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Ham Radio
at its best

312-B5

312-B4

516-F2

S-Line Components

Adding Collins S-Line components to a
Collins system gives you ham radio at its
best.

The 312B-4 Speaker Console lets you con-
trol your S-Line with the flip of a switch.
Other features are directional watt meter
and phone patch.

Make your KWM-2 fixed station more versa-
tile with the 312B-5 VFO Console. Get all
312B-4 features, plus the capability of
limited separation oftransmitter and receiver
frequencies.

Switch on the DL-1 Dummy Load and tune
up; switch it off and operate. No need to
unplug. Control the dummy antenna load
with a front panel switch or remote control.

DL-1

and Collins Systems

All the voltages required for the 325-3
Transmitter or KWM-2 Transceiver are sup-
plied by the 516F-2 AC Power Supply.

Fixed station, portable or mobile, Collins
has a complete line of system components
to put more enjoyment into ham radio. And
all components, including the power sup-
ply, are styled with S-Line eye appeal.
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When hams
discuss

TIMUM
PACING’

in single
band beams - - .

« ¥

=TSSRV

Amateurs punch through the QRM on 20 meters
with Mosley’s A-203-C, an optimum spaced
20 meter antenna designed for full power.
The outstanding, maximum gain performance
excells most four to six element arrays. This
clean-line rugged beam incorporates a spe-
cial type of element design that
virtually eliminates element

flutter and boom vibration. Wide
spaced; gamma matched for 52 ohm
line with a boom length of 24 feet and
elements of 37 feet. Turning radius is 22 feet.
Assembled weight — 40 |bs.

A-310-C for 10 meters
A=315-C for 15 meters
Full sized, full power, full spaced 3-element

S-401 for 40 meters

Full powered rotary dipole. Top signal for
DX performance. 100% rustproof hardware.

arrays. 100% rustproof all stainless steel Low SWR. Heavy duty construction. Link
hardware; low SWR over entire bandwidth; coupling results in excellent match. Length
Max. Gain: Gamma matched for 52 ohm line ., is 43" 5 3/8""; Assembled weight — 25 |bs.

: For detailed specifidatit_:_ns and performance data, write Dapt'157.
oy ELoton®s G i, i s rsmen e 02
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HANDSOME IS...
& HAMMARLUND DOES

Handsome habits by Hammarlund —
outstanding performance, wide fre-
quency coverage—built to last— 5,
SUPER-PRO quality!

Pamper yourself. Develop the good
habits of better hams for years! . . . HQ-215

g0 Hammarlund! At your dealers Newest member of the family, solid state,
now! solid copy, in the best SUPER-PRO tradition.

Take 5 and prove it!

HQ-180-A

Versatile, general coverage receiver 0.5 — 30.0

MHZ full amateur bandspread has attained HXL"
world recognition by creating new standards The rugged one! 2KW PIP self-contained
of performance desk-top linear, 80 through 10 meters.

HQ-145A HQ-110A-VHF

This dual conversion general coverage Improved mechanical and electrical stability
receiver has more new features to provide plus expanded VHF dial in the only ham band
even better operating efficiency. receiver covering 160 through 2 meters.

"“HAMMARLUND

‘w7 MANUFACTURING COMPANY INCORPORATED

A Subsidiary of Electronic Assistance Corporation.

MARS HILL, NORTH CAROLINA 28754
Send forfull specifications now! We'll happily tell you how to ham with Hammarlund.
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If you asked the man on the street what area
of electronics had the most impact during
the past decade, he would probably mention
color television or computers—they've cer-
tainly affected his life the most. To the
amateur it might be the widespread use of
single sideband or high power on uhf—de-
pending on his interests and point of view.
The engineer would no doubt mention lasers
and computers, not necessarily in that order.
All of these things are important of course,
but in the future, the laser will probably have
more impact on all our lives than any of the
others.

Since the first working laser was put to-
gether by Dr. Maiman in 1960, it has cap-
tured the attention of scientists and the
imagination of the public. To the general
public, the laser is a zap gun that will cut
through metal like it was a cube of butter.
It is much more to the engineer: ultra-fast
computers that use optics in place of elec-
tronics, three-dimensional TV pictures, and
relief to our crowded spectrum by permitting
millions of messages to be transmitted on a
single light beam. This is just part of its po-
tential; it has already been used in medicine,
precision machining and welding, optical
gyroscopes, optical recording that is 100
times faster than magnetic tape and optical
memories for computers.

This doesn’t mean that the laser has taken
industry by storm—far from it. But advances
are being made every day and it has been
predicted that in the future, the lines be-
tween electronics, optics and quantum me-
chanics will be blurred through laser tech-
nology. Research is progressing slowly and
it will be a good many years before your
telephone calls will be transmitted over a
laser beam, but advances are being made.
Consider the number of materials that have
been made to lase—over 2000; more than
1000 of these are semiconductors, with
solids, liquids and gases making up the re-
mainder. Solid crystals, carbon dioxide,

4 [N november 1968

a second look

. Jim
fisk

neon, argon, helium-neon, organic and in-
organic liquids and doped glass are just a
few that have been made to work.

You're probably wondering what all this
has to do with you. just this: here’s an area
for the basement experimenter who has run
out of worlds to conquer. So far as | know,
the only amateur laser communications were
conducted in 1963 by members of the Elec-
trical-Optical Systems Amateur Radio Club.
Although the output power of their laser was
only 125 uW, modulated at 28.62 MHz with
a Viking 11, they managed to transmit over a
118-mile line-of-sight path in Southern Cali-
fornia. Possibly other amateurs have been
working with lasers during the ensuing five
years, but | haven’t heard about them.

In any event, lasers have come a long way
since this early experiment in the San Gabriel
mountains. For one thing, costs are down.
If you're interested, you can buy a precision
helium-neon laser for under $200 from Uni-
versity Laboratories in Berkeley, California.
If you’re interested in a semiconductor laser,
try Allied Radio—they list a 15-watt unit
(pulsed) in their 1968 industrial catalog for
$95. If you want to build one yourself, con-
sult the Scientific American—they had a
complete construction article a couple of
years ago.

If you do decide to try the laser, use
caution and do a lot of reading first. They can
be dangerous if you don’t know what you're
doing. Relatively small lasers have been used
to bore holes in diamonds, so you can im-
agine what one would do to you if you get
in the way of the beam. Protect your eyes
particularly; just looking at a laser beam can
damage the retina.

If you have a working laser system or are
working on one, I'd like to hear about it;
I'm sure some of our other readers would
too.

Jim Fisk, W1DTY
Editor
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K3

is the best $1000 linear amplifier

ever made for the amateur service
O e oo e nena ey, (0wt sl it o oulu¥75)

But we do it! We do it by working a little harder, by
being a little more efficient and by selling DIRECT

from factory to user.
Compare the quality of the components used in the
2K-3 and its true value becomes more apparent.
1. Look at the superb 20 mfd 5000 volt test oil filter
condenser..exceptional dynamic voltage regulation.
2, Heft the heavy duty, high efficiency
transformer. .. 38 pounds of brute power with
exceptional voltage regulation and peak current
capability.
3. Observe the rugged, high-cost, double section
bandswitch.
4. Note the commercial duty 25 ampere mercury
gower relay.

. Experience the reliability of special design solid
state bridge rectification.
6. Relax with a host of other conservatively rated
deluxe components no other competitive amplifier can
equal. .. high efficiency, silver-plated tank coil,
silver-plated L-section coil, unique toroid type
filament choke, resonant input filter choke, high
reliability bronze gear drive assembly, modern design
illuminated push-button start-stop switch, all DC
relay systems. And there is more, but let us send you
a descriptive brochure on the 2K-3. Let us help you
own this outstanding linear amplifier.

The 2K-3, Floor Console or Desk Model $745.00 5.
ATTENTION! Military, commercial, industrial and scientific users. . . please write for information on our
custom line of high power communication linear amplifiers and RF power generators.

EASY FINANCING e 10% DOWN OR TRADE-IN DOWN e NO FINANCE CHARGE IF
PAID IN 90 DAYS e GOOD RECONDITIONED APPARATUS e Nearly all makes & models.
fere— == = am e o e eSS e e e e ——— =

CALL DIRECT . . . USE AREA CODE

Butler . Missouri, 64730 816 679-3127

Henry Yol e X2 g ) 11240 W. Olympic, Los Angeles, Calif., 90064 213 477-6701
931 N. Euclid, Anaheim, Calif., 92801 714 772-9200
East Coast Rep.: Howard Laughrey, 2 Elizabeth St.,

Chappaqua, N.Y. 10514, (914) CE B.3683

“Woaorld's Largest Distributor of Amateur Radio Equipment”
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tracking
and

recording

satellite transmissions

A project

that will appeal

to the experimenter,
builder,

vhfer

and

camera enthusiast

6 november 1968

Greg Toben, W6CCN, 1336 Marilyn Drive, Mountain View, California il

Automatic picture transmission (APT) is
moving into its third year of continuous
coverage. Prospects for the increased use
of these wversatile and extremely useful
weather satellites look good.1

Two satellites, Essa IV and VI, are
now transmitting overlapping APT pic-
tures daily covering nearly the whole
earth. An applications technology satel-
lite (ATS-1) in a stationary orbit over the

Photograph of cloud cover over the Northern Hemi-
sphere from the ATS satellite. This picture was grid-
ded and re-broadcast from Mojave, California.




mid Pacific has broadcast pictures of the
whole earth and rebroadcast pictures
from other satellites, both in the APT
mode (table 1).

Experiments will be continued by ATS-3,
which is in stationary orbit over South
America. A third in the Nimbus series will

TAPE

PREAMPLIFIER FM RECEIVER

d

in the many experiments is stimulating
and rewarding.

This article describes an all-electronic
system (fig. 1). It is based on a system used
by WSM-TV, but good pictures can also be

produced by other means.2.3.4

RECTIFER

HORIZONTAL

RECORDER

Al

SWEEP
GENERATOR

VERTICAL
SWEEP
[ GENERATOR

— SCOPE

fig. 1. The complete receiving, display and r

yst used by WECCN for automatic picture trans-

missions. The z-axis rectifier is part of fig. 2; the horizontal sweep logic diagram is shown in fig. 3.

probably also transmit night-time in-
frared pictures early next year. A pano-
rama of good pictures is available to
users daily from Greenland, the North
Pole and Siberia, to Florida, Central
America and Hawaii. Coverage includes
most  U.S. NASA  encourages
you to use this service, and participation

latitudes.

the antenna

Anything to a
stack of multi-element yagis can be used.
A four-element yagi from the Handbook
probably gives the best results for the
least effort, but the picture steadily im-
proves as antenna gain and signal-to-
noise ratio go up. An S-meter is adequate

from an fm antenna

Panoramic view of North America as transmitted by ESSA VI June, 1968. It's difficult to make out the outline
of the United States because of cloud cover, but the Gulf of Mexico, Bajs, California, and the West Coast
are in the clear. Note the many storm systems that are active.
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for monitoring, but a panoramic adap-
ter is even better.

The ear is the most sensitive monitor
and can follow the signal right down in-
to the noise. Motor-driven antennas are
necessary for remote control, but they are
noisy, and need a wide speed range as
well as some means for rapid search.
Use a manual control if at all possible.
So far, all transmissions have been with-
in 1 MHz in the 136-138 MHz satellite
band. )

The antenna transmission line should
have a flat response, and everything
should be peaked for maximum gain.
Rotation around the horizon (azimuth) is
necessary on all but the overhead passes.
Nimbus satellites come up in the south
and disappear almost due north, while
Essa satellites come up from the north
and disappear to the south. Tilting up
(elevation), is less critical, but rotation
around the axis of the antenna (polari-
zation) is important.

So far, the satellite signals have been
linearly polarized, and reception on a
circularly-polarized antenna has meant
some loss of signal. There is a choice,
then, of using a helix or crossed yagis
and losing some signal, or rotating the
antenna on its axis with the attendant
mechanical problems.

The plane of polarization rotates as
the satellite passes over. It may rotate
several complete turns during a pass. The
resulting fading is both sharp and deep
(20dB). It is hard to adjust crossed yagis
for truly circular polarization, and some
fading always results.

fig. 4. Three-way NAND gates used in the sweep
system.

10 november 1968

the receiver

A receiver with 1-uV sensitivity can get
a good picture on the overhead passes,
but a good preamp is necessary to get

fig. 6. Single-shot multivibrator used in the APT
sweep generator shown in the logic diagram in
fig. 9.

-2V

+i2y

[*
[~}

+12

150

a3k
$

-i2v

clear pictures on the early and late
passes. Overloading of the input stage is
a problem in metropolitan areas where
fm, TV, police and commercial fm sta-
tions bathe the antenna in a mish-mash

of strong signals night and day. A coaxial
antenna and the

cavity between the
preamp is some help.®

fig. 5. Vertical circuit.

+av

VERTICAL
T0 SCoPE



Several receivers are possible, but the
very excellent Motorola 148-174 MHz Sen-
sicon “A” receivers are so good and rea-
sonably priced that there isn't much
point in discussing alternatives. These are
receiver strips from commercial two-way
radio equipment such as that used on trucks,
taxicabs, etc. They are double conver-
sion, single-frequency superhets and have
five cavities in the front end, sharp filters

fig. 7. Horizontal swesp.

+i12v

b
s

o—4

in the i-f strip, good squelch and good
over-all stability. The rf stages can be
tuned to 137.5 MHz, and a type RM16
crystal (26.4-137.5 MHz) completes the con-
version. The output is taken from the
discriminator through a volume control to
avoid overloading the input stage of the
tape recorder. The Perma-kay i-f filter
can be removed unless interference is a
severe problem,

+i2v

fig. 8. Flip-flop circuit used in the horizontal-sweep generator.

I"I2V

Lik

3

) O_J
[ 4

v
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table 1. satellite aulomatic picture transmission
systems

ATS 135.6 MHZ
Nimbus 136.950 MHZ
ESSA 137.500 MHZ

modulation fm
deviation 10 kHz
subcarrier 2.4 kHz
modulation a-m
maximum amplitude* white level
minimum amplitude black level
black-to-white ratio** 2% dB
video dc to 1.6 kHz
lines per picture 800
line rate four lines per second
frame time 200 seconds

Frames repeat every 208 seconds from Nimbus and
about every 360 seconds from ESSA.

* A white level calibration signal is transmitted be-
tween frames.

** Equal voltage steps for equal gray-scafe stops.

tape recorder and sync system
The tape recorder can be almost any-
thing with 3-kHz response and reason-
able speed control. This eliminates only
the small battery-powered jobs. A 7-inch
reel of 4-track tape will hold pictures
gathered in four two-day weekends (1
month). The pictures can be viewed di-
rectly, but this takes the operator's at-
tention away from the antenna, and
some pictures will be missed while chang-
ing film. The high cost of the film dic-
tates that only choice shots be preserved,

fig. 9. Dc-restore circuit for the Tek-
tronix 531 oscilloscope; circuits for
other oscilloscopes would be similar.

+ 8650 v

ZN
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and the tape is used for previews and
replays.

The output of the tape recorder will
vary from the recorded speed if the line
voltage or the

mechanical friction has

changed since the recording was made.

Storm pattern transmitted by the ATS satellite, grid-
ded and re-broadcast from Mojave, California.

A phase locked voltage controlled oscil-
lator (VCO) keeps the scope synchronized
despite these changes. The circuitry for
this “black box” is the only homemade
electronic equipment necessary.

Again, there are many ways to do the
job.1.2 In my system, the shaped 2400-Hz
pulses from the VCO, which is driven by
the 2400-Hz subcarrier from the discrimi-
nator, are fed to a count-down chain.
The first three triggers count up to 5, then
reset and pulse on to the next three.
These reset after 15 pulses and drive a
single shot. The output of the single shot,
through an inverter, shorts out the charge
on the horizontal sweep capacitor in a
few milliseconds; thus a new sweep is
initiated after every 600 pulses. The time
constant of the VCO is such that it will
supply pulses and maintain sync for a
few seconds if the signal fades out.



the scope

The spot size and focus pretty much
determine ultimate picture quality. | use a
Tecktronix 531, but | have seen good pic-

ter are from an old Kodak. The sliding
mount, as well as horizontal- and verti-
cal-gain controls on the give a
complete freedom of picture sizes. Polar-

scope,

Some of the constructional details of the azimuth/elevation mecha-

nism used at the base of the ant This h

is driven

through the roof of the house by the controls shown in the photo-
graph just below.

tures on a 5-inch Paeco and on a TV
tube. The intensity is set so the trace is
just barely visible before the Z modula-
tion is applied. At this low intensity, spot
size is small and focus is better.

The vertical sweep is started manually
and allowed to run off the bottom of the
picture (or top).* Reversing switches on the
deflection plates allow the picture to be
painted from the top to bottom on n-s
(Essa) passes and from bottom to top on
s-n (Nimbus) passes. A diode restores picture
reference dc to the CR-tube grid. P2 phosphor
is about the right persistence, and the green
gives a realistic tint to the pictures which will
last for about three minutes in complete
darkness.

the camera

The camera was made by machining a
piece of 6-inch aluminum pipe. The tube
is lined with black felt and used as a
hood when viewing in daylight. A used
Polaroid No. 800 3 x 4-inch camera was
used for its developing box and bellows.
The lens, iris and remote-operated shut-

Antenna controls inside the house. From the
bottom up is the antenna polarization control,
elevation trol, imuth I, azimuth
indicator dial, mirror readout and clamping

hani The selsyn elevation indicator is
on the wall to the right.

november 1968 13



Panorama of North
America transmitted by
the ESSA satellite in s
April, 1968. If you look '~ *
closely, you can see ’; ]

some familiar land-
aa.«

marks in the lower-
righthand corner—par- %
ticularly the Florida
peninsula and Baja,
California.

oid type film 42 at f24 has been used for
the past two years, but the newer rapid-
processing films look promising for the
future.

transit times

It takes about 1 hour and 50 minutes
for these satellites to make a complete
trip around the world. This works out so
that Essa VI arrives about an hour earlier
each day. If you hear it at 2 o'clock to-
day, you could expect it at 1 o'clock to-
morrow, or at 8 o'clock six days from
now. On a given day the other passes
can be expected every two hours less ten
minutes, just about time enough to run
to the store or cut the lawn.

In an APT household everything runs on
satellite time. Three passes are available
every day, sometimes four, with the mid-
dle pass near noon. The longest pass
lasts fifteen minutes (three pictures), but
the length of each pass depends on where
it cuts your receiving range circle. The
range depends on the height of the trans-
mitting antenna (600 miles) and receiv-

ing antenna, and also on hills, build-
ings, etc., on the horizon.
W1AW broadcasts accurate equatorial

crossing times, but it works out fairly well
to just turn up the volume and squelch
and go on about your business until the
satellite comes over. It won't be long. The
Essa signal is a distinctive 2400 Hz with

14 november 1968

4-Hz modulation for 208 seconds and a
steady unmodulated tone for two min-

utes, and repeat. Nimbus continuously
transmits 4-Hz modulated signals with no
space between pictures.

The ATS satellites carry a variety of
other experiments; however, their power is
limited and their time is scheduled to
avoid interference with Essa and Nimbus
picture-taking operations. They are there-
fore on at times that are inconvenient



More details of the antenna system
used to track ATS satellites. Above
is the mast which goes through the
roof to the antenna. Above right is
a closeup of the antenna mount; two
bevel gears are used for polarization
control; counterweight at bottom. To
the right is the complete antenna
system.

for amateurs. A schedule can be had

from NASA when your station is ready.
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broadcast
engineer’s
transistor transmitter

Although the

upper frequency limit
of this

solid-state transmitter
is 1600 kHz

many of the ideas

are directly adaptable
to our

lower amateur bands

16 november 1968

Ralph W. Campbell, W4KAE, 316 Mariemont Drive, Lexington, Kentucky 40505 I

Notwithstanding the fact that high-power
tubes are here to stay, transistors are avail-
able at last for a few dollars with a respect-
able amount of output power. My broadcast
engineering friends tell me vacuum tubes
are obsolete; this may be true—if you're de-
signing receiving circuits. On the other hand,
they may be right on some power applica-
tions too.

They wanted me to build a solid-state
power oscillator capable of two watts output
over a design range of 550 to 1650 kHz. The
completed unit had to be absolutely stable
with provision for external modulation. The
unit was needed to drive a General Radio
916A Radio Frequency Bridge used for test-
ing broadcast antennas after sign off. An
audio oscillator is used for modulation.

Several watts of rf power must be devel-
oped to override West Coast broadcast sig-
nals which are picked up and confuse meas-
urements. The usual method of measuring
common-point antenna resistance and re-
actance is inside the transmitter building
where all the phases and loops and feeds
converge. However, without a power oscilla-
tor, it's impossible to correct mismatches at
each tower base which send false indications
to the common point.

Power is a problem for vacuum-tube equip-
ment because the ac mains to a tower house



el

s

- L
T

may fail just when you're all set up. With
transistors, a car battery is all you need. At
2 o'clock in the morning, reliable battery
power is your best friend. The hunt for a small
high-power TO-5 transistor was on.

circuit

This power oscillator uses two 2N2631
NPN overlay transistors, The first stage is a
series-tuned Colpitts oscillator operated in
class A, and the second transistor is operated
in class B. The class-A operating point and
loadline is shown in fig. 2. An emitter-fol-
lower output stage, which is normally biased
“off,” is well into the class-B region when
an output of approximately 1.7 or 2 watls is
obtained, since there is only current gain
with this type of circuitry.

| chose a common-emitter oscillator with
an emitter-follower output stage to match
the low (and varying) impedances encoun-
tered in broadcast engineering work. Oscilla-
tor ouput impedance was optimized, mostly
by experimentation; frequency compensation
over the broad range of the broadcast band
was provided (almost accidentally) by using
the base bypass value of 0.005 xF with a 200-
ohm resistor. This was chosen to equal the
measured Colpitt’s output-coupled impe-
dance. An “anti-squegg” resistor was added
to prevent reflexing in the common-emitter
oscillator on its low-frequency range.

A slide switch selects either of two expand-
ed ranges to cover the broadcast band. Two
high-Q Carbonyl SF toroidal cores keep fre-
quency stability within tolerable limits, al-
though a trade-off was made in circuit Q be-

cause of my inability to find high value
silver mica capacitors for the low collector
and base swamping reactances. An unloaded
Q of 230 is easily achieved in practice.

As a result of W1DTY’s article! on transistor
oscillator design, | undertook the challenge
to design this piece of equipment! No one
else has devoted much to this topic. Other
articles might have been of help, but the
average collector characteristics on the
2N2631 data sheet showed the operating
area to avoid second-breakdown. A glance
did reveal the ac beta to be equal to 8. |
don't know what the dc beta is, but I've
found a stability factor of twice this (16) to
be handy when designing the bias circuit.

A TO-5 type transistor was preferred after
| discovered Wakefield 2545l insulated heat
sinks were available for $.25.* If you look in-
side a 2N2631, you'll see why the chip is so
easily heat sunk. All of this leads us back to
the large amount of power dissipation re-
quired for a class-A stage delivering 1.7 watts.
Strictly speaking, 1.75 watts was the gpal with
good frequency stability and isolation from
loading effects. Several transistors, one hope-
less 2 AM session and a good car battery—
later—1 succeeded.

development

The front of the completed transistor trans-
mitter is shown in the photographs. Looking
at the surplus meter you can see that an
arbitrary maximum limit of 250 mA has been
placed on this movement. The meter shunt
with this instrument is approximately 1/3
ohm. However, it's best to cut and try even
with figured data on hand, because even the
best ohmmeters are crude instruments with
which to measure shunts. Use a series-drop-
ping resistor and a 1'/z-volt dry cell along
with an instrument of known accuracy in se-
ries and adjust the full-scale value for correct
current.

In fact, if the 3/8-amp fuse holds, use a
fast AGX 3/8-ampere as opposed to the AGC
or 3AG type. This is important since the AGC
fuse may not be fast enough to save those

* Available from Allied Radio Corporation, 100 N.
Western Avenue, Chicago, Illinois 60680. Order cata-
log number 60E6541. $.25 plus postage; shipping
weight, 2 ounces.
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overlays! The ACX fuse is only one inch in
length but will fit the usual 1Ya-inch fuse-
holders.

The 2N2631 overlay transistors have a low
collector-to-emitter breakdown voltage. Al-
though the usual rule is to take /4 BVgpq as
a safe value (assuming 100% modulation), in
this case it's safer to use 13.5 volts instead of
20 volts as would normally be chosen. First
of all, a safety factor of 75% is necessary to
prevent excessive rf swing at some points on
the dial (such as when squegging); secondly,
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voltage at 75% of /s BVgp, works out to be
15 V. | went above this voltage, and my
school-of-knocks observations showed fre-
quent failure of the class-B output emitter
follower.

Luckily, with modulation I had no prob-
lem. But after seeing how hard equipment
can be used by professionals in the consulting
field, | slapped a +13.5 V limit on the unit.
Also, the discussion on modulation should
be added to. You can see in the illustrations
used a small 3-watt modulation

that |
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L1 Close wind number-22 wire on Permacor 57-1516
ferrite core until 859/, of the circumference Is full.

T1 Primary: close wind number-24 enamel wire to
cover 200/, of the circumference of a Permacor 57-1516

13.3v ;;7

ferrite core; secondary is close-wound number 26 to
fill up r of cir f

P

T2 50:8-ohm transformer (Knight 54B1493).

fig. 1. Schematic diagram of the broadcast engineer's transmitter. Power output is 2 watts. Both transistors

are mounted in Wakefield 254S! heat sinks.

you must allow for peak maximum oscillator
base reverse voltage. By this | mean that for
the power oscillator stage, a maximum re-
verse voltage swing of —1.5 volts is all that
can be withstood from base to emitter.
With these conditions, even a stable oper-
ating point of 10 volts Vg and 55 mA is not
held perfectly, because this excursion must
exist in any power oscillator. The limiting
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transformer with a 100-ohm 2-watt composi-
tion resistor to swamp hookup transients.
This is because transients generated in con-
necting the unit by moving leads to and
from the terminal strip and the battery can
cause trouble.

To stabilize the device from such troubles,
I installed a 50-uF electrolytic. | got oscillator
decoupling from the modulating voltage as



well, since these circuits are in tandem if not
truly parallel to the supply battery. Behind
the upper terminal is a “goof-proof” 1000-
PIV diode. This prevents using the wrong
polarity from the battery terminal and va-
porizing the transistors.

The internal view shows one of the main
features: the Permacor 57-1516 Carbonyl SF
toroidal core wound with adhesive tape and
dipped in INSL-Xtm high-voltage coating. The
coating and taping were necessary when too
many long-nosed pliers pierced a thinner

charts.! The reason this is true is that an ex-
tra band or range must be provided, even
with 420 pF, to cover the entire BC band.
The shunting reactance provided by the sec-
ond toroid permits coverage from 940 to
1550 kHz.

Complete coverage of the BC band was not
obtained at first. It was necessary to remove
a blocking capacitor originally installed be-
tween the variable rotor connection and the
underchassis return to the base of the bipolar
oscillator. This spread the lower limit to

undercoat and a solder-splash adhered to the
wire insulation and caused a short.

Also, the engineers had an infield short
using the old frequency dial which put col-
lector voltage on the base of the oscillator
transistor. Problem: rotor to stator plates
touching. This all cleared up with the new
Midland dial; rigidity is important.

It is important to mention that the stability
provided in this toroidal inductor is higher
than would be obtained using a ferrite-cored
solenoid. The reason is that copper losses,
stray coupling and the Q of the variable 420-
pF air capacitor used with it offset capacity
considerations when figuring from the

about 535 kHz and moved the upper limit
from 960 kHz down to 940 kHz on this lower
band. | found no trimming adjustments were
needed, but it was necessary to unwind sev-
eral turns from the shunting core-wound
inductance to achieve the upper limit of
1650 kHz on the upper range. Over-all fre-
quency response was finalized from 535 kHz
to 940 kHz (lower position, with anti-squeg-
ging resistor in-circuit) and 950 kHz to 1650
kHz (upper position).

The subchassis is an aluminum CB-1625 on
top of another CB-1625, cut down to fit the
Bud CB-463 utility cabinet. Use of two sub-
chassis was for good heat-sinking purposes
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mainly, and both Wakefield 254S| insulated
sink studs are firmly attached.

The Philmore 1945T variable capacitor shaft
is cut very short so that it will fit properly
with the Midland dial. Also, space must be
allowed for slide switch clearance by cutting
a half-circle with an inch-and-1/8th Greenlee
punch on the lower lip of the utility cabinet.
Spade bolts hold the chassis as shown, and
1/8th-inch steel pop-rivets hold the $pade
bolts. Speaking of rivets, those you see on
top are holding in the modulation/intercom
transformer. Although pop-rivets are time
savers, screws and bolts are really best.

| looked through catalog after catalog for
a 50- or 100-ohm low-impedance and low-dc
resistance power transistor transformer with-
out luck, except for the very large Stancor
TA-11. It was so large it wouldn’t fit the
cabinet without drilling into the laminations,
removing the crimp-clamp housing and
twisting heavy-gauge stainless-steel wire
around what was left! This was intolerable
and could’ve fallen apart in use if | hadn't
found the identical electrical equivalent from
Allied.*

There it was, 3 watts, same ac resistance as
the TA-11, and | could mount it. | recom-
mend getting two if you can afford it, be-
cause you may want to build a transistor a-m
rig sometime after getting your feet wet using
2N2637's. In all fairness to the TA-11, | must
admit the extra size may be necessary for
low-frequency hi-fi performance in other
applications.

The high-range toroid is, as | said above,
wound with heavier wire switched in shunt
with the low-range one. The output coupling
to the emitter-follower is the same as for the
first case. Some possibility for squegging oc-
curred, so a 10k half-watt resistor was used
to swamp the low-range coil.

Silicone rubber is the chassis mount for
the higher frequency toroid. Both of the cores
use this as an encapsulant as well as a mount.
With the first coil, two 1'/z-inch fiberglass
circles were cut from 1/16-inch sheet stock.
A 9/64th-inch hole was drilled in the center
of the inner disc, and 6-32 binder-head ma-
chine screws and nuts were tightened down

* Catalog number 54B1493. $2.03 plus postage; ship-
ping weight 8 ounces.
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on the pretinned Beldenamel wire from the
inside.

design

Probably most difficult and most important
is finding the correct operating point. Since
there is little information in simple form
available to the amateur designer, you must
rely on load lines and select an operating
point so the game fits the rules (to explain
operation, if not predict it). Fig. 2 shows the
load line | used. With the manufacturer’s data

fig. 2. Load line used in design-
ing the transmitter.
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sheet in hand, | took the Vg, or voltage co-
ordinate point, from the maximum supply
voltage of nominally 135 V, allowed for a
3.5-volt drop in the combined circuit and
saturation resistances (R,), and established
the quiescent current at the measured value
of approximately 55 mA.

Fig. 2 shows the collector voltage swing
from Vg, the collector voltage at saturation
(not neglecting circuit losses) to a peak value
of twice the supply voltage (Voemax) OF 27
volts minus the Vg value, ten volts. Looking
at the graph, the 17-volt swing should be the
first thing you see. Any convenient point on
the load line yields a value of about 1800
ohms for the load resistance.

Load lines can be drawn in any part of the
operating area, but | suspect that rf base cur-
rent is so difficult to measure that you should
use the cut-and-try approach. Since the over-
lay transistor is priced below $5.00, this may
be the most feasible anyway.



The schematic diagram of the transistor
transmitter is shown in fig. 1. The biasing re-
sistance was chosen to equal approximately
three times the load line value or 5.6k. Cut-
and-try methods resulted in about 820 ohms
form Ry, and R, equal to 3.9k. A more rea-
sonable criteria might result in higher dc
stability by finding the stability factor. How-
ever, | felt that since this was a power oscilla-
tor, selection of minimal biasing resistance
for R,, was more important.

At three times the load value, only 25%

fig. 3. Specifications for the
ferrite Permacor cores used in
the transmitter.
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of the oscillator power is consumed in the
biasing resistance. Another consideration is
the Q with the Permacor 57-1516 core. The
specifications for the Permacor core are
shown in fig. 3. The inductor | used is 14.2
uH; from fig. 3, the unloaded Q is 230 at
1500 kHz.

The output 2N2631 is operated in class B.
Input pulses turn the emitter follower on and
off with a residual bias voltage stored in Cg,
which is also a bypass; the time constant is
chosen to compensate over the lower range
of oscillator frequencies from 535 to 940 kHz.
It turned out that the same values worked
well on the higher range from 950 to 1650
kHz.

Before going on, a word about the biasing
of the oscillator transistor is necessary. At
first R, and R, were chosen experimentally
to turn-on the transistor. The values were
3.9k and 820 ohms. This wasn’t very scientific.
So, using these values to explain the results,
we computed the stability factor. Results:
stability factor of almost exactly 16! Twice the
ac beta. The network provided adequate dc
stability (something pretty hard to find in
germanium bipolars) and no overheating.

conclusion

In this article ) have shown how an overlay
transistor can be used as a power oscillator
for consulting broadcast engineering. 1 am
directing this effort to the ambitious engi-
neer who is also a competent amateur and
hope that we'll be getting people interested
in transistor uses by showing how a com-
mercial piece of equipment can be made to
work reliably and furnish power. Not much
has been said in periodicals or outlines, so |
assume the empirical method to be as effec-
tive as any. The biggest hitch, | think, in f
calculations is the difficulty of measuring rf
base currents where needed and deducing
class of operation.

Class of operation is sometimes difficult to
determine even with tubes, since curves don’t
hold in every case. With a beam pentode |
am currently using, different screen voltages
and drive can push an AB; linear into AB,
or B. In my own uses with tubes 1 have found
that by simply listening to the linear output
as detected audio, you can learn quite a bit.
And, with constant current curves (or pre-
sumably constant collector curves), output
power and tank-circuit efficiency can be
calculated.
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single-sideband

How the
single-sideband signal
is demodulated

in

your receiver
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Forest H. Belt, 2610 Whittier Avenue, Louisville, Kentucky 40205 NN

detectors

The air is full of single-sideband signals
these days. Up and down the ham phone
bands, a-m holdouts can hear the donald-
duck chatter of their modern-minded . co-
horts QSQing away—squeezing every last
decibel of usefulness from every watt—on
sideband.

It doesn’t take much to turn that chat-
ter into plain talk. Just a special detector
will do it. At least those guys with a-m sets
could listen.

The sideband operator already has that
special demodulator, built right into his
ssb receiver. It goes by many names, but
the one used most is single-sideband de-
tector. Other names come from the method
of operation. Product detector, heterodyne
detector, carrier-insertion detector, bfo de-
tector—are among the terms that describe
typical ssb demodulators.

The basics of a sideband detector are
simple. The signal your sideband receiver
picks up is nothing but one sideband of
some operating frequency. To recover the
voice modulation which created that side-
band signal, you need a carrier for the
sideband to heterodyne with. (That's how



an a-m detector works; the sidebands het-
erodyne with their carrier in a nonlinear
detector—usually a diode.)

A single-sideband signal has no carrier
of its own; that was removed at the trans-
mitter. So a carrier has to be added at the
receiver. Then the carrier and sideband
can be fed together through an ordinary
diode detector, and the voice signal re-
covered.

The i-f amplifier is the best place to mix
the carrier and sideband signals. The fre-
quency there is always the same, no mat-
ter what band is tuned in up front. A
single-sideband detector mixes the i-f side-
band signal with a signal at the frequency
the i-f carrier would be if there was one,
The steady signal is then called the car-

tion) at the same frequency as the i-f.
Whatever its source, the fixed frequency is
fed to the demodulator system along with
the sideband.

You can see one oversimple system in
fig. 1A. (Don’t bother copying it though; it's
inefficient.) For distortion-free detection in
any mixing-type ssb demodulator, the car-
rier signal must be much stronger than the
sideband signal. One way is to attenuate
the sideband signal; that's why the vari-
able attenuator is included.

The arrangement in fig. 1B is a little
more effective. The improvement comes
from isolation provided by an amplifier be-
tween the carrier source and the mixer. The
amplifier also gives that needed boost to
the carrier signal.

fig. 1. The simplest principles IF .4 ”
of ssb demodulation. There is SIDEBAND %3
no isolation between signals in L _ o
A; isolation plus carrier ampli- v RS AMPLIFIER
fication are provided in B. GARRER ,J
P SIGNAL 7 9-7\
’F
SIDE BAND *
> o ™ AUDIO
> 1 AMPLIFER
CARRER
el T meurier ,-JB J;

rier, since its purpose is to supply a signal
against which the sideband can beat for
demodulation—the purpose of a carrier.
The steady signal in receivers is most of-
ten supplied by the bfo that is used for
code reception. Adjusting the bfo pitch con-
trol lets you control the timbre of the de-
modulated voice. In transceivers, the signal
more often comes from the carrier oscilla-
tor; it’s common practice to generate the
initial carrier (before balanced modula-
tion, sideband filtering, and up-transia-

toward a better way

Extra care must be taken with single-
sideband detectors. Distortion is always a
possibility, unless each signal is handled
so that the only nonlinearity is in the de-
tection circuit itself. Applying the signals to
a single detector diode is not the most de-
sirable way to get this particular job done.

Better efficiency can be had from the
improved version in fig. 2, using two diodes.
The carrier signal is applied to them in a
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parallel mode (its coupling capacitor is
connected between their cathodes). The i-f
sideband signal, on the other hand, is in
series with both diodes. This parallel-
series hookup lets the two signals mix in
the special way that produces an audio
signal.

The special way mixing takes place in
fig. 2 as the result of how the signals are

fig. 2. More elaborate

diode circuit for ssb de- F
modulation; circuit has SIDEBAND
§ d $al (N}
to balanced demodula-
tors.
CARRIER
SIGNAL

ing the output—should sound familiar if
you've read earlier articles in this series.
Beginning on page 24 of the May issue, |
described balanced modulators in ssb
equipment. They also use this two-mode
way of handling input and output signals.)

Tubes offer a better means of isolating
and mixing (see fig. 3). Furthermore, the
tubes can build up the carrier-signal
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brought together. The carrier signal is fed
to the stage in a mode different from that
of the sideband. The mixing generates a
product of the two signals instead of sums
and differences. (That's where the name
product detector comes from.)

Furthermore, the output signal is taken
from the stage in series—a mode opposite
to the carrier input mode. This encourages
cancellation of the input carrier, keeping
it from the output. The product of this
mode of mixing, therefore, is a relatively
pure audio signal—the recovered voice sig-
nals that originally formed the sidebands.
Any slight remaining carrier or sideband
signal is eliminated by the 470-pF capac-
itors and 47k resistor,

(The parallel/series method of feeding
the two signals into the stage—and of tak-

N

strength. The sideband signal from the i-f
amplifier is applied to a cathode follower;
that isolates the signal source from the
mixing circuit, without adding any gain.
The sideband is then cathode-coupled to
the mixing tube. Meanwhile, the carrier
signal is also fed to the grid of the mixer,
and is amplified.

These signals mix within the tube. The
output is a product of both signals—a het-
erodyne product that includes the original
modulation that has been carried by the
sideband. All rf is filtered out by the pi-
network, and clean audio is sent to the
audio amplifiers.

balanced ssb detectors
You've already seen a simple single-side-
band detector with characteristics ap-

d det

fig. 3 Two-triode version plifies principles of
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proaching those of a balanced modulator.
The fact is, you can use a circuit very like
a balanced modulator to demodulate side-
band signals.

If you study the stage in fig. 4A, you will
see that it differs only slightly from a bal-
anced modulator. Both input transformers
are rf types, whereas in a balanced modu-
lator one of them would be an audio

fig. 4. Ring type ssb

the resulting audio signal while eliminat-
ing the carrier. The action in a balanced
detector is thus very like the action in a
balanced modulator; whatever signal is
fed into the stage in a mode opposite from
the output mode is canceled. This helps
considerably in a ssb detector, since the
carrier must be applied at a level so much
higher than the level of the sideband.
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type. The output transformer in fig. 4A is
an audio transformer; in a balanced mod-
ulator it would be an rf type. What you
see in fig. 4A, therefore, is a balanced de-
modulator.

The diodes are in what's called a ring
arrangement; if you trace through them,
you'll see they are essentially in series—
‘round and ‘round. The name of the stage
is ring demodulator.

Its operation is exactly what is needed
to recover audio from sideband signals. It
accepts the sideband i-f signal and the
carrier signal (from a bfo or a carrier os-
cillator), reinserts the carrier so the signal
can be demodulated, and then couples out

The ring demodulator can be simplified.
Transformers are costly and bulky, and
any circuit alteration that eliminates
them has an advantage. An altered ver-
sion is shown in fig. 4B.

Major characteristics remain. The solid-
state diodes are hooked in a ring, the i-f
sideband signal is applied in push-pull,
and carrier signal is applied in parallel.
With the bottom of the sideband-input
transformer grounded (instead of the cen-
ter tap), ground is made one side of a
push-pull arrangement; the output is there-
fore effectively in push-pull, even though
it is single-ended for any circuit following.
The effect is thorough demodulation of the
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sideband signal, with the carrier canceled
in the output. The pi-network eliminates
any slight rf that remains.

Does anyone use the balanced side-
band detector? Yes. One version is
part of the Sideband Engineers SB-34 trans-
ceiver. There’s a schematic of the stage in
fig. 5. I've redrawn the ring circuit to sim-
plify the looks of the stage for you, but
operation is the same as already de-
scribed. The carrier signal, which in this
case comes from the oscillator that gen-
erates the initial carrier for the transmit
function, is fed to a resistive balancing
network; the resistors also isolate it from
the ring diodes.

The carrier is applied in the parallel
mode, as you can see; the sideband input
is push-pull, because of the ‘“phantom”
center-tap ground point offered by the
ground connection between the two capac-
itors. In the ring circuit, input and output
connections are the same as in fig. 4B;
you'll see it if you trace them carefully,
even though they may look different at
first glance.

a one-transistor version

Diode sideband demodulators are all
solid-state, since almost no manufacturer
uses vacuum-tube diodes today. Semicon-
ductor diodes are more efficient and less
expensive. When you talk about solid state,
though, you must include transistors. At
least one manufacturer uses a transistor
ssb detector.

You can see the circuit in fig. 6. This
stage is from a Gonset Sidewinder trans-
ceiver. The pnp transistor is biased in a
way normal for negative-ground power
supplies—the emitter goes to the power-
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fig. 5. Commercial ver-

sion of ring demodula-

tor looks slightly differ-

jawr ent, but uses all princi.
6‘*400:0 ples of others.

supply bus, and the collector goes to
ground through its load. The two inputs are
not isolated in this particular demodula-
tor. The carrier signal is already ampli-
fied before it is applied to the transistor
base (through the 50-pF capacitor). It and
the sideband signal mix in the transistor.

What keeps this from being a simple
amplifier for both signals is the bias level
chosen for the transistor. The base-emitter
junction is strongly backward-biased; the
heavy carrier signal then is amplified class
C, which is nonlinear.

Mixing in the base resistor as they do,
these two signals generate considerable
cross modulation. When the cross-modula-
tion products are amplified by the Class-C

fig. 6. Transistor product detector, with no isolation

between input signals. Bias of the transistor is what
rather than amplifier.
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transistor, the audio is easy to separate
from the other products of this nonlinear
mixer. The 0.01-uF capacitor across the
volume control eliminates most of the rf
signal that is left over. The original modu-
lation, which has been masquerading as
a sideband, is thus recovered.
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This transistor sideband detector hasn’t
become popular; no other set uses it that
1 know of. But transistors can be substi-
tuted in any triode-tube demodulator, pro-
vided you consider their dc supply require-
ments and their low impedance.

ssb detection with tubes

In any single-sideband detector system,
isolation of the two input signals is de-
sirable. One way to achieve this is in a
simple triode product detector—fig. 7. The
high-level signal from the bfo (or from the
carrier oscillator) is fed to the cathode,
using a 300-uH choke as high-impedance
—and therefore efficient—input load. The
i-f signal, which is the sideband to be
demodulated, is applied to the grid, across
a low-impedance load: the 470-ohm re-
sistor. This disparity between the two in-
put-load impedances goes part-way to-
ward setting the 10-to-1 ratio you want be-
tween these two signal strengths.

This triode stage is another reminder of
an important principle of product detec-
tors. It isn’t always the circuit arrangement
that makes a stage detect sideband sig-
nals; it is the way the stage is operated.
Without the high bias developed by the

fig. 7. Triode product detector with some isolation
for signals. Same idea could be used with a transis-
tor.

a2

—

4.7k cathode-bias resistor, the triode would
be nothing more than an amplifier. It
would transfer both signals to its output,
amplified but otherwise unaltered. It is
the nonlinear operating characteristic that

permits product detection—and therefore
sideband demodulation.

The pi-network in the output of this tri-
ode single-sideband detector consisting of
two 500-pF capacitors and a 47k resistor
eliminates whatever rf products get through
the detection process. Good rf filtering is
more important in a detector stage like
this than in a balanced type, simply be-
cause the balanced stage inherently keeps
most rf from reaching the output.

The fig. 7 circuit is popular because of
its economy and simplicity. You'll find it in
several Heathkit sets and in the Halli-
crafters SR-2000 transceiver.

A tube version like the one | described in
fig. 3 is part of the Hammarlund HQ-180.
The stage configuration is the same; the
only differences are in parts values. A tri-
ode Colpitts bfo is used in the HQ-180 to
furnish the carrier.

The other Hammarlund models revert to
the single-tube product detector using a
pentode: the HQ-110 and the HQ-145. There
is no isolation between the two inputs;
both signals are applied to the control
grid. Some isolation is achieved by the
weak coupling used for both signals. The
strong carrier signal is applied through a
3-pF capacitor, small even in this service.
The i-f sideband signal is coupled only by
a twisted-wire “gimmick” capacitor offer-
ing less than 1 pF of coupling capacitance.
The high gain of the pentode makes up for
any expected weakness in the output—the
demodulated voice signal.

using special tubes

You read earlier that product detection
is more how the tube is operated than
what kind of circuit it's in. That being the
case, imagination suggests that tubes with
certain special operating characteristics
could do an efficient job of demodulating
single-sideband signals. That's right. One
such tube is the gated-beam detector, a
tube with pentode qualities and special
construction that makes it particularly
suitable for product detection. The beamed
electron stream in a gated-beam tube is
controlled by both the control grid and a
special “gating” grid near the plate. Both
grids have exceptionally linear control
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over the electron stream, and very little ef-
fect on each other.

Combine these characteristics into the
stage in fig. 8 and you have a better-than-
passable product detector. The sideband
signal is applied to the control grid, or
G1. The carrier-oscillator {or bfo) signal is
applied to the special grid, G3.

The gated-beam stage is a little tricky
to adjust. Unless the bias is just right for
each particular tube, considerable output
distortion is common. Designers also must
carefully work out the strength ratios of

fig. 8. Gated-beam de-
tector, used for years in
tv and fm receivers, can
also make a good ssb
detector.

signals applied to the two grids. Properly
designed and adjusted, though, the gated-
beam ssb detector does a good job.

An offshoot of the gated-beam idea is
used in the Galaxy V Mark 2 transceiver.
The circuit is shown in fig. 9. The tube is a
6GX6, a pentode specially designed for
broadcast-receiver use in fm detectors. Its
non-interacting quality between grid 1 and
grid 3 serve sideband detection admirably.
As you can see from the diagram, a crys-
tal-controlled oscillator is formed by the
cathode/grid 1/screen portion of the tube.
The 6GX6 thus provides its own insertion
carrier. Sideband signals from the i-f
stages are applied to grid 3.

FROM WNER> ( 9 °
OSGILLATOR %

This tube, like the gated-beam detector
tube, is touchy. Signal levels must be
guarded to avoid crossmodulation that
might upset output clarity. The diode be-
tween the i-f transformer and the tube in-
put acts as something of a safeguard, to
prevent overdriving grid 3. (The diode can’t
act as a detector because there is no carrier
with the i-f sideband signal.)

The connection going to the balanced
modulator is shown because the oscillator
portion of the 6GX6 circuit doubles—
during transmission—as the carrier o0s-
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cillator. That connection has no bearing
on detector operation during recepiton.

beam-deflected ssb detection

If you did read the earlier article on
balanced modulators, you may remember
a rather unusual stage using a beam-de-~
flection tube. The tube is an RCA 7360, and
makes an efficient—though expensive—
balanced modulator. This circuit can be
altered slightly to become a balanced de-
modulator, as can other balanced modu-
lators.

The sidebands are applied to the beam-
deflecting plates in push-pull. (Supply cir-
cuits are not shown to keep the diagram

if care is

lant q tilnt
ssh

fig. 9. Another special tube, the 6GX6, kes an

taken with the levels of carrier and sideband signals fed to it.
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simple.) The carrier signal is applied to the
control grid, which puts that signal in
parallel insofar as the rest of the stage is
concerned. The demodulated audio out-
put is taken off in push-pull by the simple
device of grounding one output plate for
audio through C4. (C5 is a different value
because its purpose is to eliminate any
stray rf signal that might be left over after
demodulation.) Output is from the other
plate, coupled to the audio amplifiers by
Ce6.

in carrier and sideband signals instead of
carrier and voice signals. A balanced
modulator becomes a balanced demodu-
lator by that simple switch; of course, you
have to change one input transformer from
an audio type to an rf type and change
the rf output transformer to an audio type.

In demodulators of the product-mixer
kind, you have to be sure the carrier signal
is 10 or 20 times as strong as the sideband
signal. That's because the carrier is al-
ways much more powerful than the side-
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The beam-deflected method of ssb de-
modulation hasn’t been used in any com-
mercial ham equipment | know of. Its ex-
pense, though not great, is more than for
diode balanced-demodulator systems; cost
is always a deterrent to inclusion in fac-
tory-built equipment. The circuit is showing
up occasionally, however, in home-brew
designs. It is efficient, and you might want
to try it in a receiver of your own. Operat-
ing characteristics for the 7360 can be
found in The Radio Amateur’s Handbook,
in the Special Receiving Tubes table. From
those, you can work out parts values.

sideband detectors in general
Summing up the characteristics of vari-
ous single-sideband detectors, you can
draw certain general conclusions. First of
all, any ssb modulator can be altered to
become a demodulator. You merely feed

3
S RS
b

bands in an ordinary a-m signal, and that
relationship must be maintained for proper
demodulation. If you’re working up your
own demodulator circuit, you should ad-
just the ratio between the two signals un-
til you get the best output signal-to-noise
quality; at the same time, keep both sig-
nals low enough in strength that one
doesn’t overload the tube(s) you're using.

with the information here, you should
find that sideband detectors have few se-
crets anymore. You've seen both tube and
transistor types, as well as solid-state di-
ode types.

And—speaking of transistors—that’s what
we'll go into in the next article: transistors
in single-sideband equipment. More tran-
sistors are being used, so there should be
a lot of dope that will help you in your
future ssb activities.

ham radio
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solid-state

antenna switching

Solid-state
antenna switching
and how

to adapt it

to your own rig
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John ). Schultz, W2EEY, 40 Rossie Street, Mystic, Connecticut 06355 TN

Solid-state antenna switching has been
widely advertised as a feature in a num-
ber of commercial transceivers. The ad-
vantages are numerous and the schemes
used in transceivers can generally be
adapted to your station.

One of the advantages of solid-state
antenna switching is that the noise and
contact problems are eliminated. Also,
since the antenna transfer between trans-
mitter and receiver is almost instantane-
ous, break-in CW is available with the

fig. 1. Basic circuit of the antenna-transfer circuit
used in the Heath HW-16. The diode is a standard
silicon rectifier rated at 500 V and 750 mA.




addition of a simple receiver-muting cir~ nected to the antenna and completes the
cuit. As a side benefit, the solid-state electrical path to the transmitter or re-

antenna switching circuit automatically ceiver. However, this type of antenna
protects the receiver front end from exces- switching is rarely used with solid-state
sive input which may burn out the rf equipment. Instead, the receiver is con-
stage. nected to the transmitter and antenna
This article explains some of solid-state so that when the transmitter is not oper-
antenna switching circuits which have ating, a low-impedance path exists be-
been used in commercial equipment. The tween the antenna and receiver. When
circuits are relatively simple, and once the transmitter is turned on, the receiver
their operation is understood, you should is shunted to ground through a low-im-
be able to develop a circuit that will pedance path that does not affect trans-
operate with any transmitter and re- mitter loading.
ceiver combination. The following circuits should make this
fig. 3. Simple receiv- 3000 O :Z"' RF AMP " anp

er muting circuit used
in the Heath HW-16. | @ é
2ex
b
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200 -+
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22k 120K
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antenna switching clear. However, the idea of shunting

When you hear the term “antenna rather than switching should be remem-
switching,” you naturally think in terms bered to wunderstand circuit operation
of a relay where the center arm is con- clearly. In these circuits, the transmitter

remains continuously connected to the
antenna, and the receiver input s
switched to either the antenna or ground.

If you don’'t want to use solid-state
switching with diode switches and tran-

fig. 2. Front-end protective cir-
cuit used in the SB-34.

oA sistor muting circuits, a relay could be

P sace oo used across the receiver antenna termi-
______ é nals. Since the transmitter output is not
switched, a small (and inexpensive) relay

su0.swrcHe .
can be used, even for high-powered trans-

' aanp-suTcHED mitters. The quicker switching action of a

INPUT  NETWORK

small relay permits break-in operation at
slow to moderate CW speeds.

circuits
The basic antenna transfer circuit used

AAA

in the Heath HW-16 transceiver is shown
in fig. 1. It is typical of circuitry which
can be adapted to other vacuum-tube
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equipment. Circuit operation is relatively
simple; grid-block keying is used, so when
the key is open, the power amplifier is
cut off. The voltage appearing at the PA
cathode is almost zero—not enough to
appreciably forward bias the diode.
Therefore, a high rf resistance to ground
appears along the receiver line (the
rfc presents a constant high-impedance

produces no noticeable detuning effect.
Fig. 2 shows how antenna switching is
accomplished in the S$B-34. The receiver
input is loosely coupled through a 2-pF
capacitor to the pi network. During trans-
mit periods the diodes operate as clippers
and reduce the rf voltage across the re-
ceiver input circuit to a low value that
will not damage the transistor rf stage.

fig. 4. Switching unit for separate receiver/transmitter setups.
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path). The antenna signal flows from the
pi-network through the 10- and 100-pF
coupling capacitors to the receiver rf
amplifier.

When the transmitter is keyed, the PA
cathode voltage rises to about 11 volts.
This forward biases the diode into the
low-resistance region so the receiver is es-
sentially grounded for rf through the
005-pF cathode by-pass capacitor. The
10-pF capacitor is now in parallel with
the 250-pF plate-tuning capacitor but

32 november 1968

The diodes are high-speed computer types
manufactured by Hughes.

Regardless of the method used to pro-
tect the receiver input during transmit pe-
riods, it must work in conjunction with a
muting circuit that silences the receiver.
One circuit that will do this is shown in
fig. 3. When the key or push-to-talk switch
is open, the transistor switch is biased
into conduction and the lower end of the
200-ohm gain control is effectively con-
nected to ground.

+ 2070 30V



When the switch is closed, the 220k and
120k resistors form a voltage divider
which puts about 30 volts on the tran-
sistor base; then the emitter-collector
path is essentially an open circuit. A
high positive voltage is placed on the
cathodes of several receiver stages and
they are cut off.

You can easily adapt the basic con-
cepts of these circuits to suit your own
equipment, If an adequate re-
ceiver-muting circuit is available, you
only have to add the simple diode cir-
cuit shown in fig. 1. If you want to de-
velop a completely new circuit, you can
combine some of the ideas.

An example of a combined circuit is
shown in fig. 4. This circuit is for use
with a separate transmitter and re-
ceiver. Some advantage might be gained
by coupling the receiver to the transmitter
before the pi-network to take advantage
of the selectivity added by the extra
tuned circuit. However, the constructional
difficulties involved when the transmitter
and receiver circuits are in separate
boxes usually outweigh the gain.

Operation of the circuit is a combina-
tion of fig. 1 and 2. Diode D, presents a
high or low impedance to ground de-
pending upon how it is biased by the
2N1274. Diodes D, and Dy are additional
protective circuitry for the receiver; they
are generally not required for transmit-
ters with less than 100-watts output.

In the receive mode, D; presents a high
rf impedance to ground. The negative
blocking voltage on the key biases the
2N1274 into conduction; this returns the
base of the 2N705 essentially to ground
so it can conduct and complete the cir-
cuit for the receiver rf gain control.

When the key is closed, bias is re-
moved from the 2N1274, and a positive
bias is applied to D; thus presenting a
low-impedance path to ground. The
2N705 is biased so that its emitter-collec-
tor circuit presents a high resistance path
and the receiver is muted.

construction
Whatever
construction is necessary for proper per-

circuit you devise, care in

formance. The rf leads should be kept
short and shielded although there is no
particular restriction on any low-imped-
ance coaxial-cable leads.

The circuit shown in fig. 4 can be con-
veniently built and shielded in a small
mini-box. If you use a small chassis, it's
a good idea to put the rf components at
one end of the enclosure and the con-
trol transistors and dc connections at the
other. Muting can be checked by ground-
ing the receiver input and noting that
when the transmitter is keyed the receiver
is silenced.

The protective circuitry for the receiver
can be checked by measuring the rf volt-
age across the coaxial line to the re-
ceiver (with the receiver disconnected) un-
der keydown conditions. There will be
some voltage, but it should be far below
the level that would ever damage the re-
ceiver circuitry.

ham radio

those days before spark...

a look at
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“Why don't you get your own copy of ham radio?"
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SWAN 508
FULL COVERAGE
EXTERNAL VFO

The Model 508 Frequency Control
Unit is designed for full coverage
of 80, 40, 20, 15, and 10 meters
It provides for transmitting and
receiving on separate frequencies,
and plugs directly into the back of
the 500C, A separate Dual-VFO
adaptor is no longer required, since
the relay control circuitry is built
into the 508, A panel control per-
mits selection of VFO's so that op-
eration may be transceive mode
with the 500C VFO, transceive with
the 508 VFO, or transmit on the
500C and receive on the 508. The
Model 508 features eight ranges of
500 kc each, with 5 ke calibration
It may also be used with the 350C

transceiver
$125

MARS OSCILLATOR

Ten crystal controlled channels
with vernier frequency control
Plugs directly into Model 500C and
may also be used with Model 350C
and other Swan transcéivers,

MODEL 510X
(less crystals) . . $45

SWAN 500C
SSB-AM-CW
TRANSCEIVER

Five band, 520 watts for home
station, mobile and portable
operation.

The new model 500C is the latest
evolutionary development of a basic
well proven design philosophy. It
offers greater power and additional
features for even more operator en-
joyment. Using a pair of the new
heavy duty RCA 6LQ6 tetrodes, the
final amplifier operates with in-
creased efficiency and power output
on all bands. PEP input rating of the
500C is conservatively 520 watts.
Actually an average pair of 6LQ6's
reach a peak input of over 570 watts
before flattopping!

The 500C retains the same superior
selectivity for which Swan trans-
ceivers are noted. The filter is made
especially for us by C-F Networks,
and with a shape factor of 1.7 and
ultimate rejection of more than 100
db, it is the finest filter being of-
fered in any transceiver today.

For the CW operator the 500C in-
cludes a built-in sidetone monitor,
and by installing the Swan VOX Ac-
cessory (VX-2) you will have break in
CW operation.

Voice quality, performance and re-
liability are in the Swan tradition of

being second to none.
$520

SWAN 117XC
MATCHING
AC POWER SUPPLY

Complete A.C. supply for 117 wvolts,
50.60 cycles, in a matching cabinet
with speaker, phone jack, and indi-
cator light, Includes power cable
with plug for transceiver, and A.C.
line cord. Ready to plug in and

operate,
$105

SWAN 14C
DC CONVERTER

Converts the above 117XC A.C. power
supply to 12 volt D.C. input for
mobile, portable, or emergency

operation.
$65

S L) YOUR LANGUAGE . .. ASK THE RV R 2 (oMol 0] 3




SWAN MARK 11
LINEAR AMPLIFIER

Two Eimac 3-500Z Triodes provide
the legal power input: 2000 Watts
P.EP. in SSB mode or 1000 Watts
AM or CW input. Planetary vernier
drives on both plate and loading con-
trols Erovida precise and velvet
smooth tuning of the amplifier.
Greatly reduced blower noise is pro-
vided by a low RPM, high volume fan.

Provides full freguency coverage of
the amateur bands from 10 through
80 meters and may be driven by any
transceiver or exciter having be-
tween 100 and 300 watts output.

$395

PLUG-IN VOX UNIT

Plugs directly into Model 500C, and
may also be used with Model 350C
and other Swan transceivers.

MODEL VX-2 ... .$35

AN 350C
B-AM-CW
ANSCEIVER

QOur improved standard 5 band model,
now in production and still only. ..

$420

MARK Il POWER
SUPPLY

May be placed beside the Mark |1, or
with its 42 foot connecting cable,
may be placed on the floor. Silicon
rectifiers deliver 2500 volts D.C. in
excess of 1 ampere, Computer grade
electrolytic filters provide 40 mfd
capacity for excellent dynamic regu-
lation. A quiet cooling fan allows con-
tinuous operating with minimum tem-
perature rise, thus extending the life
and reliability of all components.
Input voltage may be either 117 or

230 volts A.C
$265

SWAN 14-117
12 VOLT DC SUPPLY

Complete D.C. supply for 12 volt
mobile or portable operation. In-
cludes cables, plugs, and fuses, Will
also operate from 117 volt A.C. by
detaching the D.C. module & plugging
in 117 volt line cord. Negative
ground standard. Positive ground
available on special order

$130

Illustrated on these pages
is a complete Swan ama-
teur radio station, one of
the finest money can buy.
Starting with the power-
ful 500C and an AC power
supply, you are immedi-
ately on the air with a big,
high-quality signal.
Thanks to the excellence
of the high-frequency
crystal lattice filter, made
especially for Swan by CF
networks, you will have
one of the cleanest and
most readable signals on
the air, as well as out-
standing receiver selec-
tivity and sensitivity. The
various accessories from
the Swan line may be
added at any time, pro-
viding greater operating
pleasure and perform-
ance. The tremendous ac-
ceptance of Swan prod-
ucts by radio amateurs
throughout the world is
most gratifying to all of
the people at Swan. It is
our continuing policy to
offer the finest communi-
cations equipment we
know how to design and
manufacture, with quality
control, craftsmanship,
and service that is second
to none.

73
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ELECTRONICS
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for
linear-amplifier
service

Almost all

rf power amplifiers
that are used

with coaxial feedline
use a pi or pi-L network
to match the antenna;
here's a

simple approach to
designing

these networks
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william 1. Orr, W6SAI, Eimac Division of Varian, San Carlos, California 94070 I

pi and pi-L networks

These graphs may be used to determine the
component values used in pi and pi-L net-
works. The graphs cover the most generally
used operating Q’s, load resistances and an-
tenna impedances. To use the charts, it's
only necessary to know the plate voltage,
peak plate current, desired operating Q and
transmission line impedance of your trans-
mitter or amplifier.

using the pi-network charts
To use the pi-network charts shown here,
the following steps are taken:

1. Choose the amplifier tube(s) to be used.
Select the plate voltage and determine the
plate current for normal operation from the
data sheet.

fig. 1. Tank-coil react as a function of tube load
resistance for pi networks. R1 is the tube load re-
sistance and R2 is antenna resistance.
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REACTANCE OF LOADING CAPACITOR €2 (OHMS)

Assume, for example, that a pi network is
being designed for a pair of 3-400Z tubes
operating at a plate potential of 2500 volts
and a PEP input of two kilowatts. Peak enve-
lope plate current is determined by:

PEP watts 1)

peak envelope _
plate current

2000

~ 2500

- plate voltage

= 0.8 ampere

2. Determine the approximate resonant
load resistance from:

plate voltage (2)

Ri = 2« plate current in amperes
For the case of the 3-400Z’s, the load re-
sistance is: 2500/(2 x 0.8) = 1560 ohms.

3. Choose the operating Q. Good practice
calls for a Q between 10 and 20. A Q of 15
is recommended for linear amplifier service.

4. Choose the antenna transmission line
impedance (R,). The charts shown here are
designed for either 52- or 72-ohm loads be-
cause coaxial cables for these impedances
are generally available.

5. Find the reactance of the pi-network

fig. 2. Reactance of the loading capacitor C2 as a
function of tube load resistance for pi networks.
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coil from fig. 1. For the case of two 3-400Z's
operating with a load resistance of 1560
ohms and a Q of 15, the reactance of the
coil is approximately 120 ohms.

6. Find the reactance of the loading ca-
pacitor (Cy,) from fig. 2. For the case of
3-400Z’s operating with a load resistance of
1560 ohms and a Q of 15, the reactance of
the loading capacitor is about 20 ohms.

7. Find the reactance of the tuning capaci-
tor (C;) from fig. 3. For the case of 3-400Z's
operating with a load resistance of 1560 chms
and a Q of 15, the reactance of the tuning
capacitor is about 100 ohms.

For two 3-400Z tubes operating at a plate
potential of 2500 volts with a peak plate
current of 0.8 ampere (two kilowatts PEP)
and a Q of 15, the values of the pi network
plate circuit are: tuning capacitor (C;) = 100
ohms; loading capacitor (C;) = 20 ohms; pi
network coil (L,) = 120 ohms. As a quick
check, note that the sum of the reactances
of the two capacitors is equal to the reac-
tance of the inductor.

8. Determine the capacitance and induc-
tance values for the pi network. Fig. 7 and
8 show reactance values of inductors and ca-
pacitors commonly used in rf circuits in the
h-f amateur bands. For the reactances deter-
mined for the 3-400Z tubes, the circuit com-
ponents may easily be determined for each
amateur band. In the case of the 20-meter
band, for example, the values are: tuning ca-
pacitor (Cy) = 100 ohms = 113 pF; loading
capacitor (C;) = 20 ohms = 565 pF; pi net-
work coil (Ly) = 120 chms = 1.36 uH.

using the pi-L network charts
Fig. 3, 4, 5 and 6 are used to determine pi-L
network components.

1. Choose the amplifier tubes to be used.
Select the plate voltage and determine the
peak plate current for normal operation as
outlined under step 1 for pi networks.

Assume for example, that you want to de-
sign a pi-L network for a single 3-1000Z op-
erating at a plate potential of 3000 volts and
a PEP input of two kilowatts. Peak envelope
plate current (eq. 1) is:

Peak envelope plate current = 0.667 ampere

2. Determine the load resistance, as out-
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lined previously in eq. 2: load resistance
(R;) = 2250 ohms.

3. Choose the operating Q (let Q = 15).

4. Choose the transmission-line impedance
(let Ry =52 ohms).

5. Find the reactance of the tank coil (L,)
from fig. 4. For the case of the 3-1000Z op-
erating with a load resistance of 2250 ohms,
the reactance of the coil is approximately
215 ohms.

6. Find the reactance of the loading ca-
pacitor (C,) from fig. 5. In this case, the re-
actance is about 47 ohms.

7. Find the reactance of the tuning capa-
citor (Cy) from fig. 3. In this case, the reac-
tance is about 150 ohms.

8. Find the reactance of the loading coil
(Ly) from fig. 6. In this case, the reactance is
about 140 ohms.

For a single 3-1000Z operating at a plate
potential of 3000 volts with a peak plate cur-
rent of 0.667 ampere (two kilowatts PEP) and
a Q of 15, the value of the pi-L network plate
circuit components is: tuning capacitor
(C;) = 150 ohms; leading capacitor (C,) = 47
ohms; pi network coil (L; = 215 ohms; L
network coil (Ly) = 150 ohms.

9. Determine the values of the capacitance
and inductance for the components of the
pi-L network. Fig. 7 and 8 show reactance
values for inductors and capacitors in the
range commonly used for rf circuitry in the
high-frequency amateur bands. For the re-
actance values determined for the 3-1000Z
tube, the circuit components may be easily
determined for each amateur band. In the
case of the 80-meter band, for example, the
values are: tuning capacitor (C;) = 150
ohms — 275 pF; loading capacitor (Cy) = 47
ohms = 900 pF; pi network coil (L;) = 215
ohms =9 uH; L network coil (L) = 140
ohms = 6.5 uH.

Capacitance values are for resonance with

a nonreactive load. iIt's suggested that the

tuning capacitor have about 50% greater

capacitance and the loading capacitor, 100%o
greater capacitance than indicated.

ham radio

38 november 1968

REACTANCE OF TUNING CAPACITOR CiI (OHMS)

{OHMS)

REACTANCE OF TANK COIL LI

600

8

a
8

§

8

8

m__ P ’ /
600+ Ri C:.I C:z R2 /
AT T pd
)4 )
w0 °/ /| o
o, "
8 e
%00 /“/
7 // }%/
g
o // -
N
/

c2 Re

2K 3k 4 ax 5k
TUBE LOAD RESISTANCE Ri (OHMS)

fig. 3. Reactance of the tuning capacitor C1 as a
function of tube load resistance for pi and pi-L net-
works,

6k

TUBE LOAD RESISTANCE RI (OHMS)

fig. 4. Tank-coil reactance (L1) as a function of tube
{oad resist for pi-L networks.




REACTANCE OF LOADING CAPACITOR €2 {(OHMS)

100 220 -
%0 /'
Qsl0
~ 200
(92}
80 NS s
120“ 5 5 /
70 520«"/ N
-~
" // 0s15 o " T
12 onMs, L1 8
60 - /
A o] 8 /
50 / s g 3 o /
d “ oM 2 /
10 -~ &
A 8
RZ) 140
s
30 2
u L2 3 ( 1
2 R~ o ce2 3Re [— ¢ u L2
I 37\ 120 Rt j:c: j;cz 2 -—{
10
o | w0 HRERER
i 2k " 13 E 3 0 50 100 150
TUBE LOAD RESISTANCE R! (OHMS) ANTENNA RESISTANCE R2 (OHMS)
fig. 5. Reactance of the loading capacitor C2 as a fig. 8. Reactance of the loading coil L2 as a function
function of tube load resistance for pi-L networks. of antenna resistance (R2) for pi-L networks.
oo V4 1000 N\ N
AN
N\ NHAN
N N, N
50 500
© /4 400 N NN
Y,/ a4 N
® / 300 N\
” N\ N N, A\,
20 A 200 N A
74 N Y \
// / A\ N \ 3
7 %
0 / IA 1 100 N\ \\ \\ N ~
v 4
v - NP AN
3 v, 7 T AN . S o ~
\} 7, s - %0 N NP i—N
W // A W 40 N AN
g 3 & / ;/ / $ N %
Pg \ V/ /4 ,, g % N B e N
y..407. g N \
Q 2 g 2 & N
2 I/ ] < > ) 4y 3 [\ \\ \\\\
\
. AV B2 A Vg // ) NN NN N
- N NG
A LA r,& A V4 \‘ 3\
7 § 4% N N AW
N, N N
03 L
o das s . : (SN
sl Y AAIY : AN J
PAVAD. N AN
02 AN L L R N N
a0 4V% NN
7 / 4
o4 y. N
) 20 0 o oo 200 X0 300 w 2k 0© 20 0 %0 0o 200 300 500 Tk 2k
INDUCTIVE REACTANCE (OHMS) CAPACITIVE REACTANCE (OHMS)
fig. 7. React of induct ly used in the fig. 8. React of capacit commonly used in
amateur bands from 1.9 to 220 MHz. the amateur bands from 1.9 to 220 MHz.

november 1968 39



AT LAST! sPECIALLY FOR HAMS

2 METER FM TRANSCEIVERS
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 .3uV 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 314"h
x 914"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
Built-in NI-CAD battery pack and charger $47.00

ICE

INTERNATIONAL COMMUNICATIONS anvo ELECTRONICS, Inc.
1817 NW MILITARY HIGHWAY, BAN ANTONIO, TEXAS 78213 si@ 3a1-13N
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calibrators
and

counters

How to use
inexpensive
integrated circuits
for accurate
frequency-
measuring

eduipment

Bill Conklin, K6KA, Box 1, La Canada, California 91011 S

1 discussed amateur frequency measure-
ments last month! and concluded that a
temperature-controlled crystal in a cali-
brator is a pleasure to own, and cali-
brator harmonics every five or ten kHz
are almost a necessity. | also suggested
that a frequency counter is very useful
for frequency measurements with accuracy
better than one or two hundred Hz. These
functions can be provided with conveni-
ence and simplicity by using the non-
linear integrated circuit (IC) known as a
J-K flip-flop in single units, duals or dec-
ade dividers.

Building a calibrator and counter is
so simple that it's completely dwarfed by
one’s inertia or stagnhation in getting
started. This is particularly true because
we don’'t always know what we should
about the IC’s and must spend more time
studying them than building. It is the pur-
pose of this article to assist you in the
planning job, and to demonstrate how
easily the construction can be accom-
plished afterward.

taming regulated supplies

Regardless -of the voltages required,
there is usually a power supply to de-
sign. Nonlinear IC's are not very critical
as to voltage and don’t need closely reg-
ulated power. However, there should be
good regulation of the power to the crys-
tal oscillator and a way of protecting
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other units from overvoltage in case of
loss of load. Unfortunately, most avail-
able transformers don’t furnish the de-
sired voltage; this leads to the need for a
way of reducing the output without hav-
ing it soar in the absence of part or all

Articles  discussing  transistor-regulated
supplies, or practical circuits, are listed
in references 2 through 19.

It is not unusual for surplus zener di-
odes to vary considerably in their per-
formance, to operate in reverse or not

1]
Gl cz o o
% 3 p T
or
3R3
3 Rre
Q2 1
4
T L—_‘—< PHONG (+)
5V 2y 5V 12V
™ 172V 24V R3 68 1000
(1] d J R4 — 350
C2 .01 01 RS 120 600
C3 large large D5 33v 57V
c4 100 100 o} ] 2N301 2N301
R1 350 220 2 2N4D4 2N301
R2 25 ohm, 25 W 200 ohm, 10 W

13
{4

fig. 1. Regulated power

of the load. The simple answer to this is
some form of regulation which can be
as little as a zener diode and resistor.

table 1. J-K next-state fruth tables showing output
after next clock pulse. A applies to MC853, 9093,
LU321A and 8822; B applies to MC790/890, u1923 and
11926,

J K Q.
0 0 o,
1 0 1
0 1 9_
1 1 oy
A
J K Q1
1 1 Q,
1 0 1
0 1 o
0 0 Q,*
B

* Toggle condition to divide by two.
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at all. More than one may have to be
purchased for a particular job. On the
other hand, it's not much more expensive
to build a series-regulated supply which
can be adjusted over a considerable volt-
age range. Taming one or two of these
turned out to be an education and caused
a delay in the much shorter job of wir-
ing up the IC’s. Some comment on fig. 1
may prove helpful.

Many sources say that there should be
a resistor in the transformer lead to pro-
tect the rectifier diodes. 1 found that the
transformer resistance was sufficient—pro-
vided the current rating of the silicon rec-
tifier diodes is around an ampere. These
have always survived the short-circuit
current through a very large surplus elec-
trolytic filter capacitor. Good diodes are
available as “glass amp” and other
types at a few cents each from John
Meshna, Poly Paks, Weinschenker and oth-
ers. Be sure to test them; some operate
in the reverse direction.



Unless your filter capacitor has a
grounded mounting, either pnp or npn
transistors can be used by putting the
proper polarity on them and grounding
either power supply output. The selection
of transistors is covered in theory and

table 2. Binary-coded decimal count-seq truth
table.
output

count D C B A
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
arithmetic in  the 12-page pamphlet,

“Transistorized  Voltage-Regulator
cation Guide—1CE-254,” available from
RCA distributors. Practical circuits  are
found in the GE Transistor Manual.

Surplus 2N404-type transistors, Poly Paks
number 141492, are satisfactory for the
amplifier job in the supplies that/do not
require a drop of more than ten volts or
so. A good selection of low-voltage ten-
watt zener diodes is available from Solid
State Sales, so smaller ones may be
avoided. The temperature-compensated
GE type-RA1 reference amplifiers are alsc
attractive for output voltages of 8 or more
with precision control.

A bag of Poly Paks number 141404 trans-
istors provides the large ones for han-
dling the series current and as am-
plifiers where a large voltage drop
is involved. These are similar to the
RCA 2N2869/2N301 three-ampere, 30-watt
audio device in a TO-3 case. They may
be used in the Darlington-configuration to
increase the effective hgg; with emitter-
equalizing resistors they can also be used
in parallel to handle more current.

Nothing here has more than taken the
chill off of them. Don't forget to take all

Appli-

the burrs off the chassis holes and check
for case-to-chassis shorts if they are
mounted with mica kits.

The rectifier usually puts out about
twice the ultimate voltage in order to
provide room for control. The greater this
voltage difference, the warmer the transistors
get.

The resistor between the series transistor
collector and its base must not be too low
or the amplifier transistor will get hot. A high-
wattage resistor directly at the series tran-
sistor’'s collector will provide short-circuit
protection, which is a necessity. Its size de-
pends on the maximum current to be taken
from the power supply. See GE’s manual.

The zener diode should have its re-
sistance checked in both directions. As a
test, put a large resistor in series with it
and feed it some dc so the regulating per-
formance of the zener can be measured

table 3. Some available J-K flip-flops and related
devices,

frequency
limiting J-K
min typ. to
type cost V a6 toggle
Motorola
HEPS558 single $5.99 6
MC1013P 85 single 455 —5.2 L
MC1027P 120 single 9.80 —5.2 L
MC1018P translator 3.45 5.2
*MCsg38 30 decade 755 §
MCs53 12 dual 4.75 5 H
*MC790P 8 dual 2.00 3.6 L
MCsgoP 8 dual 230 3.6 L
Texas Instruments
SN7430N 10 18 decade 1110 5
SN7473N dual 6§90 5
SN7476N dual 620 5
Fairchild
9093 2 dual 7.45 5 H
9958 2 decade 11.20 5
9960 decade 1570 5
1923 2 single 150 3.6 L
»L926 8 20 single 450 3 L
Signetics
*LU321A 10 dual 248 5 H
*N828DA 35 decade 8.90 5
*N8822A 10 25 dual 5§80 5 H
N8826A 25 dual 5§90 5 H
N8B29A 15 single 365 § H
N8H22B 50 75 dual 1530 5
8T01B decade 1500 5

* attractive
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with both voltage polarities. The voltage
drop across a reference zener may be
around 40 to 80 percent of the desired
power-supply output voltage.

The divider across the output can be
selected to provide a light bleeder load
together with a tap that will determine
how much higher the output voltage will
be compared with the zener voltage. A
potentiometer connected in series with

5-V transformer for 6-volt lamps. | used
an expensive transformer (Lafayette 33H-
3702, $1.39), although a new-condition
Navy surplus one now furnishes all the
power required for the equipment.

Some of the zeners may produce rf in-
terference. A ceramic or mica capacitor
directly across an offending zener diode
will prevent this. Both polarities of each
power supply are terminated in phono

fig. 3. This decade-counter

connection without any feed-
back NAND gates has been

tested successfully at audio
frequencies. e

this divider permits adjusting the output;
this is desirable during tests but can be
avoided in the final assembly unless vari-
ation is required later, such as to pro-
vide a fine-frequency adjustment of the
crystal oscillator. It is a little difficult to
pick the two resistors in the divider be-
cause of resistance inaccuracies.

The power supply for the 6-V lamp
count-indicator can be simple, as shown
in fig. 2. It has a resistor, and 5- to 5.7-V
ten-watt zener mounted on a bent sheet-
aluminum angle as a heat sink, It is used
only as a limitation on the maximum
voltage that will reach the lamps. Their
life depends on operating below their rat-
ing by at least a few per cent. They
work fine with 4.5 to 5 volts on them.
This arrangement permits using a 6.3- or

fig. 2. Voltage-lim-
ited indicator-lamp
power supply. Use
phono piugs for out-
put conneclors.

5763

3

jacks for occasional use on experimental
equipment. A shorted phono plug in the
negative jack, captivated to a soldering
lug under the jack, completes the connec-
tion to the crystal osciflator, the cali-
brator/time-base and the indicator lamps.

preliminary explanations

To help you select the IC's, some ex-
planations are in order. Let’s go through
this. The arithmetical notation 123 or
AB-C refers to AND gates which occur at
the input of some flip-flops. All inputs
must be activated before a pulse can pass
through the unit.

When you see 14243, it refers to OR
gates, any input to which will pass to
the output—but this may not concern us
here. The AND gates are built into )-K
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1QkHz IN

flip-flops to make them flip in alternate
directions from successive input pulses on
a single terminal, which is referred to as
toggling. This is the condition that divides
by two.

fig. 4. Proposed method for in-
hibiting the decade count with
45 volts through diodes to the
J and K inputs on flip-flop B

in fig. 3.
—
Q A d J Q
=
cp Cp
a K @
——
SkHz 25 kHz
T out
+5 FOR
o 2.5 kMz 0

It is well to recognize some of the
designations used on the terminals. C, and
T mean clock pulse or input which is fed
to both sides of the flip-flop to cause it
to toggle (usually on its falling or nega-
tive edge) and divide by two when other
inputs permit it. } and K inputs deter-
mine whether it will obey the next clock
pulse. S and C, R and S, R, and S, all
refer to somewhat similar inputs. R, S and
C are also used to indicate reset, set,
and clear terminals, frequently with a
subscript letter D to indicate direct ac-

tion on the flip-flop regardless of the
clock pulses or the other determining in-
puts.

R, sometimes refers to reset to a binary
zero, and Ry to a binary count of nine,
the latter being of no interest to us. Q or
1 is the normal output; 6 (not Q) or O is
the reverse of the normal Q or 1 output.
Vee is the power input to the collectors
which is generally referred to as plus
compared with ground; Vgg is also used
in (M)ECL units other than the HEP558
where the power supply is minus on Vgg
{the emitters) and Vg is grounded.

Truth tables indicate what conditions
will produce what results.3 The J-K next-
state truth table in table 1 shows whether
the auxiliary }] and K inputs should be at
high or ground voltage to cause the FF
to toggle with successive clock pulses.
There are several different types of count-
sequence truth tables; the one in table 2
shows the indicator lamps that light in a
simple additive 8, 4, 2 and 1 binary-coded
decimal.

Another25, has more lamps on and devi-
ates slightly from the simple addition of
binary numbers to convert from the
lighted lamps on an additive basis to the
digital numbers of zero through 9. Still
another differs greatlyl®, tending to limit
its use to the provision of decoding gates
for full 0-to-10 decimal indication.

For frequency division, several kinds of
FF's will work. The inclusion of AND gates
to obtain decade operation is another
consideration that makes the }-K flip-flop
desirable.

fig. 5. A decade counter circuit using Fairchild 9093 flip-flops that requires an

AND gate. Two ways are sh for stopping decad tion to obtain a 2.5-kHz
output from the 10:1 decade.
GROUND STOPS DECADE——
+5STOPS DECADE 4
Q J Q Ly 9 J o—>our
Cp Cp Cp Cp
a
FFI FF2 FF3 FFe
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All counting flip-flops and the time-base
gate must reset to zero just before a count
starts. Thus, a reset or clear provision is
required. However, if a flip-flop has only
a set provision, this can be used to reset
or clear simply by reversing the J and K
inputs and the Q and Q outputs.

You should also consider the count-
sequence truth table that will be pro-
duced by a decade divider using a par-
ticular type of 1C and circuit, because of
types of interpretations that may have to
be applied to the indicator lamps. Two
kinds can be mixed if you don’t mind a
little confusion.

other points to consider in mixed types.

Table 3 lists many of the available J-K
flip-flops, decade counters, translators (if
(M)ECL high-speed FF's must feed into the
more common saturated-logic units) and
decode/lamp drivers for direct canversion
to full decimal read-outs. Inasmuch as the
prices frequently decline 20 percent for
quantities of 25 or more, the single and
the dual J-K flip-flops for an entire cali-
brator and counter may cost less than
- indicated.

The MC790P operate only down to 15° C;
many may prefer the MC890P which operates
to freezing. The 9093’s that | used operate

fig. 7. Block diagram of the calibrator time-base board. A shorter count delay results when the reset con-

nection is moved one decade to the left,

+* + +
ST 280 L | 4™ 5TH iHz TO
10(,7:'" A\ DECADE DECADE DECADE DECADE DEGADE TURN GATE
5 kHz 2.5kHe
DECADE | BLOGK RESET  LINE

FOR 25 kHz

available units

It is a convenience to have the IC's
operate at the same voltage. The upper
frequency limit desired for a counter may
lead to selecting a more expensive first
FF or decade, which could have a differ-
ent requirement. If so, two or more series-
regulator power supplies can be fed from
the same rectifier. There will be some

fig. 6. Simple diode-resistor AND
gate used with the circuit of fig.
5 to obtain decade operation.

VoG

h J

J2 O—
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from sine, sawtooth and square waves down
to several cycles per second. The 8822 made
by Signetics Corporation operates indepen-
dently of fall-time of the clock pulse. How-
ever, most of the other units have specifi-
cations on fall-time which may require
some form of trigger or squaring ampli-
fier ahead of the first calibrator and
counter FF's for proper operation. See ref-
erences 2, 4, 13, and 20 through 24. Try
them first without it, and let me know
what happens.

using the flip-flops

The most simple IC for calibrator/time-
base and counter use is the decade. As
indicated in fable 3, these cost several
dollars more than two dual J-K flip flops.
They do not give access to the |-K terminals,
so some provision must be made in the
first counter decade to gate it. Other
than putting a gate in front, an alter-



native is provided by the Texas Instru-
ments SN7490N where the divide-by-two
FF can be wired for use elsewhere; a sep-
arate high-speed FF with )-K inputs can
be used as the initial divide-by-two part
of the decade ahead of the remaining
divide-by-five part. On the other hand, a
quad-gate IC will do this job and do
three other jobs elsewhere if desired.

You'll note that some units require the
extra inputs to be grounded, and some
require them to be brought to the Vg or
left open to toggle and divide the fre-
quency. These two families require differ-
ent frequency-division circuitry. Several
articles have appeared giving the inter-

fig. 8. Time base and inhibiting connections.

+5 FOR o °
REPEAT GOUNT
v

If only one of each of these inputs is
available, two separate switch contacts
might be avoided by feeding the plus
voltage through separate diodes to the )
and K terminals so that no back voltage
can feed across. This is shown in fig. 4.

The above decade circuit is compli-
cated by many | and K input connec-
tions. | will explain another divide-by-two
and divide-by-five circuit to accomplish
division by ten with 9093 FF’s that | use.
Refer to fig. 5.

This type operates by inhibiting an in-
put to FF1 at the ninth and tenth counts,
and by resetting FF4 on the tenth count
or after every even-numbered count. FF2
and FF3 act normally through the 8th
count. Then, the Q output of FF4 puts a
0 voltage on the ) input of FF2, holding
FF2 and FF3 at O during the tenth count
when FF1 and FF4 also go to 0, ready

0 0 to start at the beginning. Inasmuch as

FF4 is fed from the output of FF1, but

© e v must not flip prior to the 8th count, an

L g AND gate is placed at the ] input of FF4.

RD ’—T This prevents FF4 from going to 1 until

SROUND Py after both FF2 and FF3 are also at 1 at

the sixth and seventh counts. Fig. 6 is the

+5FOR TO GOUNT BOARD simple AND gate | used and consists of
CONTNUOUS COUNT GATE . . . .

COUNT inexpensive surplus diodes and a resistor

connections for these types. See references
3,4,5,13,19and 21.

In general, there must be a connection
(internal or external) between the input
and the output such as from ] to Q and
from K to Q to assure toggling. If no
clock-pulse input is provided, the ] and
K terminals generally are connected; the
input signal is fed to both of them.

The single or dual J-K flip-flop for dec-
ade operation requires some form of a
feed-back connection so that four FF's will
be fooled into counting to ten instead of
sixteen. Fig. 3 shows a circuit with 9093
dual J-K flip-flops 1 tested successfully in

the audio range. It's probably satisfac-
tory for all decade applications. If the
10-to-1 kHz calibrator/time-base decade

uses this circuit, and if 25-kHz output is
desired, it can be obtained from the sec-
ond FF by connecting the ) and K inputs
of this unit to Vg except during counting.

of about 10k ohms. Some FF's already
have extra inputs to do this. The gate
must be capable of operating up to about
one-half the input frequency of the dec-
ade.

A ground on the j input of FF3 (or +5
V on the ] input of FF2) in fig. 5 will
stop the decade action so that 5- and
2.5-kHz outputs can be obtained from the
QorQ outputs of FF1 and FF2 in the 10-
to-1 kHz calibrator/time-base decade for
frequency-measuring purposes.

The equipment 1 use has a Monitor
Products oven-controlled crystal oscilla-
tor with its output fed directly to the first
calibrator/time-base FF. The output of
that is fed to the input of the next, as
shown in fig. 7. Wiring was done with
small, flexible tone-arm twisted pair un-
til the supply ran out, then with Japanese
earphone twisted pair, which is larger
and retains its kinks.
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When the frequency has been divided
to one cycle per second (1 Hz), it's neces-
sary to add one more flip-flop to pro-
duce a time gate that opens for just one
second, putting “toggle” voltage on the
) and K inputs of the first count FF, then
closes for one second. It is also desirable
to provide still another FF (the second
half of a dual unit) to permit locking up
the time gate after the one second that
it is on, so that the indicator lamps can
be read.

After reset, the first negative slope from
the 1-Hz decade in the calibrator/time-
base board turns on the time-gate FF, put-
ting plus voltage on the | and K termi-
nals of the first count FF, which had been
held low after the gate was reset. The
second negative slope turns it off one sec-
ond later, but this flips the one-shot FF
so that its Q output goes to 0. This is
connected to the time gate’s ) input and
thus stops any further gating until reset.
Fig. 8 shows this circuit and the options
provided by the count-selector switch.

| found that feeding the crystal oscil-
lator output to a receiver caused a slight
shift in frequency. As a result, the first
output to the harmonic-selector switch is
connected after at least one FF. The 10-
kHz signal is available, and higher fre-
quencies, but 5 kHz is more useful in my
Collins receiver. A 2.5-kHz signal is also
fed to the harmonic-selector switch, but
produces 1 kHz during a counting condi-

tion of any type—repeat one-second
counts, one-shot count, or continuous
count.

The harmonic-selector switch connects a
ground to the J input of the third FF of
the 10-to-1 kMz decade, stopping the divide-
by-ten operation in the reset and indicator-
lamp-off positions of the count-selector
switch, thus making the decade divide-
by-two twice, producing the 25-kHz out-
put from the 10-kHz input. This is
desirable with selective receivers to en-
sure that a suitable beat note is avail-
able at every frequency, including gaps
left by Isb and usb selection in the re-
ceiver. The 1-kHz output during a count-
ing period is mainly a novelty, but its
30,000th harmonic is strong and could be
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used for 1-kHz receiver calibration.

The crystal-oscillator output lead should
not be cabled with ac wires unless you
use RG-174/U. 1t might be just as well
for the other leads to the harmonic-
selector switch and the receiver’s antenna
input to be coaxial cable or kept out of
the cabling, although this has not caused
any trouble so far.

electronic counter

The frequency to be counted, such
as an audio oscillator, was originally brought
directly to the first J-K input of the first FF
to provide this function when being driven
directly by the time-base gate. it was found

fig. 9. Lamp driver and
indicator-lamp circuit.

LAMP

2N497
FROM Q

that a subsequent FF can also be gated to
prevent strong input signals from activating
subsequent decades when the time gate is
off.

Additional decades are added until the
output reaches the maximum read-out
frequency at which the counter will operate
at if anything beyond audio frequencies
is of interest. The first decade can be an
especially high-frequency unit, and it can
be selected so that its first FF is capable
of toggling at the highest frequency you're
interested in.

It's necessary to provide a reset or clear
function for the counting decades so that
the count will always start from zero. It
is also convenient to connect this reset
line to the time-base gate and to the
associated one-shot FF that locks it up
when a single one-second count is de-
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sired. Furthermore, the line can go
to some of the decades in the «cali-
brator/time-base board to set or reset
them to delay opening the gate until all
switching transients (if any) have de-
cayed.

count indicator

The FF outputs from each decade can
be decoded with diodes and resistors to
drive numerical neon read-out tubes cost-
ing $8 or more per decade. IC decoder-
drivers are listed in table 3.

After much consideration, | used the
simple, convenient and inexpensive indi-
cator suggested by Phil Brassine, K7UDL.
This has four lamps per decade, the
lamps from left to right indicating 8, 4,

fig. 10. MHarmonic selector
switch with provision for ‘‘anti-
feak’.

/IOF F

2, and 1 in binary-coded decimal form
as shown in table 2. These can be con-
verted to a single digit by inspection, or
by adding these digits. Then, more of
these four-lamp sets are added, one for
each decade to be indicated. Six sets will
count to a million, or TMHz. This is sat-
isfactory for slightly higher frequencies,
simply by watching the number of times
that the count restarts during the one-
second counting time. A seventh bank
should suffice up to 30 MHz.

The lamps are low-current Sylvania
6ESB  six-volt slide-base lamps at 40¢
each. The unbased lamps at 31¢ would
also work. Other voltages are available.
Buss-bar wires are run across the board
just below the holes for the lamps which
are slightly larger than 's-inch. By double
heat-sinking the slide base of the lamps,

O—~——025kHt
SkHz

it's possible to scrape and solder the slide
base to the cross buss-bar wire, holding
the lamps neatly in the hales from the
rear.

Holes are provided for the lamp-driv-
ing transistor and the base resistor leads
connected as shown in fig. 9. Surplus
5 x 7-inch sheets of thin phenolic ma-
terial are adequate to mount and hold
seven decades of lamps (28 lamps). In the
absence of any shielding, some flip-flops
are triggered by rf entering the lamp-
driving leads when transmitting at full
power.

The lamp-driving transistors should not
load the FF’s heavily. With FF’s that have
a plus power requirement and output,
npn transistors are selected as lamp
drivers. New 2N1302 transistors vary a
great deal; at least half had too low
beta (collector current divided by base
current) and required a low value base
resistor. This resistance was around 3900
ohms. Other builders have selected the
2N1304.

After considerable checking, the 2N497
was chosen here, rejecting only about
one-third of them after buying a bag of
clean surplus devices from Solid State
Sales at less than 20¢ each. About half
of these work fine with a 10k base re-
sistor, and almost all work with 4.7k or
3.9k. For convenience, 10k resistors are
mounted in the indicator Jlamp board
with the driving transistors; another resis-
tor is soldered in behind the board where
necessary to saturate the driving transis-
tor and equalize lamp brilliancy. The
fourth lamp of the first two decades does
not light during a count but does when
the count stops, because of the 20 per cent
duty cycle,

interconnections

A double-pole double-throw toggle
switch turns on crystal-oven heater power
alone, or both this and all other power.
The lamp power supply is also fed
through a contact in the count-selector
switch so that the lamps are extinguished
except during counts and reading. The
best sequence for a power switch is: off;
oven heater power; add crystal-oscillator
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power; add IC power for calibrator and
counter; and add indicator-lamp power;
in that order. Of this, indicator-lamp
power and possibly 1C power for calibra-
tor and counter can be in the count-se-
lector switch.

The harmonic-selector switch has an
off-position for no signal to the receiving
antenna; and then a 5-kHz contact. The
final position connects either 2.5 kHz or,
while counting, the 1-kHz signal. The out-
put from this switch goes to a blocking
capacitor and a potentiometer as shown
in fig. 10. This is desirable to adjust
calibrator output to obtain the strongest
beat note with an incoming signal. A po-
tentiometer in the regulator divider varies
the voltage on the crystal oscillator from
about 9.5 to 12.5 volts as a “fine” ad-
justment of crystal frequency.

There must be a “little red button” for
grounding the reset line so that after a
fractional second delay, a one-shot one-
second count can be obtained without
turning the count-selector switch if it’s al-
ready in the right position. Since it’s the
only operation needed to make a new
count, a phono plug and cable can be
used (such as RG-174/U) with the little red
button in a small minibox. This will start
a new count from any convenient posi-
tion, even out of reach of the counter
itself.

construction

The chassis | used was overly large,
since it was an available rack-mounted
unit. It extends some inches behind the
control panel which already has a 14-
MHz front-end crystal filter,26 audio switch-
ing for the loudspeaker and phone-patch,
antenna switching and paralleling, and a
small, easily-operated push-to-talk toggle
for phone patching.

The chassis holds the surplus trans-
former and large electrolytic capacitors,
the controls that are not brought out to
the front panel, a Waber in-line grounded
outlet box on the rear apron for 120 V
to other equipment, and the count indicator,
and leaves enough empty space for a
good-sized cat.
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Except for the heat-sunk transistors, the
transformers and electrolytics, the three
power supplies are mounted on Vector-
board with small holes on alternate 0.1-
inch spacing inasmuch as there was to
be some development work, and, later, the
addition of the lamp supply. Quantities
of Cambion solder terminals are mounted
along two edges.

The oven-controlled  crystal-oscillator
plugs into an octal socket. It feeds the
calibrator/time-base ~ board  which is

fig. 11. Protective diodes will only permit
a negative input pulse to get into the first
count flip flop. One pair of silicon diodes
may not be required because of the series
diode. If higher input voltages are desired,
the number of series diodes may be in-
creased.

made from phenolic material | had left
over from “der Kleiner Keyer’27, It has a
regular pattern of holes drilled to hold
resistors and other parts along one edge,
with holes here and there for transistors
that may be needed in the future. The
remainder of the board has sets of 14
holes for the plastic dual-in-line J-K flip-
flop 1C’s. This board is 3'/2 x 6 inches.

It is stacked with the count board and
mounts on bolts and spacers from the
rear apron of the chassis. A part of the
count board is reserved for the many
terminals needed for the leads to the count-
indicator which extend up from the chassis.
The new Vector microboards with holes
spaced 0.1 and 0.05 inches will accept dual-
in-line 1C’s and transistors directly without
any drilling, but they were not on hand at
the time.

The 9093 units have a direct-set termi-
nal which, when grounded, makes all
FF's go to 1. To provide a reset function,
all J's and K's were interchanged, and all
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Q and Q outputs were interchanged in
the counter board and the gate FF's.

It is not easy to test the flip-flops prior
to installation. One in each of several
dual FF IC’s turned out to be inoperative.
Replacement was accomplished easily.
Dc tests have contact-bounce problems al-
though transistor keying or some of the
proposals in reference 28 might help.

The best test method, in the absence of
a low-frequency receiver to listen to the
normal output frequencies of each FF
when driven by the crystal oscillator, is
to put an audio frequency in and ob-
serve the output at each FF and decade.
This can be detected with headphones.
The average current from the fourth FF in
each decade is low because of the 20
percent duty cycle during a count.

The maximum frequency at which the FF
will operate at can be determined by
winding several turns of wire around the
coil of a grid-dip oscillator and feeding
it into the input—with a squaring circuit
or trigger in between if required. The 9093
IC’s that | used here reached the specified
2.2 MHz. | will probably add a faster
decade ahead of the present counter so
that the maximum frequency will be
above 30 MHz to permit measuring all
the oscillators in ssb gear. Then, by putting
the counter on the vfo and making an
addition (of any mixing crystals), fairly
accurate frequency measurements will be
available. However, for some purposes,
the audio oscillator and oscilloscope will
always be necessary.

In view of the direct application of in-
puts, there is some chance that overdrive
might destroy the first IC. This doesn’t
happen with up to 6 volts from the audio
oscillator, and counts are satisfactory down
to about 0.06 volts. It is desirable to avoid
a potentiometer input adjustment.

Just to be safe, two silicon diodes in
series were placed across the input in one
direction, and two more in the other di-
rection, with a diode in series with the
input to the IC to pass the negative
swings of the input pulse. See fig. 11. Pos-
sibly the series diode makes one pair
from the input line to ground unnecessary,
but they haven’t been removed yet. The
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diodes are inexpensive ones from Solid
State Sales.

crystal adjustment

There is a little aging in the crystal
oscillator until it operates for several
weeks, The power-supply voltage adjust-
ment is placed in midscale; the plunger-
capacitor adjusting screw is then set for
zero beat with a high harmonic of WWV;
all subsequent adjustment is made with
the potentiometer. lts position is noted for
one cycle on each side of zero beat. At
the midpoint of these two readings, only
irregular fades in the 20-MHz WWV sig-
nal affect the receiver S-meter. With no
evidence of a beat, it’s helpful to be able
to misadjust the power-supply potentiometer
to determine that there is a beat note with
WWYV, and then to restore the pot to its
previous setting.

There is another method of accurately
adjusting the «crystal oscillator to WWV
without low-frequency transmissions.2? It is
described by Jay O’Brien, W6GDO. A 100-
Hz output is fed from the calibrator/time-
base board to a triggered external-sync os-
cilloscope input connection. When WwWV
transmits the 600-Hz tone for two out of
every ten minutes, the scope sweep is set
to show just one cycle from the receiver
output. The crystal oscillator is adjusted
so that the left-to-right movement of one
cycle on the screen is less than one-
tenth of a cycle during the two minutes.
Of course, this must be done when the
scope pattern is stable and does not shift
left or right due to Doppler effect caused
by propagation changes.

By using the first of these two systems
to adjust the crystal oscillator, WWV has
been measured on 20 MHz from the cali-
brator harmonic 2.5 kHz lower in fre-
quency. This results in either a zero—or
one—cycle error,

Better results probably would require
going to a ten-second count period in or-
der to avoid a possible phase error of
one cycle in the count. The error does not
occur when counting the crystal oscilla-
tor or any audio frequency fed into both

boards—the result is always the same
count as the nominal crystal oscillator
output.
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In the ARRL frequency-measuring test,
six measurements were submitted for the
record. Five had a zero cycle difference
from the official measurements made by
the umpire. One had an error of two

cycles. Propagation conditions can cause
similar errors, especially when an ellipti-
cal pattern on the oscilloscope between
the receiver output and the audio oscil-
lator collapses repeatedly.
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plate cavity. Its thickness depends upon the
thickness of blade used to make the cuts in
the cavity.

The perforation holes in part D of fig. 2
should be 1/8 inch in diameter over an area
of 1-1/2 inch with at least 50% open area.
The toggle switch in the schematic labeled
“driver off” should have two sections in
series; a single toggle switch will not stand
the voltage.

ham radio
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more

electronic units
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on the discussion
of basic
electronic units
started

last month
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Jim Ashe, W1EZT, P. O. Box 343, Peterborough, New Hampshire 03458

What are some of the electronic units that
trouble hams who have been working at
radio for a while? | think there are four
that could use some close attention; the
cycle, the mho, the steradian, and the
dBm. Fach of these is a very useful idea,
and any one of them can give you trouble
way out of proportion to your real need
for the term when you don’t see what it's
all about.

cycles

Cycle has a curiously indefinite, yet
very precise meaning. Roughly, it means
“through the sequence of events to where
we came in, or to something like it.” This
tells us the term is applicable only to rep-
etitive events, such as continuous movies,
some electrical signals and some mechani-
cal motions. Noise, while full of cycles, is
not repetitive so we do not see a cycle of
noise.

A definition in the 1968 Radio Amateur’s
Handbook is confusing, but will get by for
some kinds of signals. However, it wouldn’t
do for the output of my thin-line genera-
tor, for example, which never goes nega-
tive. And modern communications and in-
dustrial electronic circuits can produce an
infinite variety of repetitive electrical sig-
nals. We need a better definition: a cycle is
the interval from any definite point in an
electrical signal to the next point having
the same amplitude, direction, and gen-
eral shape. See examples in fig. 1.

mhos and things

I hope you can stand an awful pun.
I'm enjoying this. One of the most incom-
prehensible electronic units I've seen in
amateur radio literature is the micromho.



Yet it is a very good term, once you know
how to use it. If you are still working with
vacuum tubes (and some of them are
pretty good)}, micromhos are very handy
thinking tools. But first we ought to turn
them into something more sensible.
Reference to the books tells us a mi-
cromho is one-millionth of a mho, which
is an amp per volt. So micromhos are
microamps out per volt in, and the famil-
iar old 6AK5 is rated at 5200 microamps
anode signal current per signal volt into
the grid. But why microamps? The first
vacuum tubes must have been very weak.
| prefer to think in milliamps and thou-
sands-of-ohms anode load resistances.

fig. 1. This waveform empha-
sizes the '‘cycle’” as a dis-
tance rather than a definite
zero-to-zero interval along the
wave,

CYCLE

N\ N

(VA (VA

When | look at that 5200 micromhos | can
read it as 5.2 milliamps per volt times
kilohms plate load resistance, for a rough
output figure.

For instance, imagine you have pro-
vided a 6E)7 pentode with a 15k-ohm plate
load resistor. For a schematic you can
breadboard, see fig. 2. Now, the 6E]7 is
rated at 15,000 micromhos, or 15 milliamps
per volt. Assuming a 1-volt grid signal, 15-
mA signal current times 15k anode resis-
tance gives 225 volts signal out. You can
do that in your head. In the real circuit
there won’t be enough anode voltage swing
available for this large output, but we
look for a voltage gain in the times-225
ballpark.

steradians

Sounds kind of hairy, doesn't it? If you're
a vhf enthusiast you are sure to be con-
cerned with steradians. What is a ster-

adian? It is a way of describing how
much sky your antenna illuminates.

Imagine a four-sided pyramid extending
into the sky from your high-gain antenna
as in fig. 3. How big is the end of that
pyramid? Hard to say, not knowing how
far away the end is.

But suppose we choose any convenient
distance, call it R, and measure the lobe
cross section area of the end in square
R's. We'll get the same number whether R
is measured in inches, feet or miles, and
at any distance. Well, that pattern in
space, measured in terms of the area in
square R’s at the end of it, is said to have
a certain size or solid angle given in
steradians,

A steradian is an area of one square R,
whether it is a circle out there, an ellipse,
or any other shape. Thinking is similar in
style but more complicated in detail if
the beam is multilobed in cross section.
Next time you bump into ‘steradians,’ say
‘square radiuses’ and the shock will be
diminished nearly to zero.

dbm

Here is a term that used to seem to me
about like a magician’s wand: wonderful,
incomprehensible. But it's really a basic
tool for you, if you're interested in long-
distance radio communications. The dBm
is not as hard as it sounds: as with other
electronic terms, people started using
dBm’s in their thinking because it made
things simpler. Once you see why, you have
the whole thing. The dBm idea contains
two other ideas tied together, which is the

table 1. Here are the power ratios for some com-
mon decibel values. The same figures, with appro-
priate signs, serve for power gain or loss.

power ratio dB measure

100:1 20
50:1 17
2041 13
10:1 10

5:1 7
2:1 3
1:1 0
1/24 —3
1/5:1 -7
1/10:1 —10
1/20:1 -13
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cause of the comprehension problem.

The first idea is decibel measurement.
What is a decibel? A decibel is a size of
difference, rather than a size of a quan-
tity or of a thing. A decibel change in sig-
nal strength is about the least your ear
can detect by listening closely, regardless
of the actual signal strength at the time.
A 3-dB change will be quite perceptible,
but if you are thinking about something
else it could escape your attention.

A 10-dB change in signal strength will
almost certainly be noticed whether you
are listening or not. A 1-dB change is
about 25% increase or decrease in power;
a 3-dB change is a doubling or a halving
of power, and a 10-dB change is by a
factor of ten. See table 1.

You ought to try this on the bench. It's
easy to do and will do more for your
perspective than any amount of math or
reading. Maybe it will change your think-
ing about spending more money to double
your rig power too. Set up a signal gen-
erator, an audio amplifier and 2 loud-
speaker as shown in fig. 4. Try changing
audio levels in decibels and fractions of a
decibel. It's surprising, even when you know
what to expect and why you get this re-
sult. It is because of a built-in agc system
in your ears, so that a “ten-times-as-much
power” signal is judged to be, maybe,
“twice-as-loud.”

Now, all electronics signal devices re-
spond to power input, not really to volt-
age input. It is an old custom, fortunately
falling into disuse, to say a receiver re-
sponds to so-many microvolts input. The
receiver actually accepts a certain definite
signal power input, amplifies and detects
it and amplifies it some more, and puts
out a definite larger signal power output.
How can we describe this performance?

We simply choose a unit of power and
specify how much in terms of that unit
must be fed to the input in order to get a
satisfactory output. One commonly used
reference power is the milliwatt applied to
50 ohms. Let's go ahead with a realizable
bench test setup and see how it works. If
we wanted to test a receiver we would set
up things as in fig. 5. Suppose we haven’t
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had too much experience with high-gain
circuits?

A milliwatt signal is easy to make but
hard to measure, so we start with a larger
signal and pare it down to milliwatt size

fig. 3. To describe the space filled
by an antenna lobe, use radius as
the unit of distance and specify the
amount of sky filled in terms of square
radiuses.

after verifying its power. Now, since the
receiver surely has lots of gain, maybe
even 1000 (30dB) or more, we apply our
milliwatt to the receiver antenna termi-
nals (variable attenuator switches all at
zero dB) and get blasted as the receiver

fig. 2. You can use micromhos to
quickly estimate stage gain of a pen-
tode amplifier; try this circuit on
your bench. +300

= ENO AREA IN SQUARE R's IS )

STERADIAN MEASURE OF BEAM SIZE
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overloads badly. But let's assume for a
moment that the receiver did put out the
watt specified in fig. 5. How would we de-
scribe this?

We'd say the input was zero dB differ-

fig. 4. Simple setup for demon-
strating apparent loudness vari-
ation with dB change in signal

strongth. SPEAKER
AUDIO_AMPLIFIER
o o o
T—X
AC VOLTMETER

SPEAKER LEADS

ent from 1 milliwatt, or zero dBm (into 50
ohms). The receiver would be showing a
power gain from input to output of 1 milli-
watt rf to 1 watt of audio, or 30-dB gain.
This emphasizes that receiver sensitivity
and receiver gain are different aspects of
receiver performance. And it shows us that
we cannot specify receiver gain or sensi-
tivity until we have chosen an output pow-
er to use in the input-output gain figure.
Typically, receiver sensitivity is the smal-

fig. 5. Test setup for evaluating receiver performance

lest signal that will produce a satisfactory
output, but what if you have the gain
control turned down? The receiver has a
sensitivity that is smaller than its best sen-
sitivity, but the same thinking applies.

Now we continue our experiment. At one
microwatt input (this is minus 30 dBm,
now) we discover we are still overloading
the receiver. One millionth of a watt! No
wonder some circuits are very sensitive to
noise and feedback. Input-output gain
would be 60 dB if the receiver were work-
ing properly, but a weaker signal is still
required.

Finally we switch in enough attenuation
for a normal 1-watt receiver output. Our
generator is still feeding its milliwatt into
the variable attenuator which now reads
110-dB attenuation. These are realistic fig-
ures for a rather average receiver. At last
we know our receiver has a sensitivity, at
certain control settings, of minus 110 dBm,
and its over-all gain is 140 dB.

A lab visitor says, “Please translate that
into microvolts.” Converting from dBm to
watts we have 10—14 watts input, and since
E2 = WR, we get about 0.7 microvolts
across 50 ohms receiver input resistance.

| expect a number of you will see how
well this procedure settles questions about
receiver performance, and will want to
start doing tests like this. Let me pass on a
few thoughts.

Start with a signal large enough to mea-
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sure. A milliwatt signal is about 223 milli-
volts across 50 ohms: pretty small. A ten
milliwatt signal would be just over three
times greater in voltage. Calibrate your
diode probe with audio, remembering to
use capacitors whose time constants are
not too small.

Base your attenuator design on Daugh-
ters’ and Alexander’s excellent article on
attenuators.2 This article is one of the best
| have seen, because it is written from the
viewpoint of a ham who is working with
such things.

Set up for the test to minimize rf leakage
from the oscillator-attenuator assembly
and to minimize receiver sensitivity to rf
from anywhere but the input terminals.
You probably can’t get perfection in either
department, but a good job in both will
produce the same practical results.

unmarked filter chokes

Have you ever picked an old power choke
out of your junk box and wondered how you
could find out its inductance? You probably
checked the dc resistance, scratched your
head, and put it back in the junkbox as
another of life’s insoluble problems.

Well, there is an easy and painless way to
figure out the inductance of any power
choke. The only equipment you need is a

fig. 1. Here's the circuit used for
determining choke inductance. The
principles are explained in the text.

won ()

1+ E/R

Z - Eut
filament transformer, a vtvm with reasonable
ac accuracy and a composition resistor of
known resistance (= 5% is good encugh).
There is only one limitation—you obtain the
zero-dc-current inductance. If you're looking
for the inductance of an audio filter, this is
fine. For power filtering purposes with dc
flowing in the choke, the inductance may be
perhaps 30 or 40 percent less, depending on
the characteristics of the core and the amount
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summary

That's enough on electronics units. The
rest is up to you. When an electronic unit
seems hard for you to use, spend some
time reading about it. If you look for the
way in which the term is built up from
simpler terms or from common-sense ideas,
it will gradually become more real to you.

Then try to put it to work in some sim-
ple breadboard circuit that tests or illus-
trates your thinking about the unit. Finding
work for a new idea is the best way to
make it stick.

references

1. J. Ashe, W2DXH, ‘“100-kHz Thin-Line Pulse Gen-
erator,”’ 73, February, 1968, p. 24.
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WAGRDZ, ‘‘Low-Power Attenuators for the Amateur
Bands,”’ 73, January, 1967, p. 40.
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of current.

Let's look at a thumbnail sketch of the
process first and then run through a sample
calculation. The process is based on Ohm’s
law for ac circuits where impedance (Z) is
substituted for resistance (R). The formulas
are written the same way as the dc version of
Ohm's law (e.g., E=1Z, | =E/Z, Z=HE/I).

One further point: if the voltage is mea-

i i
XNOWN ! HOKE |
R‘ng VL SwocTance | 2t AT
1 1
|
CHOKE H E ,‘( 2 .
z LR 3 messTance | MVET - A
[}

sured as rms, the current will also be rms.
The same applies to peak-to-peak measure-
ments. As long as the system of measure-
ment is consistent, only the values are im-
portant. The second formula you need is a
variation on Z = VX2 + RZIf you know
Z—more on this in a moment—and R, the
choke resistance, you can find the inductive
reactance of the choke from X;, = VZZ — RZ.
By now you may see where we're heading.



The first step in the process is to measure
the resistance of the unknown choke. Your
ohmmeter is accurate enough for this. Now
connect the choke in series with a resistor of
known value. Apply 5 to 10 Vac from a fila-
ment transformer to the ends of this RL net-
work. Use the vtvm on its ac voltage ranges
to measure the ac voltage across the known
resistor.

With this information, you can calculate
the ac current flowing in the circuit. Now
measure the ac voltage across the choke.
When you know the ac voltage across the
choke and the ac current flowing through it
the impedance of the choke at 60 hertz may
be calculated from Z = El.

You already know the dc resistance of the
choke, so by using Z and the formula
X1, = VZ2 — RZyou solve for inductive re-
actance. As mentioned earlier, this will be
the reactance of the no-dc-current induc-
tance. While you're at it, you can also deter-
mine the Q of the choke from Q = X;/R.
This may be important if you are building an
audio filter or other unit requiring a resonant
audio circuit.

example

Assume a choke with 320 ohms dc resist-
ance. You measure 4.7 Vac across a 1000-ohm
resistor; this gives an ac current of .0047
amperes. You measure 7.5 Vac across the
choke. Dividing 7.5 by .0047, you find the
choke impedance at 60 hertz is 1600 ohms.
From Xy, = V/Z2 — R2, where R is the choke
resistance, you find Xy, is 1570 ohms. To find
the inductance, divide 1570 by 377 (2nf,
where f is 60 Hz; the inductance is 4.17
henrys.

Now that you see how it's done, there
shouldn’t be a single unknown choke in your
junkbox.

table 1. summary of process

1. Measure the ac voltage across the series resistor.

2. Compute | from E/R1 where R1 is the series re-
sistor.

3. Measure the ac voltage across the inductor.

4. Compute Z from E/),

5. Compute XL from /2% — R22'where R2 is the
internal resistance of the choke.

6. Compute L from Z/2y4f where 2.f =377 for 60
hertz.
Bob Tellefsen, WOMKEF
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trouble shooting by
resistance measurement

In a recent repair bench column* | said

you should only work on transmitters
with power off. | suggested checking re-
sistances to find the trouble. Since then,
without repair experience have

asked how to go at this kind of trouble

readers

shooting. No one has argued the advice,
but many don't see the approach.

The best excuse for using
measurement as a fault-hunting method is
safety. You can check out most of a
transmitter without any lethal voltages
applied. Sure, for a few tests the trans-
mitter or receiver has to be “live.” But
so many tests can be handled more safe-
ly with power off, there’s just no excuse

resistance

to ignore these advantages.

A few doubters may contend that the
method isn't complete. Certain parts in
high-voltage circuits break down under
stress, yet test okay by resistance mea-
surements, they say. That's true. But you
soon learn to spot those troubles right

* repair bench, August 1968, page 52
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larry allen

away—usually by their smoke. Also, cer-
tain shorts and arcs in transmitters oc-
cur only after high voltage and drive are
applied. The way to track them—safely—
is by a process of elimination, part by
part...but that's a story I'll save for a
later column.

Resistance
done with a simple volt-ohm-milliameter,
or vom. That's a major advantage; other
techniques demand fancier instruments. A
vom is simple to operate, portable, and
usually inexpensive. The main criterion is
that the ohmmeter readings be accurate.

A vom has an advantage over a
vacuum-tube voltmeter, even when the
Since a vtvm

trouble shooting can be

vivm is more accurate.

must be plugged into the power line, it

Adiuetl the hani

- -
zeroing screw.




can introduce problems in certain equip-
ment. With the vtvm common lead con-
nected to some non-ground point in a
transmitter or receiver, you may get some
faulty readings. A vom is usually battery-
powered; there's no power-line connec-
tion. You can get better readings without
“unseen” ground paths

worrying about

caused by a test connection.

The dle should rest here near
midscale for best accuracy during tests.

reading the ohms scales

Dependable  ohmmeter
are useless if you don't read them ac-
curately. You can't even go on to the
next step—interpreting their meaning—un-
less you get the numbers right. Three aids

measurements

will help you read your ohmmeter cor-
rectly.

First of all, calibrate the
Place the vom upright or lying down, in
whatever position you'll use it. (Position
will affect vom readings.) With the test

instrument.

leads plugged in but not shorted together,
make sure the meter pointer rests exactly
over the left edge of the scale. You may
have to adjust the mechanical-zero screw
that is just below the meter face. Tap the
meter glass to jar loose any pointer fric-
tion.

Next, clip the two test leads together,
making zero ohms between the tips. The
pointer should move up to full scale. Zero
ohms is at full scale since the ohms-scale
numbers go right-to-left. Again, tap the
meter glass to be sure the pointer rests

normally. That takes care of calibration.

A second aid to accurate resistance
measurements concerns the range switch
and the multipliers you use with the scale
readings. After you connect the test leads
across the resistance you're measuring,
rotate the range switch to a position that
makes the pointer rest somewhere in the
middle section of the scale. That's where

The needle should move up scale when
the test leads are clipped together.

readings are the most accurate because
the numbers there are easy to read. You
can see that they are, if you examine
the ohms scale in the photos; it's the top
row of numbers,

For a third aid to accurate readings,

Pay close attention lo the
multipliers on the range
switch.
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make sure you multiply the scale reading
properly. Look at the multipliers on the
range switch. Pay close attention to
which one you set the switch at. Then
multiply whatever number the pointer
stops at by the multiplier from the switch.
Do it carefully. It's awfully easy to drop

fig. 1. When resistances are in
series their values add directly
even if they're not arranged in a
straight line as the ones shown
here.

A 100 8 1000 ¢
——M———AN——

4 100 8 1000 14 5000 0
AN AN ANA————Q

a zero or add one and end up with a
wrong reading. Use scratch paper to be
sure. Whenever the pointer stops toward
the left end of the scale, you'll have
zeros in the scale reading as well as in
the multiplier; be sure you get those right,
too.

simple series paths

What do you do with those accurate
resistance readings once you have them?
Analyze them, of course! But that brings
up the next problem: How?

What you do first is learn to recognize
the different kinds of resistive paths. There
are plenty of them. Every ham receiver

electrolytic filter capacitors; the forward
and backward effects of diodes; and, of
course, transistors, which produce some
readings that can really fool you. Resis-
tive paths exist all around the chassis.

The trick of resistance trouble shooting
is finding paths that aren’t where they
should be or paths that have too much
or too little resistance. To do it, you'll
have to know how to spot the paths on
diagrams and figure out where "and what
they should be in the chassis.

The simplest, both to spot and to an-
alyze, are series paths. Fig. 1 shows a
bunch of different kinds. The A-B path
shown first can’t very well be mistaken;
it's 100 ohms, between points A and B.

In the second series path shown in fig.

fig. 2. Here are sev-

A
eral series resistance W[
paths whose values 1000
add directly like those 8 ——vW——8F
in fig. 1 do. $100
9 1000
cd F
100 500
500
0 G

1, the resistance between A and B again
is 100 obms. In series with the A-B path,
however, is a path from B to C. Again, the
over-all circuit is easy to figure out; the
A-C path is the sum of the A-B path plus
the B-C path. Resistance in the A-C path
totals 1100 ohms.

fig. 3. Parallel paths are 4 100 g
more difficult to calcu-
late; use the formula in
the text to find path re-
sistance.

and transmitter has dozens of resistors.
Besides them, many, many other compo-
nents show readings on an ohmmeter.
For example, the heaters of tubes; the
windings of transformers; the leakage of
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The third series path is A-D. This one,
too, is pretty easy, even if it does have
three series resistances. Add all three of
them, and you have a total A-D resistance
of 6100 ohms.
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It's important that you recognize an-
other relationship from fig. 1. Connecting
the B-C and C-D paths had no effect on
the A-B path; in all three cases, an ohm-
meter connected to A and B measures
100 ohms. You can add a dozen more
paths in all directions, but A-B remains
100 ohms—as long as all the paths are
added in series.

Another thing. You can measure path
B-C independently, and path C-D inde-
pendently. The other series paths don’t in-
terfere with measuring either one. Also,
you can measure path B-D, if you want
to, getting a direct 6000-ohm reading be-
tween points B and D.

Take a look at fig. 2. Paths don’t have
to be drawn in a straight line to be in
series. Nor do they have to be connected
directly to each other. An ohmmeter con-
nected to A and D measures the A-D
path directly; the resistance is 300 ohms.
None of the other resistances is of any
consequence to that particular path, be-
cause they are not in series with it.

fig. 4. Different ways branches
may be arranged and connected
in parallel; don't let them fool

you.
c loco x 3
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What about path A-H? Only the re-
sistance between A and H have a bear-
ing on the resistance of that path. An
ohmmeter connected to A and H mea-
sures only the resistances between them.

The resistances of path B-E and path C-
D are ignored because they’re not in
series with path A-H. Path A-H mea-
sures 2200 ohms. Trace its path—from A
toB,toC,toF, to G, to H.

Trace the path from E to G. It goes
from E to B, to C, to F, to G. An ohm-
meter connected between E and G mea-
sures only that path, and indicates 2600
ohms.

The D-H path is 2100 ohms, the B-F
path is 1100 ohms, and the F-A path is
1200 ohms. Because these resistances are
in series, they're easy to measure and
easy to analyze.

Suppose you're trouble shooting a cir-
cuit like fig. 2 and measure 2700 ohms
between B and G. The schematic shows
series resistances totaling only 1600 ohms
in the B-G path. At least one resistance
has changed value, and you have to
figure out which one.

One way is to measure each resistance
individually. There may be several in an
actual circuit, and that can take a lot of
time. A better way is to work your way
toward one end or the other. Leave one
ohmmeter lead on B and move the other
one from G to F. If the reading drops to
1100 ohms, that means the B-F path is
okay, so the F-G path must be at fault.
Suppose, though, the reading only drops
to 2200 ohms. That means F-G is okay;
the 500-ohm change tells you so. The
trouble is therefore in the B-F path,

Move the test lead from F to C. If the
reading drops to 100 ohms, B-C is okay.
You can then move both leads to mea-
sure path C-F, just to be sure. If it mea-
sures 2100 ohms, you've found the trouble;
it should measure only 1000 ochms.

Those are the principles. As long as
paths are in series, tracking down trouble
is a cinch. Plenty of resistive (and con-
tinuity) paths in ham equipment are
series types. With them, you'll have an
easy time. However, the other kind can
be a real pain.

resistive paths in parallel

The simplest kind of parallel path is
shown in fig. 3. Paralle! paths are hard
to describe. As far as an ohmmeter is
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concerned, the path between points A and
B is merely path A-B. As you can see
from the diagram, however, it isn't that
simple. There are two paths. One is from
A to B... and, yet, so is the other! You'll
find several paths like this in electronic
equipment, and very often they aren’t at
all obvious on the schematic diagram.
Resistances in parallel add inversely
(another word for upside-down). Put two
equal-value resistors in parallel and the
resistance of their path is only half the
value of either one alone. Take path A-B
in fig. 3, for instance. The two 100-ohm
ressistors in parallel make a path mea-
suring only 50 ohms; that's what an ohm-
meter reads. The C-D path, with four 100-
ohm resistances in parallel, measures only

value to some extremely high resistance.
On the other hand, if the reading is 1000
ohms, the 100-ohm resistance is at fault.
Get the idea?

odd parallel connections

The trouble with parallel paths in typi-
cal ham gear is that they are seldom
as obvious as those in fig. 3. For exam-
ple, they could be arranged in all sorts of
odd shapes, like some of those in fig. 4.
Strange as they may appear, these dia-
grams are all of parallel resistance
paths.

A-B is easy to recognize; it's like the
one from fig. 3, only turned up on its side.
Path C-D looks at first glance like a
1000-ohm path. Follow path C-X, though,

100
fig. 5. Series-paralle! re- A 100 8 4 100 o A
sistance paths are more s —o0 oo ——w—=e *—
like what you'll find in W I
real equipment. Still . . . 0 Py a7k c
the method of figuring out )
proper path resistance is 500 8 500 ¢ 250 o i 1ok
the same: calculate paral- o WA - — AM——8 Y £
lel paths and add series 3 1000 S 20k
ones. 500

0 £

o

25 ohms with an ohmmeter.

From this you can figure that adding a
parallel path always lowers the ohm-
meter reading between two points. Paral-
lel path resistance is, in fact, less than the
lowest value of resistance in any one
branch of the parallel path. The E-F path
in fig. 3 shows a situation where one
branch has a much lower resistance than
the other. Calculated by the formula for
parallel resistances,* path E-F has a re-
sistance of 91 ohms. That's what an ohm-
meter measures between points E and F.

Consider what it means, then, if you
measure path E-F and find a reading of
100 ohms instead of 91. You can assume
the 1000-ohm resistance has been re-
moved, is defective (open), or has changed

1 1 1 1 1
—_— =+ — + — + ¢ —
Rl

RT R2 R3 Rn
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and you'll find that X and D are the
same point insofar as the circuit is con-
cerned. The C-D path is therefore a paral-
lel one involving both resistances. The
true resistance is 500 ohms between C and
D; that’s what an chmmeter reads.

Consider -the E-F-X path. The two resis-
tors appear in series; but they’re not, be-
cause the jumper connection makes E and
X electrically the same point. So, any
current from E flows through both resis-
tances to reach F. The true path is E-F
(or F-E if you prefer). An ohmmeter at E
and F measures the combined resistance
of the two—combined in parallel, not in
series. The path from E to F measures 91
ohms.

Path G-H is fairly easy to see, now that
you're looking. The path is through three
parallel resistances. Points X and Y are
mere connections, and are the same (elec-
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trically) as point H. Combining the
three resistances by the parallel-resistance
formula, you can figure out the net re-
sistance of path G-H: 333 ohms. An ohm-
meter shows it to be around 330 ohms.

Whether it looks that way or not, path
J-K is a parallel path through three
branches. ), X, and Y are tied together
by several jumpers, and can all be con-
sidered point ). The net J-K resistance is
110 ohms.

The point of studying odd resistance
hookups like those in fig. 4 is that you
won't overlook a parallel connection just
because it isn’t obvious. In fact, many
you'll encounter in actual equipment are
even less obvious. Some are through com-
ponents not drawn with resistor or wire
symbols. In every case, keep in mind that
a parallel path, whether visible on the
schematic or not, always lowers the ohm-
meter reading to some value less than
the lowest value in any branch of the
parallel path. If you forget that fact, re-
sistance trouble shooting can be confus-
ing; remember it, and you can use the
technique to pin down some very elusive
faults.

series-parallel combinations

A combination of paths is what you'll
find most in equipment circuits. Some
parts form series resistance paths, and
some form parallel ones. You'll find them
in all kinds of arrangements. A few pos-
sibilities are sketched in fig. 5, just to give
you an idea.

In diagram A, paths A-B and C-D are
in series with two-branch parallel path
B-C. To know what resistance to expect
between A and D, you first calculate the
resistance of path B-C; that's 50 ohms.
With that settled, it's easy to figure the
rest: all paths are in series. A-B is 100
ohms, B-C is 50 ohms, and C-D is 100
ohms; the total is 250 ohms.

Fig. 5B is a little different. The paths
are complicated. The path from A to C
is made of two parallel branches, both of
which have several series resistances. To
find out what each branch should mea-
sure, solve one at a time. Path A-G totals
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2000 ohms. Path A-C totals 1000 ohms.
Points G and C are jumpered together,
so are the same point. Combining the re-
sistances of both parallel branches, you'll
find the resistance of path A-C should be
667 ohms; an ohmmeter connected to A
and C measures 660 or 670 ohms. The
whole path, of course, extends from A to
D. Combining path A-C with path C-D is
simple addition, since they’re in series.
Path A-D should measure slightly over 900
ohms.

Fig. 5C shows what you might find in a
real circuit. You can figure out what your
ohmmeter should measure from any con-
venient point to any other point. Suppose
F (and G) is ground; that's usually a good
place to clip one test lead. Path F-E
should measure about 10,000 ohms (10k),
because the G-D-E path is in parallel with
it. Path F-D should measure 7500 (30k in
parallel with 10k). The path from F to B
includes F-D in series with B-D and
should measure 8500 ohms. The F-C path
includes F-B as well as B-C and thus to-
tals 55.5k (47k plus 8.5k). From F to A
totals 9500 ohms or 9.5k; path B-C doesn’t
enter into the F-A path at all.

next month

You can see from all these diagrams
that trouble shooting by resistance mea-
surement is based entirely on figuring out
from the schematic diagram just what a
resistance path should be and then mea-
suring it with the ohmmeter. If the resis-
tance isn't what you expect, you isolate
the one that's wrong. There, you'll find the
trouble.

Principles alone aren’t enough to make
you feel at home with the resistance-mea-
surement technique. In the next column,
Ill show you some real trouble-chasing
with this method. I'll show you how to
track down parallel-series resistive paths,
and how to use resistance tests to pinpoint
specific parts troubles. By the time you're
through with this subject next month, you'll
know how to find faults in any kind of
ham equipment with no power applied at
all—the safest way you can troubleshoot.

ham radio
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no-radiation
no-hangover
28-mhz

familiar

Any amateur with  superregen-
erative receiver design is pretty well
aware of their inherent disadvantages.

Experienced hams tend to bypass this de-
sign altogether because of previous prob-
lems. Others simply ignore superregens
because they tend to emit spurious radia-
tions on other frequencies.

True, the circuit does have disadvan-
tages—rather non-selective tuning, hang-
over and radiation—but it still repre-

sents a simple approach if you're looking
for extremely good sensitivity at minimum

fig. 1. New type superregen-
erative circuit uses a diode.

I\
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expense. A look at the Heath Company’s
contributions on 28, 50 and 144 MHz in
years past can attest to the sensitivity
aspect. Now to cure some of the less de-
sirable features.

diode circuit eliminates radiation
After years of tinkering with superre-
generative receivers, Bell Laboratories re-
cently announced a major breakthrough:
the addition of a diode shown in fig. 1. This
diode eliminates the problems with hang-
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superregen receiver

over and radiation. While the selectivity
factor remains, it has been shown that
this simple addition promises better per-
formance than any previous designs.

Residual oscillations persisting in the
tank circuit of a superregen after active
oscillation ends produce the well-known
“hangover” effect—resulting in spurious re-
sponses and blocking action. Blocking in-
hibits detection because the receiver is
swamped by its own residual signal.

By simply shunting a germanium diode
across the tank coil, undesired energy is
immediately dissipated after the oscilla-
tion burst. This eliminates hangover ef-
fects during the remaining sensitivity pe-
riod of the decay slope. Note that the
diode is installed so it doesn’t affect the
necessary positive feedback.

damping action

The problem of overcoming superregen
radiation is also achieved by this diode-
insertion technique. The diode damping
action lowers the amplitude and signifi-
cantly shortens the duration of the radi-
ated pulse.

What happens to sensitivity? Since
barrier potential—about 0.2 volt with
germanium diodes—prevents conduction,
tank loading with respect to incoming
signals is also eliminated. Therefore, there
is no change in sensitivity.

The circuit shown in fig. 1 affords a
practical opportunity to experiment with
this technique. Any superregenerative re-
ceiver can be used, or you can start from
scratch. The receiver shown here covers
the 28-MHz band and is designed to
match 50-ohm lines. The regeneration
control should be adjusted just past the
point a “hiss” is detected in the speaker
output.

ham radio



TALK POWER
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COMPRESSOR

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

ALC capabilities.

The AutolLevel 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 batteries). 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 distertion — 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

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, Californin 984607

el: 415 — 451-7755

COLE ELECTRONICS SUPPLY COMPANY

335 South Bonner
Tyler, Texas 7
(214) LY-4-3545

COSTON ELECTRONIC DISTRIBUTORS
2345 Ferguson Road
Cincinnati, Ohio 45238
(513) 481-8555

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

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

GRAHAM ELECTRONICS SUPPLY, INC.
122 S, Senate Avenue
Indianapolis, Indiana 46225
Tel: 317 — 634-8486

HAM RADIO OUTLET
999 Howard Avenue
Burlingnme. California 94010
Tel: 415 — 342-5757

THE HAM SHACK (Tel-Appliance Center, Inc.)

1966 Hillview Street
Sarasota, Florida 33570
Tel: 813 — 055-7161

HENRY RADIO STORE
931 N. Euclid
Anaheim, California 92801
Tel: 714 — 772-5200
HENRY RADIO STORE
11240 West Olympic Blvd,
Los Am.ele! C ulJfr:m:n 80064
Tel: 213 — 477-6
L A AN&TEUR RRDID SUPPLY
23028 Artesin Blwd.
Redondo Beach, California 80278
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
dl4 Leo Street
Dayton, Ohio 45404
Tel: 513 — 224-0871
TYDINGS COMPANY
833 Liberty Avenue
Pittsburgh, Pennsylvania 15222
(412) 281-6640
UNIVERSAL SERVICE
114 North Third Street
Columbus, ()hnn 3"'
Tel: 614 — 22
VALLEY HAM SI‘MCK
4108 N, 389th Street
Phoenix, Arizona
Tel: 602 — 955-4850
WORLD RADIO LABORATORIES
3415 West Broadway
Council Bluffs, Towa 51501
(712) 328-1851

DEALERSHIPS AVAILABLE IN SOME AREAS — WRITE FOR FREE SPECIFICATION SHEET

Ravirack

21l SPRINGHILL DRIVE

Columbus, Ohio 43221

TELEPHONE 614/486-7090
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propagation

predictions for november

As | write this column in August, some un-
certainty exists about the trend of the pres-
ent sunspot cycle. If, as predicted by
the Zurich Observatory, the present cycle
reached its peak this summer, then iono-
spheric conditions this November will very
likely be similar to those experienced dur-
ing November 1967. On the other hand,
there is a 10% probability that the peak
may yet occur during 1969, and that the
muf’s may be significantly higher this fall
than last.

However, the smoothed sunspot number
may not be the best predictor of quiet
ionospheric conditions. The sunspot num-
ber must commonly used is the Wolf num-
ber, R, given by

R = k (10G + 9)

where G is the number of sunspot groups,
S is the number of observable individual
spots, and k is a correction factor to ac-
count for different observers’ characteris-
tics. Daily sunspot numbers, obtained from
the Swiss Federal Observatory at Zurich,
are averaged over each month to obtain a
monthly average sunspot number. The
daily sunspot numbers vary widely because
of the non-uniform distribution of sunspots
across the sun’s disk and its rotation (at
an average 27-day period).

The monthly sunspot numbers are then
smoothed by forming a running average
over 12 months to form the sunspot num-
bers used in ionospheric prediction studies.
Since the smoothed sunspot number is de-
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pendent on future observations, it can only
be determined six months after the fact.

Predicted sunspot numbers are formed by
extrapolating observed smoothed sunspot
numbers and comparisons with past sun-
spot cycles. The prediction process is not
particularly accurate. The National Bu-
reau of Standards underestimated the peak
of the last cycle by 50, and the 90% con-
fidence level for last month’s predicted
smoothed sunspot number was -+29.

What do sunspots have to do with the
jonosphere and why should present iono-
spheric conditions depend on anything that
is going to happen in the future? There is
no direct causal relation between sun-
spots and the solar radiations respon-
sible for the ionosphere—both are differ-
ent manifestations of solar activity. How-
ever, during the last two sunspot cycles a
case has been built for statistical relations
between the two.

A correlation between solar activity and
ionospheric behavior was found by the Na-
tional Bureau of Standards as early as
1936. In the same year, the first automatic
full-range (500 kHz to 16 MHz) ionospheric
sounder was used by the Carnegie Institu-
tion of Washington.

By the outbreak of World War I, iono-
spheric observations from only seven loca-
tions in the world were available to Allied
powers; by the end of the war, 43 stations
had been added, and ionospheric data was
being published monthly.l Thus world-wide
synoptic studies of ionospheric behavior have
only taken place since about 1943.



By 1946, enough data had been gathered
from soundings made at Washington, D.C,
Huancayo, Peru, and Watheroo, West Aus-
tralia to indicate linear statistical rela-
tionships between the ionospheric-layer
critical frequencies and the smoothed sun-
spot number.2 In general, the correlation
was not as good if monthly average sun-
spot numbers were used.

By 1961, data collected over cycle 19 in-

tion may not necessarily hold for future
cycles.

propagation during the month

No matter what the actual smoothed
sunspot number is for November, winter-
time conditions will soon be here. Twenty
meters will probably be closed most eve-
nings before midnight, and fifteen meters
will probably be closed within a couple of
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fig. 2. Maximum range to
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to absorption.

fig. 4. Maximum range to the east (top time scale)
and to the west (lower time scale) due to absorption.
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14 and 29 November 1867.

) g— tween 30 and 50 degrees North latitude.
" hver D= Nightime muf’s during November are ex-
i;,’,,’g&‘,,’..,_H pected to be significantly lower than dur-
Rt Ta ing October. Twenty, fifteen and ten will
oy N open later and close earlier as the month
\‘ progresses. Peak muf’s will occur closer to
, local noon.
] k| If the six-meter band has been open for
H \‘ single- or multi-hop F2-layer east-west
! &\ paths during October, six-meters may open
during November for two-hop paths be-
l ‘ \\ tween the West Coast and Japan and be-
\ \ tween the East Coast and Southern Europe
\\ N peaking at 0000Z and 1600Z respectively,
.y \ AN for about the same number of days. The
o, . ~ .
] \ predicted path muf for the two paths is
A Y \ only about 38 MHz. In any case, six-meter
o 2 % & 1© = w ¥ ®@ 20 zz 2+ openings from the southern half of the U.S.

to the south should be possible at least
20%o of the days of the month.

Fig. 1 is a time

chart of the predicted

4000-km F2-layer muf for November 1968.

Maximum range vs

hours of sunset. The greatest uncertainties 160 to 20 meters a

in this month’s predictions are in the day-

time muf’s. Daytime muf’s between 20 and these diagrams.

65 degrees North latitude are expected to
be significantly higher during November

than during October.
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1. To find the maximum usable frequency for
F2-layer propagation in any direction, read the
frequency at your control point on the muf
time chart. Your control point is 1200 miles
away from your station in the direction of prop-
agation, about 18 degrees difference in latitude
for a north-south path, or 1': hours difference
in time for an east-west path. To help you find
the control point, a control-point circle has
been drawn on the muf chart, centered on noon
and 38 degrees N latitude. An overlay of this
circle may be made on plastic or transparent
paper and shifted so that the center of the circle
is at your latitude and local time. Greenwich
Mean Time may be used instead if you make an
arrow along the bottom of the overlay at a
time (your longitude in degrees W divided by
15) in hours to the right of center.

2. Over any particular path longer than 2500
miles, the path muf is the lower of your and
the other station's control-point muf. Curved
lines may be drawn on the overlay representing
the great circle path. The great circle path
may be found from a globe, a great circle chart
or curves in NBS publications.® 3 However,
this muf time chart (for a longitude of 90° W)
will be somewhat in error outside the range of
longitudes between 45° W and 135° W, and is
least representative of actual conditions be-
tween 0° and 180° E longitudes.

3. To find the maximum propagation distance
for 160, 80, 40 and 20 meters as limited by
ionospheric ahsorption and atmospheric noise,

how to use these propagation charts

refer to fig. 2, 3, 4, 5 or 6, depending on the
direction you wish to work. Note that the time
scales are reversed for westward propagation
in fig. 3, 4, and 5. These curves are based on
unity signal-to-noise ratio in a 6-kHz band-
width with 100 watts output power (equivalent to
90% copy with 100 watts CW or 800 watts ssb)
on 80 to 20 meters and s that power on 160
meters. The combined receiver and transmitter
antenna gains over an isotropic radiator are
—12 dB for 160 and 80 meters, 0 dB for 40 meters
and 112 dB for 20 meters. On 10 and 15 meters,
the communications range should not be limited
by absorption to less than one transit around
the earth, although marginal round-the-world
propagation will occur at times of minimum
range for opposite direction on 14 MHaz.

The maximum distance curves were derived
from consideration of atmospheric noise levels
(from CCIR report 322) and calculated path
1 at fixed distances in each direction from
38° N latitude. Only minor differences in maxi-
mum range would be noted due to change in
absorption for stations located between 26° N
and §0° N latitude. Somewhat greater day-
time ranges could be expected at more norther-
ly latitudes, and somewhat lesser daytime
ranges could be expected at more southerly
latitudes. The muf time charts were prepared
from basic propagation predictions published
monthly by the Institute for Telecommunications
Sciences (ITS), Boufder, Colotado and avail-
able through the U.S. Government Printing
Office.

for a frequency that is a given percent of
the layer muf. There are two curves, for
true heights of reflection of 110 km (E-re-
gion) and 300 km (F2-region). These curves
indicate the importance of good low-angle
coverage at frequencies near the muf.
They also indicate that if your horizon
is blocked, your muf will be lower than the
layer muf.

Unfortunately a time chart of muf
(2000) E is not available. It would indicate
noontime E-layer muf’'s of about 16 MHz
and night-time E-layer muf's of about 4
MHz. For frequencies below the E-layer
muf there is a screening angle given by the
110-km curve. Below this angle the F2-layer
is not illuminated, and paths longer than
2500 miles will have excessive attenuation.
Thus, for long paths and frequencies be-
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low the E-layer muf, there may be both an
upper and a lower limit to the angles
of elevation that are propagated. If the
screening angle is too high (depending on
the path length) there may be no propaga-
tion at any elevation angle with low
enough path loss.

references

1. S. Gladden, A History of Vertical-Incidence lon-
osphere Sounding at the National Bureau of Stand-
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1948, p. 60-61, 70.

3. K. Davies, “lonospheric Radio Propagation,’”’ Na-
tional Bureal of Standards Monograph 80, U.S. Gov-
ernment Printing Office, Washington, D.C., 1965, p.
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OUR OWN
PROFESSIONAL

STEREO-MONAURAL PHONES

Professionally Approved QUEMENT MODEL MT-2

Deluxe 20,000 Ohm/Volt VOM

COMPLETE WITH LEATHER CASE

INDUS

*

THOUSANDS OF THESE FINE
HAMS,

METERS 3OLD TO
EXPERIMENTERS, QOVERNMENT AND

TRIAL PLANTS

FABNERRBNERENY

$13.95

(A2 RS 28 sl R a

SHIPPED PREPAID USA

“§$25 VALUE”
QPH-1 8 OHMS —

$12.95

QPH-2 600 OHMS- $15.95

COMPLETE OUTHAIT

hed =itk

ADD

$1 FOR SHIPPING

PRODUCT
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SHIPPED PREPAID...
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MODEL
SWB-2

OUR MOST COPIED PRODUCT

"THOUSANDS SOLD™

MAY BE LEFT
1M LINE, UF
10 3000 WATTS

$15.95

ADD $1 POSTAGE

SW.R BRIDGEE

*MODEL SWH-2
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i
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# DUAL 100-MICROAMP
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®LOW INSERTION LOSS
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ADD $1 POSTAGE
Campact
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"ONE OF THE HOT-
TEST ITEMS WE
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» NEVER BEFORE
HAS A PRECISION
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AT SUCH A LOW PRICE.

ADD $2 POSTAGE GDM-3

SINCE 1933

PHONE AREA 408 294-0464 FAST SERVICE

QUEMENTS

1000 SOUTH BASC

OM AVE. SAN JOSE, CALIF. 95128

NOTICE: CALIFORNIA RESIDENTS INCLUDE 5 PERCENT' SALES TAX
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TYPE PERFECT CODE

TYPE PERFECT CODE

with the NEW
AUTOVOLT

ALPHACODER
Model AC-1

The new Autovolt Alphacoder,
AC-1, makes any letter or digit with
one stroke of your finger. You can
produce perfectly uniform code,
including preset letter-to-letter spac-
ing using the standard electric type-
writer keyboard of the AC-1.

It is only necessary to start a
letter, an automatic electronic latch

will complete 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-2

A self-completing
automatic keyer featuring

« Instant letter start
+ Both dot and dash memories
+ lambatic output

The instant letter start frees you from the
frustration of synchronizing yourself with a
pulse stream when starting a new letter. The
AC-2 starts immediately when you hit the first
contact.

The memories allow you to “read in" one
dot or dash ahead and still produce perfect
code. In practice, it's best to aim a little
ahead, but less than the full amount possible.
Then the memories will absorb timing errors
in either direction.

The iambatic output (+—s—. etc.) is gener-
ated when you close both contacts of a dual
addle key. This enables you to make many
Fettars by a single educated squeeze of the
paddles.

If you use a single lever key the Memokey
will function perfectly in that mode. The

MEMOKEY, MK-1 $65.00

All of the units described are of solid state desi
t t flexibility in transmitter contro

ts" for gr

motions that operate a non-memory keyer will
also operate a Memokey. Similarly with the
instant start. Later on, you may want to get
a dual paddle key and try squeeze keying.
The price of the Memokey has been made
competitive by wusing the more efficient cir-
cuitry that made the Alphacoder, AC-1, prac-
tical. The ability of the Memokey to cover
all bases makes it a best buy.

The MK-2 has a built in sidetone with loud-
speaker output and a built in power supply to
operate it from the 117 V. 60 Hz line.

If you already have a sidetone system, you
can obtain identical results from the MK-1,
which omits the sidetone and runs from B8
penlite cells. This is practical because the
novel circuitry of the MK-1 uses only 7 ma,
key "up" and 40 ma. keyed. It's in the same
attractive enclosure as the MK-2.

MEK-2 $85.00

fn. They include a reed-type relay with “floating

All prices FOB Boston, Mass. 25% with COD orders, please
To order or for further amplification of details write

AUTOVOLT,

68 RicimMonND RD., BELMONT, Mass. 02178 .

78 [ november 1968

INC.

484-4954




NEW FET SIX METER CONVERTER

AMTINNA mEcEIvER OSEILLATOR

a 0 \. h...

—Horizon. 1

Low moisE 38 TR CONVERTIR

o |,

The Horizon V1 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

Freq. ranget 50 — 54 MHz; I.F. outputt 14 — 18 MHz; Input impedance: S0 ohms; Output impedance: 50 ohms;
Noise figure: 3 dB typical; Goln: 15dB nominal; One 36 MHz crystal installed; Built-in power supplyt 115 volts
AC; Weight: 18 ounces; Dimensions: L-64"" x W-33%"" x D-2""; Price: $59.95.
AUTHORIZED DEALERS (listed alphabetically)
RML}TEUII ELECTRONIC SUPPLY HENRY MDID STORE

8 W, Fond du Lac Avenue 931 N. Euclid
Milwaukee, Wisconsin 53216 Ann 1, California 92801
Tel: 414 — 442-4200 Tel: 714 — 772-9200

AMRAD SUPPLY, INC. HENRY RADIO STORE
3425 Balhoa Street 11240 West Olympic Blvd
San Fr-m-:nw. California 94121 Las .Anu-l California 90064
Tel: 415 — 751-4661 Tel: 213 — 477-6701
amun SUPPLY, INC. L. A. AMATEUR RADIO SUPPLY
025 Harrison Street 23028 Artesia Blvd.

(}.uk land, Califc 4007 Redondo Beach, California 80278
Tel: 415 — 451 ED MOORY WHOLESALE RADIO

COI.E ELECTRONICS UPPLY COMPANY Box 506 -

35 South Bonner De Witt, Arkansas

Tel: 501 — WH 6-2820
L PIONEER-STANDARD ELECTRONICS, INC.
COSTON ELECTRONIC DISTRIBUTORS 5404 Prospect Avenue

2345 Ferguson Road Cleveland, Ohio 44103

Cincinnati, Ohio 45238 Tel: 216 — 432-0010

(513) 481-8555 PIONEER-STANDARD ELECTRONICS, INC.

ELECTRONIC CENTER, INC. SHEPCO ELECTRONICS DIVISION
107 3rd Ave. North .l‘l-l Len Street |
\lm:;r ap ilis, Minnesota Dayton, nhﬂ',, 45404
Tel: 612 — 338-5881 Tel: 513 — 224-0871

TYDINGS COMPANY
933 Liberts Avenue

EVANSVILLE AMATEUR RADIO SUPPLY
1311 North Fulton Ave.
Evansville, Indians 47710
GRAHAM ELECTRONICS SUPPLY, INC.
122 5. Senate Avenue
Indianapalis, Indiann 46225
Tel: 317 — 634-8B486
HAM RADIO OUTLET
999 Howard Avenue
Burlingame, California 94010
Tel: 415 — 342-5757

Pittsburgh, Pennsylvania 15222
(412) 251-6640
UNIVERSAL SERVICE
114 North Third Street
Columbus, Ohin 43215
Tel: 614 — 221-2335
VALLEY HAM SHACK
4109 N. 39th Street
Phornix, Arizons
Tel: 602 - 955-4850

THE HAM SHACK (Tel-Appliance Center, Inc.) WORLD RADIO LABORATORIES
1966 Hillview Street 1415 Weat Broadway
Sarasota, Florida 33579 Council Bluffs, lowa 51501
Tel: 813 — 855-T161 (T12) 328-185

DEALERSHIPS AVAILABLE IN SOME AREAS — WRITE FOR FREE SPECIFICATION SHEET

Rﬁﬂﬁﬁa{_i_

Columbus, Ohio 43221

TELEPHONE &14/486-7090

2Ill SPRINGHILL DRIVE
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The new SWAN 500-C
5 band, 520 Watt
SSB-AM-CW TRANSCEIVER

The new Swan 500C offers you
higher power, improved styling, and
many new deluxe features, yet main-
tains the same high standards of
performance, rugged reliability and
craftsmanship that have become the
trademark of the Swan Line. Backed
by a full year warranty and a service
policy second to none, we feel the
Swan 500C will establish a new
standard of value for the industry.

$520

117XC Matching AC supply with |pulur 105
14-117 12 VDC Mobile Supply .. .. . :

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

RECONDITIONED USED GEAR:
FULLY GUARANTEED

GALAXY
V Mk2 with AC/PS (Near New] . $395.00
V (No P/S) e o 325.00
Deluxe Console (I.Ised) 5 $ 75.00
DRAKE
2C and Xtal Cal. (New) . . $210.00
HAMMARLUND
HQ-170 (Used) . . $175.00

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

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

@({?Mﬂ WATEug
ELECTRONICS

Phone CE 56387

THE COMPLETE HAM STORE"
927 NW. 15t Oklahoma City, Oklahoma 71106

“"WE TAKE TRADE-INS ON ALL LINES OF NEW EQUIPMENT
TWO-WAY RADIOS - SALES « SERVICE » INSTALLATIONS

80 [ november 1968

radu;he

communication
handbook

Radio Society of Great Britain Publisher

A brand new edition of this famous
handbook now availoble in the U.S.A.
Enlarged over 50% to cover virtually
every aspect of amateur radio. Ne
ham can afford to be without it.

832 pages Hardbound
postpaid in U.S. and Canada 11.95
RSGB is the British equivalent of ARRL
and is well known for its many excel-
lent t radio publications—most
are available from us.

To order the Amateur Radic Hand-
book and for information on other
RSGB publications write today to:

BOOK DIVISION

comtec
BOX 592
AMHERST, N. H. 03048
dealer inquiries invited



“THE BEST IN THE WEST”

L. A. AMATEUR RADIO SUPPLY

2302-B ARTESIA BOULEVARD
REDONDO BEACH, CALIFORNIA 90278
Phone: 376-4455 BILL OGG, Manager

'""HAM AND CB SPECIALISTS"

GRAND OPENING - NOVEMBER 1 and 2

“FREE COFFEE"

PRIZES
(1) GALAXY V MK Il
(2) HY-GAIN ANTENNA
(3) PACE C.B. RIG
AND MORE!

We're ready to deal! Write or stop by for the best deal anywhere on
any new and used equipment. Complete stock of Drake, Galaxy,
Swan, Hy-Gain, Mosley and many more.

NOW TWO LOCATIONS TO SERVE YOU BETTER

In the Midwest — EVANSVILLE AMATEUR RADIO SUPPLY
1311 N. Fulton Avenue, Evansville, Ind. — James Ogg, Manager

“SATISFIED CUSTOMERS ARE OUR BEST ADS”
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NOT FOR THE NOVICE

et

THE FT ox 400 “FULL HOUSE”

Conservatively rated at 500 watts PEP on all bands
80 through 10 the FT dx 400 combines high
power with the hottest receiving section of any
transceiver available today. In a few short months
the Yaesu FT dx 400 has become the pace setter
in the amateur field.

FEATURES: Built-in power supply * Built-in VOX
* Built-in dual calibrators (25 and 100 KHz) * Built-in
Clarifier (off-set tuning) + All crystals furnished 80
through the complete 10 meter band « Provision
for 4 crystal-controlled channels within the ama-
teur bands * Provision for 3 additional receive
bands +« Break-in CW with sidetone « Automatic
dual acting noise limited * and a sharp 2.3 KHz
Crystal lattice filter with an optimum SSB shape
factor of 1.66 to 1.

Design features include double conversion system
for both transmit and receive functions resulting
in, drift free operation, high sensitivity and image
rejection » Switch selected metering « The FT dx 400
utilizes 18 tubes and 42 silicon semi-conductors in

CLARIFIER

SELECT
M1 CHE
TEXT, S CH]

FUNCTION
cai zswe, MY won
CAL 100RE, T
ofF - +vou
—

CLARIFIER CONTROL — Does the work
of an external VFO — allows operator
to vary receive frequency 10KHZ from
transmit frequency, or may be used as
an extra VFO combining transmit and
receive functions.

SELECT CONTROL — Offers option of
internal or outboard VFO and crystal
positions for convenient preset channel
operation.

FUNCTION CONTROL—Selects crystal
calibration marker frequency and de-
sired transmit mode of operation.

G S P ECT R O N I C S BOX 356, LOS ALAMITOS, CALIFORNIA 90720

— PROFESSIONAL EQUIPMENT FOR THE AMATEUR —

hybrid circuits designed to optimize the natural
advantages of both tubes and transistors + Plane-
tary gear tuning dial cover 500 KHz in 1 KHz
increments + Glass-epoxy circuit boards « Final
amplifier uses the popular 6KD6 tubes.

This imported desk top transceiver is beautifully
styled with non-specular chrome front panel, back
lighted dials, and heavy steel cabinet finished in
functional blue-gray. The low cost, matching
SP-400 Speaker is all that is needed to complete
that professional station look.

SPECIFICATIONS: Maximum input: 500 W PEP
SSB, 440 W Cw, 125 W AM. Sensitivity: 0.5 uv,
S/N 20 db. Selectivity: 2.3 KHz (6 db down), 3.7
KHz (55 db down). Carrier suppression: more than
40 db down. Sideband suppression: more than 50
db down at 1 KHz. Frequency range: 3.5 to 4, 7
to 7.5, 14 to 14.5, 21 to 21.5, 28 to 30 (mega-
hertz). Frequency stability: Less than 100 Hz drift
in any 30 minute period after warm up.

FT px 400 $599.95 — SP-400 $14.95



B RATES Commercial Ads 25¢ per
word; non-commercial ads 10¢ per word
payable in advance. No cash discounts
or agency commissions allowed.

I COPY No special layout or arrange-
ments available. Material should be type-
written or clearly printed and must in-
clude full name and address. We reserve
the right to reject unsuitable copy. Ham
Radio can not check out each advertiser
and thus cannot be held responsible for
claims made. Liability for correctness of
material limited to corrected ad in next
available issue. Deadline is 15th of
second preceeding month.

H SEND MATERIAL TO: Flea Market,
Ham Radio, Greenville, N. H. 03048.

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 K4NMT, Box 19BR, Gallatin,
Tennessee 37066.

WANTED: Collins PTO type 399C1.
and condition first letter. All
J. Fisk, WIDTY, Box 138,

Please state price
inquiries answered.
Rindge, N. H. 03461

PROBLEMS? Send them to J—J Electronics Commu-
nications Specialists — Complete Amateur Servicing
— Kits Wired. Canterbury, Conn. 06331.

STOLEN: KWM-2 Transceiver #10185 and Collins
MM-2 Microphone. Reward for information leading to
arrest and conviction of thief and/or return of pro-
perty. J. D. Muff, WASDGR, 5475 Jackwood, Houston,
Texas 77035.

COMPLETE TECHNICAL GUIDE to amateur radio.
RADIO COMMUNICATION HANDBOOK by Radio
Society of Great Britain. 832 pages — $11.95 from
Comtec, Box 592, Amherst, N. H. 03031.

75A4 FOR SALE: Like new condition.
N. Konos, WILMP, 8% Summit Ave.,
01970.

$350 cash.
Salem, Mass.

FREQUENCY COUNTERS:
tioning HP524B. $200, won't
August Ave., Baltimore, Md. 21222

Good HP524A, malfunc-
ship. K3SvC, 1889

WANTED ANTIQUE RADIOS, Catalogs, Tubes. Send
model, price, condition. Farrell, 2252 Dixie, Pontiac,
Mich. 48055.

TEXOMA RADIO AMATEURS HAMARAMA on the 15th,
16th and 17th of November at Lake Texoma Lodge
near Kingston, Oklahoma. Technical discussions, swap
and shop, mobile hunt. For details write WSNT, Lake
Texoma Loduge, Kingston, Okla. 73439.

NOW!:

W T W'EST

The time proven
B-24 4-Band an-
tenna combines
maximum effi-
ciency and com- |
pact design teo
S rmwdn an excel-

Patented

Bands 6:10.15:20 Meters fent antenna
= where space isa

Power Rating 200{! Watts P.E.P. factor. New end B

El Lenglh ll loading for max-

1 = oy —————— imum radiation
T""“ Radius 7" __ efficiency. No
Total Weight 11 Ibs, - center loading.
Slngll Feed Line 52 ohm _ Model B-24
SWR at | Rcsonlnl:e 1.5 to 1.0 ma: Net 55955

MULTIBAND COAXIAL ANTENNA
for 6-10-15-20 METERS 1

Needs no ground plane radials. Full elecrical
1% wave on each band. Excellent quality
construction. Mount mﬂl inexpensive

TV hard

&
nt

T e I T T YELE = oy Sl
------------------

Power Rating 2000 wall_ls PLEP.

Total Weight 5 Ibs. .

Height 11’ - Lt
Single Feed Line 52 ohm

SWR at Resonance 1.5 to 1.0 max. @

Model C4 Net $34.95 :

RV T T S - e v T T T W nd

Free Delivery On

“MINI BEAMS”
From

QUEMENT
1 ELECTRONICS |

1000 SOUTH BASCOM AVE.

SAN JOSE, CALIFORNIA l
1 os128 I
JPHONE 294-0464 SINCE 1933
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New Readers

WE'VE BEEN LOOKING
For YOU!

we hope you've been looking for

ham

radio

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’ o magazine, greenville, new hampshire 03048

Please enter my subscription to Ham Radio as checked below.
My check or money order is enclosed.
[0 One Year $5.00
0 Vd like one year free.
Here is $10.00 for 3 years.

Name.......oinnn, bt s R e s e Call......oooeeo.....

AAUIPESS...............oooooooeooeoooeeeee sttt s 3805t tbeRomrE 00
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HEY! HOW A

S.W.R. BRIDGE

® MODEL SWB-2

® READS FORWARD AND
‘REFLECTED POWER
SIMULTANEOUSLY

® "EASY READ" METERS

® USE FOR REFERENCE
POWER METER

® DUAL 100-MICROAMP
METER MOVEMENTS

® LOW INSERTION LOSS

® S|ZE-5"X2"X2"

$15.95

THE BEST
i VALUE WE
icans & v HAVE
oty EVER
OFFERED!

BOUT THAT

MAY BE LEFT
IN LINE, UP
TO 2000 WATTS

GOOD THROUGH
2 METERS

SINCE 1933

il 1000 SOUTH BASCOM AVENUE

FAST SERVICE

QUEMENT ELECTRONICS

Phone CY 4-0464

K

[

SAN JOSE, CALIFORNIA g
95128

“Northern California’s Most Complete Ham Store”

WE PAY CASH FOR TUBES

LEWISPAUL ELECTRONICS INC.
303 W. Crescent Avenue
Allendale, New Jersey 07401

ALL-BAND ANTENNA CONNECTOR

HYE-QUE | molded connector has
eyelets for securing antenna elements,
heavy copper leads. coax 1'L259 con-
neetor for feedline, and tle-point for
antenna  support. Drip-cap  protects
connector, Helnforced. At your deal-
er's, or $2.95 postpd. Companion in-
sulators, 2 for 99¢ ppd. Instructions
included

P.0. Box 97H. Ramona. Calif. 92065

BUDWIG MFG. CO.,

Pe

— with a MATERIAL DIFFERENCE!

Use, is one of the most dependable
testimonials of endorsement, and Telrex
products are in use in 139 Lands

COMMUNICATION

‘‘Beamed-Power”’ANTENNAS,“BALUNS”

. V. KITS and ROTATOR SYSTEMS!

Most Technically-Perfected, Finest Communication
Arrays in the World! Precision-Tuned-Matched

and "Balun" Fed for “Balanced-Pattern™ to assure
“TOP-MAN-ON-THE-FREQUENCY"" Results

Enjoy World renown TELREX performance, value
and  durability!
pricing catalog, describing professionally engineered
communication antenna systems, rotator-selsyn-indi-
cator-systems, “Baluns”, LV, Kits, Towers, “"Mono-

Send for PL68 tech. data and

le”, “Big-Berthas”, accessories, ete. ete.

—

Communication
Engineering

I re Laboratories

ASBURY PARK, NEW JERSEY 07712, U.S.A.

SYSTEMS
SINCE 1921
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| THE
- FIRST ISSUE

MARCH, 1968
| OF
ham

radio

IS AGAIN AVAILABLE

JE— [

o hamphesm bobmad B suiites

| T
||__

Because of the many requests received,
we have just printed 5,000 more copies
of our first issue. Available today for
75 cents postpaid from

HAM RADIO MAGAZINE
GREENVILLE, N. H. 03048

*

If you are not a subscriber we will be

glad to start your subscription with the

first issue, giving you all available back
| issues of HAM RADIO.

NOISE BLANKER

FOR THE SWAN 250

Westcom Engineering is now offering the TNB
Noise Blanker in a version specifically designed
for use with the Swan 250 transceiver.

The TNB-250 Moise Blanker effectively sup-
presses noise generated by auto ignitions,
appliances, power lines, etc.,, permitting the
recovery of weak DX and scatter signals norm-
ally lost in noise.

Features include modern solid state design
techniques utilizing dual-gate MOS FET transis-
tors and two stages of IF noise clipping for the
efficient removal of impulse noise at the trans-
ceiver IF frequency. The use of MOS FETs and
a special gain controlled amplifier circuit pro-
vide excellent cross-modulation characteristic in
strong signal locations.

TNB-250 shown installed
on Swan 250 by means of
the pre-punch accessory
holes.

TNB-250 $29.95 ppd.
(Priced well below that of
a VOX accessory. Can you
afford not to have one?)

Model TNB Noise Blanker, designed to operate
with VHF converters by connecting in the coax
between converter and receiver.

Choice of 12-18, 100-140,
or 125.160 VDC, RCA
phono or BNC connectors.
Specify for 40, 20, or 10
meter converter output.

Model TNB $29.95 ppd.

Refer to the New Products column
August ‘68 issue of
additional information on the

Blanker or write for

of the
Ham Radio Magazine for

TNB Noise
technical brochure.

C.0.D. orders
California resi-

Prepaid orders shipped postpaid.
accepted with $5.00 deposit.
dents add sales tax.

All products are warranted for one year and

offered on a satisfaction guaranteed or return
basis.

WESTCOM ENGINEERING COMPANY
P. O. Box 1504 San Diego, Cal. 92112
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MOTOR KITS

FOR THE HAND WINDERS
FITS ANY CRANK UP TOWER
COMPLETE WITH WATERPROOF MOTOR

$199.95
Without Motor $129.95
HYGAIN — MOSLEY — NEW-TRONICS
TRISTAO — MYLAR ROPE — TIMES COAX

Write for latest catalog

ANTENNA MART

BOX 7, RIPPEY, IOWA 50235
Telephone 2279




FOR THAT
([}

YOU NEED THE
BTI LK-2000

LINEAR
AMPLIFIER

For SSB, CW, RTTY
Maximun legal input
Full loading 80-10M
Rugged Eimac 3-1000Z
Dependable operation
Easy to load and tune
No flattopping with ALC
Distinguished console
Instant transmit
High efficiency circuit
Designed for safety
Fast band switching
Real signal impact

Price....$79500

READY TO OPERATE!

-
Listen for the hundreds of
LK-2000 linears now on the
air and judge for yourself.
Write for free illustrated
brochure or send $1.00 for
technical and instruction
manual.

BTI AMATEUR DIVISION

Hafstrom Technical Products
4616 Santa Fe, San Diego, Ca. 92109

NEW FROM PALOMAR

HERTZ FINDER

Only
$37.50

® Crystal controlled secondary frequency
standard.

* Generates both 100-KHz and 10-KHz mark-
ers.

® 100-KHz to 30-MHz adjustable to .0001 % .

* Send QSL or postcard for free brochure.

PALOMAR

ENGINEERS
BOX 455, ESCONDIDO, CA 92025

W2AU BALUN LETS ENTIRE
ANTENNA RADIATE!

o BE_yun
-
HUOLP .
.
-
e .
RO .
L
.

- IS THE MOST
PIECE OF GEAR YOU OWN.

STOP WASTING YOUR SIGNAL!
REMEMBER, YOUR ANTENNA

IMPORTANT

Mo Radiation from Coax
No Center Insulator Needed
Perfect for Inverted VYees
(Use Hang-up Hook)

Built-in Lightning arrester
Broad-Band 3 to 40 Mc.
Tokes Legal Power Limit
Two Modaels:

1:1 50 ohm coax to 50 ohm
balanced

4:1 75 ohm coax to 300 ochm
balanced

A must for Inverted Vees,
Doublets, Quads, Yogis and
Multiple Dipoles.

$12.95 E*
®

W2AU Complete pretuned Fiberglas Quad

W2AU Complete pretuned Vinyl Quad.......... $64.95

UNADILLA RADIATION PRODUCTS
Unadilla, New York 13849

FR
ONE

EE!
YEAR

OF
ham

radio

A one year suscription is $5.00. |

Take a three year subscription for

$10.00 and you

for nothing.

get the last year

*

HAM RADIO MAGAZINE

GREENVILLE,

N. H. 03048

L ——
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SILICON RECT]FIER AND HﬂT SINK
ASSEMBLY

4 for $2.50
/ This s by far the best recti-
. .. fier deal we have ever offer-

4 ed. Four heat sinks each

«'t . tontaining two Motorola or

-, Delco  IN3661 25 ampere

200 PIV rectifiers. These are

not factory rejects but un-

used termination material. With the

four assemblies containing eight (B)

diodes you can make either one 50

ampere bridge, two 25 AMP hridges or

four 25 ﬂMﬁ full wave center ?ed
rectifiers. Comp, w/inst, 4SRHS $2.50P

NICKEL CADMIUM BATTERIES. NiCad

battery pack wilh

output of 12 wolts

DC. Made wp of 10

cells in stainless

steel container

Makes a nice pl;r»

VERRRRY )
INTEIR-RESTING

D. C. to 400 CYCLE POWER SUPPLY KIT

This is an indispensable item

if you want to run Gov't

Surplus aircralt or missile

electronics. It will convert

12vDC or 6VDC to 110

volts, 400 cycle 35 watts.

The kit includes a high qual-

ity potted transformer, transistors, re-

sistors, diodes and instructions. No

hardware or cabinet is provided. The

output waveform is square, rather than
idal, but our experience has been

table [ab power source or ¢ i or
running portable TV or marine accessories
apart from your regular battery. 10 Amp
Hour rating. Other sizes available. Sw.
Wt. 5 Ib, 12VNCB $19.50

CLOCK TIMER by TELECHRON. This is
a brand new clock-
radio timer with all
the latest features.
Has a built-in alarm
which also closes a
switch, and may be

set at any desired time from the front.

This switch closes contacts which could

start a radio, coffee pot, etc. There is a

sleep switch and other control switches.

Measures 7" x 512", with luminous hand

and dial. Power nn v ac m cps.

CLOSEOUT T $3.00 P.P.

B &F ENTERPRISES

GOV'T SURPLUS *+ ELECTRONIC - OPTICAL -

that this will not make any difference since
military equip, is insensitive to waveform
distortion. Wt. 3 |b. 400 Hz P.S. $3.50.
5.5 RPM PERMANENT MAGNET MOTOR.
Gov't Cost $130.00

55 R.P.M, Perman-

ent Magnet Motor -

Reversible, continuous

duty, Ball Bearing

various mfg. — Globe, etc. A planetary
gear reduction motor with a 10 oz. in.
torque. Motor will efficiently operate
with input varying between 3 VDC & 35
VOC producing an output speed between
3 & 55 RPM. Motor will serve many
useful functions as telescope drives, turn-
tables, and other slow speed drives. Dim:
1-3/8 dia, x 3.5/16 LG, Shaft Dim:
5/16 dia. 1/2 1g. G.M.D.C. $4.50 P.P.

TELETYPE SPECIAL — GOV'T SURPLUS
101 New packaged spare parts for
models 14, 15 and 19 teletypes. Over
40 different items include cams, balls,
reels, covers, springs, type, key ta . el:‘
Government cost over 8906 first
part used will cover the :usl. of the kit
and you will have the added advantage
being back in operation immediately. This
is one of our most popwar items. Price:
$5.90 plus postage (include $1.00 east
of Miss., $2.00 west).
GYROSCOPE - WORLD WAR 11 FAMOUS
Drift Meter Gyro — Use it
as a Camera Stablizer or for
a Science Fair project —
Has a high momentum. Gyro
Wheel 4'' Dia, & turns @
11,500 R.PM. AC. input
110V @ 400 Hz, but will
run on 12 VDC with a 400 Hz. Power
Supply. A similar Gyroscope Camera Stab-
ilizer is sold at over $800.00 in large
Camera stores. Has on-off switch & a
cageing provision to lock movement when
required. Has a machined mount to at-
tach to item to be stabilized. Power Sup-
ply Kit for this wnit $2.50 when sold
with Gyro. Wt. 10 Ib 4K Gzro $7.50
Power Supply — P.S. Gyro
TRANSISTOR IGNITION SYSTEM
Special Close-out Buy DUAL-

7 "m | TRANSISTOR IGNITION
i.-&,-__. SYSTEM made to sell for

$39.95. Easy to install with
A 5 fully wired harness to all
,ll;] components. For easier start-
- ing, longer lasting points and
plugs, due to higher iginition voltage.
Brand new w/instructions. Makes an

ideai gift. (Postage $1.00 east of Miss.,
$2.00 West.) DTIS $10.00

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

MECHANICAL

Send for our most unusual 68 Page Catalog of Surplus Bargains 25¢, free with an order. P.P. — Postage Paid

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 Volt Supply . + . . $44.95

Write for complete details & FREE SHREW Patch
Communications Division
GAUTHIER INDUSTRIES

P. 0. Box 2
Lynwood, CIlifomll 90262

Dealer Inquiries Invited

Fundamental frequencies in FT-243 holders. Pin size .093
in., spacing 486 in. Tolerance .03% measured in oscil
lator with 32 mmid. capacity.
B0 meters 37053745 ke. $1.75 ea.
40 meters 71557195 ke,  1.25 ea.
15 meters 7034-7082 kc.
2 meters BOS6-8166 kc. .
Add for postage and handling per crystal: Be first class;
12¢ airmail. Specily frequency desired and nearest avail
able will be sent. Other frequencies in stock. Send for
free List. Satisfaction guaranteed

= S S

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 quote fast
too. We also pay for shipping, insurance, etc.
You call fast, now, collect, for fast quote
SPACE ELECTRONICS

div. of MILITARY ELECTRONICS CORP.

11 Summit Ave,, East Paterson, N. J. 07407, (201) 791-5050
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KEEP UP TO
DATE ON
YOUR DXING

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
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LET W3KT
FORWARD YOUR
DX QSLS

&allbook

GET YOUR NEW

pin the thousands of satisfied hams who have

been using this service for the past seven —c‘é\\boo 099!583,000 QTHs
years. During 1967 alone, over 200,000 QSLs , -“. ““, in the U.S. edition
were forwarded to DX stations. This is a DELUXE “*’ $6.95

—

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-
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.

gemember your QSL is a personal message.
Therefore W3KT sends it by FIRST CLASS MAIL

Over 135,000 QTHs
in the DX edition
$4.95

See your favorite dealer or
order direct (add 25¢ for
mailing in U.S., Possessions
These valuable EXTRA features & Canada. Elsewhere add
included in both editions! 50¢)

QSL Managers Around the o Radio Amateurs’ Prefixes
World! by Countries!
« Census of Radio Amateurs e AR.R.L. Phonetic Alphabet!
1
throughout the world! e Where To Buy!
-
-

Radio Amateurs’ License

only. Class! Great Circle Bearings!
* World Prefix Map! International Postal
07he charge: Four cents per QSL, 30 cards per * International Radio Information!
dollar. NO MEMBERSHIP FEE. Amateur Prefixes * Plus much more!

SAVE TIME! SAVE MONEY!
W3KT QSL SERVICE

RD 1, Valley Hill Road Malvern, Penna. 19355
EeEEEEEEEEEEEEE

oR RADID &MATEUR
s allbook
( Dept. @ 4844 W, Fullerton Ave.
BROCHURE! & Chicago, IIl. 60639

REVIEWED IN MARCH, 1968 HAM RADIO

oscillator/monitor

® a sensitive broadband RF detector
gives audible tone signal in the
presence of any RF field from 10mw
tolkw and 100ks to 1000me
®a CWmonitor with positive RF
switeh uses only 8" pickup antenna
and NO connection to rig or key
®o code proctice oscillator with
adjustable tone & built in speaker
@ high gain 4 transistor cireult
powered by long life AA pencell ] 2

FEEEEEEEEEEEEEEEEEEEEEE@
&EEEEEEEEEEEEEEEEEEEEEE@

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,
TMB TRM, TED, SPA, SRT, CU. COMMERCML

iPMENT BY .ﬂR‘" BIHD 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

® 16 govuge aluminum cabinet in
wlulnl lack epoxy finish, 3 1s2"
by 2 Vs 174" welight B cunces send cert ck or m.o.
e100% U;mndc and guaranteed ny res add 5% tax

the James research company
11 schermerhorn st., brookl y. 11201

ppd usa kcan

BLEF ELECTRONICS
2412 NORTH HIGHWAY 301 N ELLENTON, FLoRiDA 33532 R
PHONE (813} 722 184

/ TEKRAD Mark V
OW: ANTENNA SYSTEM $3250 o

CHARACTERISTICS: The Tekrad Mark V .lnlenna system is ready

+ Large aperture for d y in compl bled units,
+ BO through 10 meters
ha th porting cords and
+ E tially feed impedance - Wide angle of radiation uulr w7 nf":p e Ll:lll ¢
. Balanced system for high efficiency  for constant hi-level signals
+ Balanced 450 ohm feed + A matching device is required -

+ Very light, minimum wind-resistance 50 ohm unbalanced to
» Omnidirectional 450 ohm balanced

r—
EKRAD, INC. <

PO. BOX 57
VALPARAISO, FLORIDA 32580
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POLICE « FIRE « MARINE

AIRCRAFT « AMATEUR CALLS

X LINE TUNAVERTERS!

VERSATILITY
CRYSTAL & TUNABLE — USABILITY

Turn your auto and

home radios into
excellent VHF re-
o ceivars
@A * Sensitive
{ * Selective
« Calibrated

mgoi
RO " .

A flip of the switch
for either variable

arovet == tuning or crystal
controlled opera-
tion,

THE BEST—CALIBRATED 6-1 TUNING—
PLUS —DRIFT FREE CRYSTAL CONTROL—
—COMPLETE INTERCHANGEABLE
CRYSTALS WITHIN BAND!!!!

e 9 volt btry powered. « 1 year guarantee on parts

& labor.
» Includes coax, mount & e Size—2": x 31 x 4%
SCrews. inches.
» New FET transistor os- ¢ American Made with

American Parts
Tunable & Crystal!

cillator & circuit
Models for AM & FM

BAND MODEL COVERS OUTPUT PRICE
CB&10M 273 X 26.9-30 mc 1500 ke
6 meters 504 X 50-54 me 1500 ke
2 melers 1450 X 144-150 me 1500 ke $32.95 ppd.
Police, fire, 348 X 33-48 mc 1500 kc
Marine 1564 X 150-164 mc 1500 ke Each
Aircraft 1828 X 118-128 mc 1500 ke Less Crystal
Models for AM & FM Tunable only
Marine 2.0-285 mc 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 9V.........$4.95 ppd.
Crystals—State Exact Listening Freq.........$5.10 ppd.

Order from: AIR MAIL add $.85 ea.

HERBERT SALCH & CO.
Woodsboro H, Texas 78393

Marketing Division
of Tompkins
Radio Products

For the largest US ATV magazine;
Technical reports & ATV directory
SEND $2 for a 1 year subscription
TO:

A5 MAGAIZINE

150 Delong Ave.,
Dumont, NJ 07628

e P

CONVENTION 69
ARRL NATIONAL
DES MOINES, IOWA
JUNE 20, 21, 22
P.0. Box 1051, 50311

B e

~PAYS . . . . CASHo
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 -
m BARRY ELECTRONICS
512 BROADWAY - NEW YORK, N. Y. 10012
212-WA 5-7000
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- - - THE BEST

2 METER
CONVERTER

Model 407
$34.95

144-146 MHz in. 28-30 MHz out
or 146-148 MHz with a second crystal

A full description of this fantastic converter
would fill this page, but you can take our word
for it (or those of hundreds of satisfied users)
that it's the best. The reason is simple — we use
three RCA dual gate MOSFETs, one bipolar, and
3 diodes in the best circuit ever. Still not con-

vinced? Then send for our free catalog and get
the full description, plus photos and even the
schematic.

Can't wait? Then send us a postal money order
for $34.95 and we'll rush the 407 out to you.
NOTE: The Model 407 is also available in any
frequency combination up to 450 MHz (some at
higher prices) as listed in our catalog. New York
City and State residents add local sales tax.

VANGUARD LABS

Dept. R, 196-23 Jamaica Ave., Hollis, N.Y. 11423

HIGHEST $ § PAID FOR TUBES

120 WEST 18th STREET

NEW YORK 10011 . 212-242.7400
Free Tube List

Eliminate “walking” and
increase your sending

speed.
&L

C-R
Key Kit

for Electronic
Keyers

$13.95

lowans add 3%
sales tax

With the new C-R Key Kit
you can increase your effi-
ciency by eliminating unwanted

“walking”, increase your signal strength and
enjoy continuous, trouble-free sending. The Key
comes in ready-to-assemble kit form requiring
only the simplest hand tools for assembly. Parts
include: heavy steel base with rubber feet,
finished in umber gray metallic — large silver
contacts — black bakelite knob and paddie —
other parts are nickel plated brass.

Order nowl Shipped ELECTRIC SPECIALTY
ostpaid in U.S.A. | MFG. COMPANY
heck or money order. P. O. Box 645
No COD’s please. Cedar Rapids, |A 52406




JOHN MESHNA JR.

19 ALLERTON S5T. LYNN, MASS. 01904

COMPUTER GRADE C.\PS
4,000 mfd at 50 volt  $1.00 ea., 12 for $10.00
6,500 mfd at 18 volt .. $1.00 ea., 12 for $10.00

60 WATT TRANSISTORS 80 VOLTS
From computer assemblies, board with 4 each
power transistors 2N1137B, 60 watt, 80 volt
PNP power . $1.25 per board

SUPER VALUE $2.50

Computer boards with 8 each 2N1137B power
transistors and mounting hardware, also in-
clude on the board, 4 each 10 volt zeners, 4
silicon diodes 1 amp 800 volt PIV, computer
grade cap 2000 mfd 65 volt Bourns trimpots,
precision resistors, etc. Complete assembly
like new Ship wgt. 3 Ib. $2.50

RF FILTER
From HAWK MISSILE termination contract.
Good for 5 amps, 600 volt, 10 cycles to 500
me, insertion loss 60 DB-plus, low pass pi-
network type, excellent as feed-thru filter in
converters, transmitters. Hermetically sealed
inside are 2 toroidal chokes and 4 low induct.
caps. #41102 $1.00 each, 6 for $5.00

PISTON CAPS
Corning glass, direct traverse type, min. Q at
max. C—500 at 50MC. 500 volt breakdown.
Capacitance range 1-8 vufd. Brand new mili-
tary surplus 3 for $1.00 or $3.00 per doz.

10ampTR|Acs

SALE lrnv

00 200
Sale 1.40 ’ 1.75 225 ' no]

VARACTOR SIMILAR TO MA4060A
Good for 40 watts at 432 MC, ea. tested in cir-
cuit, w/diagram for 432 MC tripler. $5.00 ea.

GEIGER COUNTER, MLTRY SURPLUS
like new with book, untested
SURPLUS SPECIAL $10.00

FACTORY NEW

INTEGRATED CIRCUITS

Manufacturer's name withheld, but you will

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

1.00 each or $1000 dozen

Buffer 900
Dual Input Gate . 2-903
Quad 2-Input Gate 2914
JK Flip Flop . 923
Dual JK Flip Flop 2923
Dual 2-Input Gate,

Dual Expander = 1-914, 1-925
Dual 2-Input Gate Expander 925

$10 TRANSISTOR IGNITION $10
Complete electronic 2 transistor dual ignition
system for cars, boats, trucks. Fully wired
harness, dual primary coil, instant changeover
from transistor to conventional or back. Neg.
ground, 6 or 12 volt system. Complete with
instructions, ready to install. Original price
$35. Now only $10.00 postpaid

IBM Memory Cores w/ spec sheet 200/1.10
Resistor - Mix 100 units 1/2 watt 100/1.10
Disc Ceramic Capacitors, mixed 100/1.10
2000 volt 1 amp diode ea/ .80
3000 volt 1 amp diode ea/l.20
Reed Switch miniature glass 6/1.10
Photo-Cell resistive type 2/1.10
Photo-Cell, generates electricity 2/1.10
Silicon Diodes

115, amp mixed voltages 15/1.10
Geiger Counter chassis, less tube 4.50
Infra Red viewing tube, see in dark,

w/specs 4.50

MESHNA WINTER CATALOG 1968-12 NOW OUT/
e FATTEST CATALOG YET

Send 25¢ handling and mailing charge
Super * Stupendous - Astounding - Bargains Galore
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# < DIODES¢ &

EVERY DIODE WE SELL IS CURVE
TRACED ON A SPECIAL TESTER. THIS
TESTER DRIVES 2 AMPS AVERAGE CUR-
RENT THROUGH THE UNIT IN THE FOR-
WARD DIRECTION WHILE THE REVERSE
LEAKAGE 1S MEASURED. (25 MICRO-
AMPS). THE OPERATOR EXAMINES THE
CURRENT-VOLTAGE PLOT OF EACH
DIODE ON AN OSCILLOSCOPE SCREEN.
WE FULLY GUARANTEE EVERY UNIT

Radio Amateurs
Reference Library
of Maps and Atlas

"i 5 .-'I?.
: i) "

WORLD PREFIX MAP — Full color, 40" x 28", shows
prefixes on each country . . DX zones, time zones,
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, Washington,
D.C., Miami, Seattle, San Francisco & Los Angeles,

postpaid $1.00
RADIO AMATEURS MAP OF NORTH AMERICA! Full
color, 30" x 25" —includes Central America 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 83," x 12" postpaid $2.00
Complete reference library of maps — set of 4 as listed
. postpaid $3.00
See your favorite dealer or order direct.

SOLD OR YOUR MONEY REFUNDED.

PIV TOP-HAT  EPOXY EPOXY :EHE.T
1.5 AMP 15 AMP 3 AMP 6 AMP

50 04 06 12 .15
100 06 .08 .16 .20
200 08 .10 . 25

12 a4

14 16

17 20 . ;
1000 20 .24 75

M. WEINSCHENKER K3DPJ

PO BOX 353
IRWIN, PA. 15642

FREE I|b°nklh[‘.
ELDICO SSB Adapter SBA.1 with book, converts any

BROCHURE! Dept, Q4844 W. Fullerton Ave.
Chicago, IIl. 60639
receiver with 455 ke IF to SSB; select either

upper or lower side band; in noat cabinet $127.50 . s » THE BEST
SiL :‘- RECT. 8000 PIV 45'0" Pair_$5.30
R-Z3/ARC-5 Cmd rcvr 190 g!n‘.ﬁ kc _§!p§ wt 91b 145-5 6 M E T E R

ARC, 12 #22 Cmd reve 540-1600 ke
CONVERTER

LM-14 freq. meter, .01% 125 kc-20 me. 15 Ib. 5?50
TS5-323/UR freq. meter 20-4B0 me. .001" 169.50

BC-221's K 57.50 15175 OK 125.00
CLOSING OUT Radio Receivers 38-4000 mc at CRAZY
LOW PRICES! Ask for APR-4Y/CV-253 sheet.

- : Compact version of R- . Tubes work on 24v
3A. Same digit tuning. W/pwr sply & book 525.00
WANTED: E&D LAB TEST EQUPT & MIL COMMUNIC.
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

Model 407
$34.95

50-52 MHz in. 28-30 MHz out
or 52-54 MHz with a second crystal.

Now A full description of this fantastic converter

ruu!d fll lhln: pugt‘[. I'I:Uldy“(lll Cﬂ;‘l tnkehrr;lur word
or it (or those o s tishi )
RAZOR SHARP CW that it's the h(c-:;. The ‘gn::n is"s1i|1!1r;3|‘t's - wueu\?sc
RECEPTION WITH

YOUR TRANSCEIVER!

three RCA dual gate MOSFETSs, one bipolar, and
3 diodes in the best circuit ever. Still not con-
vti::w;i?“ 'I‘"lhen send [urI our ‘:ree c:lln:]ﬂﬂ and S{hﬂ
- . the fu escription, plus photos and even the
WITH A ~© ﬁ//// CWFR—I schematic,
Between Your Headphones Can't wait? Then send us a postal money: order
% No Power Required And Your Rig for $34.95 and we'll rush the 407 out to you.
% Plugs Into Phone Jack REQUEST BROCHURE s]g 95 ]NOTE The Model 407 is also available in any

vency combination up to 450 MHz (some at
$ Il'?u' ll:ll'du:tlin':!.hn“ na““ Back er prices) as listed in our catalog. New York
% 2 to 4 Ohms In. 2K Out Uieantes Clt:.r and State residents add local sales tax.

VANGUARD LABS

353 Pattie
Dept. R, 196-23 Jamaica Ave., Hollis, N.Y. 11423

Wichita, Kans. 67211
(316) 267-3581

lLlo‘Tnonlq-.|~a<
-
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SAVE NOW ON ALL CRYSTALS
Stock Crystals — FT 243 Holders . . . . . 5 for $1.00
Frequencies 4035KC to 8650KC ~ minimum $2.00 per order
Stock Crystals — CRI/1AR Holders . . . . 5for$1.00
Frequencies 6000KC to 8590KC minimum $2.00 per order
Stock Crystals — FT 241 Holders . . . . . §5for$1.00
Frequencies Ch, 0-370, — 370KC to Ch. 389, — 540.277KC
minimum $2.00 fer order
Crystal Blanks — DC34 — 3/4x3/4 . . . . . 0¢ each
Frequencies 5000KC to 8000XC minimum $2.00 per order
Amateur Band Crystals — FT 243 Holders . , . 0¢ each
6 meters — 8334 to 8900KC

80 ters — 3701 to 3749KC
meters 2 meters — 8001 to 8221KC

40 meters — 7151 ta 7199KC
15 meters — 7034 to 7082KC
Marine Crystals — HC6/U — FT 243 — MC78 Holders
Frequencies 2009KC to 3193KC $1.50 ea. .005% Tol.
Collins MBF — CB Crystals — FT 243 Holders
11 meters — 4th Harmonic $1.50 ea. .005% Tol
NOTE: All crystals are tested and calibrated in an oscillator

having a 32MMFD. Guaranteed. X

Please specify frequencies desired and second choice.

Enclose check or money order — add 10¢ per crystal for post-

age and handling — No. C.0.D’s.

T L COMPANY
P. O. Box 1024 — Torrance, California 90505

e

[ LIBERTY PAYS MORE!!

WILL BUY FOR CASH — ALL TYPES
Electron Tubes Semiconductors Test Equipment
Military Etectronic 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

QUAD BARGAIN!
2 elements 3 Bands (10-15-20)
Single or Triple feed lines (Your Choice)
Top quality, fire hardened, and varnished
bamboo spreaders
Everything complete — $59.95 FOB
“ESSENTIALS" KIT
 Eight spreaders + 2 spiders
+ 8 x 8 x % Aluminum Center Plate

« Instruction booklet
Only $39.95

SKYLANE PRODUCTS

—

406 BON AIR AVENUE, TEMPLE TERRACE, FLA. 33617

SPACE PROBLEMS SOLVED WITH

VARIABLE FREQUENCY ANTENNAS
Send for Brochure

SHORTWAVE GUIDE

218-H GIFFORD ST., SYRACUSE, N. Y. 13202

we pav HIGHEST

PRICES FOR ELECTRON
TUBES AND SEMICONDUCTORS

H & L ASSOCIATES

ELIZABETHPORT INDUSTRIAL PARK
ELIZABETH, NEW JERSEY 07206
(201) 351-4200

————
FACTORY CLOSE-OUTS. BRAND

NEW. CURRENT PRODUCTION.
HALLICRAFTERS' WALKIE-TALKIES, TRANSCEIVERS

All most modern, solid states, modular construc-
tion, Originally for use by our military, AID
program, and foreign govemments. All are crystal
controlled (no crystals included); the Walkie~
Talkies require 8 size D cells (not included ).
Schematic, and minimum operating instructions,
chied from TM with each item.

HT-1 $67.50

Single channel, 30 to 40 MC, 1 watt, AM,
alkie-Talkie. !

HT-1AG . . . . . . $110.00
One channel, 30 to 40 MC, and 115 to 135
MC, 1 watt AM, Walki-Talkie.
TRS5 . $75.00

One channel, 30 to 40 MC, 5 watt, AM & CW
transceiver. 12V DC imput for mobile use.
TR-20 . . . . . . . .
One channel, 30 to 40 MC, 25 watt, AM
transceiver, 12v DC and 117v 60 cycle
AC imput, for mobile or fixed station,
SBT-20A . . . . . .
6 channel, 2 to 12 MC, 25 watt PEP, SSB
transceiver. 12v DC and 117v, 60 cycle
AC imput, for mobile or fixed station.
PA-20 . . . . . . . $75.00
117v 60 cycle AC power supply, to operate
above on 12v DC.
TR-35A . . . . . . $200.00
4 Channel, 2 to 9 MC, 35 watt, AM & CW
transceiver, With Tech. Manual. 12v DC
and 117v, 60 cycle AC imput, for mobile
or fixed station.
TR-35A, Rcvr module for above transceiver; $10.00
All on a printed circuit board, contains RF
stage, local oscillator, mixer, 2 IF stages,
audio detector, first audio amplifier, AG
amplifier, and squelch amplifier. Includes 3
Clevite Ceramic filters, two are 455 KC 4
KC band width band pass; 3rd is by-pass.
Less audio transformer. Schematic and pic-
ture, showing parts # from T. M.

CLOUGH-BRENGLE TEST SETS

Equal to highest priced, best advertised equip-
ment, on market. All full guaranteed to factory
specs. Includes instruction booklet, with schematic,
Descriptive literature, on request.

299.A . . $175.00

Signal generator, 5 bands, 100 KC to 32 MC.
Output controlled and metered, 1/2 to
100,000 micro-volts; interal modulation,
400 cycle, controlled and metered, 0-80%;
provision for external modulation. Max in-
accuracy 1/2%.

712 NAVY ZIM-11/U . . . $125.00
Resistance, capacity, inductance Bridge. 10
pf to 1100 mfd, 8 ranges; 100 micro-hen

to 110 henry, 6 ranges; 1 ohm to 1

meg-ohm, 7 ranges; insulation resistance,

200 to 10,000 mef-ohm, 2 ranges; turns

ratio .01 to 110, ranges. Built in 400

and 1000 oscillators. With Navy T.M.

1 . . . . . . . $75.00

Audio Oscillator, 20 cycles to 1 MC, 5 bands.
Very accurate, extremely stable, very, very
low distortion.

420 . . . . . . . $110.00

Audio oscillator, as above but with balanced
600 ohm output, output pad.

340 . . . $110.00

Transmission measuring set. 10 meg-ohm
imput impedance, 20 cycles to 1 X
Accuracy 3% full scale 20 cycle to 200
KC. 5% 200 KC to 1 MC. —60 to 432
DB; .001 to 300v; full seale. 4 1/27
square meter,

Quantities very limited — FIRST COME FIRST SERVED.

AN prices are NET, FOB our store, Chicago. All items are

subject to prior sﬂin, PLEASE include sufficient to cover

shipping costs, any excess remitted, returned with order.

Illinois deliveries, add 5% ta quated prices to cover ‘“‘sales

tax”, For 1968 “GOODIE SHEET" send SASE, PLEASE.

B C Electronics
Teleph 312 CAl t 5-2235

41

2333 S. Michigan Ave. Chicago, lllinois 60616
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-ARRAY

NEW 20 ELEMENT

ANTENNAS
‘\<Fr
N

OPTIMUM FRONT (OBE X

\ §

DIRECT 52 OHM FEED

STACKAB!J\

FOR
144 mhz 220 mhz 432 mhz

A breakthrough in VHF/UHF Amateur antennasi
The new Cush Craft DX-Arrays combine the best
yagi and colinear features into the World’s most
advanced amateur communication antennas.
Realizing that the antenna is the most important
part of your station, Cush Craft engineers have
devoted two years of intensive development and
testing to perfect DX-Array. DX-Arrays have al-
ready established new records in Dx-ing and moon-
bounce programs.
Whatever your interest may be, ragchewing, con-
tests, DX, or moonbounce, get in on the excitement
of VHF hamming today with DX-Array.

$29.50

DX-120 — 144 mhz
DX-220 — 220 mhz 22.50
DX-420 — 432 mhz 17.50

See your local distributor or write for complete
specifications on these exciting new antennas from
the world’s leading manufacturer of UHF/VHF
Communication Antennas.

us
Cetbne
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SWAN 250
WAS
THERE!

TRANSVERTER

FRANCHISED DISTRIBUTOR AND SERVICE FOR
C;@s & GALAXY @swm “y-Gail‘

Way TOwgp
uNg

Bt Maliongy L rnonics L
Mosley ammPF

HIGHEST TRADES! NO ONE ANYWHERE will beat our
We will TOP any advertised or written price from any other
We trade on both new and used equipment and we service
Instant credit on both new and used equipment.
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WANT MORE FOR YOUR MONEY?

Then latch on to one of these FB Hallicrafters HT-46 transmitters before
they're all sold!

At our special price slash you're getting top performance and unbeatable
value — a bargain you can't afford to pass up. Rush your order in, now.

73 3:‘( Wm W2AVA

ON BRAND NEW

hallicraffers
famous HT-46
9 band transmitters

Plenty sold at $395.00 Amateur Net

SPECIAL!

While our supply lasts

ony $250.

Complete, with full factory warranty

-

» 180 Watts PEP SSB « 140 Watts CW < Selectable Sideband
* |Internal AC Supply * Plug-in VOX ($44.95 extra) « “Transceive” input

and JOIN THE FUN ON 6,
WITH A BRAND NEW SR-46A

6 METER TRANSCEIVER

HEADQUARTERS
for all REGULAR HAM NET $199.95
hallicraffers speciAL $119.95

FINE EQUIPMENT

Here you can save with
safety, because we'll top

(LIMITED QUANTITY)

Runs on 115VAC (Also 12VDC, with mobile mount — SPECIAL
any ‘“deal"! Shop around $9.95 extra). Latest improved model, with squeich.
first, then see us last, SPECIAL: HA-26 Plug-in VFO, only $39.95

rPROMPT ORDER DEPT.~ ’

We carefully pack and ship ham
gear, accessories and parts to

most any part of the world. o n
Address your orders to: a rrl

22 Smith Street
Farmingdale, N.Y. 11735 “HAM HEADQUARTERS, USA"®

Please include ample postage (plus $1

handling cost with orders under $10.) NEW YORK CITY JAMAICA, L. L. I F;er]’;g[:ﬂshﬁ.hlgtl.
OR, PHONE YOUR ORDERS TO 8 Barclay St. 139-20 Hillside Ave. oute 110 at Smith St.
(L(EIE). BA 27528 OR wie) 00- 7000 _) (212) BArclay 7-7922 REpublic 9-4101 (516) 293-7995
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Some Antenna Notes

Because an antenna is the most important
part of your station

To start with, neither QST nor Ham Radio
Magazine accepts antenna manufacturer's
gain figures in their present advertising.
This is because there is not any industry
standard for measuring gain, a problem that
is presently being worked upon by a com-
mittee of the EIA. Some manufacturers in
their published literature compare the per-
formance of their product with a somewhat
theoretical device called an isotropic source,
while others compare against a conventional
half-wave dipole. Unless You know what the
reference is you will likely not obtain accu-
rate comparisons and, therefore, have false
ideas of the product's performance.

All other factors being equal, low radia-
tion angle and maximum capture area are
the most important antenna considerations.
Long wire antennas, drooping verticals, and
verticals all have their place — for certain
kinds of work. But it should be realized that
a vertical will radiate a donut shaped pattern
in all horizontal directions while a horizon-
tal antenna will radiate a half-donut side-
ways and upward. Upward doesn’'t count.
A vertical is therefore very advantageous,
but must usually have a good ground or
counterpoise system.

When an antenna is excited at its reso-
nant or fundamental frequency, it can radi-
ate energy very much better than a random
length of wire turned through a matchbox.

The useful frequency band of a parti-
cular type of an antenna is inversely pro-
portional to its design frequency and is
directly related to the design of the antenna
and its installation. Typically, a long wire
antenna of No. 12 wire cut at 3900 kHz
will range plus or minus 1214 kHz for good
results. At 40 meters this will double, at 20
meters the width will be a good hundred
kHz while at 10 meters the response will
typically be 300 or more kHz. The greater
the cross section of the antenna the broader
the response.

Multi-band antennas are not normally
optimized for each band of operation. They
will exhibit excellent results on one band,
good on a second and fair response on a
third. Typical tri-band beams or quads have
an ideal electrical spacing on one band only
and offer compromise spacing and feed
matching on the others.

A theoretical antenna at resonance s
purely resistive and, therefore, can offer
the best match at this frequency. Since
the maximum radiation occurs at the reso-
nant frequency of the antenna, amateurs

need to know the actual response curves
of their antennas. Several devices exist by
which antennas may be evaluated. Rf impe-
dance bridges, antenna scopes, antenna
bridges or vswr meters may be used.
But it must be realized that the typical
vswr meter is inserted at the transmitter
instead of where the most meaningful re-
sults can be obtained, right at the antenna
feed. When inserted in the feed line at the
transmitter the wvswr meter reflects the
terminating impedance of the coax, not the
performance of the antenna although a
resonant and properly matched antenna will
exhibit a low vswr.

Transmission line loss invariably causes
an artificially lower vswr than in reality
exists at the feed point of the antenna.
The loss in the feed line lowers the reflected
power measured at the transmitter, but in
no way improves the antenna itself. The
reflected power as shown by the vswr meter
is simply an indication of your complete
antenna system's efficiency at the frequency
you are working on.

It will help, therefore, to recognize that
the practical standard of most manufac-
turers is a maximum 2 to 1 wvswr. For
maximum performance and reliability you
should try to operate within this limit. One
practical result of these notes is for the
reader to prepare for each of his operating
bands a graph showing vswr versus fre-
quency and then to learn to operate within
the limits of his antennas.

A possible second approach is to buy a
Regina f321A three band quad for operation
on 10, 15 or 20 meters. This exclusively
distributed product is the only commercial
device of its kind whose vswr is guaranteed
not to exceed 1% to 1 over each band.
The gain of the Regina f321A is optimum
and the new all aluminum version is mecha-
nically superb. It is still priced at only
$90.00 f.o.b. Harvard. Previous ads describe
our product more fully or you may write for
this information today.

HERBERT W. GORDON COMPANY

Harvard, Massachusetts 01451 e Telephone 617 — 456 — 3548
“Helping Hams to Help Themselves”



Wned and tested .

Wired and tested. .

CODE PRACTICE
OSCILLATOR
AND MONITOR

Model OMK, Kit

(less batteries) § 995
Model OM, wired and lested

(less batteries) 81520

X! Gilor Feabire
Model OCPK, Kit

(less balteries) $ 795
Model OCP, wired and lested
MODEL OM (less batteries) $10.50

160 THRU 6 METER
TRANSCEIVER PRE-AMP

Wiredanditested . ...........cociivvincnniiiannsns 549.95

oasy Usos i " il W
Wired and tested ........ .. 514995

$59.95

COMPLETE HAM RIGS

Receivers, fransmitters, VFO, Pre-amplifiers,
converters, code pracice oscillators,
code records, theory and license books.

PASS NEW ADVANCED AND EXTRA
CLASS LICENSE EXAMS WITH
NEW AMECO LICENSE GUIDES

New Ameco License Guides conlain simple, detailed,
easy-lo-understand answers for FCC study questions,
plus a sample FCC-lype exam, using multiple choice

questions.
Advanced Class Guide #16-01 (32 pages).......50¢
Extra Class Guide #17-01 (48 pages)........... 75¢

AVAILABLE AT LEADING HAM DISTRIBUTORS
Intormation included in new catalog.

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

Deluxe line

VHF Conve

Model CN-50W. CN
144W or CN220W
wired, (specity IF)

54995

Model CN-50K, CN-
144K or CN-220K in
kit torm, [specily IF)

$34.95

P51 Power Supply,
Wired and tested
§12.50

NOVICE TRANSMITTER KIT

f

.Kll with co-l I'n( an' 1 blrm mcruqu ubes. ....oiviies 52195
Extra coll kit for any 1 band, CK-1 1
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