occurs with
upper rays. The point is that the scaled MUF's
come as close to those useful for amateur
work as you'll see except from oblique-
incidence ionogram data. Oblique-incidence
data is not as available nor as well understood
as vertical-incidence ionogram data.

The change in MUF with time of day that
occurs during the month is illustrated in
fig. 1. This chart shows the scaled values of
MUF’s for September 1 and September 30,
1968. The predicted MUF values for Point
Arguello, as corrected by the ITS semimonthly
revision factors (1.05 for the second half of
September), are shown by the open circles.

Note the following characteristics which
mark the change of MUF behavior through-
out the month:

1. Night-time MUF’s decrease and 14 MHz
closes some nights.

2. MUF’s rise faster during the morning
and fall faster during the evening as the
month progresses.

Note particularly that for a path with a con-
trol point at 35.5° North latitude at the be-
ginning of the month, 21 MHz is open until
10 PM (at the control point) and 14 MHz re-
mains open throughout the night. At the
end of the month, the 21 MHz band closes
by 7 PM, and 14 MHz closes occasionally
during the night.

You can see just how much day-to-day
MUF variation may be expected by looking at
fig. 2. This chart shows the scaled MUF during
the last ten days of September 1967. On at
least five days, the highest scaled MUF dur-
ing the day was greater than 40 MHz (25%
higher than the highest predicted MUF). The
peak MUF occurred between 2 PM and 5 PM
local time.

September 20, 21, 28, 29 and 30 were dis-
turbed days. The disturbances lowered maxi-
mum daytime MUF's until a few days after
the disturbance, and raised minimum night-
time MUF’s on the first night after the dis-
turbance. Sporadic-E propagation was very
evident on the 21st and 22nd and also oc-
curred on the 30th.

The scaled MUF’s are for ordinary waves.
The extraordinary-wave MUF is somewhat
higher, and depends on the orientation of
the path with respect to the earth’s magnetic
field. It is about 200 kHz higher for a long
east-west path in temperate latitudes and as
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much as 1400 kHz higher for a north-south
path at low latitudes.

Within 2000 miles of the magnetic equator
(between 8° and 14° South latitude over

South America), transequatorial forward scat-
ter (TE) may extend the operational MUF to
almost twice that obtained by ordinary re-

pect 50 MHz to open for a control-point
latitude of 30° N at least once during the
month, to 25° N at least five days during the
month, and to 20° N at least ten days during
the month.

However, just because the MUF is high

fig. 2. Maximum usable fre- 43

quencies (F2 layer) scaled
from vertical incidence iono-

grams taken at Point Arguel-
lo, California between Sep-

o
o

tember 1 and September 30,
1967.
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fraction during the evening hours near the
equinoxes. During disturbed conditions
(usually early in the disturbance), TE may be
worked at higher latitudes than normal. It
is not known whether this extension is due
to sporadic-E or a distortion of the normal
F2-layer.

It appears that there are a number of forms
of TE. One form has propagated signals at
frequencies as high as 100 MHz between
Hawaii and Raratonga. But I digress; a close
look at the trends in fig. 2 leads to a possible
prediction means for propagation by ordinary
refraction during stable conditions: if the
nightime MUF is higher than the night be-
fore, then tomorrow’s daytime MUF wil] be
higher than today’s. On the other hand, nights
with exceptionally high MUF's (during dis-
turbances) are not usually followed by days
with exceptionally high MUF’s.

If the predicted variation of MUF with lati-
tude holds (MUF’s increase proportionately),
then you could expect the daytime MUF’s
to be 13% higher at 30° N, 30% higher at
25° N, and 43% higher at 20° N than those
at 35.5° N. In addition, if the MUF’s are 5%
higher this year than last, then you could ex-
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enough doesn’t insure communications {even
by backscatter), since 50 MHz activity is low
in the proper places. By the time you receive
this, it’s almost too late to send equipment
or line up schedules with amateurs in Costa
Rica, Easter lIsland, Pitcairn, Tahiti or New
Zealand. You may be able to work these
places plus parts of South America if some-
one there is active on 50 MHz.

It appears that paths with predicted MUF's
in excess of 36 MHz could stand serious
watching for occasional 50 MHz openings;
paths with predicted MUF’s in excess of 42
MHz won’t need watching. So much for 50
MHz DX possibilities.

maximum usable frequency

A time chart of the median MUF derived
from September 1968 ITS predictions for 105°
West longitude is shown in fig. 3. The MUF’s
derived from this time chart are believed to
be accurate within 10% for the continental
United States.

The time and latitude are those of your
control point, 1250 miles away from your
station in the direction of propagation. If only
one control point is considered, all that is
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guaranteed is that a frequency below the
MUF will propagate to a distance of 2500
miles during half the days of the month. A
signal at this frequency may, and probably
will, propagate much further.

The time chart can be treated as a contour

maximum range

Time charts of maximum range determined
by absorption and atmospheric noise levels
are shown in fig. 4 to fig. 8. These charts are
based on an output power of 100 watts CW
or 800 watts ssb with combined receiving
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map of MUF over a limited geographical
area. If a possible MUF error of 20-30% is
not serious, the time chart could be used
worldwide. However, much more accurate
worldwide predictions can be obtained from
the series of ITS MUF contour maps in
lonospheric Predictions.

and transmitting antenna gains compared to
an isotropic radiator of —12 dB for 80 meters,
0 dB for 40 meters and 12 dB for 20 meters.
Transmission losses because of ground re-
flection on multi-hop paths are neglected as
is any focussing gain. Reflection losses from
poor grounds may be as great as 6 dB per

fig. 3. Time chart of pre- [
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fig. 4. Maximum range due to absorption and noise
vs local time from 38° N latitude to the north.
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fig. 5. Maximum range due to absorption and noise
vs local time from 38° N latitude to the northeast
(top time scale) and to the northwest (bottom time
scale),
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fig. 6. Maximum range due to absorption and noise
vs local time from 38° N latitude to the east (top
time scale) and to the west (lower time scale).

74 g september 1968

\ N |/
wfk 4 H 5 8 S B RFETEY
LOCAL TIME

fig. 7. Maximum range due to absorption and noise
vs local time from 38° N iatitude to the southeasi
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7 \ creasing noise levels and increasing hours of

/ \ darkness will improve DX conditions in the
N Northern Hemisphere.

20 meters. Twenty will be open to some-
where most of the time, but mostly to the
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fig. 8. Maximum range due to absorption and noise ham radio
vs local time from 38° latitude to the south.

reflection; losses from reflection from sea
water are generally under 1 dB. Therefore,
the maximum range on multi-hop paths com-
pletely over land will be less than that pre-
dicted.

Atmospheric noise varies considerably with
location and time of day. The atmospheric
noise levels used for purposes of these pre-
dictions are median noise levels over the con-
tinental United States for the autumn season.
The variation of noise with time of day has
been converted from six time blocks to an
even function of time.

The peaks in the curve of 80-meter maxi-
mum range in fig. 5, 6, 7 and 8 are caused
by the assumption that the noise level in-
creases smoothly through the night until
midnight instead of being constant from 6
PM to 10 PM and 2 AM to 6 AM. A 10-dB
increase in system parameters on 80 meters
would increase the nighttime range to the
twilight zone. A decrease of system para-
meters of 10 dB on 80 meters would restrict
the night-time range to 2000 mifes.

those days before spark...

a look at

propagation summary for
september
80 and 40 meters. On these two bands, de- “After 806 failures—success!”
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using industrial cartridge
fuses

The cartridge fuses used by industry in
electric-motor controls for machine tools and
the like can be put to good use by the radio
amateur. These fuses, since they are designed
to handle the 440- and 550-Vac voltages used
by industry, are ruggedly built. A typical fuse
is about an inch in diameter by six inches
long. Its body is made from either ceramic
material or phenolic. The brass contacts, one
at each end, will easily “take” solder.

These fuses can easily be made into coil
forms for VFO'’s or small transmitters. With a
little ingenuity on the part of the builder, a
whole set of mobile loading coils could be
fabricated from a few fuses. Finally, a length
of resistance wire wound around the fuse
body will make an inexpensive voltage-
dropping resistor.

When using these fuses, two precautions
are in order; make sure that the fuse body
can handle the heat generated by a dropping
resistor or transmitter coil. Secondly, make
sure the fuse is blown—otherwise it will
present a direct short circuit. A good source
for blown fuses of this type is a small machine
shop or industrial electrician.

D. E. Hausman, VE3BUUE
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hook, line 'n sinker

Two items for the tool box that are valu-
able in the shack and out in the field are
often overlooked—fishing line and sinkers.
Not the kind used for sunfish, but heavy-duty
nylon cord and some four- or six-ounce salt-
water sinkers. These two low-cost items pro-
vide a way of getting a line across a tree
limb to support a dipole. They may also be
used to transport tools to the top of a tower
or mast, or even up to the roof.

When they are used to haul tools up and
down, a large heavy-duty battery clip tied on
the end of the line in place of the sinker
provides a quick means of attaching tools
without the bother and risk of untieing them
with one hand at the top of the tower. |
wish | could suggest a simple method for
lifting a beam, but not every ham has a
helicopter in his junk-box!

George Haymans, WA4NED

simple solder dispenser

Here’s a neat solder dispenser some hams
may not know about. It's made by simply
punching a small hole in the side of the box
that a one-pound roll of solder comes in.
Put some tape over the hole for reinforce-
ment. If the solder is 16 gauage (.062”) or
larger, the assembly can be used as a third
hand when soldering.

Tony Felese, W2KID



makeshift test equipment

Since there are few tools and no test instru-
ments available at sea, I've often used a
long-wire antenna as a signal generator. It
works fine, even in the audio stages of a
receiver. Ashore, an 80-meter (or shorter) di-
pole will work due to the multitude of
stations.

If you have access to another receiver in
good operating condition, it can often be
used as a signal tracer if you turn the audio
gain up—just clip a lead to the grid of the
detector stage or to the rf end of the detector

diode.

A receiver tuned to WWV or a multiplex
signal, or beat against an internal crystal
calibrator, makes a fine audio generator;
just put a couple of clip leads across the
speaker terminals. If you must know what
audio frequency you're using, invest a dollar
in a harmonica and mark the standard
musical pitches on the blow holes with a
sharp scribe.

Keith Olson, W7FS

3

vhf antenna switching without relays

Fig. 1 shows an unusual circuit which—
without switches or relays—permits a vhf
receiver/converter combination to be per-
manently connected to a transmitting anten-
na without damage to the receiver when the
transmitter is turned on.

The unit, simply called the electronic
“switcher” around my shack, taps into the
transmission line and allows low-level in-
coming signals to pass into the receiver.
When the transmitter is operating, however,
the high-level signal voltage on the line ac-

fig. 1. The vhf switcher, a de-
vice that automatically isolates
your converter from the antenna
whenever the transmitter is turned
on. Note that separate coils are
required for each band you use.
The 30-pF capacitor between the
coils is a variable.
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tivates the switcher and it blocks the path to
the converter.

A few precautionary words however: the
unit was designed specifically for 50-ohm co-
axial feedlines and the power-handling capa-
bility drops off sharply as frequency in-
creases. At 50 MHz, it will handle a peak of
500 watts; at 144 MHz, 350 watts peak; and,

fig. 2. Block diagram showing
how the vhf switcher is installed.

Vr VHE ANTENNA

RECEIVER

VERTER

TRANSMITTER

at 220 MHz, 125 watts.

The advantages of such a system should
be obvious to dyed-in-the-wool contesters
who are frequently plagued with relay fail-
ures or too many mechanical switches.

Some trial-and-error may be required with
coils L1 and L2 to obtain optimum perform-
ance and accurate low-level triggering. |
found that for 220 MHz, both coils can be a
3/4-turn of number 18 wire, 3/4” diameter.
At two meters, 1-3/4 turns of the same pro-
vided best results. For six meters, 6-1/2 turns
of number 18 enameled wire on a 3/4” di-
ameter form did the trick.

Bob Brown, K2ZSQ/WSHBF
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Dear HR:

The reason that 146 and 440 MHz have
developed considerable FM activity while
220 MHz has been bypassed is the very
nature of the equipment available. I've
been working my way through Syracuse
University by servicing GE two-way FM
gear. The high-band units are designed
to cover the 450- to 470-MHz range. Move-
ment into the ham bands is simply a
matter of buying new crystals and retun-
ing the tf stages in most cases, or at most,
the addition of a small capacitance to a
few tuned circuits in order to make them
tune. No expensive rf modifications are
required.

| recently attempted to put some gear
on 220 for a RACES link. All rf and multi-
plier coils in the Pre-Progress receiver
had to be rebuilt and the transmitter just
wouldn’t do. And this with a complete
DATAFILE full of maintenance info at my
fingertips backed up by a mountain of
parts and commercial test gear! The fre-
quency was just too great for the equip-
ment and performance was seriously
degraded when | finally got the receiver
moved. Ten microvolts were required to
open the squelch whereas an identical re-
ceiver on two meters has 0.5 uV sensitivity
for quieting.

Bill Santiff, WA20KT
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Dear HR:
Fantastic!!! Amateur Radio is alive and
living in Greenville!
Ted Cohen, WIVZL/4

Dear HR:
| just received my first copy of ham
radio, and read half of it before even
opening the rest of my mail—it's great!
Of the fourteen articles on the ‘“con-
tents” page, I'm now researching or work-
ing on projects directly related to seven of
them. The magazine couldn’t be more
timely.
Lawrence W. Banks, W1DYJ
Massachusetts Institute of Technology

Dear HR:

| had hoped that, since you took the
word “ham” in the title of your magazine,
your writing would set the communications
world straight on the most probable and
likely origin of the term. However, | was
disappointed to see that your “second
look” repeated the apocryphal tales broad-
cast by the general press.

I am enclosing photo copies of pages
from “The Telegraph Instructor” that docu-
ment the most likely origin of our beloved
title. (See text below. Ed.) A letter from
Paul Godley in the September 1965 QST
is sufficient evidence alone that “ham”
was a Morse man's term. . . . Somewhere
in the past, | have heard a poor operator
referred to as a “ham fisted bum.”

Your magazine is great, keep it up.

Baob Jones, KH6AD



From pages 52 and 54 of “The Telegraph
Instructor,” by G. M. Dodge, Valparaiso,
Indiana, copyright 1908:

Ham—A telegraph operator who is not

proficient.

The “Correspondence From Members” sec-
tion of QST for September 1965 sheds more
light on the subject. W2PXR reports that H.
C. Gawler, a radio inspector in Boston in
1912, was completely unaware of three young
operators whose initials would coin the word
“ham.”” Mr. Gawler also confirmed that in
those days a ham operator usually referred to
a railroad telegrapher whose code speed was
approximately 10 words per minute and no
more.

In the same issue of QST, Paul Godley,
Ex-2EZ, wrote that in 1907 he had asked an
old-time wireless operator with whom he
was working why a particular operator was
called a ham. The old timer replied, “He’s got
a ham for a “fist’!”

Editor

Dear HR:

Back in 1910 around Boston we kids
used to work each other at 5 wpm with our
spark coils and transformer. | had a United
Wireless coffin, a 20-wire aerial and ten-
cent key, e.g., two dimes for contacts.
NAD and BH called us “hams” and told us
to get off their wave lengths. The English
operators on the White Star and Cunarders
never called us “hams.” | used a silicon
detector in 1910 and am still using one in
1968! What's new?

Bill Dickson, K4BQ
1914 call—BK
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RECONDITIONED HAM GEAR

SEPTEMBER SPECIALS

AMECO
$ 55.00
COLLINS
75A3 3.1 KC Filter $219D0
75A4 (early model)
7 ]49 DO
DRAKQ il 25
2B ultiplier "
2-A 149.00
2-C 195.00
L4 (Brand New) Linear (sealed ctn) 595.00
HALLICRAFTERS
SX99 $ 79.00
SX96 129.00
SX110 99.00
5120 49.00
HAMMARLUND
HQ140X $129.00
HQ1ll0C 129.00
HQ170 179.00
HQ170A 219.00
HQ170C 189.00
SPGOO-JXI]‘ 229.00
EATH
HR 20 $ 89.00
MR-1 w/p.s. 49.00
SB-10 59.00
NATIONAL
NC173 $ 79.00
NC270 119.00
NC183D 129.00
CLEGG
Venus-Xceiver-6M SSB (Like New) $319.00
Gher 189.00
Zeus 2-6M 185 Watts 329.00
DRAKE
TR-4 Xceiver (demo) $559.00
GONSET
Comm. 11 2M $119.00
Comm. 111 €M 99.00
GSB 100 179.00
G-50 6M Xceiver 179.00
LAXY
300 $249.00
HALLICRAFTERS
HT-37 $229.00
HEATH
HX-11 $ 35.00
DX-60 59.00
HW12 B0 Meter XCVR 89.00
JOHNSON
Ranger $ 79.00
Valiant 159.00
NATIONAL
NCX.5 $385.00
NCL-2000 385.00
WAN
SWI175 xcvur 75 meters $129.00
SW120 xcvr 20 meters 119.00
500 XCVR 419.00
400 XCVR 339.00

ALL CASH ORDERS SHIPPED FREE
IN THE 48 STATES

MISSION HAM
ELECTRONICS

3316 Main Street, Riverside 3, California 92501
Phone 683-0523 (area code 714)
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Woitrs fine ham gear

T.M.
PROTAX " ANTENNA SWITCHES
Unique coaxial selector switches that
automatically ground entire antenna sys-
tem when station is not in use. Handle
1000 watts; complete with hardware.

MODEL 375 SP6T

Rear Axial Connectors $13.95
MODEL 376 SP5T

Side Radial Connectors $12.50
MODEL 380 SPDT

Rear Axial Connectors $12.45

DUMMY LOAD/WATTMETERS

An effective means of measuring and
peaking RF power into a dummy load.
Four calibrated scales permit accurate
readings of RF watts. Protective warn-
ing light.

MODEL 334A

1000 watts. 2 to 230 MHz $135
MODEL 374

1500 watts. 2 to 30 MHz $135

The complete Waters line is
always in stock at
“The Southwest’s Leading Ham Store’

cfrom'cs center, inc.
4 - 2919 N, HASKELL 714.LAS-2011 DALLAS, TEXAS TS204
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dictionary of electronic
terms

The field of electronics continues to ex-
pand at a rate that has never been equalled
in the arts and sciences in the long history
of man’s pursuit for knowledge. Of neces-
sity, the language of electronics has kept
pace to cover semiconductors and integrated
circuits, space and nuclear technology, com-
puters and automation, and audio and video
recording. The new edition of the Dictionary
of Electronic Terms has been enlarged and
revised to include new terms and to clarify
old ones with accepted and up-to-date
usage.

This new dictionary, edited by Robert E.
Beam, Ph.D., professor of Electrical Engineer-
ing at Northwestern University, includes
definitions of over 4800 terms and hundreds
of illustrations. The appendix provides data
on schematic symbols, EIA color codes,
abbreviations and letter symbols for electron-
ic terms, Ohm’'s law formulas and Greek
letters.

This book, priced at $1.00, provides a low-
priced, authoritative reference for everyone
in electronics, including amateurs, engineers,
technicians, students and experimenters. It
is also an excellent electronics spelling guide.
$1.00 postpaid from Allied Radio Corpora-
tion, 100 N. Western Avenue, Chicago,
Hllinois 60680.



New Readers

WE'VE BEEN LOOKING
ForR YQU!

Here is an exciting new amateur magazine devoted to the very
best in home construction and technical articles. This is the magazine
which has amateurs from coast to coast talking.

Look it over carefully. Read the finest authors in our field. See
the clean crisp new layout. Then check our subscription rates. Our
rates are by far the best value in the amateur field today!

ham

‘ ad’n magazine, greenville, new hampshire 03048

Please enter my subscription to Ham Radio as checked below.
My check or money order is enclosed.

[J One Year $5.00

(0 I'd like one year free.
Here is $10.00 for 3 years.

INBIMIO. ...t eeeeeeseas et eevvmmsms s s RSsaas e sstss e n Call........

AAATESS ...t et s
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you’re
missing

some

top notch articles

great ideas

aren’t

getting

the monthly
for
amateurs

that's
different!

To quote one of the many
reader comments so far —
“you obviously have embarked
upon a fresh, new approach

to amateur radio.”

to see for yoursel, write —
free copy, or

4 months @ 2.00
12 months @ 5.00
3 years @ 10.00

to
HAM RADIO magazine
GREENVILLE, N.H. 03048

inciude address, cali and
zip code.
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applications note catalog

Motorola has just published a new Applica-
tions Note Catalog with the title and a brief
summary of more than 130 technical write-
ups that describe semiconductor design. A
selector guide in the front of the 11-page
catalog lists the notes by application cate-
gories for easy reference. Also included in
the index is a partial list of selection and
cross-reference guides, as well as full-line
catalogs, available from Motorola. For your
copy of this handy guide, the Matorola Appli-
cation Note Catalog, write on your company
letterhead to Department TIC, Motorola
Semiconductor Products, Inc., Box 20924,
Phoenix, Arizona 85036.

high power with new npn
transistors

New 40- and 60-volt npn transistors
recently introduced by Motorola can be
paired with 30-ampere 2N4398-99 pnp de-
vices to furnish the highest silicon power
transistor complementary symmetry capability
ever possible. Since the pnp-npn comple-
mentary symmetry design approach can now
be used in high-current applications, they
are ideal for cost-cutting circuit-simplifying
applications in audio and servo amplifiers.
The pair also furnishes a higher degree of
frequency stability in both ac- and de-driven
loads without the addition of expensive
impedance-matching driver transformers.

Both the new 2N5301-2 npn series and the
2N398-99 pnp devices can handle 200 watts
of power to 30 volts Vgg. They can be used
as plug-in replacements of germanium types
in difficult amplifier, voltage-regulator and
modulator designs. Also, because of the low
thermal resistance of these devices, simpler
and less-costly heat sinking can be used.
Other advantages of these new transistors
include excellent gain linearity over a 5- to
20-ampere range, 50-A peak current and TO-
3 packaging: fp of these devices is 4 MHz.
For more information, write on your letter-
head to Motorola Semiconductor Products,
Inc., P.O. Box 955, Phoenix, Arizona 85001.



HEY! HOW ABOUT THAT

S.W.R. BRIDGE

* MODEL swB-2

® READS FORWARD AND
REFLECTED POWER
SIMULTANEOUSLY

® "EASY READ" METERS

® USE FOR REFERENCE
POWER METER

-

0 20 ‘oﬂo e
® LOW INSERTION LOSS

L] s "
& |
5% 2p
Poweﬁh%
L] L]
® SIZE-5"X2"X2"

5
Ti, (J' b g
THE BEST MAY BE LEFT
i 1 et VALUE WE IN LINE, UP
EMAS Ry HAVE 10 2000 WATTS GOOD THROUGH

® DUAL 100-MICROAMP
METER MOVEMENTS

! EVER el eoilhpogos S 2 METERS
- ko PRRED
SINCE 1933 FAST SERVICE Phone CY 4-0464 ]
QUEMENT ELECTRONICS
B
B 1000 SOUTH BASCOM AVENUE SAN JOSE, (:;QI.IFOR"NIA8 #
l--------ﬂnrl rn Callforﬂ “Cﬂw- Ham lorl------s--‘

FOR THAT

YOU NEED THE GET YOUR NEW

BTI LK-2000
o ISSUE NOW!
I.I " EAR _...-\\hoﬂ\" Over 283,000 QTHs

AMPLIFIER in the U.S. edition

© «ww‘\" $6.95

For SSB, CW, RTTY \ = ' Over 135,000 QTHs
Maximun legal input in the DX edition
Full loading 80-10M X $4.95
Rugged Eimac 3-1000Z

See your favorite dealer or

Dependable operation order direct (add 25¢ for
Easy to load and tune mailing in U.S., Possessions
fl 2 : These valuable EXTRA features & Canada. Elsewhere add
No flattopping with ALC included in both editions! 50¢)
Distinguished console
9 . * OSL Managers Around the e Radio Amateurs’ Prefixes
Instant transmit World! by Countries!
High efficiency circuit ® Census of Radio Amateurs A.R.R.L. Phonetic Alphabet!

! .
" . throughout the world!
Listen !ol;lll!e h::dr::s':: Designed for safety . Hauioknma!eurs' License  ® Where To Buy!
- inears ' . " t .. i
Rl Fov bond swinhing L L, e
Write for free illustrated : : * Wor refix Map! |
brochure or send $1.00 for Real signal impact International Radio Information!

technical and instruction Price 579500 Amateur Prefixes « Plus much more!
L L

manver. READY TO OPERATE! Hﬂﬂuﬂmﬂ.i 4
OR | EU
We allbook .
(4 Dept. @ 4844 W. Fullerton Ave.
BRSS! \'& Chicago, IIl. 60639

BTI AMATEUR DIVISION

Hafstrom Technical Products
4616 Santa Fe, San Diego, Ca. 92109
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The latest evolutionary development of the Classic Model 350

The new SWAN 350-C
5 band, 520 Watt
SSB-AM-CW TRANSCEIVER

The introduction of the new model 350-C at
no increase in price over the popular 350 is a
real triumph of value engineering.

Power rating of the 350-C is the same as the
Deluxe Model 500-C, which is 520 watts P.E.P.
input on single sideband, 360 watts CW input,
125 watts AM input. A pair of rugged, blast-
rated 6LQ6 tubes handle this input with ease.
Selectivity is provided by the same superb crys-
tal lattice filter used in the 500-C, with skirt
selectivity and ultimate rejection superior to
any other filter being used in amateur equio-
ment today. Audio quality has the same degree
of fidelity which Swan has stressed from the
very first single band transceivers.

The 350-C is designed to operate automat-
ically on the normally used sideband with ex-
tended frequency coverage of all five bands,
10 through B0 meters. Basically the difference
between the 350-C and the 500-C is in the
deletion of optional features which are not
essential to communication. These include such
things as crystal calibration, sideband selector,
CW sidetone, automatic noise limiter, automa-
tic level control, etc. For the operator who
desires these features, we are proud to recom-
mend the deluxe model 500-C. However for
powerful and reliable communications without
all extras, we now offer the new 350.C, and we

are confident that you will rate it
a truly exceptional value. $420
ACCESSORIES

117XC Matching AC supply with speaker $105
14.117 12 VDC Mobile Supply $130

WANTED:
WE BUY USED AMATEUR
AND CB EQUIPMENT FOR CASH!

RECONDITIONED USED GEAR:
FULLY GUARANTEED

JOHNSON
2000 Complete . Very Good $525.00
500 Complete . \\‘nry Go Cond. $325.00

LOTS OF GOOD CHOICE GEAR FOR SALE OR
TRADE — WRITE FOR LATEST LIST.

IN STOCK FOR IMMEDIATE DELIVERY, GALAXY,
SWAN, SBE AND DRAKE.

f?- 4 MATE Up

ELECTRONICS
s Phone CE 56387
CTHE COMPLETE HAM STORE'
937 NW. 1st Oklanoma City, Oklahoma 71106

“WE TAKE TRADE-INS ON ALL LINES OF NEW EQUIPMENT
TWILWAY RADIOS SALES - SERVICE o INSTALLATHINS

NEW!

TYPE PERFECT CODE

Autovolt Alphacoder
Model AC-1

The new Autovolt Alphacoder, AC-1,
makes any letter or digit with one
stroke of your finger. You can pro-
duce perfectly uniform code, including
preset letter-to-letter spacing using the
standard electric typewriter keyboard
of the AC-1.

It is only necessary to start a letter,
an automatic electronic latch will com-
plete it and, indeed, let you depress
the next key without disturbing it. The
AC-1 has provision to make AR, SK etc.

without gaps. $395.00
also
The Autovolt Memokey
Mk-1 $65.00 Mk-2 $85.00

Self completing automatic keyers
featuring
* Instant letter start
Both dot and dash memories
= lambatic output

MK-2 includes sidetone system and
AC power supply
All of the units described are of solid
state design. They include a 100 VA reed-

type relay with "floating contacts" for great-
est flexibility in transmitter control.

All prices FOB Boston, Mass.
25%, with COD orders, please

To order or for further amplification of
details write

AUTOVOLT, INC.

68 Richmonp Rp., BermownTt, Mass. 02178 - 484-4954
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BOOKS

FOR YOUR AMATEUR RADIO LIBRARY

Radio Society of Great Britain Publications

AMATEUR RADIO CIRCUITS BOOK

Completely revised - new addition just now available. A very handy collection of many
useful circuits for amateur use. Loaded with good ideas for that new converter, exciter or
other project you are working on. Onily $2.00

RADIO DATA REFERENCE BOOK — Second Edition — By G. K. Jessop G6JP

Mere in a 148 page book is one of the most complete compilations of radio and electronic
charts, nomographs, formulas and design data available. Sections are included which permit
you to designh everything from rf power amplifiers to TVI filters. Also included is much related
information such as world-wide frequency allocations and commonly used mathematical tables.
Whether you design, build or operate, this is a book you should have. Only $2.50

WORLD AT THEIR FINGER TIPS — John Clarricoats G6CL
A very interesting history of the RSGB and of amateur radio in Great Britain. It gives
a great insight into the development of our hobby in England and Eurcpe and the effects these

events have had on amateurs here in the United States.
Paper back edition $2.50 Deluxe edition $6.50

HANDBOOKS BY RADIO PUBLICATIONS, INC.

BEAM ANTENNA HANDBOOK by William ALL ABOUT CUBICAL QUAD ANTENNAS
Orr, WESAI by W6ESAI
New edition. Theory, design, construc- Construction and tuning data. Multi-
tion, and the installation of rotary beam band Quads. Charts, drawings and photos
antennas! SWR data! Multiband beams, for your Quad. Full complete data on home-
40 meter beams, 20 meter DX beams! How made Quad antennas. The new X-Q Quad.
to make your beam worki 200 pggegss. 3.95
NOVICE & TECHNICIAN HANDBOOK b
VHF HANDBOOK by Orr, W6SAL and T heehNIC y
Johl;lson, W6QKI . All about amateur radio in nontechni-
First complete Handbook covering the cal language! How to learn the code.
VHF spectrum! Many VHF construction How to assemble your ham station. Trans-
projects! Design and construction of VHF mitters! Receivers! DX! How to Get QSL
transmitters, receivers and antennas! Make cards. - $2.95
your VHF station work! $3.75
ELECTRONIC CONSTRUCTION HANDBOOK BETTER SHORTWAVE RECEPTION, by Wm.
by Robert Lewis, WBMQU Orr, WESAI
All about design - construction - layout Your introduction to shortwave radio.
and testing of electronic equipment. Non- How to hear DX. How to buy a receiver.
technical guide for kit-builders and your Amateur radio. How to align your receiver.
best key to better performance of your Antennas! QSLs. Getting your ham license.
equipment! $2.95 $3.25

S-9 SIGNALS by William Orr, WESAI
Inexpensive DX antennas for your
station! Multiband ground plane, $5 beam
antenna, 2 and 6 meter beams, Demi-
Quad beam, and others! $1.00

ALL PRICES POSTPAID IN U.S.A. AND CANADA
ORDER TODAY FROM

book division

com?ec

Box 592 + Amherst, New Hampshire 03031

“WE ARE THE EXCLUSIVE NORTH AMERICAN DISTRIBUTOR FOR RSGB PUBLICATIONS —
DEALER INQUIRIES INVITED”
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YOUR ROCKY MOUNTAIN FALAXY HEADQUARTERS
FEATURING THE GALAXY V Mk 3 AND GALAXY R-530

©eD |
9 o~
v | |
THE GREAT, NEW 500 WATT R-530
GALAXY V MARK 3 SOLID STATE RECEIVER
5 BAND TRANSCEIVER Continuous Coverage 0.5 - 30 MHz

Solid State Modular Construction
These NEW Features

* New 500 Watt Power
*» New Precise Vernier

Features include

1) Main Tuning Dial with 1KHz readout and 50
KHz calibrator.

2) Noise Blanker to reduce background noise and

Logging Scale interference.
« New Printed Circuit VFO 3) E';odFl:llal?itt‘J:'.m“m for positive control of cross
. i i 4) Variable BFO for USB, LSB, CW and RTTY
New CW Sidetone Audio reception.

* New CW Break-In Option 5) Pre-Selector — Permeability tuned for optimum
performance at all frequencies.

« New CW Filter Option 6) PTO — Permeability tuned oscillator provides
outstanding linearity, stability and reset
capability.

Plus all the great features 7) Crystal Lattice filter —-0 2.1 KIH.;.) 5\o\ﬂithﬂlﬂesaor
% rectangular bandpass. ptiona . an .
that put the GALAXY V in a KHz filters available.

CLASS by ITSELF. 8) Phase-lock-oscillator — Eliminates the neces-
sity of multiple crystals and band-switch prob-

Price $420 00 lems plus insuring the optimum in stability.

Price $695.00

ALL ACCESSORIES IN STOCK FOR BOTH UNITS

THE OLD RADIO CORNER FOR OVER A QUARTER CENTURY. COME
IN AND PAY US A VISIT, OR GET IN TOUCH WITH ONE OF OUR ABLE
STAFF FOR A LIBERAL TRADE QUOTE ON THE TERRIFIC GALAXY LINE.

WE ARE THE HAMS AT CW

JOHN WA@ADV JOHN W@FU
WILLARD W@BQO MIKE WABKXR
GARY WAGKLP JEFF KOUFA/W@LDU

ELECTRONIC SALES CO.

1237 - 16TH ST., DENVER, COLO. 80202

303/ 244-5523
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ORIGINAL EZ-IN DOUBLE HOLDERS display 20 cards
each in plastic, 3 for $1.00 or 10 for $3.00 prepaid
and guaranteed. Patent No. 3309805. Free sample
to dealers. Tepabco, John K4ANMT, Box 198R, Gallatin,
Tennessee 37066.

QSL CARDS ($6.95) per 1000 up. Free samples, C. B.
Printers, P. O. Box 2231, Anderson, Ind. 64011

EICO 753 TRANSCEIVER, Antenna, Mike and Speaker.
Modei 751 Mobile Power Supply — can be heard by
making Sked — less than 10 hours operating. $200
WILRTV, Box 161, Amherst, N. H. 03031. 603-673-2736.

MALAYSIAN RADIO CLUB wants extra Handbooks,
Call Books or Radio Magazines. Send to Kushal
Harvant Singh, 31, (744), Upper Museum Road,
Taiping, Perak, Malaysia.

TOROIDS, 44888 mhy., center-tapped, unused, 5/$1.50
POSTPAID. 11/16” paper tape $3/box. Page printer
paper $5.50/case. Tecraft two meter transmitter with
P.S. $30. Globe Chief 90A $25. D-104 with “G" stand
$20. HQILO0AC receiver $90. WANTED: rotator, tower,
matchbox, RTTY gear, FM gear. Stamp for list. Van
W2DLT, 302H Passaic, Stirling, N. J. 07580.

ANNUAL HAMFEST sponsored by Foundation for
Amateur Radio, Sept. 22. 1000 to 1700 EDT at
Gaithersburg Fairground, Gaithersburg, Maryland.

DISCOUNT PRICES-TIME PAYMENTS! New Swan
equipment, factory sealed cartons, full warranty at
discount prices. Swan SW-500C $468.00, Swan 350C
$378.00, SW-250 $292.00 Immediate Delivery. New
CDR Ham-M with indicator $99.95 TR-44 $59.95.
Hygain Antenna Specials TH6-DXX $135.00, TH3-MK3
$108.00. Tower Special-TRI-EX W-51 Self Supporting
crank up $299.95 Shipped Prepaid. All equipment
listed is new — in factory sealed cartons with full
warranty. In stock for immediate delivery. No down
payment with approved credit. 36 months to pay.
Write or call for Discount Price Quote on all brands
of Amateur equipment. Bryan WS5KFT, Edwards Elec-
tronics, 132-19th Street, Lubbock, Texas. 806-762-8759.

FOR ASSISTANCE with your FM Problems particularly
with Motorola equipment contact Neil McKie, WAGKLA,
5005 W. 21st Street, Los Angeles, California 90016

FOURTH MASSACHUSETTS QSO PARTY October 5
and 6. For details see QST, or write MIT Radio
Society, WIMX, Box 558, 3 Ames St, Cambridge,
Mass. 02139

VARIACS; panel mount, in new condition — 20
A-$32.50; 6 A-$12.95 1 1/4A-$6.25. Condenser,
computer grade, 74,000 mfd @ 10 vDC — $1.89.

Send for catalogue listing other condenser bargains;
Nicads; Solid State material; Test Eg. and other
desirable items. Advance Electronics, 54-H West 45th
St., New York, N. Y. 10036.

WANTED: Collins PTO type 399Cl. Please state price
and condition first letter. All inquiries answered.
J. Fisk, WIDTY, Box 138, Rindge, N. H. 03461

NORTHEASTERN MICHIGAN HAMFEST October 4, 5
& 6 at East Tawas, Michigan. For additional infor-
mation contact Glenn A. Pohl, KB8IYZ, 20245 Oakfield,
Detroit, Michigan 48235.

THE WINDBLOWERS will hold their annual “Bi
Blow' Sept. 28, 1968 from 2 P.M. to 10 P.M. EDT.
Four stations will be manned on 2 meter AM in
four states to provide contacts with amateurs in the
greater New York area. Certificate awarded for
contacting all four. Stations to be used are:
Connecticut K2GOS/1, Pennsylvania W2ERZ/3, New
Jersey W2ZDR/2, New York W2RRP/2.

will now accept

CLASSIFIED ADVERTISING

Starting with the September issue
of Ham Radio we will have a classi-
fied advertising section each month
open to both commercial and non-
commercial ads.

The dead-line for each issue will
be the 15th of the second preceding
month. So hurry if you want to get
rid of that old receiver or what ever
you have,

Ham Radio can not check out
each advertiser and therefore can
not be held responsible for claims
which are made. Our liability for
correctness of material will be
limited to a corrected ad in the next
available issue. Ham Radio reserves
the right to reject unsuitable copy.

*

Non-commercial ads 10¢ per word.
Commercial ads . = 25¢ per word.

Payment must be included with
your order. No agency discounts.

*

Send your order today to
CLASSIFIED ADS

HAM RADIO MAGAZINE
GREENVILLE, N. H. 03048
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NEW...

‘In Line’

WATTMETER

¥ Measures absolute power with 1dB accuracy.
% Operates at all frequencies from 1.5 to 60 MHz.
% Calibrated 02 to 1500 watts in three ranges.
% Doubles as VSWR meter without charts.

write for free data beverly airport
beverly, mass. 01915

IMPORTANT ANNOUNCEMENT
ALL VANGUARD CONVERTERS NOW USE
R C A DUAL GATE MOSFETS
FOR BOTH THE RF AND MIXER STAGES

5 | \ 3

The performance and features of our new converters are so spectacular that they can
only be fully described in our new illustrated catalog which is available FREE. Send
for it today and see our entire line of converters, pre-amps and other communications

equipment.
YANGUARD now makes the best converters. Buy one and be convinced.

VAN G UAR D LABS e ;:[Ti':.i‘r:.vf'ri-ugept R

s

= 1. “
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»>>prpp  ATTENTION! ALL QUAD USERS!
64.95 FOB

64.95 FOB
A NEw FIRST

IN QUAD SPREADERS

NEW TYPE QUAD SPREADER
THAT BREAKS THE PRICE BARRIER.

W2AU now brings you a new W2AU Super 2el. tri-band 10-15-20 meter

quad using the all new EXCLUSIVE heavy duty vinyl jacketed spreader.
This new spreader is made of selected bamboo entirely encased in a heavy duty vinyl covering, making
it salt spray proof and completely weather resistant. No varnishing or treating necessary. Dark brown
in color for resistance to ultra violet sun rays.
W2AU Super 2el. tri-band, 10-15-20 meter quad with vinyl coated spreaders.

complete quad.

W2AU Fiberglas model 2el. tri-band 10-15-20 meter quad $99.95 complete quad.

W2AU QUAD ACCESSORIES NOW AVAILABLE TO HOME-BREWERS

Introductory price $64.95

Set of B Vinyl Jacketed spreaders, 12/6" long (sets only) $21.50 set
W2AU quad spiders to fit 2 boom, heavy cast aluminum $6.95 ea.
Set of 8 Fiberglas spreaders 12/6" long (sets only) $54.95 set
Boom to motor-driven mast mount plate, complete with all hardware ; $5.95
ALL PRICES FOB UNADILLA, N. Y.
-~ UNADILLA RADIATION PRODUCTS, UNADILLA, NEW YORK svrrrrrrrrmnanannd

Manufacturer of W2AU Baluns and Quads. See page 93 this issue.

POLICE « FIRE « MARINE

AIRCRAFT ¢« AMATEUR CALLS
X LINE TUNAVERTERS!

VERSATILITY
CRYSTAL & TUNABLE = ,gap LITY

Turn your auto and
home radios into
excellent VHF re-
ceivers

» Sensitive

« Selective

« Calibrated
A flip of the switch
for either variable
tuning or crystal
controlled opera-
tion
THE BEST—CALIBRATED 6-1 TUNING—
PLUS —DRIFT FREE CRYSTAL CONTROL—

—COMPLETE INTERCHANGEABLE
CRYSTALS WITHIN BAND!!!!

« 9 volt btry powered = 1 year quarantee on parts

& labor
s Includes coax, mount & e Size—-2": x I': x 4
SCrews inches

» New FET transistor os- e American Made with

cillator & circuit American Parts.

Models for AM & FM Tunable & Crystal!
BAND MODEL COVERS OUTPUT PRICE

CB&10M 273 X 26.9-30 mc 1500 ke

6 meters 504 X 50-54 mc 1500 ke

2 meters 1450 X 144-150 mc 1500 ke $32.95 ppd
Police, fire, 348 X 33-48 mc 1500 ke Each

Marine 1564 X 150-164 mc 1500 ke ac

Aircraft 1828 X 118-128 mc 1500 ke Less Crystal
Models for AM & FM Tunable only

Marine 2.0-285mc 550 ke $19.95 ppd
SW & wwv SWL 9.5.16 mc 1500 ke $19.95 ppd

Coupling Loop & Ext. Antenna for use with

home and Transistor Radios.. ..$3.95 ppd.
Mobile Battery Eliminator, 12V to BV ..54.95 ppd.
Crystals—State Exact Listening Freq.. ..$5.10 ppd.

Order from: AIR MA[L add $.85 ea.

HERBERT SALCH & CO.
Woodsboro H, Texas 78393

Marketing Division
of Tomphins
Radio Products

LOW PRICE,
QUALITY,
COAXIAL
SWITCHES.. ..

Don't pay for the 5th and 6th position. The aver-
age HAM rarely uses more than 4!
SPECIFICATIONS: Silvered Contacts. Write-on ERASABLE
esculcheon plate. AVAILABLE EITHER 4 PST (COAX-4) OR
LINEAR (COAX-LINEAR) IN-OUT VERSION. Handles 1000 W
AM or 2000 W SSB. Insertion loss negligible to 160 Mc.
VSWR: Less than 1.2 at 160 Mc. Size: 3%"" dia. x 1*A"' overall.
Single hole mount. SPECIFY MODEL. §7.65 ea.

COAXIAL LIGHTNING
ARRESTORS

Zero power loss. No increase in
SWR at 150 Mc. Does not attenuate
signals. Model 210 for 1000 W (AM)
or 2000 W (SSB). Model 211 Elec-
tronic static arrestor for 50 W (AM)
or 100 W (SSB). SO-239 UHF type fittings. Other fittings
available. Size approx. 3's" x %" dia. #210 $3.15 ea. #211
$4.65 ea. SPECIFY model #.

PRICES above are amateur net. Shipped ppd. in U.S.A. Send
Check or M.O. (N.J. ADD 3% Sales Tax)

OTHER PRODUCTS: Feed thru capacitors. Tuned noise
filters. Alternator, generator, low-pass and field filters. SEND
FOR CATALOG.

“COMMUNICATION ENGINEERED"'
By "HAMMIE" RICHARDT—W2WIY

ELECTRONIC APPLICATIONS CO.
, Pine Brook, N. J.
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TRANSISTOR TONE

p—— OSCILLATOR
~ Do not confuse this
” well-made military unit
- with low price commer-
E-J" ’ cial “‘ice cube packs.”’
This unit operates from
1.5 to 6.0 wolts, and has transformer
isglated output. Frequency Is 1000 Hz,
may be wvaried with external pot. New

oca kaa~, #nd complete with spare set of
transistors.

Applications:  Continuity,
and semiconductor tester, code practice
oscillator, keying monitors, alarms, RTTY
SHIFT Oscillators, etc. TTC $2.00 P.P.

TELETYPE SPECIAL — GOV'T SURPLUS

compaonent,

101 New packaged spare parts for
models 14, 15 and 19 teletypes. Over
40 different items include cams, bails,

reels, covers, springs, type, key caps, etc.
Government cost over $900.00. The first
part used will cover the cost of the kit,
and you will have the added advantage of
being back in coperation Immediately. This
is one of our most popular items. Price:
$5.90 plus postage (include $1.00 east
of Miss., $2.00 west).

PRINTED CIRCUIT BOARDS
— B for 51.25 P.P. These
new packaged boards were
spare parts to a high speed
Gov't Compuler. Each board
contains a total of 22 com-
n ponents of 10 HIGH GRADE
DIODES, & 5% capacitors etc. All com-
ponents are good. We sell 184 COM-
PONENTS/B0O DIODES for $1.25 postage
paid, 8 PCB — $1.25

i)

GOV'T SURPLUS -

g

B & F ENTERPRISES

ELECTRONIC -

PATCH BOARD.

handy item for the electronic

This is a

:..".r'_ [ experimenter. The board acts
as tie point in an elec-
trical system by means of

g taper pins inserted into each
side of the board. Intercon-

nections are easily changed by pulling pins
ang reinserting them. By soldering com-
ponents to taper pins circuits may easily
be bread-boarded, changed and reused.

Board with 380 taper pins removed from
3PBA. 3 for 52.50 P.P

/7 MINIATURE &V SYNCHROS.

new equipment

For all remote control appli
/ cations! For Amateur & CB
Antennas, Weathervanes and
4 other indicating uses! Used
originally in aircraft equip-
ment Compact, ruggedly
built. Designed to operate on 26 VAC @
400 cycles. Guaranteed to operate effi-
ciently at & VAC @ &0 cycles. With
wiring diagram. Size 1% x 1-9/16",
shaft Va x v JOS. $2.50 pr. P.P.

XFormer for above $1.25 P.P,

3., Unleash that TIGER under
', your HOOD! Special Close-out
Buy DUAL-TRANSISTOR
IGNITION SYSTEM made to
sell for $39.95. Easy to in-

"

- webe= stall with fully wired harness

to all components. For easier
starting, longer lasting points and plugs,
due to higher ignition wvoltage Brand
new w/instructions. Makes an ideal gift
(Postage $1.00 east of Miss $2.00
West.) DTIS $10.00

OPTICAL -

an or-r-rder)

VER-R-RY INTER-R-ESTING BARG - AINS.
Send for our ver-r-ry inter-r-r-esting 68 page catalog 25¢ (Free with

P.P. = Postage Paid.

BENRUS Government sur-
plus  wrist watch in  one-
piece unbreakable green delrin

‘1 plastic case — waler-resis-
7~ <0} tant, shock-resistant, anti-
W] magnetic construction Un-

I M breakable main-spring, sweep
/8, second-hand,  24-hour  black

luminous dial with white

\‘.‘j hands. Made to tough mili-
“ tary specs, designad for every-

day bard combat use. In ex
cellent condition, with nylon
strap. BWW $8.95 P.P.

Would you believe a Digital Voltmeter
for $15.007 Would you believe $25.007
We supply a large & digit numeral pre-
cision counter, a In429 precision reference
zener diode, a 10 turn 0.25% linearity
potentiometer, and a D, C. motor. For
$15.00. You must beg, buy, borrow or
steal a $10.00 operational amplifier (Ana-
log Devices Nexus or equivalent) and your
ready tn roll,  Schematic included list price
uf components we supply Is over $175.00.
Digital Voltmeter Kit DVM $15.00
RECEIVER SHELL. Antique

telephone receiver shell - black

plastic in perfect condition.

Perfect encasement for walkie

talkie miniature radio - almost

anything! Alone, used as paper-

weight, also as float for those

nautical bent. Anyway you have

it a fun thing. Makes neat Salt & Pep-
per Shakers . . . ATR 4 for $1.25 P.P.

P. 0. BOX 44, HATHORNE, MASS. 01937
HOROLOGICAL *

MECHANICAL

formerly FM BULLETIN

THE national FM'ers’ journal

A monthly Ham Magazine for the Amateur

SIMPLEX FM

REMOTE OPERATION
SIGNALING & TONES
CONTROL TECHNIQUES
CONSTRUCTION
DECODING
FREQUENCY LISTINGS

who is interested in . . .
MOBILE FM

MOBILE RELAYS

« AUTOMATIC PHONES

« DESIGN DATA

REPEATER INFO

TRENDS

OPERATION

NEWS & VIEWS
HUMOR

SATIRE

CLUBS
ACTIVITIES
DIRECTORIES
EVENTS

$3.00 per year or 2 years for $5.00

SAMPLE COPY 35¢

FM MAGAZINE - 2005 HOLLYWOOD AVE., GROSSE POINTE, MICHIGAN 48236
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“FLAT PAK"

INTEGRATED CIRCUITS!!

914*

EPOXY SILICON TRANSISTORS
l= 3-FK-4046, 1W, 0.5A, npn, 250MC .
| 3-2N35é8, BSOMW ZOOMC 200BVC
4-2IN3563, NPN, 600MC, 1mw
3-IN3683, NPN, 1000MC, 5MA, 2
3-14 WATT, 65000 npn, 3A .

4-2N4313, PNP, QOOMC 300"-“‘
4-2IN3565, 500HFE, npn, 200MC ..

IC .=' T

0o

8888338

FAIRCHILD IN-LINE
INTEGRATED CIRCUITS
Tested, with dala sheels
930 DUAL 4 INPUT GATE & EXPANDER $1.00
933 DUAL INPUT EXPANDER . e $1.00
944 DUAL POWER GATE . . $1.00
946 QUAD 2 INPUT NAND/NOI GAII Sl .00
952 DUAL 2 INPUT INVERTER GATE .....$1.00
00
00
1.00
00

000000

953 2-2-3 INPUT AND GATE ...... . 1
954 DUAL 4 INPUT AND GATE ........ > sl.
955 8 INPUT AND GATE W /2 INPUTS ...... $1.
[ 956 DUAL INPUT BUFFER ........cccooovnrinns SI
100's of other IC’s including: Flip-Flops, Regis-

ters, Adders, ete. Write for listing.

400 mc
5for$1 Qg'é

2N706
\hm‘\"‘s Hi, | ma

5 |30 |ro.300]150

Terms: add postage. Rated: net 30, cod’s 25%
Phone Orders: Wakefield, Mass. (617) 245-3820
Retail: 211 Albion, St., Wakefield, Mass.

s"l 49 |DUAL

We inslude

RADIO-ELECTRONICS gE

30 Basic IC Projects
January ¢ JULY 68 RTL Logic
—B85* Cto +125° C
KElectronics World:

FAIRCHILD *
“FLAT PAK"

Buffer
’OJ 903* 3 Input G : . 'I.M
904-904* Half Adder .
914-914*  Dual 2 Input
923 JK Flip Flop
923.923* JK Flip Flop
927 Quad Inverter .

°First time anywhere two identical IC'I in one

package, example 923-923 contains two sepa-
rate JK flip-flops in one package. 914's and

923. We include 50 uses, °* Licensed, Va" x Vg"

LINEAR AMPLIFIERS with circuirs & dater

[J 702C WIDE BAND DC
(Tl 703H RF-IF-FM

] 709C HI-GAIN OPE 3.98
[l 710C HI-SPEED DIFF. COMP. . 5399
] 711C DUAL COMPARATOR $4.98

100 MICROAMP
PANEL METER

ORDERS
CHOOSE

1 AMP TOP HAT AND EPOXIES
PIV SALE PIV SALE PIY SALE
| 50 .05 soo[d .19 1800 .87

100 .07 1w000[] .31 200000 1.05
|L 200 (] .08 1200 [] .44 30000 1.60
400 ] .11 1400 [] .62 4000 0 1.%0
600 [J .16 1600 0 .72 1000000 4.80

MICROMINIATURE
SILICON RECTIFIERS
C Actual Size-.,;./

PV Sele PIV  Sole
so [] 5¢ 600 [] 20¢
100 L1 7¢ s00 (] 25¢

AMP 200 (1 961000 [ 31¢

400 [] 12¢

the industry,’

10¢ for bargain catalog on [] 100's of $1 Poly
Pak assortments, [] transistors, rectifiers, zen-
ers, ](‘* Trincs, SCRs, ete., [] parts & equip-
ment. “It's lhc- hottest bargain parts catalog in

P.0. BOX 942H

POLY PAKS

september 1968 [J§ 91
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NOW

RAZOR SHARP CW
RECEPTION WITH
YOUR TRANSCEIVERI

WITH A 2 /%//'// CWF—|

Between Your Headphones

Mo Power Required

* And Your Rig
% Plugs Into Phone Jack REQUEST BROCHURE
¥ loy wrteplogs ey s 919198
* 2to 4 Ohms In, 2K Out  Cudrantee
' Dept. H-6
353 Pattie

Wichita, Kans. 67211
(316) 267-3581

J
LECTRONICE, NG,
—

REVIEWED IN MARCH, 1968 HAM RADIO

osul_lu’rorﬁnomtor

'Ivu oudible tone :I.nnl ln the
presence of any RF field from 10mw
tolkw and 100ke to 1000me
®a CWmonitor with positive RF
switch uses only 8" pickup antenna
and NO connection to rig or key
®a code proctice oscillator with
adjustable tone & built in speaker
@ high gain 4 transistor circuit
powered by long life AA pencell

L] 'l.”ur eluminum cabinet in ] 2

iﬂllnl lock m:y finish, 32"
So0% l.ll?ma' o prddbchosiosr ..“';'f.‘.".'.'u"‘s":':::
the James research company
-11 schermerhorn st., brooklyn ny. 11201

95 warr inen
ppd usa &can

HIGHEST $ $ PAID FOR TUBES

120 WEST 18th STREET

NEW YORK 10011 . 212-242-7400
Free Tube List

ALL-BAND ANTENNA CONNECTOR

HYE-QUE | molded econnector has
eyelets for securing antenna elements,
heavy copper leads, coax I'L25Y con-
nector for feedline. and tie-point for
antenna support. Dirip-cap protects
connector, Weinforced. At your deal-
er's, or $2.95 postpd. Companion in-
sulators, 2 for 99¢ ppd. Instructions
{ncluded.

BUDWIG MFG. CO., p.0. Box 97H, Ramona, Calif. 92065

BUILD YOUR
AMATEUR RADIO
LIBRARY

See Page 85

Radio Amateurs
Reference Library
of Maps and Atlas

WORLD PREFIX MAP — Full color, 40 x 28", shows
prefixes on each country . DX rones, time rones,
cities, cross referenced tables postpaid $1.00

RADIO AMATEURS GREAT CIRCLE CHART OF THE
WORLD — from the center of the United States! Full
color, 30° x 25°, listing Great Circle bearings in de-
grees for six major U.S. cities; Boston, Washingtan,
D.C., Miami, Seattle, San Francisco & Los Angeles,

postpaid $1.00
RADIO AMATEURS MAP OF NORTH AMERICA! Full
color, 30" x 25" — includes Central Amernica and the
Caribbean to the equator, showing call areas, zone
boundaries, prefixes and time zones, FCC frequency
chart, plus informative information on each of the 50
United States and other Countries postpaid $1.00

WORLD ATLAS — Only atlas compiled for radio ama
teurs. Packed with world-wide information — includes
11 maps, in 4 colors with zone boundaries and coun-
try prefixes on each map. Also includes a polar pro-
jection map of the world plus a map of the Antarctica
— a complete set of maps of the world. 20 pages,
size BY," x 12~ postpaid $2.00
Complete reference library of maps — set of 4 as listed
1 AP A e postpaid $3.00
See yuur lavorlln dealer or order direct.

WRITE FOR RADIO MulﬂT[UH
FREE "bﬂﬂkmc
&Dept. Q 4844 W. Fullerton Ave.
Chicago, Ill. 60639

BROCHURE!
MOCHTEN SIE WISSEN WAS DIE VHF-
UND UHF- AMATEURTECHNIK IN
EUROPA LEISTET?

Lesen Sie die UKW-BERICHTE, die autoritative
Viertel-Jahres Veroffentlichung in Deutscher Sprache.
Jedes Heft enthalt sechzig Seiten mit praktischen
Artikeln uber VHF- und UHF-Radiotechnik, beige-
tragen von den fuhrenden Amateuren Europas.

INTERESTED IN WHAT EUROPEAN
HAMS ARE ACCOMPLISHING AT THE
HIGHER FREQUENCIES?

Read UKW-BERICHTE, the authoritative German
quarterly, now with English ies! Applicati

of the latest VHF and UHF techniques; equipment and
antenna construction details. Each sixty-page issue
packed with practical articles written by the most
outstanding amateurs in Europe.

Annual subscription U.S.A. $3.00,
Canada $3.25

H. Ingwersen, PAOAFN Box 87, Topsfield,
Mass. 01983
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Beware . .. of the Dreaded SHREW

linear amplifier
« 200 watt PEP.
+ 25-54 MHz.
+ 2-20 watts drive.
$89.95 -
Matching AC Power Supply . $39.95
DC-2 12 VoIt Supply . $44.95
Write for complete details & FREE SHREW Patch
Communications Division

GAUTHIER INDUSTRIES

P. O. Box 216
Lynwood, California 90262

Dealer Inquiries Invited

SURPLUS WANTED

ESUIPMENT WITH PREFIXES ARA, ARC, ARM,
ARN, APA, ASN, ASA, APN, APR, ARR, ASQ,
GRR, GRC, GRM, GPM, VRC, UPX, URA, URR,
URM, USM, UPM, SG, MD, PRM, PSM, PRC,
TMQ, TRM, TED, SPA, SRT, CU. COMMERCIAL
Eg IPMENT BY ARC, BIRD, BOONTON, BENDIX,
COLLINS, MEASUREMENTS, H-P, NARDA, GR,
SPERRY, ETC.

TOP CASH DOLLAR PAID OR TRADE
WE STOCK NEW HAM GEAR

WRITE - WIRE - PHONE (813) 722.1843
BILL SLEP, W4FHY

BLEF ELECTRONICS
2412 NORTH HIGHWAY 301 N LLLENTON, FLOMIDA 13532
PHONL (R13 727 1843

NOISE BLANKER

Removes interference
generated by auto
ignitions, appliances,
radars, and other
sources of high
energy pulse noise.
Specifically designed for VHF operators requir-
ing maximum noise suppression for reception
of weak DX and scatter signals. Connects in
the coax between converter and receiver. Solid-
state design features silicon Field Effect Tran-
sistors for reliability and minimum cross-modu-
lation. Specif converter output frequency.
Choice of 12-18, 100-140, 125-170 V DC; Phono
or BNC connectors. Model TNB . $29.95 ppd.
Add noise blanking capability
SWAN 250 to this pular transceiver with
the Westcom TNB-250 Blanker. Mounts on rear
of cabinet without drilling holes; easy to install.
Model TNB-250 . . v . $29.95 ppd.
All products are warranted for one year and
offered on a satisfaction guaranteed or return
basis. Technical brochure available.

WESTCOM ENGINEERING COMPANY
P. 0. Box 1504 San Diego, Cal. 92112

FACTORY NEW

BRANDED IC’S

Manufacturer's name withheld, but you will

find it marked on every unit.
Fairchild 900 RTL Series. All first grade, spec
sheets included. A really amazing buy. Never
previously offered by anyone at these ridiculous
prices.

Manufactured to

Any number shown below at
$ 1.00 each
or $10.00 per dozen

Shipped prepaid airmail delivery.

Buffer 500
Dual Input Gate 2-903
Quad 2-Input Gate 2-914
JK Flip Flop 923
Dual JK Flip Flop 2.923
Dual 2-Input Gate,

Dual Expander 1-914, 1.925
Dual 2-Input Gate

Expander 925
MESHNA SUMMER CATALOG 1968 -2

NOW OuT
Send 25¢ mailing and handling charge
SUPER - STUPENDOUS - ASTOUNDING

BARGAINS GALORE
Fattest Catalog Yet

JOHN MESHNA, JR. P. 0. BOX 62A

EAST LYNN, MASS. 01904

RADIO COMMUNICATION CO
THE COMPLETE HAM STORE
SERVING COLORADO and ADJACENT STATES

W. 100 Avenue and Alkire Street
Arvada, Colorado 80002

303-466-3000

W2AU BALUN LETS ENTIRE
ANTENNA RADIATE!

r PAYS . . . .

>
-4
(4
<
o

CASH
You can be sure with Barry * Fair dealing since '38
Send lists of your unused TUBES, Receivers,
Semi Conductors, Vac. Variables, Test Equipment.
No Quantity too Small, No Quantity too Large
Write or Call now . . . BARRY W2LNI
BARRY ELECTRONICS
512 BROADWAY * NEW YORK, N. Y. 10012
212-WA 5-7000

1sv4 -

P — STOP WASTING YOUR SIGNALI
wouy 25w REMEMBER, YOUR ANTENNA
Prae IS THE MOST IMPORTANT
- PIECE OF GEAR YOU OWN.
HUDLP HooK * No Raodiation from Coax
* Mo Center Insulator Needed
* Perfect for Inverted VYees
(Use Hang-up Hook)
® Built-in Lightning arrester
FROM * Broad-Band 3 to 40 Mc.
* Tokes Legal Power Limit
* Two Models:
1:1 50 ohm coax to 50 ohm
balanced
4:1 75 ohm coax to 300 ohm
bolanced
A must for Inverted Vees,
Doublets, Quads, Yogis and
Multiple Dipoles.

A
$12.95 AN
[ ]
W2AU Complete pretuned Fiberglos Qued ......599.95
W2AU Complete pretuned Vinyl Quad........ .. 564,95

UNADILLA RADIATION PRODUCTS
Unadilla, New York 13849
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# < DIODESé o

EVERY DIODE WE SELL IS CURVE TRACED ON A SPECIAL YESTER THIS TESTER

DRIVES 2 AMPS AVERAGE CURRENT THROUGH THE UNIT IN THE FORWARD DIREC-

TION WHILE THE REVERSE LEAKAGE IS MEASURED. (26 MICROAMPS). THE OPERA-

TOR EXAMINES THE CURRENT-VOLTAGE PLOT OF EACH DIQDE ON AN OSCILLO-

:(E:OPE SCREEN. WE FULLY GUARANTEE EVERY UNIT SOLD OR YOUR MONEY
FUNDED

PIv TOP-HAT EPOXY EPOXY STUD-MOUNT
1.5 AMP 1.5 AMP 3AMP 6 AMP
S0 04 08 2 A5
100 08 .08 18 .20
200 08 10 20 28
400 a2 k1 29 50
600 14 RLJ 22 58
600 a7 20 40 5
1000 ki

=~ ZENERS

ALL 1 WATT

8% 3 for $1.00 10%s 4 for $1.00
11 12 13 15 16 18 20 22 24 27 30 33 38 39 43 47 51 58 62
68 75 82 91 100 110 120 130 150 160 180 200
VOLTS

3 YEARS OF SERVICE
TO THE AMATEUR FRATERNITY

HAMS SERVING HAMS
PLACE YOUR ORDER WITH
M. Weinschenker K3DPJ

PO Box 353

Irwin, Pa. 15642
PA Residents Please Add 6% PA Sales Tax Minimum Order $3.00. All Orders Ppd in USA

KEEP UP TO
DATE ON
YOUR OXING

A weekly magazine (16 to 24 pages each
week.

Current DX that's on the air, and info about
what's planned for the immediate future.
What's being heard by the boys. Etc.

FULL DX INFO EVERY WEEK.

Per year—Surface mail (they say most
1st class mail actually goes via air) $11.00

The DXERS Magazine, (W4BPD)
Route 1, Box 161-A,
Cordova, S.C. 29039

we pav HIGHEST

PRICES FOR ELECTRON
TUBES AND SEMICONDUCTORS

H & L ASSOCIATES

ELIZABETHPORT INDUSTRIAL PARK
ELIZABETH, NEW JERSEY 07206
(201) 351-4200

WE PAY CASH FOR TUBES

LEWISPAUL ELECTRONICS INC.
303 W. Crescent Avenue
Aliendale, New Jersey 07401

For the largest US ATV magazine;
Technical reports & ATV directory
SEND $2 for a 1 year subscription
TO:

A5 MAGAZINE

150 Delong Ave.,
Dumont, NJ 07628

—

HAM HARDWARE
HEADQUARTERS

The Best in Highly Rust and Corrosion
Resistant Threaded Hardware Fasteners
and Washers.

Stainless Steel * Brass ° Bronze * Nylon

Over 1200 Different Items.
Our Fine Fasteners will Hold Your Antenna Best!

Let us Quote Your Needs, or send a S.AS.E.
for List of {tems Handled.

WALT STRAESSER

WSBLR

TELL YOUR ham

sour . .. radio

29716 BRIARBANK, SOUTHFIELD, MICH. 48075

SURPLUS EQUIPMENT WANTED TO BUY BY
THE FASTEST GUN IN THE EAST

No horsing around, we pay fast . . . in 24
hours . . . and we pay more. We'll swap or
trade new equipment too . . . We guote fast
too. We alse pay for shipping, insurance, etc.
You calf fast, now, coilect, for fast quotp.

SPACE ELECTRONICS
div. of MILITARY_ELECTRONICS CORP.
4178 Park Avenue. Bronx, New York 10457, (212) CY 9-0300
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LET W3KT
FORWARD YOUR
DX QSLS

oin the thousands of satisfied hams who have

been using this service for the past seven
years. During 1967 alone, over 200,000 QSLs
were forwarded to DX stations. This is a DELUXE
service, insuring prompt and continuous mailings,
and involving a minimum of effort on your part.

ust fill in your QSLs and send them to W3KT.
You don't have to address the cards, or indi-

the permaflex key

® both a twin lever & straight hand key
in a pivotless 2 paddle design,
@ gives instant choice of automatic
semi-automatic & straight hand keying.
® use directly with any transmitter or
through an electronic keyer.
@ 8 amp. gold diffused silver contacts
adjust from 0-.060" & 5-50 grams.
inctive blue paddles are of
G-10 Fiberglass epoxy.
® cabinet is 16 gauge polished chrome
teel: 1.95% 3q. x 3|.|‘!5'. paddles )
1.25%, weight app. | nd,
. one rubber rlll ﬂn ll:b}.rily. send cert. ck. or m. 0.
® 1005 US made & guaranteed for I yr. M. y. res. add 5% tax

the James research company
11 schermerhorn st., brooklyn ny. 11201

completa,

1995 s

cate the QSL manager, or send any SASEs. Where
a DX station uses a stateside QSL manager, your
card will be sent to him with an SASE, and the
reply will come back to W3KT, who will send it to
your call area QSL bureau. Other QSLs will be sent
to the proper QSL Bureau, or, if necessary, direct.

member, your QSL is a personal message.
Therefore W3KT sends it by FIRST CLASS MAIL
only.

LIBERTY PAYS MORE!!

WILL BUY FOR CASH — ALL TYPES
Electron Tubes Semiconductors Test Equipment
Military Electronic Equipment
Wire, write, phone collect! We pay freight on all purchases!
LIBERTY ELECTRONICS, INC.
548 Broadway, New York, N. Y. 10012
Phone: 212/925-6000

1

7he charge: Four cents per QSL, 30 cards per
dollar. NO MEMBERSHIP FEE.

SAVE TIME! SAVE MONEY!
W3KT QSL SERVICE

RD 1, Valley Hill Road Malvern, Penna. 19355
EeEEEEEEEEEEEEE

FEEEEEEEEEEEEEEEEEEEEEE%
&EEEEEEEEEEEEEEEEﬁEEEEEJ

ETCHED CIRCUIT BOARDS l

Novice Trans. 2.75 Novice Recvr. 2.75
RTTY Encoder 2.50 RTTY Decoder 4.00
UHF Dippers 2.25 SWR Bridge 1.25
Lab Supply 3.50 144 Conw. 5.75
Keyer 495 CP Osc. Mon. 1.25

Conn. Residents add Sales Tax.
Send order or Catalog request to . . .
HARRIS CO., BOX 985,
TORRINGTON, CONN. 06790

-y~ NOVICE CRYSTALS
Fundamental frequencies in FT-243 holders. Pin size

.093 in., spacing 488 in. Tol 030y r od in
oscillator with 82 mmfd. capacity.

B0 meters 3705-3745 ke. $1.75 ea.

40 meters T155-T195 ke. 1.25 ea.

156 meters 7034-7082 ke. 1.25 on.

2 meters 8056-8168 ke. 1.25 e,

Add for postage and handling per crystal: B¢ first class;
12¢ airmail. Specify frequency desired and nearest avail-
able will be sent. Other frequencies in stock. Send for
free list. Satisfaction guaranteed.

NAT STINNETTE, P.O. Drawer Q-1, Umatilla, Fla. 82784

4

CQ de W2KUW A

BEST OFFER!!

Paid ............. for any piece of aircraft or ground

radio units, also test equipment. All types of tubes.
Particularly looking for 4-250 « 4.400 + B33A + 304TL
* 4CX1000A +« 4CX5000A ot al. 17L » 51X « 390A
« ARM + GRM « GRC » UPM « URM + USM units,

er DAMES CO., 310 Wickery St., Arlington, N.J. 07032

NOWI!!! STOCKED IN U.S.A.

[

VARIABLE FREQUENCY ANTENNAS
Send for Brochure

SHORTWAVE GUIDE
218-H GIFFORD ST., SYRACUSE, N. Y. 13202
For the Ham with
SFPACE PROBLEMS..

niete line of
d Crank-up Towers

1:'“3“0 TOWER CO. P. 0. Box 115, Hanford, California 93230

GET IT from GOODHEART!

EVERYTHING UNCONDITIONALLY GUARANTEED

SILIC. RECTIF. B00O PIV 400 MA. Large user's termin.
invent., not rejects! Slater SLADB.2. Max: reverse,
2 uA; fwd drop, 8.2 v. Cost $8 ea. PAIR Postpaid $5.30

ELDICO SSB Adapter SBA-1 with book, converts any
receiver with 455 ke IF to SSB; select either upper
or lower side band; also adds CW oscillator
if you have none. Many features and a very
expensive unit in neat cabinet. $127.50

R-?itéﬁRC-S Crmd rcvr 190-550 ke. Shpg wt 9 1b. 14,95
AR.C. 12 #22 Cmd rcvr 540-1600 ke, 9 Ib 17.95
LM-14 freq. meter, .01% 125 ke-20 me. 15 1b 57.50
T5-323/UR freq. meter 20-4B0 me. .001%, 169.50
BC-221's 0K $57.50 T5-175 OK 125.00
CLOSING OUT Radio Receivers 384000 mc at CRAZY
LOW PRICES! Ask for APR-4Y/CV-253 sheet.

SP-600-JL Recvr. 0.54-54 mc, aligned, grid 250.00

R-392/URR grtd OK, w/AC sply & book 525.00
WANTED: GOOD LAB TEST EQUPT & MIL COMMUNIC.
TIME PAY PLAN: Any purchase totaling

$160.00 or more, down payment only 10%
WE PROBABLY HAVE THE LARGEST & BEST INVEN-
TORY OF GOOD LAB TEST EQUIPMENT IN THE
COUNTRY, BUT PLEASE, DO NOT ASK FOR CATALOG!
ASK FOR SPECIFIC ITEMS OR KINDS OF ITEMS YOU
NEED! WE ALSO BUY! WHAT DO YOU HAVE?

R. E. GOODHEART CO. INC.

Box 1220-HR, Beverly Hills, Calif. 90213
Tel: Area 213, office 272-5707, messages 275-5342
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MONOBEAMS
FOR AN MAnRZINg cocia v iR e e e e 94

Aerotron, Inc. ...... L A e Back Cover

MORE Autovoll, NG .ocieviaiaasmaes s saniesyapads 84
Dx PUNCH B & F Entorpriges: . .cosuvinssnmivissssnsvniss

Barry Electronics ...........cun
Bob's Amateur Electronics

Cush Craft Monobeams combine superior electrical and Budwig Mfg., Co. .c.cciiinnrnsanisneassnssssans
mechanical features with the best quality materials ;
ond workmanship. CW Electronic Sales Co. ......ccvevverenininasss 86
A28-3 10 meter, 3 element, boom 10’ | BB00 . i s O S R R SR
A28-4 10 meter, 4 element, boom 18’ . Collins Radio Co. ...
Ag:lr-:! :g meter, 3 e|rameni, toorn ‘??2' Comdel, NG o isianmaamiai o eoiass s e
A21-4 meter, 4 element, boom ’ .
Al4-2 20 meter. 2 element, boom 10’ ; Comtec, Book Division .......ccccveivivannnnnias 85
20 meter, 3 element, boom 20’ , Cusheralt  ciivanonmrimeiisaiiiese 96
Dames Co., Theodore E. .....civvnrviacinnsansas 95
THE BIG WHEEL DXer's Magazine ....:cuvssssvvnerssasnmsvasnass 94
HORIZONTALLY POLARIZED p o .
340° GAIN ANTENNA Electronic Applications Co. .......covvivennrans 89
-‘2) ;Aturs ai:glw‘.:‘u . Electronica Center, InC. ...ccvvevrrrrcnrranssece 80
ay tocking Kit 3
4 Bay Stacking Kit k FM Magazine .......ccoviiiiiiirnivineassinssss 90
Gauthier Industries ......ccccovvveesnasrasansins 93
VHF-UHF COLINEAR ARRAYS Goodllaarl Co., :nc.. BB comsmmabaieieiigg 95
Lightweight High Gain Antenna Systems : Gordon Co., Herbert W. ....c.couiiinannn. Cover 1l
CL-114 2 meter, 16 element | .
CL-216 a m 16 element 4 . H & L Associales .........covvesminennnssnnness
CL-416 34 meter, 16 element i 4 Hafstrom Technical Products ..
32 & 64 Element Stacking Kits Available Ham Radio Magazine ...........cceeee.
Hammarlund Manufacturing Co., Inc.
MOBILE/FIXED SQUALO _ Harris Co., The .....couvuvmmeivernnraennes
Squalo is a full half wave, hori- - L Henry Radio Stores ............c.oooooiiiiiiins
zontally polarized, omni-directional ] International Communications and
senna; Electronics, In0. c.cvvesssnivsanssnninisssnass 53
ASQ-2 2 m.“:‘ :g’;kmuur. ’J:;i S L international Electronic Systems, Inc.
. 30" square 13.95 James Research

Lewispaul Electronics, Inc. ....cocviusneisccaens
VHF/UHF Liberly Electronics, INC. ....cvcevevnsnsesnnanias 95

YAGIS Main Electronics, INC. ....oeevveieannssssanees

Meshna, John, Jr. ..o
Combine all-out performance Military Electronics Corp. ..
with optimum size for ease of Mission Ham Electronics

assembly and mounting at your
site, They can be mounted ver-

tically, horizontally, in pairs, or Poly: Pake: s ssinn canssinmsssammisnsesreasons 91
quods. ) .. 55
Quement Electronics ......ccovivsvaressssrars 43,
Radio Amateur Callbook, Inc. ....covunann. 83, 92
Alan meter 1] slement Radio Communication Co. .....cvvevuussaieeenns 93
Aldd.7 meter element i Rt 54 89
A220-11 meter element X aytrac O, ssrssrrvrrrrrsantisravesirrnne t
Ad30-A1 mater element : alch & Co,, Herbor ivuiiuevasiivaniiniinimnass 89
Al44.20T mater i polarized ’ Sale c_,{ erbe A
meter elemant Sentry Manu alcturlng 0 sesasassranases
meter element . Shortwave Guide ......ccvvviavinneasss
meter element - Signal One .............
meter element Sle .
p Electronics Co.
Ade il whechent Stinnette, Nat ..........
" " 6-10-15-20 Meter Straesser, Walter E. ....
HAM ST'K _ Adjustable Dipole Swan Electronics Corp. ...
/’ Uni "i'hM : Tri-Ex Tower Corp. .....
- niversal Moun {
Ideal For Small Lots, Tristao Tower Co. ......
= Apartments, Vacationing UKW Magazing .........cccoceamsenmsnmnsasnsnss
i $23.50 Net  FREE LITERATURE Unadilla Radiation Products
Vanguard Labs .........ccoiiiviiiinnninianincns
YOUR DISTRIBUTOR OR WRITE FOR FREE CATA .
S48 VOUS 01 . » ve W3KT QSL Service ...ocvvverresscssasssansnnss

Wainschenker, M. ......c.ccviiueiiiiniianianains
621 HAYWARD STREET '
ush PRW VANCHESTER, N.H. 03103 Westcom Engineering Co. .....ovvviiiinnes - - |

96 [T september 1968




WHEN YOU WERE A KID

Did you ever plant a seed and then go out
the next morning to find out what happened?
Remember how pleased you were when the
first tuft of dirt was pushed aside by the
germinating sprout. My dad thought me
impatient with all my questions, but Mom
said that my garden would teach me many
things. Certain it was that | learned not to
expect too much too quickly.

In later life this lesson served me well,
particularly in ham radio, where improve-
ments were especially slow and hard to
measure. Now as we approach the season
when most of us are disposed to antenna
work, | should like to explain that one
device is inexpensively available that will
easily permit an immediate improvement
in your station's performance. | am refer-
ring to the balun — to be inserted as a
replacement for the center insulator on your
coaxially-fed dipoles.

There is nothing you can buy that will
obtain as much relative improvement in
your overall station capability as a proper
balun. The 2AU balun at $12.95 is the
most popular.

Most rigs today have unbalanced out-
puts; that is, they have a pi network as
the plate tank, and this gear is designed
to work into loads between 25 and 100
ohms — unbalanced loads.

In my preceding ads | have repeatedly
stressed the need for low VSWR. High
reflected power causes more anguish and
frustration than anything else. By balancing
your antenna system, you may lower your
VSWR, but more important is the fact that
with the balun, your radiation efficiency
is often higher. Normally, the grounded
chassis side of the coax connects to one
side of the dipole, and this side has very
little induced electro-magnetic radiation from
it (the dipole isn't a particularly good

transformer). Thus a balun, and especially
a well-designed product like the 2AU,
accepts the unbalanced input from the coax
and permits equal distribution, and conse-
quently equal electromagnetic radiation,
from both halves of your antenna.

Any improvement from the use of a
balun will give you more reach-out ability
on receive as well as transmit.

One balun may be used with the same
coax to feed two or more dipoles. All you
require is a resonant length for each band
you operate. You can't expect the balun,
which in itself is a broad band device, to
work properly when, for example, you feed
40 meter energy to it with just 80 meter
resonators connected. In other words you
actually need a separate set of driven ele-
ments for each band you operate — though
they can all be connected to the same
balun and feed.

The 2AU balun pictured here is its own
lightning arrestor and center insulator as well.
It is furnished with a metallic eye that will
permit you to support the entire center of
your antenna from your tower or tree. It's
side connections are good for a 600-pound
pull. Condensation drips out from small
holes in its bottom. It is rated for a full
1 KW. The 2AU balun may reduce TVI,
improve antenna system efficiency, and pro-
tect against lightning, all at the same time.

To encourage better ham operation, and
for a limited time, | am offering the 2AU
balun with either 1:1 ratio (for most 50
or 72 ohm application) or 4:1 ratio at
just $12.95, postpaid to your U.S. or
Canadian door.

Unless you are already using one, you
ought to buy now. Send your order in today
and we will send out with the balun, one
of our newly revised used equipment lists.

HERBERT W. GORDON COMPANY

Harvard, Massachusetts 01451 o Telephone 617 — 456 — 3548

“Helping Hams to Help Themselves”



ot Fre Py tor. Norse mateet. Bandspriead Wired and tested

Kit . oo s 56495

VFO-621

59.05

Wuicriaﬁdluslu(h.:.:::..:-.:-”. & . 7995
CODE PRACTICE
E OSCILLATOR
D AND MONITOR
IMluu.nIIIUMIK .KJI'.
I;\Iﬁ:s‘su?;g;"i:.:un and lested i
& ‘ M ;lr.'s:. balteries) . . ., $1520
m ;\l.udq.l UCF’;R .Ilf:n
[less batleries) 5 795

Model OCP. wied and lested

COMPLETE HAM RIGS

Receivers, fransmitters, VFO, Pre-amplifiers,
converters, code practice oscillators,
code records, theory and license books.

MODEL OM {loss batteries) $10.50
160 THRU 6 METER
TRANSCEIVER PRE-AMP
MODEL PT
Low
Wired and tested 54995

PASS NEW ADVANCED AND EXTRA
CLASS LICENSE EXAMS WITH
NEW AMECO LICENSE GUIDES

New Ameco License Guides contain simple, detailed,
easy-to-understand answers lor FCC study questions,
plus a sample FCC-type exam, using mulliple choice
guestions.

Advanced Class Guide #16-01 (32 pages)....... 50¢
Extra Class Guide #17-01 (48 pages)...........75¢
AVAILABLE AT LEADING HAM DISTRIBUTORS
Information included in new calalog.

Division of Aerotron, Inc.
P. O. Box 6527
Raleigh, N. C. 27608
Write for name of your local Ameco dealer and free catalog
Prices Subject to Change Without Notice

NUVISTOR CONVERTERS FOR 50, 144
_and 220 Mc. HIGH GAIN, LOW NOISE

[

Model CN-50W. CN

144W or CN220W

wired. [specily IF)
549 95

Model CN-50K, CN
144K or CN-220K in
kit form, (specily IF)

$14 95

PS5-1 Power Supply
Wired and lested
51250

NOVICE TRANSMITTER KIT

MODEL AC-1
Kit with cail for any 1 band, including tubes. . .. 52195
Extra coil kit for any 1 band, CK-1 RS .5 1.00
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