re...-
focus
on

communications

radio

MAY 1968

technology . ..

low-noise 432-MHz FET
converter 18

generating ssb signals 26

the mini-monopole
antenna 32

using the MC1530 linear
integrated circuit 42

two-meter mobile
installations 76

converting the Swan 120
to two meters 6




Order Waters fine ham gear direct

—

DUMMY LOAD/WATTMETERS
An effective means of measur-
ing and peaking RF power into
a dummy load. Four calibrated
scales permit accurate readings
of RF watts. Protective warn-
ing light.
MODEL 334A
1000 watts.

2 to 230 MHz $135.
MODEL 374
1500 watts,

2 to 30 MHz $135.

CODAX KEYER

Automatic spacing and timing
from 5 to 50 WPM . . . built-
in double-paddle key adjusts
to any fist. Solid state with
sealed “Reed"” relay .. . keyed
audio output at microphone
level allows use of VOX circuit
on either sideband. Self-
powered — operates with any

rig.
MODEL 361 $92.50
(Less 1.35 volt batteries)

COAXIAL FILTERS (2 & 6 meters)

@ USE THIS CONVENIENT ORDER FORM

Waters Manufacturing, Inc., is a member of Electronics Industries Association.

PROTAX' ™ ANTENNA SWITCHES
Unique coaxial selector switch-
es that automatically ground
entire antenna system when
station is not in use. Handle
1000 watts; complete with
hardware.

MODEL 375 SP6T

Rear Axial Connectors $13.95
MODEL 376 SPST

Side Radial Connectors $12.50
MODEL 380 SPDT

Rear Axial Connectors $12.45

COUPLER/PHONE PATCH

The ultimate in phone patches
providing effortless, positive
VOX operation. Also connects
tape recorder for both IN and
OUT. Available with or without
built-in Compreamp which may
be used independent of patch.
MODEL 3001

(Without Compreamp)  $53.00
MODEL 3002

(With Compreamp) $72.50

Double-tuned, resonant cavity
band-pass filters for both 2
and 6 meter transmitters and
receivers. Installed in 52 ohm
antenna lines, the filter as-
sures an outgoing signal free
of spurious frequencies that
cause interference problems.
High level, out-of-band signals
are rejected ahead of the re-
ceiver front end. Needs no
tuning . . . insertion loss held
to 1.5 db maximum.

Model 373-2 (2 meters) $29.50
Model 373-6 (6 meters) $32.50

¥

MOBILE BAND-ADDER ®

Add 10, 15 and 20 meters to
any standard mobile antenna
with 40 or 75 meter coil. Pre-
tuned for full coverage on each
band. Will carry 500 watts

PEP . . . lightweight and in-
stalls in seconds.
MODEL 370-3 $19.95

AUTOMATCH ANTENNA . $42.85
Rugged — efficient. (Mast, stain-
less steel tip and 75 meter coil.
Complete)

COMPREAMP

Add definite “talk power” to
your signal with Compreamp!
Self-powered and solid state,
it is easily installed in the
mike line of either fixed or
mobile station, Great for the
added punch when QRM and
band conditions are tough
MODEL 359 $27.95

ATTENUATOR
Gives stepped attenuation to
225 MHz from 0 to 61 DB in
1 DB steps. 50 ohms.
MODEL 3711

(UHF Connectors) $29.95
MODEL 371-2

{BNC Connectors) $32.50
MODEL 371-3

{N Connectors) $38.95

N
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untiL YOU use

CODAX

CODAX
AUTOMATIC KETER

OLUME

MODEL 361

Model 361
WATERS AUTOMATIC KEYER

... you'll never know how
fine a C-W op you really are

With Codax you'll send CW the way you like
to copy it . . . rhythm-smooth, precise and
clear! Your fist will readily adjust to the
feather-light touch of the built-in double paddle
key. And Codax stays put — won't walk even
at high speed transmissions. Codax is solid
state, self-monitoring and self-powered wjth
its keyed 1500 cycle audio output at micro-
phone level permitting use of the VOX circuit
on either USB or LSB. You'll become a better
CW operator when you become a Codax opera-
tor.

ODEL 361 $92.50

order from the
exclusive Waters
Distributor
nearest your QTH

The complete Waters line is always in stock
at all of these exclusive Waters distributors.

AMATEUR ELECTRONIC SUPPLY
Milwaukee, Wisconsin 53216

AMRAD SUPPLY, Inc.
San Francisco, California 94121

ARROW ELECTRONICS, Inc.
Farmingdale, Long Island, N.Y. 11735
Norwalk, Connecticut 06850

Totowa, New Jersey 07512

Mineola, New York 11501

New York, N. Y. 10007

ELECTRONICS CENTER, Inc.

Dallas, Texas 75204

ELECTRONIC DISTRIBUTORS, Inc.
Wheaton, Maryland 20902

HARRISON RADIO CORPORATION
Jamaica, Long Island, N.Y. 11435
New York, N.Y. 10007

HENRY RADIO, Inc.

Butler, Missouri 64730
Anaheim, California 92801
Phoenix, Arizona 85017

Los Angeles, Calif. 90064
STERLING ELECTRONIC SUPPLY
New Orleans, Louisiana 70112

WORLD RADIO LABS, Inc.
Council Bluffs, lowa 51501

PAYETTE RADIO Limited

Montreal 3, Canada
This order form may be sent direct to the. factory or to your nearest Waters Distributor.

WATERS MANUFACTURING, Inc., Wayland, Mass. 01778 Dept. HR
Send Model @ each $
Send Model @ each $

Total Order (Mass. Deliveries Include Tax) Check/Money Order Enclosed $

NAME CALL

ADDRESS

CITY STATE ZIP
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Some comments from
warranty cards
by owners of

“‘The TR-4 is the best rig | have ever
known to be made. Glad to own one."

Dan Tangorra, WA7FWH
Tacoma, Wash.

“Finally got what | wanted!"

Ronald E. Lyons, WB2BQX
Oakhurst, N, J.

““A superb piece of equipment, no
comments necessary.

C. G. Noakes, GIUHR/V02
Labrador City, Newfoundland

“Great rig—First contact was an ONS
in Belgium."

Bill Busse, WASTUM
Mt. Prospect, II1.

“Best gear | have had the pleasure of
working with, Receiver is exception-
ally sharp and stable."

Albert V. Mitchell, WASBUP
Jeffersonville, Ind.

“Nothing to comment, except that my
TR-4 is a real Jewel, and | am very
satisfied with it. | would like to re-
ceive the catalogue of your products.”

Joe Braz Ribeiro, PY4AUK
Monte Carmelo (MG) Brazil

“A very F.B. piece of equipment. Audio
very nice, especially on S5B, which is
rare,"

Thomas F, Totten, Jr, WB2GZR
Saratoga Springs, N. Y.

Dept. 458
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SIDEBAND TRANSCEIVERS

“Running it with a Mosley “Classic"
beam and proves a most fine and nice
transceiver. Really proud of it.""

Orlando Escudero 0., CE-3-0F
Santiago, Chile

“Looks good—sounds good—very well
pleased with performance."

Wayne M., Sorenson, WABETL
St. Paul, Minn.

“"Have had Drake 2-B for three years.
Knew that TR-4 was same Good Stuff."”

Charles E. Bishop, WASFTT
Columbus, Ohio

“Just what | always wanted."

Daniel N. Hamilton, WA4WXQ
Ashland, Va.

""Why not build a good & Meter SSB &
AM Transceiver . . . hurry up, I'm
waiting."

Harold A. Zick, WASIPZ
Creve Coeur, IlI,

“Excellent equipment,”

W. T. Newell, WBBUZU
Palm Springs, Calif.

''0.K. 100 x 100, RV-4: 0.X./W-4: D.K./
L-4: O.K, Very Good!"

Franscisco Fau Campmany, TI1-2-FAU
San Jose de Costa Rica

“A beautiful piece of equipment, My
second piece of Drake. The first was
a 2-B and this sold one friend an R-4
receiver and another a TR-4. We are
Drake-minded here in town. Many

thanks.'"
Charles E. Boschen Jr., WAAWXR
Ashland, Va,

“I'm sure this, like the other Drake

equipment | have, is the finest money

can buy. YOU MAY QUOTE ME ON
THAT."

C. E. (Ed) Duncan, WA4BRU

Greenville, S. C.

“I'm a real happy man with it, Does a
real good job of getting thru."

Jerome D, Lasher, W2RHL
Hamburg, N. Y.

“‘Replaces my TR-3."
D. G. Reekie, VE 6 AFS
Calgary Alberla Canada

“Finest performing gear | have ever
had the pleasure of operating.”

Milton C. Carter, W2TRF
Lakewood, N. J.

“ps Several months have passed . . .
| now employ TR-4 as mobile unit and
base station. | have logged more than
1000 contacts, many being rare DX. |
am looking forward to owning a second
unit to be wsed strictly for mobile.
To date TR-4 has been trouble-free."

Milton C. Carter, W2TRF
Lakewood, N. J.

Y'Well pleased.”
Rev. James Mohn, WaCKD
Lititz, Pa.

| am delighted with Drake gear, This

is the second of your transceivers for

me. | have used a TR-3 in my car for

about 2V years —only trouble: replac-
ing a fuse!"

Guy N. Woods, WASKCN

Memphis, Tenn.

“AsR the ham who owns a Drake TR-4”

. or write for details . . .

R. L. DRAKE COMPANY 540 Richard St., Miamisburg, Ohio 45342
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How do you sell ham radio? How do you
bag it and tag it and interest a customer in
buying it? How do we get new hams? | wish
somebody would come up with the secret;
l've been loaking for it for a long time and
really haven’t found a satisfactory solution.
One thing | do know, before you sell it, you
have to advertise it; and advertising means
publicity.

The biggest thing that ham radio needs to-
day is publicity. Good publicity and lots of it.
There are lots of easy ways to do this and
some take little effort.

As an example—have you noticed the many
signs along the highways saying, “We moni-
tor channel 92 Amateur radio clubs should
do the same type of thing. This is a small
matter, but if you had a sign saying: “Atten-
tion amateur radio operators—we monitor
7255 kHz,” it would help visiting hams. At the
same time, it would publicize amateur radio.

I think it’s pretty obvious that citizens band
has stolen a lot of the glory of ham radio over
the past four or five years. Many of the young-
sters who would normally be interested in
hamming have gone the easier route to CB.
Most Americans have heard of citizens band
and know something about it, but | wonder
how many know of amateur radio? | think
you would be quite surprised if you ran a
poll.

Amateur radio gets its biggest publicity
boost when hams furnish communications
during times of disaster and catastrophe. But
there are lots of other occasions when ama-
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. Jim
fisk

teur radio is equally useful. The occasions
don’t reach the national import of the Alaskan
earthquake or the large Southeastern and
Caribbean hurricanes, but nevertheless, ama-
teurs can and do furnish a very good com-
munications service in times of public need.

Perhaps the best example of this is the
West Coast Amateur Radio Service (WCARS).
This group, started about five years ago, moni-
tors 7255 kHz daily with a roll call at noon-
time. WCARS enjoys a large membership and
through the work of its publicity chairman,
Ed Gribi, WB6IZF, news releases appear in the
California, Oregon and Washington papers
quite frequently.

For some reason, amateurs in other parts
of the country have not picked up the idea.
However, Dave Flinn, W2CFP, has volun-
teered to start an East Coast net. He will moni-
tor 7255 kHz each noontime and asks that
anybody on the East Coast who can hear his
signal check in with him. Perhaps the East
Coast group will grow to the extent that
WCARS has.

In a recent letter to me, Dave indicated that
he would like to start the ball rolling along
these lines, but that he doesn’t want to dupli-
cate the efforts of any other amateur. If you
have started a public-service net, or know of
anyone whao has, please let Dave know so he
isn’t duplicating someone else’s efforts. Per-
haps with an East Coast net, as well as
WCARS, amateurs in other parts of the coun-
trey whao are out of the range of WCARS and
W2CFP will start their own nets.



WB6IZF told me recently that the WCARS
net often gets into the inland states during
the evening hours on 7255 kHz. If we can get
amateur public service nets started in other
parts of the country, we can develop a liaison
between these nets on some other frequency
hand.

What better way to obtain publicity than
to provide a public service? It’s just the kind
of thing that newspaper reporters and radio
announcers are looking for. Interestingly
enough, on New Years Day, net control of
WCARS took roll call just to see how many
amateurs would check in; almost 100 amateur
stations were monitoring the frequency.
During working hours, of course, there are
not that many stations listening to 7255, but,
nevertheless, there are always a few mobilers
or retired persons at home who are able to
pass traffic.

One member of WCARS is WAGPCY, a
member of the California Highway Patrol.
john has a mobile station mounted in his
patrol car for immediate liaison with other
WCARS members.

If you're interested in forming a public-
service net and are not within range of
W2CFP or WCARS, why not write to WB61ZF.
I'm sure Ed would be more than happy to
give you the necessary details for forming an
amateur-radio service group. Ed has been
busy for the past several months sending out
WCARS pubilicity releases with the result that
it is quite widely known in the western part
of the United States.

If you're like me, you'll have the receiver
turned on while reading the mail and not ac-
tually operating. This is ideal when you're
doing a home construction project, cleaning
out the shack, or making out QSL cards. As
long as you're reading the mail, you might
as well do it for a worthwhile purpose.

With amateur radio service nets throughout
the country, there would be thousands of
amateurs tuned to 7255 kHz any time of the
day or night, 365 days a year. [n addition to
helping the general public in times of emer-

gency, it would be very helpful for mobile
hams who run into trouble on the road. It's
always nice to know that you have a friend
that you can rely on just by pushing the mike
button.

In addition to the frequency-monitoring
signs and public-service nets, there are other
ways to get in the public eye. How about a
weekly amateur-radio column in the local
paper?! Most newspapers have space that
needs to be filled. If you can’t write the ma-
terial yourself, there must be a member of
the loca!l club who can.

There are a lot of interesting things going
on in amateur radio that the general public
would be interested in. There have been a
number of news stories concerning phone
patches to Viet Nam, slow-scan television
transmissions to Antarctica and amateur radio
an board the Queen Mary’s last voyage, just
to name a few.

Once the stage is set with a human-interest
story, the skillful writer can throw in some
sales pitches for amateur radio. What other
hobby can you think of aliows the bed-ridden
and handicapped to stay in touch with the
world? What other hobby can provide a train-
ing ground for electronics engineers and
technicians? What other hobby is as many-
faceted as amateur radio? What other hobby
can promote as much international friendship
and understanding as amateur radio?

There are a lot of potential amateurs out
there that just need to be sold on the idea.
After they're sold, it's up to us to help them
along. What's simple for the old timer is
complex to the newcomer. When a new-
comer asks you a question, try ta give him a
straightforward answer. Help him find those
hard-to-get parts. Open up your junk box
and give him some of that stuff you've been
saving for twenty years. You can’t make him
into a ham, but you can certainly help him
along the right path. {t’s time we got off our
haunches and made amateur radio grow.

Jim Fisk, W1DTY
Editor
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SWAN 410C
FULL COVERAGE
EXTERNAL VFO

The Model 410C Frequency Control
Unit is designed for full coverage
of 80, 40, 20, 15 and 10 meters. It
is intended for fixed station opera-
tion and plugs directly into Model
500C. It may also be used with
Model 350C. Eight ranges, 500 k¢
each, 5 kc calibration

$115

DUAL VFO ADAPTOR

Provides for the addition of second
VFO for separate control of trans-
mit and receive frequencies. Plugs
directly into Model 500C and may
also be used with Model 350C and
other Swan transceivers.

MODEL 22 . . . .. $25

MARS OSCILLATOR

Five crystal controlled channels
with vernier- frequency control
Plugs directly into Model 500C and
may also be used with Model 350C
and other Swan transceivers.

MODEL 405X
(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 volts,
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 wvolt D.C. input for
mobile, portable, or emergency

operation.
$65

SR FLECRYOUR LANGUAGE ... ASK THE RV R [elel' ) el ]S




SWAN MARK II
LINEAR AMPLIFIER

Two Eimac 3-400Z 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 provide precise and velvel
smooth tuning of the amplifier.

Greatlg reduced blower noise is pro-

vided by a low RPM, high volume fan,

Provides full frequency 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

PLUGIN VOX UNIT

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

MODEL VX-2 . .. . $35

SWAN 350C
SSB-AM-CW
TRANSCEIVER

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

$420

MARK Il POWER
SUPPLY

May be placed beside the Mark II, or
with its 4% foot connecting cable,
may be placed on the floor. Silicep
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

$235

"+ 230 volts AC. -

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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converting the

Swan 120

to

two meters

With increased

ssb activity on two
meters, this transceiver
should be a popular unit
for mobile

or fixed

operation

8 may 1968

Del Crowell, K6RIL, 1674 Morgan Street, Mountain View, California [Ji

My first vhi conversion of a Swan 120 was a
unit that | put together for six meters.! It
worked so well | bought another single-band
Swan transceiver for this conversion lo two
meters, This conversion resulls in a complete
ssh/a-m or CW transceiver with good sensi-
tivity and selectivity. The transmitter puts out
about 40 watts on ssb or CW using the origi-

nal power supply.

receiver

The modifications to the receiving section
are quite similar to the six-meter model. |
used the same front-end design, changing the
tank circuits to tune 144-147 MHz. The cas-
code rf amplifier works as well at 2 meters
as it did on six; it exhibits low noise figure
and more than adequate gain. The mixer also
provides very good results on two.

The incoming rf signal is picked off the
final plate circuit and fed into the cascode
preamplifier through a 2.2 pF capacitor. This
simplifies the problem of what to do about



transferring the antenna from transmit to re-
ceive. The original 6BA6 rf amplifier is com-
pletely disconnected; the new front end feeds
directly into the 12BE6 mixer.

An agc circuit is incorporated with sepa-
rate rf and audio gain controls. With this cir-
cuit, the audio level is held constant with
very little popping and distortion. During
round-table QSO's, the rf gain can be turned
up with good results with both weak and
strong signals.

transmitter

The new two-meter transmitter circuit uses
the original 12BY7 driver stage as the second
mixer. L3 is relocated to form a 14-MHz
bandpass coupler with L4. Spacing the two
coils one inch apart provides the correct
amount of coupling for tuning between 14.20
and 14.35 MHz.

Local oscillator injection is fed into the
cathode of the 12BY7 across the original 100-
ohm resistor. | removed the original bypass
capacitor and connected a length of miniature
coax between the local-oscillator output and
the 12BY7 cathode. A center-tapped coil in
the 12BY7 plate circuit provides two-meter
tuning and permits matching to the grid of
the new 12HG7 two-meter driver,

A 130-MHz trap reduces the amount of
local-oscillator signal feeding into the driver
The 2.2-pF capacitor is connected to one side
of the final tank and is fed to the rf stage
through the final compartment wall. No an-

Top view of the modified Swan 120
showing the final-amplifier compart-
ment and new converter chassis. The
plate-balancing capacitor (C44) is to
the far left next to the plate line.

tenna switching is necessary; all switching
from transmit to receive is accomplished by
the original bias method.

The 12HG7 is a rugged version of the
12BY7 with a higher plate-dissipation rating
When operated in Class AB,, it provides
plenty of output to drive the final. A series-
tuned coil in the 12HG7 plate circuit is used
with an adjustable capacitor to provide bal-
ancing. The 12HG7 tank circuit is tuned with
a variable capacitor ganged to the mixer plate
capacitor. This arrangement provides a single
control for retuning when you change fre-
quencies.

The two-meter output stage uses a 5894
operating in class ABy. Static cathode current
is adjusted to 50 mA. Ninety watts PEP input

Twoe converted single-band Swans:
one for the six, the other for two.

@
°

° ©
o L

produces over 40 watts peak outputl. Link
coupling is used to couple the driving power
from the 12HG7 into the 5894 grids. This is
a simple and effective scheme for matching
into the 5894 at 144 MHz.

Although | didn’t neutralize the 5894 at the
beginning, | found that the final could be
made to take off with a mismatched load. In
addition, maximum output power didn't peak
simultaneously with the plate current dip (a
good indication of unstable conditions), Cross
neutralization-a pair of insulated wires from
the grids, crossed and extended up through
the socket beside the 5894 plates—stabilizes
everything very simply.
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144 Mr: CASCODE RF

|
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4.2 < 14.35 MHz

{1 MIXER 84ND PASS
| COUPLER II
vi9
%4 |
c4 3
255 1 ’O‘F_T 6DS4 5
3]

-8ov
R(AYC)

Y/ = 43266 144.00 - 144.15
Y2 2 43.60 14500 - 14515
Y3« 4365 14315 - 14530
Y4+ 4370 14530 - 14545
Y5« 4375 145.45 - 145.60
Y6+ 4380 14560 - 14575

43-MHz OSCILLATOR

15v
zner Bh7scg
3
23 20v
AEG
150V

L1 6 turns number 20. White slug.

L2, L3 4 tums ber 20 sp d di ter of wire.
White slug.

L4, L5 30 turns number 30 enameled. Red slug.

fig. 1. The receiver section of the two-meter Swan 120, All coils are

X3 MULTIPLIER
va2o
2n3564 & weeEas

\
S 10K 0 r’f Sion
2w -eov L

AMPLIFIER

crr v20
20 1/2 6€A8 c19

ipF

c20
2.20F

+ 190V TO 128Y7
PIN |

+/90V

L6 14 turns number 26 enameled. White slug.

L7 1-1/2 turns number 26 enameled. Wound on
bottom of L6.

L8, L9 § turns number 16 enameled. White slug.

d on 1/4” di ter, slug-tuned ceramic

forms. FT indicates feed-through capacitors. The voltages indicated are those found during normal operation.

The 5894 plate tank uses a line made from
1/4-inch copper tubing. It is formed to fit in-
to the original final compartment as shown
in the photographs. A capacitor mounted on
a plastic insulator tunes the tank circuit. This

fig. 2. New volume-control circuit
for the modified Swan 120.

PINE
vi2

005

500K
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“floating’™ capacitor is positioned so that an
extension shaft comes out through the hole
in the front panel that held the original Swan
plate-tuning control.

The final tank is balanced with the small
piston variable on the opposite side of the
final tank compartment. Power is coupled
out by means of a rectangular loop of heavy
wire connected to the original output jack.
The reactance of the loop is tuned out with
a 50-pF variable (original Swan plate-tuning
capacitor). An rf choke connected from the
antenna jack to ground provides a de¢ return
for the output monitor and safety protection
in case one of the coupling capacitors shorts
out,

ORIGINAL
MIXER

vé
12BES



ORIGINAL DRIVER
CONVERTED TO
MIXER

ORIVER
AMPLIFIER

v2i
12HG? ] *

L9+ 5T NO 14
12" 10
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(I"APART
cs7
\ e
47K
2w
+190V
FINAL
AMPUIFIER
vze
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L0 67 NO.M, CENTER TAPPED
LIt 2T NO. 14 ENAMELED
14 Ce3
~i-10
0 623 ANTENNA
Lo Lit 001 <
L
-
l6 2x 3
RFC
1S5pN K
TRIMMER
£i8
I
sersy cu
. ] Ao—dg
b3 oo
/;;\O'K > METER SHUNT
47K
77
-100V BIAS
+190V HY TO GRID
MODIFIED VOLTAGE DIVIDER (T0 REL&Y) 600 TD  OF 6054
+278 soov
+190 +150
CATHODE
A CURRENT
KEY JACK
FOR CW TO BLACK &
8 WNITE WIRE
RELAY
CONTACT

C31, C37 1.5- to 10 pF air variable. Johnson IMM
or 160-104.

C32, C44 10-pF piston capactor.

C43  10-pF air variable. Johnson 7J12. Spread
rotor plates for wider spacing.

fig. 3. Transmitter schematic. The rf chokes are Ohmite 2-144's (1.5-1.8 uH). The voltages shown were meas-
ured at full drive on transmit with a Simpson 260 (through an rf choke). L14 and L15 are the original L4 and L3

respectively.

The original Swan cathode meter was mod-
ified by removing the 300-mA shunt from
inside the case. Use carel The shunt is con-
nected across a DPDT slide switch mounted
on the front panel near the meter. With this
arrangement, relative rf output or cathode

current can be selected as desired.

local-oscillator chain

Local-osaillator injection is provided by a
transistor crystal oscillator operating in the
43-MHz range. In this circuit, the crystals
operate in the series mode, but if other types
of crystals are used, the VFQ calibration can
be readjusted slightly to correct for any fre-
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quency differences. A six-position switch pro-
vides six 150 kHz sections in the 144- to 148-
MHz range. The dc power for the oscillator is

ting mixer. Small coaxial cables are used to

feed the injection signal to each  mixer

cathode.

fig. 4. Construction of the final-amplifier inductor and oulput coupling link, First bend the tank lines as shown
in A, and then bend as shown in B. Thin, 1-1/2" long strips are soldered on the ends for connection to the 5884
plate pins. The output link is made from number 12 bus wire.

i oo
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2*x & COPPER TuainG

TOP VIEW

supplied from the +4150-volt supply by a
dropping resistor and a 15-volt zener diode

The triode section of a 6EAB is used as a
times-three multiplier, and the tetrode sec-
tion, a 130-MHz bufier-amplifier. This tube
provides plenty of injection for both transmit
and receive; the screen resistor is selected for
the desired injection level. Coupling is pro-
vided by a 1.0-pF capacitor to the receiving
mixer and a 2.2-pF capacitor to the transmit-

Under the chassis, The new crystal os-
cillator and swilch are in the upper
right-hand corner. Tubes, from top lo
bottom, are 6EAB, 12ZHGT and 5894,

12 ﬂ may 1966
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chassis modifications

Before vou can start the two-meter con-
version, you have to take a few things out of
the Swan 120:

1. Remove the removing

knabs, control nuts, etc., and disconnect the

front panel by

meter and dial light.

2, Disconnect the wires going to the final
amplifier tube socket and identify each one
as you remove it. Pull the wires back through
under the chassis.

3. Remove the final-compartment cover and
shield, including the back panel of the trans-
cewver.

4. Disconnect and remove all the parts in the
final compartment.

5. Disconnect and remove the parts associ-
ated with the driver plate and final grid cir-
cuits,

6. Disconnect the parts from the 6BA6 rf am-
plifier (V5), and remove the tube.

7. Remove the switches on each side of the
driver control; the on-off switch position is



used for the new rf gain control, and the tune
switch is replaced by the new crystal switch.
A new volume control with a built-in switch
provides power-supply switching.

fig. 5. New filament circuit for the two-meter Swan.

.Olj:
RESISTOR

USED TO BALANCE
FILAMENT VOLTAGE —

12.6vo

NOTES
v5-NOT USED
® NEW TUBES ADDED

8. Check the chassis to make sure that the
areas to he modified are ready for drilling.

Refer to the layout drawing and the photo-
graphs to locate all the holes that have to be
drilled and punched. Careful layout and drill-
ing is required to make sure all the parts fit
properly, particularly the crystal sockets. After
the holes are drilled, clean out the chips and
filings before installing any new parts, The
holes for mounting the terminal strips may be
left until the major parts are in place.

assembly and wiring

Refer to the photos and drawings to deter-
mine the correct position for the major parts
and check them temporarily before you wire
them into place. First, install the crystal sock-
ets next to the 6EAB and 12HG7 sockets. The
double capacitor used for mixer and driver
tuning should he assembled to the capacitor
bracket and installed temporarily while
you're wiring the new circuits.

A flexible coupling and hollow shaft are

connected to the driver capacitor. The shaft

2 Vi3
3
4

6.3V TUBES

is drilled so it {its snugly around the capacitor
shaft; a 1/4-inch panel bearing is installed in
the original driver tuning control hole on the
front panel to prevent any shaft wobble. You

MODIFIED TO 2 METERS

N

iz vie vig
}} } 6.3V TUBES
L] L

12.6v TUBES

can locate the various terminal strips by re-
ferring to the photos; use the smallest ones
that will do the job.

The components associated with the tran-
sistor crystal oscillator are wired to a termi-
nal strip right next to the crystal sockets and
coil. Voltage for the crystal oscillator is pro-
vided by a resistor, zener diode and filter
capacitor mounted on spare terminals on the
voltage-regulator socket.

Use a shielded-type nine-pin socket for

fig. 6. The function switch for the
two-meter Swan uses a double-poie,
four-position rotary switch,

SELECT FOR
FULL QUTPUT

TUNE 3.3k

AM 334

CARRIER
BALANCE

SELECT FOR
( oM LEvEL 0%

© $$B
© SPARE

RELAY
° CONTROL
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the 6EAB. The 12HG7 socket is a flush-mount
type installed from underneath the chassis; a
shield can’t be used because of the 12HG7’s
large envelope. A Johnson 122-101-100 sock-
el is used for the 5894 power amplifier. Be-
cause of the size of the 5894, this submount-
type socket must be used. It works very well
and leaves clearance room at both the plate
and grid ends of the tube. It also provides
good ventilation.

The capacitors | used for coupling between
stages were surplus ceramic units, but any

fig. 7. The high-perform-
ance age circuit. The age
threshold control should
be adjusted for —0.3 to
—0.4 volts at the agc test
point on noise peaks,

005
viz
PINI

008

10uF:
iov j:

good quality discs or micas will work quite
well. All bypass capacitors are disc ceramics.
Air-wound coils are made from number 12
bare wire formed around a 1/2-inch dowel.

Below-chassis wiring. The 5894 final
and 12HG7 driver are to the right; the
tube in the upper left is the voltage
regulator.

14 [ may 1968

The 1.5-gH chokes can be Ohmite Z144's
or any small-size 1.2- to 2.0-uH chokes. The
choke used in the 130-MHz trap has to be
very close to the inductance indicated on the
schemaltic. The best approach here is to wind
a coil, temporarily connect it across the vari-
able capacitor and grid dip it to 130 MHz be-
fore installing it permanently.

receiver section
Since the original 6BA6 rf amplifier is not
used, it is removed along with the rest of the

g I T

va
3 150K
"
g 1
™

OFF

_L‘ i
lﬂc” I N

+i5ov

stage. A new front end is built on a brass
subchassis and mounted on the VFO housing
as shown in the photographs. A small coax
cable is used to connect the output from the
bandpass coupler to the grid of the 12BE6
mixer. The capacitance of this cable is used to
tune coil L7.

The incoming 144-MHz signal is picked off
the final plate tank. By using the original
feed-through terminal, | eliminated any an-
tenna relay and simplified the transmit/
receive switching operation

other changes

An agc circuit, similar to the six-meter
model, was also used in this unit. A new
audio gain control is also used. Several .001
capacitors are used to bypass points in the
transceiver to prevent audio feedback caused
by two-meter rf.

Bypass capacitors were connected between



V11, pins 3 and 8, and the chassis. They were
also used across several B4+ points. The by-
passes used on V11 are a must to prevent rf
energy from being picked up by the long
cathode leads; this causes ff feedback into
the microphone amplifier.

adjustment and operation

Check all
sure they are properly wired. In addition, a
quick check with an ohmmeter should be
made before applying the power. Check all

the receiver circuits to make

Side view showing the local-oscillator
tube and crystal sockets. The 12HG7?
driver, is just behind the BEAB oscillator.

-

the coils to be sure they are adjusted close
to their operating frequency. After power is
applied, check the test points for correct volt-
ages. Adjust the crystal oscillator, tripler and
local-oscillator-chain amplifier for maximum
output with the grid dipper in the diode posi-
tion.

Adjust the new two-meter front end before
mounting the chassis on the VFO housing.
Adjust the bandpass coupler for flat response
over a 150-kHz range. The two-meter coils
have to cover a larger portion of two meters.

transmitter adjustment

Preset all the coils to the desired frequency
with a grid-dip meter, apply power, and after
warmup, turn the transmitter on. Connect a
50-ohm load to the antenna connector and
adjust the carrier-balance control for maxi-
mum injection. Peak all the controls for
maximum output power. Next, with the VFO
dial set in the center of its range, peak the
14-MHz bandpass coupler (L3 and L4) for
maximum signal level. Adjust the driver-
balancing capacitor for maximum output
while simultaneously adjusting the driver
control; this sets the tracking of the mixer-
and driver-plate circuits.

fig. 8. Chassis layout for the two-meter Swan 120 conversion.
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Neutralization of the final stage is done
after disconnecting the B+ and screen volt-
age from the 5894. With full drive applied,
adjust the crossed wires next to the plates for
lowest signal feedthrough at the antenna
jack.
formed for best results (be sure to insulate

These stubs may have to be cut and

fig. 9. Construction of the chassis

for the 144-MHz converler,
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them with spaghetti). You may have to re-
neutralize after making the rest of the PA
adjustments.

After the screen voltage and B4 have been
re-connected, install the cover, insert carrier,

parts list

1 7-pin socket (Johnson 122-101-100)
1 9-pin ceramic tube socket with shield
1 9-pin ceramic tube socket, flush mount
12" 1/4" copper tubing
Miniature 50-chm  coax (RG-174/U)
8 1/4” slug-tuned ceramic coil forms

ceramic crystal sockets

DPDT slide switch

small single-pole, 6-position rotary switch

12HGT tube

6D54 tubes

GEAB tube

5894 tube

1N34A diode

2N3564 transistor

12- to 17-volt zener diode

6
1
1
1 500k polentiometer with swilch
1
3
1

R

100-,F, 20-V electrolytic capacitor

16 may 196

and bend the antenna link for maximum out-

put power. The plate-balancing capacitor
must also be adjusted for highest output lev-
el. To obtain the correct drive levels, you
may have to repeak all the driver circuits. The
voltage readings marked on the schematic
will help to determine if these circuits are
working properly.

Adjust the 130-MHz trap with a grid dip-
couple the

dipper to the driver coil and tune for maxi-

per set in the diode position;

mum, then adjust the trap capacitor for low-
esl output at 130 MHz.

The age bias control and voltage test
point are located on the rear deck.

If you're interested in a particular section
of the two-meter band, final adjustments can
be made for optimum performance on that
section. Be sure you recheck all the adjust-
ments after the covers are installed.

The output meter shunt resistor is adjusted
for center scale al 40 watts into a 50-ohm
dummy load-10k ohms is about right.

operation

If you change your operating frequency by
more than 150 kHz, you must repeak the
transmitter controls. When you switch from
144 to 145 MHz, the power output will be
low but you can still make contacts. Since the
first tuned circuit in the receiver is also the
final plate circuit, you'll notice a slight re-
duction in sensitivity unless the 5894 plate
circuit is peaked up, but for local reception
it isn’t required,

After the driver and final circuits are tuned
for maximum output, the microphone gain
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control should be adjusted so that voice
peaks result in 35 to 50% of the maximum
5894 cathode current.

final comments
| spent a lot of time trying different circuits
and layouts, and after a lot of experimenta-

fig. 10.
two Johnson 8.7 pF air variables.
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tion, the conversion described here is the
most simple and best performing | could ob-
tain. The transistor cryslal oscillator is very
stable, cven during mobile operation.

This conversion is only recommended for
the more experienced home builder. It can
be reproduced quite easily, but don’t take
any short cuts or make any parts substitu-
tions. And, although this particular conver-

sion was made to a Swan 120, Swan 175 and
140 transceivers could also be used if you
make the necessary changes in the mixing
circuits.

Since |1 completed this conversion, | have
worked stations up to 200 miles away on two
meters. | can change frequencies from one

Construction of the various capacitor-mounting brackets and assembly of the driver capacitor from
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section of two to another, tune up and be
ready to transmit in a matter of seconds. We
need more sshoon our vhf bands, and this
conversion is a good way to do it for 144,

references

1. U. Crowell, KOoRIL, "Converting the Swan 120 to 6
Meters,” 73, June 1967, pp. 28-34

ham radio
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low-noise

432-MHz fet converter

The availability of moderately-priced field-

A high-performance
converter for 432 MHz
with excellent
cross-modulation

and

gain characteristics

18 U may 1968

Bob Kolb, WA6SXC, 1300 W. Oak Street, Fullerton, California 92633

Inside the low-noise 432-
MHz converter.

effect transistors with low noise figures in the
vhf region has prompted a number of ama-
teurs to design preamps for existing con-
verters, The complete 432-MHz converter de-
scribed here is a high-performance unit
consisting of a single-stage rf amplifier, a
multiplier chain and a mixer with a 28-MHz
if.

The neutralized rf amplifier has 15-dB gain
as shown by the scope trace. The 3-dB band-
width is 10 MHz and the 1-dB bandwidth, 5
MHz. The rf amplifier uses the flat-pack
2N4417. The mixer, a 2N4416, operates at
pinch-off, so it doesn't provide any conver-
sion gain. However, this mode of operation
offers excellent cross-modulation character-
istics which are sorely needed in southern
California where radar interference is a prob-
lem.

The 2N4416 is the same device as the
2N4417 rf amplifier, but it's mounted in the
familiar TO-18 can. The multiplier uses a
101-MHz CR56/A crystal available from JAN
Crystals* followed by two doublers to pro-

* JAN Crystals, 2400 Crystal Drive, Fort Myers, Florida
33901



duce 5 mW at 404 MHz. All bipolar transis-
tors in the oscillator/multiplier circuits are
2N918's.

The net gain of the converter is only 12
dB. However, this is sufficient to overcome
the noise figure of most high-quality amateur-
band receivers. The signal-to-noise ratio is
significantly better than my old two-stage
2N2857 preamp which measured 4.5-dB noise
figure the last time | checked.

construction details

The circuit is quite simple and easy to con-
struct. The chassis is made from 1/16-inch
epoxy-fiberglass printed-circuit board. The
dividers are 0.9-inch high and the entire con-
verter can be mounted in a 1-inch deep
aluminum chassis. The board size shown in
the drawings is 5 by 7 inches with a 2-1/4 by
5-inch section left for an internal power sup-
ply. The local-oscillator multiplier chain was
constructed on a 1-1/4 by 5-inch board and
tested independently.

This modular construction has a number
of advantages, some of which will be noted
in the tune-up section. For one thing, each

Gain-bandwidth characteristic of the rf amplifier. The
horizontal scale is § MHz per division; vertical scale
is approximalely 1 dB per division above the center
graticule, which represents 12-dB gain,

portion of the converter can be individually
checked for performance. Furthermore, the
local oscillator can be easily replaced by a
different frequency unit if you want to change

i-f's.

Use a large alligator clip to heat sink the
Johanson capacitors when soldering to them.
They're constructed with 570°-F solder and
are easily damaged by medium-power solder-
ing irons.

L1, L3, L4 and L5 are made from 0.020-inch
thick by .250-inch wide copper shim stock.
Brass or beryllium copper may also be used.
Each of these inductors is mounted 0.3 inches
above the chassis and supported by the low-
pass filters (LPF’s) and capacitors as shown in
fig. 3. The mounting of L5 is shown in fig. 3B.

The 2N4417 rf amplifier is mounted with

Top view of the 432-MHz converter.

the gate lead soldered to the top of Cl, the
drain lead to the top of C2 and the source
lead to the grounded standoff terminal 0.3-
inch high. Don’t bend the source lead and
solder it to the shield. The ceramic-glass seal
won't take the thermo-mechanical strain; this
advice comes from costly experience. Fig. 4A
shows this mounting from the source side
looking along L1. Fig. 5 shows the FET and
transistor connections.

The manufacturer of the FET recommends
the use of a Miller 4403 0.99- to 1.5-uH vari-
able inductor for L2, but don’t mount the
form on a grounded surface. The slug must
not be grounded; if it is, neutralization is next
to impossible! Furthermore, 12 should be
mounted on the drain side of the shield and
the neutralizing capacitor on the gate side.
Drill a small hole through the shield and re-
move a 1/8-inch circle of copper around it to
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OF  28MHz
Je
LPF
2n44i6
>
3270
432 MHz
ca
I.w:
15
(JFD 1YODIRS)
c2
2~ RG-i74sv
408V —
+18 V
45 mA
3
404 MHz

LPF ARE ERIE 1201-08t
OR ALLEN-BRADLEY
SMFB-A2 FEEOTHROUGM
FILTERS.

/‘\_%—/'\
LPF

BT1 Mallory T-133R L2 6 turns ber 28 close d ona t/4”
All variable capacitars are 0.8-10 pF piston (Johanson teflon core with 1/2”-long number-6 brass
JMC 2954) screw
c4 1000 pF (Allen Bradley SB4A 102W stand- L3 27 x .250" x .020” copper strap

off) L4 1.3” x .250” x .020” copper strap tapped at
J1,J2,J3 Miniature coaxial connectors (Amphenol 1/2” from cold end (see fig. 3B)

Subminax 27-800 or Selectro Conhex 3102) L5 17 x .250” x .020” copper strap tapped
LPF Feedthrough filters (Allen Bradley SMFB- -375” from cold end

A2 or Erie 1201-051) L6, L7 3 turns number 24 wound on 100k, 1/4W
L1 1.257 x .25” x .020” copper strap tapped resistor

1/4’ from cold end T1 .51-.85 'uH (Venguard 8923-1)

fig. 1. Schematic of the low-noise 432-MHz converter. This converter uses a low-noise 2N4417 rf amplifier and

2N4416 mixer.

feed the lead from L2 to the neutralizing board 1/4-inch up from bottom as shown in
capacitor. fig. 4B. The bottom of the board is then sol-

L2 is mounted on a 0.9- by 0.75-inch piece dered to the main chassis. The easiest way to
of printed-circuit board 1/16-inch thick. The remove the copper from the board is to score

copper is stripped from both sides of the an outline of the area to be removed with an

20 [} may 1968
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X-acto knife, flow solder over that area, and
use the knife to lift the copper while it’s still
hot.

Note that the base divider is mounted on
top of the local-oscillator board. Feedthrough
capacitors may be substituted for the low-
pass or feedthrough filters called out, but look
out for self-resonances at 432 MHz. If feed-
through capacitors are used, connections in
the dc power lines should be made through
10-uH rf chokes. BNC connectors can be used
for all coaxial jacks, but J2 must be re-
positioned midway between L3 and L4, and |3
moved to the right of L5.

noticed that most solid-state amateur con-
verters suffer from insufficient local-oscillator
injection; on the other hand, too much local-
oscillator power degrades noise figure. Note
that minimum sensitivity can vary as much as
two S-units with a 20-dB change in local-
oscillator power.

The generator | uvsed had only 410 dBm
available. | would expect the curve to rise
slightly as the local-oscillator power in-
creases. At this point noise figure would be
severely impaired. Local-oscillator injection
into the source circuit usually requires even
more power. By tapping local-oscillator pow-

2.0

. 1

BATTERY

e | 5

FEAR DR ITRE R0 DR AR RN AT TR

APHREERB R R

fig. 2. Layout of the low-noise 432-MHz converter. Double-sided copper-clad board is used for the chassis as

well as the shields.

The tangential sensitivity (minimum dis-
cernible signal) versus local-oscillator injec-
tion power is shown in fig. 6. This data was
taken with a 50-ohm source applied to J2 and
the power level varied in 1-dB steps. | have

er into L4 you get a good match to the local-
oscillator circuit while isolation between the
local-oscillator and i-f is enhanced by the
portion of L4 that is in series between the
local-oscillator input and the i-f output.
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tune-up procedure

You can tune up the local oscillator with
any rf-sensing device such as a detector probe
for a VIVM or grid-dip meter in the diode
mode. The choice of a 101 MHz crystal elimi-
nates the possibility of tuning the local oscil-
lator to the wrong harmonic or the develop-

fig. 3. Inductors L1, L3 and L5 are shown in A. L4
construction is illustrated in B.

08-10pF

e 2954 FEEDTHRY

ment of birdies due to nearby harmonics. It
can be tuned up on the bench using a 51-ohm
resistor as a load.

the rf amplifier

To adjust the rf amplifier, connect an an-
tenna or 50-ohm load to 1. With plus 15 V
applied, adjust R1 for 5 mA of drain current
(Ip) measured at the dc input to L3. The volt-
age on L1 should be approximately —0.5 V.
Remove the connection at J1 and note any
change in current. If the drain current
changes, L2 must be adjusted. Apply a signal
to J1 and monitor the output of the rf amplifi-
er at J2 (local oscillator removed). Alternately
adjust C1, C2, C3 and L2 for maximum signal
with no change in current (Ipq,) while J1 is
open circuited. When Iy, remains steady with
J1 open, and the amplifier is tuned for maxi-
mum signal, it is properly neutralized.

Do not attempt to neutralize the rf amplifi-
er by adjusting L2 for minimum signal feed-
through without B+ applied. The B4 changes
the junction capacitance of the FET and de-
tunes the circuit. Small changes in B+ don’t
shift the bandpass significantly, but in areas
where commercial power voltages vary con-
siderably, it's a good idea to regulate the B--
to the rf stage with a 15-V zener diode.

Fig. 7 shows the method | used to deter-
mine converter sensitivity. Noise figure was
calculated at 3.1 dB based on a 250 kHz i-f
bandwidth for the HP417. Minimum Discerni-
ble Signal with 50°% modulation was —125

22 may 1968

dBm or approximately 0.1 uV. | attempted to
measure MDS with the HP608C at 0 dBm with
precision step attenuators in series with the
input. However, this approach was abandoned
because the unshielded converter picked up
radiation from the generator when the at-
tenuators were increased beyond —65 dBm.

Tzl

fig. 4, Method of installing the
2N4417 i amplifier (A). The support
for L2 is shown in B.

—— 75—
O
2n44i7 T ‘/__NEMOVRE
PP,
E 09" COPPE|
SOURCE
ci . 25"
A B
fig. 5. Transistor base diagrams.
2N4417 2N44i6 2N9SiI8
DRAIN SOURCE  DRAIN{ /O O\\GATE 8ase//0 O\\COLLECTOR
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Forest H. Belt, 119 Baker Avenue, South Plainfield, New Jersey 07080

The first step in forming a single-sideband
signal is the generation of what is called a
double-sideband suppressed-carrier or dsbsc
signal. Some form of filter then removes one
sideband completely. It takes a special kind
of modulator to create the sidebands and
eliminate the carrier, and the one used most
is called a balanced modulator.

balanced modulators

A modulator is nothing more than a special
mixer for mixing the voice signal with the
carrier. With ordinary amplitude modulation,
the mixing creates sideband frequencies
equal to the sums of and differences between
the voice modulation and the carrier-and, of
course, both original signals remain in the
output, too. The circuit that produces a
suppressed-carrier signal must form the side-
bands exactly the same as an ordinary a-m
modulator and yet eliminate, as completely
as possible, the carrier against which the
voice modulation beats to create the side-
bands.

First, then, to make it easy to understand
the principles of carrier-suppressed modula-
tion, let me explain a way to feed a carrier
signal into a modulator circuit in such a way



that the circuit is controlled by it and yet the
carrier itself does not appear in the output.
Fig. 1 shows how this works.

Look at fig. 1A first. In this arrangement, the
f signal is fed to V1 and V2 in parallel. In
other words, when the grid of one is on its
positive rf half-cycle, so is the grid of the
other. As is usual in amplifiers, each tube
inverts the signal.

Look what happens when the outputs of
the two tubes are connected in push-pull.
The output of V1 is a negative half-cycle, and
is applied in one direction through the
transformer. The output of V2 is also
negative-going, but it is applied in the op-
posite direction through the transformer.

The result is cancellation in the transformer
of the effects of either signal. If the amplifica-

parallel out also means cancellation of the
input signal.

If you're wondering why any purpose is
served by feeding an rf signal into the stage
only to have it canceled in the output, think
about what happens whenever the tubes be-
come unbalanced. Imagine that V1 in fig. 1B
amplifies less while V2 amplifies more. One
of the signals that appears in the parallel out-
put will dominate the other, because it is
stronger.

If the situation were reversed, with V2
amplifying more than V1, the unbalance
would create a dominance of the opposite
polarity. If something switches the amplifica-
tion of the two tubes alternately up and
down quite rapidly, the output signal varies
back and forth at the same rate. The result is

fig. 1. Cancelling the carrier signal: input in parallel, output push-pull (A); input push-pull, output parallel (B).
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tion of the two tubes is exactly equal, and
the transformer itself is well balanced, there
is total cancellation of whatever signal is ap-
plied to the grids of the two tubes.

Next, look at fig. 18. If a signal is fed to this
stage in push-pull, the half-cycles of rf sine
wave drive one tube in one direction and
the other tube in another. However, if the
outputs of both tubes are connected in paral-
lel, the positive excursion of one always can-
cels the negative excursion of the other.

For example, suppose the signal at the grid
of VI is on its positive excursion; the signal
at the grid of V2, then, is on its negative ex-
cursion. As usual, each tube inverts the sig-
nal. The output of VT is a negative half-cycle,
and the output of V2 is a positive half-cycle.
Since these are mixed in the same load, they
cancel each other. Thus, push-pull in and
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an output that is a rapidly fluctuating rf sig-
nal of first one polarity and then another.

Consider the same action in fig. 1A. With
V1 conducting more than V2, the opposite
signal components in the transformer are no
longer equal, and a certain amount of rf out-
put is coupled to the secondary. If V2 con-
ducts more than V1, the unbalance is in the
opposite direction. Again, if something
switches this unbalance back and forth be-
tween the two tubes at a rapid rate, the out-
put varies at that same rate.

Fig 2A shows a convenient method of vary-
ing the gain of the two tubes. What you sec
is the same cricuit you saw in fig. 1A, but
with a speech input transformer added in
push-pull. [t is easy to see that the push-pull
speech signal can swing the amplification of
the two tubes back and forth at an audio rate.
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The tubes become alternately unbalanced
at an audio rate, and rf shows up in the out-
put—swinging back and forth from positive-
going to negative-going output at the same
rate. The effect is that the rf and speech sig-
nals are “‘mixed”’ and sidebands are created,
yet the rf carrier signal itself does not appear
in the output. The instant the speech modu-
lation is removed, there is zero output from
this balanced modulator.

Fig. 2B shows the principle applied to the
circuit of fig. 1B. In this one, as you can guess
if you now see the underlying principle of
the balanced maodulator, the speech signal is
sent to bath tubes in parallel. Since the tubes
conduct alternately as far as rf is concerned,
varying the gain of both tubes with the speech
signal results in the same kind of amplifica-
tion unbalance at an audio rate that was de-
scribed in fig. 2A.

The result in the output is exactly the same.
The carriér itself does not appear in the out-
put; in fact, with no speech input, there is
no output. When there is speech modulation,
however, the output consists solely of side-
bands created by mixing the speech signal
with the rf carrier.

The pattern of operation here should be
clear. In the balanced modulator, the rf sig-
nal is applied in one mode and coupled out
in the other. That is, if rf is fed into the stage
in parallel, it is taken out in push-pull. If fed
in in push-pull, it is taken out in parallel. This
is true of all balanced modulators; that’s why
they suppress the rf carrier. The speech sig-
nal, on the other hand, is always applied in
the same mode as the output is removed.

Balance is important. If either tube be-
comes slightly unbalanced, the carrier is then
amplified constantly, even though slightly, by
that tube. Many balanced modulators include
a balancing adjustment which is set for mini-
mum rf output with zero audio modulation.

Now that you are aware of the principles
involved, let's examine some actual circuits,
With your new understanding, you’ll find
the circuits themselves are easy to figure out.

diode balanced modulators

The simplest and least expensive balanced
modulators generally semiconductor
diodes. They seem to be more stable than

use
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tube-type balanced modulators, and are not
prone to change characteristics over periods
of time. Well designed diode balanced modu-
lators provide about 40 dB of carrier suppres-
sion-more than tube types do (with the ex-
ception of the special beam-deflection-tube
balanced modulator, which will be explained

fig. 2. Adding audio
moduation: rf paralle!, audio push-
pull (A), rf push-pull, audio par-
allel (B).
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later). That means the power in the sidebands,
at 100% modulation, will be at least 40 dB
stronger than whatever carrier power slips
through.

Two easy-lo-understand diode balanced
modulators are shown in fig. 3. At 3A, you
see the bridge type. In it, the rf and the
speech signals arc mixed in a four-diode
bridge. Notice thal, effectively, the principle
of balanced modulators is adhered to. The
speech signal is applied to the stage in the
same mode in which the output signal is
taken out.
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fig. 3. Basic diode bal-
anced modulators: bridge
(A), ring (B).
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The rf signal, on the other hand, is applied
to the “balanced” corners of the bridge. One
end of the rf input transformer is connected
to the cathode of two of the diodes, and the
other end is connected to the anodes of the
other two. The result, of course, is that the
rf signal is “shorted” to ground by the diodes
except when there is speech modulation to
unbalance their conduction. When that hap-
pens, the output becomes a double-sideband

suppressed-carrier signal.
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fig. 4. The most popular di- Auoio

ode modulator used in ham
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ring modulators

An improved version is shown in fig. 3B. It,
too, uses four diodes-in a circuit called a
ring. Better sideband signals are produced in
the ring modulator than in the bridge-type.
Again, the speech input is in the same mode
as the output. The rf signal is fed into trans-
former center taps, so it is balanced with re-
spect to the output.

Efficiency in the ring modulator is high, and
the four diodes should be carefully matched.
One way to check them is with an ohmmeter,
by measuring their forward and backward
resistances. All four should match within 2%-
even better, if possible. If they aren't
matched, a certain amount of the rf carrier
will slip through. Furthermore, the sidebands
themselves will be unbalanced, which will
create distortion when you try to recover
them at the receiver.

The purpose of the 500-pF capacitors in
both modulators is to keep audio and ¢f
separated except in the mixer diodes. The
capacitors pass rf energy quite easily, but
present a fairly high impedance to the speech
signal. In fig. 3A, the sideband output trans-
former would act pretty much as a short cir-
cuit for the speech signals; instead, the capa-
citors keep them out and they are forced to
go into the bridge.

In fig. 3B, the two capacitors merely assure
a low-impedance path for the rf signal in both
directions to the ring circuit. The capacitors
hardly affect the speech input signal at all,
because of their low value.

About the most popular balanced modula-
tor for ham equipment is the one shown in
fig. 4. It is a variation on the ring circuit al-
ready described. Don’t be confused by the

transmitters.
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way it's drawn, hecause it isn’t a bridge. You
can tell it'’s a ring by the fact that the diodes
all are in series with one another; in a bridge,
there are always two cathodes together and
two anodes together.

This circuit has some other peculiarities,
because it is designed to eliminate the ex-
pensive input transformers. Furthermore, both
the speech and the rf signals are fed into the
ring diode circuit from stages in which one
side is grounded. The thing to do, to under-
stand this particular balanced modulator best,
is to analyze the action on the rf carrier
alone first, and then study the effects of un-
balance created by the speech input signal.

RF
OSCILLATOR
-

fig. 5. Two-diode balanced
modulator is one form of
the ring-type.

AUDIO

Next consider what happens when a speech
signal is applied at point A. The capacitor
there has little effect on the speech frequen-
cies. Therefore, the path to ground for
positive half-cycles of the speech signal is
through D7 and D2. For negative half-cycles,
it is through D3 and D4. The speech signal
thus “turns on” these diode pairs alternate-
ly, at the speech-signal rate. You can see that
the speech signal determines which diodes
are conducting and which not conducting
during a given half-cycle period.

As an example of the effect: when the
speech signal is causing D1 and D2 to con-
duct, it has reverse-hiased N3 and D4. Con-
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The first thing to notice is that two corners
of the ring are grounded as far as rf is con-
cerned. Capacitor C5 keeps point A at rf
ground; point C is grounded directly. That
being the case, the rf signal is applied to the
ring effectively in parallel. It goes in both
directions through RT and R3, from balancing
potentiometer R2. When it reaches B and D
it splits up, with both segments being shunted
to ground through whichever diode happens
to be conducting on that particular half-cycle
or excursion.

The important thing is that, because of the
way the diodes are connected in the ring, the
rf signal is behaving inside the ring circuit
almost as if it were in push-pull. From point
B, it goes through D1 on one half-cycle, then
through D2 on the next, seeking ground.
From point D, it alternates going through D3
and D4. With zero input from the speech
circuit, the rf signal is continually shunted to
ground on both excursions by one or anoth-
er of the diodes. The result is that no «f
reaches the primary of transformer T1 and
consequently there is no carrier output.

28 may 1965

sider positive excursions of the rf signal
(many rf excursions occur during each audio
half-cycle). Their only possible paths to
ground at that instant are through D2, which
is made conductive by both the tf and the
speech signal, and through D4 which is made
conductive only by the rf signal. Obviously,
the greater rf current flows through R1 and
D2. Much less flows in R3 and D4, because
conduction in that diode is opposed by the
speech-signal excursion. For negative excur-
sions of the rf signal, the path aided by the
speech-signal excursion is through R1 and D1;
the R3-D3 path is opposed because D3 is still
reverse biased.

If you carry through the reasoning for both
positive and negative speech-signal excur-
sions, you'll see that the path for all rf signals
is through R1 on positive half-cycles of the
speech signal, and through R3 on negative
ones. This unbalancing means that some of
the rf is not canceled and causes rf current to
flow in T1-first predominantly in one direc-
tion, then in the other. Since, during modu-
lation, this unbalance is varying at the speech-



signal frequencies, the output is a pair of
sidebands resulting from mixing the carrier
and the speech frequencies; there is no car-
rier.

Capactitor C6 serves the same purpose it
serves in the other circuits—to make sure only
sideband signals reach T1; its value is such
that it virtually blocks speech signals. C3 and
C4 are balancing capacitors that make up for
any stray capacitance in the stage; C3 is ad-
justed for minimum carrier output with zero
modulation.

fig. 6. Simple two-diode bal-
anced modulator is also ring-

type.
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two-diode modulators

An exceptionally simple variation of the
diode-ring balanced modulator is used in one
transmitter. If you examine its circuit carefully
(fig. 5), you'll sce that all the requisites of a
balanced modulator are there. The diodes are
in series with each other, as in a ring circuit.
Fhe rf signal is fed to the modulator circuit
in push-pull by the secondary of the input
transformer, and the resulting sidebands are
taken out in parallel via a tap between the
two balancing resistors. The speech signal is

fed in parallel, being applied to the center
tap between the two secondary windings of
the input transformer.

With no modulation, each excursion of f
is applied to the diodes, but only the ones
that make the top of the transformer second-
ary positive and the hottom negative can
make the diodes conduct. Current then flows
through the two balanced resistors. However,
the output is taken off between the (wo resis-
tors, so the voltages across the two resistors
are in opposite phase with respect to ground,
and they cancel. The result: no output. Dur-
ing the other excursion, there is no output
because the diodes aren’t even conducting.

As the speech signal switches first one and
then the other diode “on,” the rf signal that
is trying to flow in both diodes is either op-
posed or aided. The constantly shifting un-
balance at the speech frequencies produces
the sidebands at the junction of the two re-
sistors, with the carrier suppressed.

Don't let the tap on the output coil confuse
you. This one is strictly for matching the low
impedance of this modulator to the higher
impedance of the filter that follows.

There are other relatively simple two-diode
ring circuits. One that has been popular in
some home-brew rigs is shown in fig. 6. You
don’t need much explanation of this one;
you can figure out its operation from your
knowledge of this type of balanced modu-
lator.

The rf is applied 10 the two-diode ring in
push-pull. R1 can be adjusted for a “center-
tap” ground that allows the speech to be fed
in at a tap hetween the two diodes-therefore
in parallel. The output is taken in parallel at
the same point, through a coil which couples

o
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fig. 7. Tube-type balanced modulator: transistor is incidental. 500
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the sideband signals through a tuned second-
ary to the sideband filter.

C1 and C2 are the capacitance-equalizing
part of the carrier-balancing network. Some-
times C1 is moved to the opposite end of the
coil. R1 is of course the carrier-balancing po-
tentiometer.

tube-type balanced modulators

In fig. 7 is a tube-type balanced modulator
used in at least one commercial ham trans-
mitter. A transistor is used, too, but it is pri-
marily an impedance-matching input device.
The balanced modulator has the usual con-
figuration. The rf is fed to the stage in parallel,
to the two cathodes, and the output is taken
out in push-pull.

R5, R6, and R7 make up a balancing net-
work to equalize conduction of the two
tubes. The speech signal must be applied in
push-pull, which is accomplished by ground-
ing the grid of one tube and feeding the sig-
nal to the grid of the other. This is, in effect,
push-pull.

Operation of this circuit is very much like
the one in fig 2A. The two 500-pF capacitors
keep speech signals out of the output circuit.
C7, C8, and (9 are the capacitance-balancing
capacitors. C7, the adjustable one, may be at
either end of the output transformer winding,
depending on which position does the best
job of suppressing the carrier. Capacitor C4
keeps the carrier-balance control slider at rf
ground, providing the rf “‘center-tap” ground
necessary to make the output circuit push-
pull.

Pentodes may be used in place of triodes
for this circuit. When pentodes are used, the
rf signals may be fed to the control grids
while the speech signal is fed to the screens.
Speech and rf are in push-pull, and the out-
puts are paralleled. Fig. 8 shows an example
of this particular hookup. The schematic is
simplified to show merely how it works; the
system is seldom used in commercial ham
transmitters.

deflected-beam-tube modulator
RCA has a tube, the 7360, that is designed
especially far halanced modulators and bal-
anced detectors. lts cathode gives off elec-
trons that form a beam which travels between
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two deflection plates loward two outpul
plates. The schematic diagram detailed in
fig. 9 looks pretty complicated, but it isn't if
you keep the fundamentals you have already
learned about balanced modulator operation
in mind.

One big difference in this particular circuit
is that it is self-oscillating. The carrier is gen-
erated internally. An external oscillator can
be used, but there is little need, unless a
separate oscillator is already part of another
circuit. This one is a crystal-controlled Col-

pitts.
fig. 8. Pentode system uses
screen grids to accept the
audio.
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The structure of the tube is such that the
mternally generated rf signal modulates the
beam, but the beam doesn’t strike either out-
put plate. [t goes right between them. So, you
have that old familiar balanced-modulator
characteristic: no rf-carrier output signal. You
can call this type of carrier-signal injection
parallel, since it has the capability of reach-
ing either plate, as you will shortly see. The
output, of course, is in push-pull.

The speech signal is applied to the deflec-
tion plates of the tube, effectively in push-
pull. One of the deflection plates is at ground
potential for audio signals—the 0.1-uF capac-
itor does that job. The speech signal is fed
to the other deflection plate.

The dc voltages on the two deflection
plates must be equal when there is no speech
input, so the rf beam misses both plates. That
is done by a voltage-divider network across
the 300-volt supply line, and the 5k poten-
tiometer. Then, when speech modulation is
applied to the deflection plates, the beam is
pulled back and forth so it strikes the output

TO SS8
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plates, first one and then the other, at an
audio rate. The speech signal thus produces
an output that contains only the sidebands.

The beam-deflection balanced modulator
has several advantages. It is easy to adjust
and doesn’t require a lot of tricky balance

fig. 9. Beam-deflec-
tion balanced mod-

There you have the story of balanced
modulators, Keep in mind the basics: the
output mode is the opposite of the rf input
mode, so the output will be devoid of the
carrier frequency. The speech signal is fed to
the stage so it can control gain, switch diodes,
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adjustments—just one potentiometer. A regu-
lated supply is a good idea for the screen
grid, which acts as a sort of plate for the
oscillator. The circuit is capable of at least
60 dB of carrier suppression. This is beyond
the most stringent requirements.

two-year novice licenses

A number of rumors have been circulating
around to the effect that Novice licensees
who held a one-year Novice license which
expired 22 November or thereafter, would
receive a one-year extension to their license
term. This is not true. According to the Fed-
eral Communications Commission in Wash-
ington, D. C., no extensions will be granted
to Novice licensees because of the new two-
year Novice-license term,

5
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or deflect a beam that already contains the
rf. The result of this mixing of signals is an
output that contains the sidebands produced
by the mixing process, without the carrier.

ham radio

If you know any Novices whose licenses
expired on or after 22 November 1967, check
to make sure that they are not under the
mistaken impression that their license has
been extended for one year. If you hear
other amateurs spreading this rumor, please
tell them that there are no one-year exten-
sions to Novice licenses. If they have any
questions, have them check with their Jocal
FCC office. ham radio
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folded

mini-monopole

antenna

Space problems?

The mini-monopole antenna

offers high performance

and efficiency

in a small package
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William 1. Orr, W6SAI, 48 Campbell Lane, Menlo Park, California Il

Compact, low-frequency antennas are char-
acterized by low input resistance, high re-
actance, inherently high Q and low radia-
tion efficiency. In addition to this melancholy
catalog of features, the compact antenna re-
quires a matching network 10 compensate for
antenna reactance and to transform the input
resistance to a value that is compatible with
the transmitter. Unhappily, in most cases, the
matching network inevitably introduces addi-
tional circuit losses. As a result, the perform-
ance of a compact low-frequency antenna
system often leaves much to be desired.

the low-frequency whip antenna

The size of an efficient low-frequency an-
tenna presents a problem to the amateur
whose backyard is small and hemmed in by
telephone and power lines. In many cases,
the only clear direction for an 80- or 160-
meter antenna is straight up. Mobile opera-
tion poses much the same problem, with the
additional handicap that vertical antenna
height is limited to eight feet or so. Mobile
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antennas and practical back-yard whip an-
tennas of reasonable height are not noted for
their efficiency; moreover, ground losses in
the back-yard antenna and body losses in the
automobile installation further compound
the problem.

The input resistance of a simple whip an-
tenna drops rapidly as the length is decreased
below one-quarter wavelength (fig. 1). An
ordinary quarter-wave whip has an input re-
sistance in the neighborhood of 32 ohms or
so, with minimal reactance.

At a length of 0.2 wavelength, the input
resistance has dropped to about 20 ohms, and
the reactance has risen to -200 ohms. When
the whip length is further reduced to 0.1
wavelength (about 25 feet at 80 meters), the
input resistance is only 4 ohms and the re-
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actance has sky-rocketed to about -600
ohms. Worse still, the eight-foot mobile whip
has an input resistance of less than 0.4 ohm
at 40 meters and less than 0.1 ohm at 80
meters.

In each case, the input reactance is ex-
tremely high-over -1000 ohms. Since the
input resistance is extremely low, a consider-
able amount of current must flow in the an-
tenna if any power is to be dissipated as
radiation. In order to accomplish this, the
reactance must be cancelled out by adding
equivalent positive reactance (inductive) in
the form of a loading coil to tune the antenna
system to resonance.

The tuning network or loading coil adds
the losses of the coil to that of the antenna.
Even with a high-Q coil (say, 300 or so), the

rf resistance of the coil is from 20 to 200
times the input resistance of the short whip,
and, as a result, the greatest percentage of
transmitter power heats up the coil instead
of increasing the signal at the receiver of an
eager listener. Antenna system efficiencies on
the order of 0.5 to 2 percent are common in
mabile installations, and you can expect effi-
ciencies of 5 to 10 percent in short, loaded,
back-yard whip antennas.

the folded mini-monopole antenna

The folded mini-monopole antenna was
developed in an attempt to obtain a portion
of the impedance transformation within the
antenna itself, eliminating the high losses of
the customary matching network.1,2

The folded monopole is merely one-half of
a folded dipole working against an image
graund system as shown in fig. 2. Folded mini-
monopoles less than a quarter-wavelength in
height have been tested in the low-frequency
region of 1.8 to 7 MHz in an attempt to de-
vise a relatively efficient antenna system of
reasonable size. The input impedance of a
folded mini-monopole was measured on a
vhf model and plotted in fig. 3. Both the re-
sistive and reactive components of the input

T
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tig. 2. The foided mono-
pole antenna.
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impedance vary sharply as the height-to-
wavelength ratio is varied. The curves show
several interesting input combinations which
exist at discrete heights.

At a mini-monopole height of 0.19 wave-
length (point A, fig. 3), the input resistance is
about 50 ohms, with a reactance of -50
ohms. This is a reasonable value to feed di-
rectly with a 50-ohm line with no matching
system; the SWR would be about 1.5:1. Not
bad at all for a simple antenna! At a center
frequency of 3.8 MHz, it would require a
mini-monopole height of about 48 feet.

may 1968 33



An even more compact mini-monopole
may be constructed 0.075 wavelength high
(point B, fig. 3). The input resistance of this
antenna is about 50 ohms, with a reactance of
4150 ohms. The positive reactance may be
easily cancelled out by adding a series tuning
capacitor. Happily, the tuning capacitor has
much less resistive loss than even the best
loading coil or matching network. For a
center frequency of 3.8 MHz, the 0.075-wave-
length mini-monopole is only about 19-feet
tall.

This version of the monopole is very attrac-
tive for 160-meter operation. For a lower-
band segment (1.8-1.9 MHz), the antenna
height is 41 feet, while for the upper band
{1.9-2.0 MHz), the antenna is 37 feet high. For
40-meter mobile operation, moreover, an-
tenna height is about 10 feet-well within the
capability of a modest installation since no
center loading coil is required!

fig. 3. Input impedance for folded mini-
monopole antenna.

RESISTANCE

IMPEDANCE (OHMS)

|
-500 V' ReacTance

] 0. 0.2 03 04 05
HEIGHT TO WAVELENGTH RATIO W My,

the 0.19-wave mini-monopole

Dimensions for the 0.19-wavelength mini-
monopole antenna for 160, 80 and 40
meters are given in fig. 4. While the antenna
itself presents a reasonable match to a 50-
ohm line, you can accurately match the trans-
mission line with an SWR meter by adding a
very small, adjustable loading coil.

While a height of 90 to 100 feet may be
prohibitive for 160 meters, you can see from
fig. 3 that the antenna may be shorter than
the dimensions given in fig. 4, down to 0.15
wavelength or so, without appreciably affect-
ing results. It is merely necessary to add in-
ductance to the tuning coil (L) to compensate
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for the restricted height. A minimum height
of 80 feet is suggested for 160-meter opera-
tion, while half this would be suitable for
80-meters.

the 0.075 wave mini-monopole

The 0.075 wavelength mini-monopole is a
very interesting antenna; the dimensions for
this mini-wonder are given in fig. 5. The chart

fig. 4. The 0.19 wavelength mini pol
0./94 MIN! — MONOPOLE

FREO.(men) | HEIGHT (W) |TUNING COIL (L)

1825 100’

1925 92: 4.5uH
35 57 H
0 Y 2.2uM
7.0 2s5'6" (X0}

in fig. 3 shows that this antenna presents an
inductive component at the input terminals
which can be tuned out with a series capaci-
tance. For 160 meters, the over-all height is
40 feet or less, while for 80 meters the height
is only 20 feet, or less. Since antenna height is
only 10 feet on 40 meters, mobile operation is
feasible. The series capacitor should be a
transmitting type for moderate power levels,
since the voltage across it is quite high.

building a mini-monopole

As with any antenna system, you must take
care in building a mini-monopole or the ad-
vantages of the antenna will be offset by
sloppy and inaccurate construction. For the
80- and 160-meter versions, the antenna may
be built of aluminum tubing. Telescoping
lengths of 1-inch and 7/8-inch tubing may be
used if it's well guyed, or larger tubing can
be used in a self-supporting arrangement.

The parallel tubes are strapped together at
the top with a low resistance strap; a length
of T-inch wide aluminum strap is best. The
spacing between the whips is not critical and
may be from ten to sixteen inches or so. It
appears that too-close spacing will inhibit



antenna operation and spacings of a few
inches have provided puzzling results. Good,
low-resistance connections between the sec-
tions of the antenna are mandatory, and lib-
eral use of an aluminum anti-oxidizing com-
pound such as Penetrox-A* is recommended.

A good ground is required with both ver-
sions of the mini-monopole antenna. Multi-
ple ground rods may be used, or a simple
counterpoise system is suggested. A satisfac-

fig. 5. The 0.075 wavelength antenna.

00754 MINI NS
MONOPOLE |
FREQ. (me/u| HEIGHT (H]
Laz2s 40
1925 36"
38 20 o
4.0 18"
7.0 10
360 pF
7

tory counterpoise may be made up of two or
more quarter-wavelength insulated wires
running close to, but not on, the ground. In-
sulated hookup wire is satisfactory for this
purpose and the clever amateur can disguise
them by running them through bushes, along
fences, or around the framing of the house.

The antenna is tuned by adjusting the series
capacitor or inductor for minimum SWR on
the transmission line. If you're an experi-
menter, you may want to change the height
of the mini-monopole to drop the SWR to
near-zero at your pet operating frequency.
The rest of us lazy hams, like myself, will
probably forego this instructive experience
and work the antenna as is.

* Penetrox-A is made by the Burndy Company and dis-
tributed through the General Electric Supply Company
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162.55-MHz

ESSA weather receiver

using IC’s
and

FET's

A tunable vhf receiver
of modern design
using IC's,

FET's

and a

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

In addition to low-frequency broadcasts of
weather information for aircraft by the FAA,
there are Environmental Sciences Service Ad-
ministration (ESSA) broadcasts of surface
weather information on 162,55 MHz (FM).
Since these surface-weather broadcasts are
primarily intended for ships and boats they
are only available near navigable waterways.
However, from the list of the ESSA stations
given in table 1 you can see that most of the
country is pretty well covered. The broadcasts
from these stations are continuous-by means
ot an automatic tape.

You can build a rather simple receiver for
these weather stations by using some of the
new semiconductor devices on the .aarkel.
Integrated circuits cut wiring complexity, and
field effect transistors and a crystal filter add
performance features that can't be equaled—
even by the multi-tube “kluges” in FM

mohile service

circuit

A block diagram of the 162.55 MHz re-
ceiver is shown in fig. 1. Note the use of
FET's in the front end; the rf amplifier and
mixer are T1S34’s. The use of FET's in these



two blocks of the receiver yields exceptional
cross-modulation immunity. Another TI534 is
used for the local oscillator, but for a differ-
ent reason-its inherent temperature stability
over a bipolar transistor circuit.

The system bandwidth is established im-
mediately after the mixer by a surplus 10.7-
MHz crystal filter with a 40-kHz passband.
Since the ESSA broadcasts are using FM with
+ 15 kHz deviation, the 40 kHz passband of
the crystal filter provides the required 30
kHz, plus 5 kHz “elbow room” on each side
of the channel.

The i-f, limiter and discriminator consist of
a single integrated circuit, an RCA CA3013.
This ten-lead, TO-5 can IC has 75 dB i-f am-
plification and the discriminator diodes-all
for $2.75! The CA3013 is apparently the same
IC that is being used as the sound i-f and
detector in many TV sets. All you need to
complete the detector is a discriminator
transformer and a few peripheral resistors
and capacitors. If you have trouble finding a
CA3013, it could probably be replaced by the

fig. 1.

_____ casos |

table 1. List of 162.55-MHz ESSA weather
stations

Atlantic City, N. J. KHB-38
Bouston, Mass. KHB-35
Bridgepart, Conn. KHB-45
Charleston, S. C. KHB-29
Chicago, I}, KWO-39
Corpus Christi, Texas KHB-41
Galveston, Texas KHB-40
Honolulu, Hawaii KHA-99
Jacksonville, Fla. KHB-39
Kansas City, Mo. KID-77
Lake Charles, La. KHB-42
Los Angeles, Calif. KwQ-37
Miami, Fla. KHB-33
New Orleans, lLa. KHB-43
New York, N. Y. KWOQO-35
Norfaolk, Va. KHB-37
San Francisco, Calif. KHR-49
Tampa, Fla. KHB-32
Washington, D. C. KHB-36

The receiver power supply is conventional,
with a full-wave silicon rectifier, capacitive
input and a dual regulator. Three voltages are

Block diagram of the 162.55 MHz ESSA weather receiver.

DiSCRIMIN-
iT
LIMITER }_‘ T OR .—f— ,_{ﬂ

—
Tis34 TIS34 |
ar CRYSTAL
MIXER FILTER [
L
ISOLATION| 3563
AMPLIFIER
LocAL
osciLL- | TIS34
ATOR

CA3014 or SK3022.

The audio section is similarly taken care
of by an IC, the General Electric PA222. This
chip, in a modified dual-inline package (DIP),

provides 70 dB of open-loop gain and can put-

out up to a watt of audio. This amazing little
af package fits into a standard 14-pin DIP
socket, even though it only has 8 pins. The
ninth (and largest) lead on the PA222 is a heat
sink tab. It is soldered to a copper tab on the
chassis.

supplied for this mixture of active devices:
unregulated +18 and regufated 46 and +14
volts.

construction

My receiver is built in an LMB W1C utility
case which affords more than ample room.
You could probably get the electronics in
the smaller LMB W1A and still not be crowd-
ed. The i-f amplifier-detector section was
built on a 2 by 2-1/2-inch piece of copper
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laminate. | used this as | could easily solder
down the IC bypass capacitors and maintain
minimum inductance in all leads. This is very
important, since the more casual construction
I tried at first produced an oscillator! After
all, we are fooling around with an awful lot
of gain in a small package. The CA3013 sim-
ply won't forgive a sloppy layout.

Each of the .05-uF bypass capacitors on
pins 2, 3, and 4 are put in parallel with a
1000-pF standofi-type capacitor. In fact, the
standard capacitors (which are soldered 1o
the copper laminate} support the IC socket-
a “spider” type, Nugent LP51710. Similarly,
the .01-xF bypass at pin 10 is in parallel with
the 1000-pF feed-through capacitor bringing
46 volts in from the top of the chassis. While
parallel-bypassing sometimes has its pitfalls,
it was the trick that “calmed down” this IC.
I made the discriminator transformer more
or-less as described in the RCA spec sheel
for the CA3013 and CA3014.2 The spacing
between L - Ly and L; was not specified, so
you can play around with it. | used about 3/4-
inch.

In addition, the PA222 is a high gain IC, and
all the leads must be kept as short as prac-
tical. Since the PA222 has much less band
width than the CA3013, this job is a little
easier. More details on the PA222 and how

to use it are des Ill'll_'l! in references 3 (H\d 4.

The vhf weather receiver. The tunable local oscillator
is mounted on the box on the front panel just in front

of the crystal filter.

8 mav 1968

local oscillator

I used a tunable local oscillator because
it was simple; after all, that's what every hi-fi
FM tuner on the market uses. Stability is fur-
ther improved by using an FET in the LO.
Local-oscillator power is extracted from the
FET circuit at a 50-ohm tap on the oscillator
coil. A 10-dB pad and a common-base am-
plifier isolate the LO from the mixer and
allow injection into the mixer gate (in |).1m|-
lel with the signal), through a small capacitor

{less than 1 pF). Local-oscillator energy is de-

Below-chassis view of the receiver. The rf amplifier
and mixer are located in the enclosure to the right.

livered to the 2N3563 isolation amplifier
through a 6-inch length of 50-ohm RG-174/U
cable

The LO is built ina 3 x 2-1/2 x 1-1/2 box
made of copper laminate with a |nnl’nmtcd
aluminum cover. The LO box is quite rigid
and is mechanically tied to the front panel of
the receiver. Flexure between the front panel
and the chassis doesn’t change the LO fre-
quency because the box moves with the
panel

Several points about this design deserve
additional discussion, The rf amplifier and
mixer are quite similar to the circuits in
K6HMO's wo-meter converter.® It may be
possible to eliminate the 2N3563 isolation

amplifier by injecting the LO at the source,
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Two 9-turn number 36 bifilar windings on 1/4”
ceramic form; connected in series

L6
L7

L8 6 turns number 20, 3/8” long, 1/4” 1D, air wound

fig. 2. Schematic diagram of the tunable vhi receiver. Although only one TIS-34 rt amplifier is shown here,
another could be added for more sensitivity. The power supply and local oscillator are shown in fig. 3 and 4.

but | haven’t tried it.

A crystal-controlled local oscillator would
probably be advantageous for marine-mobile
service, but it entails more circuitry if you
want to suppress spurious responses. That is,
if a 75.925-MHz crystal is used with a doubler
to produce a 151.85-MHz LO, you must keep
75.925 out of the doubler output, Otherwise,
the receiver could also receive TV channels
3 and 6.*

In K6HMO's two-meter converter a simi-
lar effect can be noticed. Since he used a
58.5-MHz crystal with a doubler to generate

*75.925 MHz — 10.7 MHz = 65.225 MHz (channel 3)
and 75.925 MHz - 10.7 MHz = 86.625 MHz {channel 6).

a 117-MHz LO, the third harmonic (175.5
MHz) is also generated. The 175.5- and 117-
MHz injection frequencies each convert
146.25 MHz to a 29.25-MHz i-f. However, at
any other frequency in the two-meter band,
two separate i-f frequencies will be found
for the signal.

These two examples are used only to show
that crystal control of the local oscillator is
The most direct
method of using crystal control in this re-

not without its hazards.
ceiver is to use a seventh-mode crystal on
151.85 MHz. These crystals are available from
James

at least one crystal manufacturer:

Knight.
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fig. 3. The power sup-
ply for the vhi weath-
et receiver.

"7z vac
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If you want to receive really weak signals,
such as distant two-meter stations or mobile
services (police etc.), it may be a good idea
to use two TIS34 stages instead of just one.
K6HMQ’s converter is designed that way.
However, for the reception of KHB-49, San
Francisco, some 20 miles away, this receiver
is more than adequate in Palo Alto.

References

1. C. Fared), “Using Junction FET's As Oscillators,”
EEE’s FET Applications Clinic, March 25, 1967, Section
4-1, published by Girard Associates, Box 404, Mt.
Arlington, N. [. 07856.

2. RCA, ""CA3013, CA3014 Specification Sheet,”” 92
CM, February 1966.

3. General Electric, **PA222 Preliminary Specification
Sheet,”’ 85.20, March 1967.

4. A. Petrie, “‘First Integrated Circuit Phonograph,”
Llectronics World, December 1966, p. 28.

5. R. Friess, “A Low-Cost FET Two Meter Converter,”’
73. October 1966, p. 22,

[l phone patch legality

The legal status of phone patches may be
clarified and improved if the Carter Electron-
ics Corporation succeeds in its case against
three major telephone companies.

In 1965, the FCC advised Carter Electronics
that its cradle-lype Carter-phone patches were
prohibited by Tariff 122. Carter filed an anti-
trust suit against AT&T, the Associated Bell
System and General Telephone. The Federal
District Court requested a ruling by the FCC,
which ruled that the Carterphone indeed vio-
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fig. 4. With this tunable local oscillator,
the receiver may be used for two meters
and the various mobile services as well
as the ESSA weather service. For single-
channel reception, a crystal oscillator may
he substituted as indicated in the text.
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lated Tariff 122, but that the tariff was an
“unwarranted interference with the tele-
phone subscriber’s right to use his telephone
reasonably in a way that is privately beneficial
without being publicly detrimental.”

The cventual result of this case may be that
if a customer wishes to attach gear to his line,
his telephone company will have to show
cause for denial, a complete reversal of the
present situation.

Jim Ashe, W2DXH
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NEW ARRL LICENSE MANUAL

With any purchase over $25.00
(which includes a code practice
set or code records, or any key)
we will include upon request
the new License Manual free.

—ELECTRONIC KEYERS—

If you are practically re-learning how
to send, you might as well start up
with the ultimate key—a full electronic
“bug". Harrison has all the best!

[]The Omega “'DA". Fully self-con-
tained, with squeeze paddle, speaker,
reed relay, and battery. All solid state,
digital circuitry.  Complete $85.00
1 Waters Model 361, “CODAX" Keyer

With built-in paddle. $92.50
[] Hallicrafters. The original “T. 0.
Keyer”. Model HA-1 $79.95
[ Autronic Keyer $79.50
(] EICO Model 717 Keyer $69.95

[ Model 717-K (Complete Kit) $49.95

—KEYERS—

Twin paddles, for HA-1 etc. electronic
keyers.

] Autronic $19.95
[] Brown BTL $16.95
[ Less base, model UTL $11.95

[] Brown Combination BTL and straight
key, on one base. Model CTI. $20.95
[ Vibroplex “Vibro-Keyer” $18.95
[ Vibroplex De Luxe, chrome base

$24.95

YOUR KEY IS THE KEY TO YOUR EXTRA
FIRST CLASS OPERATING PRIVILEGES

Don't be left out in the cold, crowded General sub-bands! Keep your full oper-
ating privileges (and boost your status with an “E” after your call in the Call
Book). Go after your Extra First Class license.

It's not that difficult! Just brush up on the code that got rusty while you
were chatting on SSB. (One day a week on CW should soon have you in trim!)
Then, crack the manual on the exam, and you'll be ready to meet your friends

in the X bands.

73, Bd Favcson W2ZAVA

—SEMI-AUTOMATIC KEYS—

If you don't feel electronic, at least go
semi-automatic, and avoid “glass arm”'!

Genuine "Vibroplex" Bugs:

&

] “Champion” $19.95
[] “Lightning Bug" $23.95
] “Lightning Bug" De Luxe Chrome

base jewel movement $29.95
(] “Original” Bug $24.95
] “Original”" Bug De Luxe Chrome
base, jewel bearings. $29.95

[]Super De Luxe “Presentation”

model. Jewel movement, super-speed
control. 24 K gold plated base top. (Call
engraved in gold top—$1.50) £39 95
?Barmng case, with lock and key.
(Specify model) $6.75

—STRAIGHT KEYS—
E. F. JOHNSON:
[ 114-310. Black base. $3.50
] 114-310-3. With switch $4.50
[1114:311. Chrome base $5.50

(] 114-320. Heavy duty. Black base,
$4.95

[1114:321, Heavy duty. Chrome base.
$5.85

[] 114-100. High speed. $1.75

[1114-100-3. With switch. $8.50

] Brown model ST $8.95
—CODE PRACTICE GEAR—

If you feel you must brush up before

you send your first CW CQ!

CIHALLICRAFTERS HA-18 Complete
Code Learning Package: Transistorized
oscillator with speaker, adjustable key,
LP 12" dual code practice record, 3
ARRL books. All for only $14.95
[] AMECO Model OCPW. Transistorized
code practice oscillator, with spse‘agesr

(7] Same in kit form. OCPK $7.95
[] OMW, includes CW monitor $12.50
1 OMK, complete kit. $9.95
[]BUD CPO-155T. Transistorized for
headphone $6.75
[ CPO-128B Codemaster, FB for class-
room, runs up to 20 earphones. Volume
and pitch controls. 4" PM speaker. CW
monitor switch. 115V AC $22.50
[ RIDER SIGHT-N-SOUND.
Code Records. Three 10 LP's take you
from 9 to 20 WPM, fast. $8.95

—HEADPHONES—
{Don't annoy the family!)

[ SUPEREX AP-S. With large cushions.
600Z.

$24.95
[1TRIMM “Commercial”. Model 157.
Unbreakable. With Plug. $9.45

[] TRIMM “Featherweight” =106 $6.90

~PROMPT ORDER DEPT.

we carefully pack and ship ham

gear, accessories and parts 1o

most any part of the world.
Address your orders to:

22 Smith Street
Farmingdale, N.Y. 11735

Please include ample postage (plus §1
handling cost with orders under $10.)

OR, PHONE YOUR ORDERS TO
\_ (212) BA 7.7922 OR (516) 293-7990 J

Har

mson

“HAM HEADQUARTERS, USA"®

NEW YORK CITY JAMAICA, L. I. FARMINGDALE, LI
8 Barclay St. 139-20 Hillside Ave. Route 110 at Smith St.
212) Bmclay 7-7922 REpublic 9-4101 (516) 293-7995
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uses of

fig. 1. Basically, the inte-
grated-circuit operational am-
plifier is simply an amplifying
device with two inputs

the MC1530 IC

Although these circuits
were designed around the
MC 1530,

other types

of linear IC’s

may be used

in similar circuits
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John ). Schultz, W2EEY, 40 Rossie Street, Mystic, Connecticut 06355

In the past, integrated circuits have appeared
as window dressing in some equipment when
one or two transistor stages would have done
the same thing at lower cost. However, the
rapidly decreasing cost of 1C's make them
more applicable to many amateur uses. The
Motorola MC 1530, a typical 1C operational
amplifier, can be used as an audio amplifier,
audio compressor, i-1 .|r:;;l||]||'{ or oscillator
with better results  than several  transistor
stages

The MC1530 15 typical of a class of inte
grated circuits known as operational amplifi
ers. It s rather expensive about $15, but all
types of surplus 1Cs are becoming available
al prices ranging from one to three dollars
[l]l' .lpl][l(dT“'”\ I!l'\t [I!Il'll hi'[(' dret .lilllll[ a
hle 1o almost any operational-amplitier €
as long as you consider the frequency range
and power-supply requirements

Operational amplhitiers are essentially multi
stage transistor amphifiers wired so that the
connection of external elements determines
the frequency response and gain. By connect
ng external capacilors coils, et 1C's can
be wsed as audio amphbers, of amplitiers or

oscillators



Normally, the operational-amplifier IC uses
dc-coupled amplifier stages so no internal ca-
pacitors are required. The lack of capacitive
coupling permits the amplifier to be used as
a dc amplifier. In addition, the frequency
range is not restricted by any capacitive-
coupling effects.

Integrated circuits offer a number of
advantages over conventional, discrete-
component amplifiers. Perhaps the greatest
advantage is the large amount of signal am-
plification available in a very compact pack-
age. The MC 1530, for example, provides a
maximum signal gain of 74 dB, yet it isn’t
any bigger than a small audio transistor. The

put and output terminals in the transistor cir-
cuits are separated by several inches. Good
input/output shielding is imperative when
you use IC’s. The IC also has a frequency re-
sponse heyond that of a simple transistor-
amplifier stage.

The MC 1530 will operate from dc to well
beyond 14 MHz. Proper bypassing is very im-
portant if you want to avoid spurious re-
sponses and oscillations. The application
notes available from the IC manufacturer de-
tail the circuit precautions that are necessary
for stahle operation; they should be followed
closely. If you follow the manufacturer’s rec-
ommendations, you'll find that IC’s are more

7 ) ! 7
8 T : ! 89
+vee 9 ' +Vee !
0 9 10 i ¢
6 i ? j : 6 i )
—— 8 & P i - ! &
B [
=. ;
1
| " | |
775 S8k 775 ; i L
I $ ST i ;
1 o8 o2 | ! @2
; |
! |
i 1
{ !
r as o7 ! 0 T $30%
X ) Qu
oz 04 oz 04 : ;
! |
' J !
3i5x : "5 :
i
INPUTS i INPUTS ' : a3
o3 o0 03 | T
3.2x | 34K ! :
;
! {
b 0 H !
)
o, ! i
oz o3 4 | H
)
226 3, o 22K Sisk
i
>~
4 ! 3 9 )
34 e A ! 3 lL, ~vee :
GND ' 6ND '

fig. 2. The complete internal circuit of an IC is rather complicated (A), but when it is broken into sections as
shown in B, the circuit is much more straight forward.

temperature stability of integrated circuits is
hetter than conventional transistor circuits
because of the circuit configuration and con-
struction.

The large amount of gain available in such
a small package also indicates some of the
problems it can cause. For instance, you
must remember that you're dealing with a
device with input and output terminals which
are only separated by 1/4 inch. Although the
gain provided by the 1C is equivalent to a
four- or five-stage transistor amplifier, the in-

stable and reliable than many conventional
transistor amplifiers.

the MC1530 operational amplifier
The best way to look at the MC 1530 is as
the amplifying block shown in fig. 1. Maxi-
mum gain is 74 dB, and the frequency re-
sponse is essentially flat from dc to 14 MHz.
It has a high input impedance (about 50k
ohms) and low output impedance (about 500
ohms). Two supply voltages are required-
plus and minus 6 volts. Power-supply filtering
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is about the same as that required for most
transistor amplifiers. Maximum supply cur-
rent is on the order of 10 mA.

Unlike conventional amplifiers, however,
note that there is both a “non-inverting” and
“inverting” input. The output signal is invert-
ed (180° out of phase) when the “inverting”
input is used. In other words, a positive-going
input produces a negative-going output.

The output signal will be in phase with the
input if the non-inverting input is used. If
the two inputs are fed simultaneously, the
phase and amplitude differences between the
input signals govern the output-signal char-
acteristics.

Although you can look at the operational
amplifier simply as a compact amplifying de-
vice, it is better to understand what is going
on inside. This is also helpful when you want
to use the IC in a practical circuit.

The schematic of the operational amplifier
shown in fig. 2A is confusing and it’s difficult
to distinguish between stage functions. How-
ever, if you divide the sections of the IC
properly, as shown in fig. 2B, the relation-
ships are not difficult to understand.

A description of the MC 1530 stages is in-
formative, since it applies to many other op-
erational amplifiers as well. In the input of
the MC 1530, Q2 and Q4 form a differential-
amplifier stage. If the base of either transistor
is grounded, the output is inverted or non-
inverted, depending on which transistor is
grounded. If you use both inputs, the am-
fig. 3. The high-frequency rolloft characteristics of

this audio amplifier are determined by the capacitor
connected between terminals 9 and 10.
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plified signal is the difference between the
two inputs. This feature is used in the com-
pressor circuit shown in fig. 8.

The input to the MC1530 can vary from
several millivolts up to a maximum of 2 volts.
A constant current source, Q3, is connected to
the emitters of both Q2 and Q4. This stabi-
lizes the input stage operating points.

The second differential amplifier, Q6 and
Q7, is driven by Q2 and Q4. The output of
this amplifier stage is single-ended, however,
and taken from the collector of Q7 through
an emitter-follower stage, Q8. Transistor Q11
functions as a voltage-'evel translator stage
and is necessary because the amplifier stages
are dc coupled.

fig. 4. The IC integrator circuit provides constantly
decreasing gain with frequency.
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In conventional capacitance-coupled am-
plifiers, the capacitors block the dc voltage
from preceding stages so that the signal at
the input of a stage swings around zero volts.
This cannot be done with directly-coupled
stages, so level translators are used to accom-
plish basically the same function. The three-
volt offset (approximate) at the output of Q8
is shifted to zero volts by Q11; Q10 serves as
a stabilized dc current source for Q11.

Transistors Q12 and Q13 form a conven-
tional direct-coupled output stage. Terminal
connections for the MC 1530 IC are fairly ob-
vious from the diagrams in fig. 2. Terminals
7, 8, 9 and 10 are used for connecting exter-
nal components between the internal stages
of the IC so that you can control frequency
response, gain and phase characteristics.

In a sense, working with an IC is like work-

kHz
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ing with an amplfier where only the input/
output, power supply and plate or load con-
nections are accessible, 1t should be obvious
that each connection has a purpose, and al-
though all connections may not be used for
any given application, you don't ground the
unused pins! Some experimenters, who never
bothered to understand the basics of 1C cir-
cuitry, have done this with rather unusual
and expensive results.

applications

While all of the following circuits are de-
sighed around the MC 1530, most of them
are suited to other integrated-circuit opera-

fig. 5. By adding additional components to the
simple audio amplifier shown in fig. 3, both low- and
high-frequency gain rolloff characteristics can be ob-
tained.
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tional amplifiers as well. Terminal connec-
tions will differ, of course, and you should
consult the manufacturer’s data sheet before
using the device. Power-supply voltages are
not exceptionally critical, but don’t exceed
the recommended values. Handle them like
a transistor-but remember it doesn’t take
much overvoltage to destroy them in most
cases. However, when they are used within
their proper ranges, their reliability exceeds
that of most discrete transistors.

audio amplifier

A simple, low-level, high-gain audio am-
plifier is shown in fig. 3. Very few external
components are required. With high-imped-
ance microphones of reasonable output, this
stage may be used as a microphone pream-

plifier or between a low-noise preamp and
a high-level amplifier.

With the 1-uF capacitor connected between
terminals 9 and 10, the gain is constant from
dc to about 1 kHz; the gain is about 20-dB
down at 3.5 kHz. You can vary the value of
this capacitor for the upper frequency where
you want the gain to roll off. If a .01-uF capac-
itor is used, for example, the gain will start to
roll off just above 10 kHz.

integrator

The integrator circuit gives maximum gain
at the low frequencies and constantly de-
creasing gain with increasing frequency. This
is in contrast to the previous circuit where
gain is relatively constant up to the roll-off
frequency.

In communications circuits, integrator Cir-
cuits are usually used as low-pass filters. For
instance, an integrator may be used after an
audio-clipper stage to block the high-order
harmonics which the clipping action gener-
ates. If they're not eliminated, they may over-
load later stages or produce audio distortion.
The circuit in fig. 4 produces ahout 55-dB

fig. 6. This extremely hroad-band am-
plifier works from dc to over 20 MHz.

24K

AAA

gain al 100 Hz and drops linearly to 25-dB
gain at 3,000 Hz and 10-dB gain at 10 kHz.
This is a gain reduction of nearly 45 dB be-
tween a 100- and 10,000-Hz signal.

bandpass audio circuit

By making a slight change in the external
RC circuitry used with the IC shown in fig. 5,
roll-off characteristics can be obtained which
will favor the audio range from 300 to 3,000
hertz. With the values shown, the maximum
gain of the amplifier is about 50 dB.

may 1968 [ 45

oureut



Gain peaks at about 1500 Hz and is 10 dB
down at 400 and 4,000 Hz. With variable
components, both the upper and lower fre-
quency roll-off points can be adjusted.

broad-band rf amplifier

With the proper external circuitry, the MC
1530 can be used as an extremely broad-band
rf amplifier. The circuit shown in fig. 6 pro-
vides a constant 20-dB gain from dc to 10 MHz
and falls off to 15 dB at 20 MHz. This circuit
may be used with various test instruments to
extend their useful range or in such devices
as broad-band monitors. You could even use
it for additional i-f gain or as a broad-band
rf preamplifier.

If the input and output circuits are tuned,
the gain can be increased of course. As a

fig. 7. A crystal-filter amplifier using the MC-1530.

See0x
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tuned amplifier, you should be able to ob-
tain at least 50-dB gain at any frequency in
the zero to 15-MHz range.

crystal-filter i-f amplifier

Fig. 7 shows how the MC 1530 can be used
with a crystal to provide a high-gain, selec-
tive amplifier. This stage would be very use-
ful in a receiver or transceiver to provide ad-
ditional selectivity for CW reception. The
gain of the circuit is more than enough to
compensate for the attenuation introduced
by the crystal. The circuit can be connected
between the i-f stages in a receiver and di-
rectly bypassed (or a capacitor switched in
place of the crystal) whenever the additional
selectivity is not desired. If you want to be
more elaborate, the single crystal can be re-
placed by a crystal filter.

The photograph at the beginning of the
article shows how this circuit can be assem-
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bled on a small piece of Vectorboard. The
MC 1530 is practically lost when compared
to the size of the crystal. The construction is
typical of the circuits shown and demon-
strates how compact circuits can be easily
assembled.

audio compressor/amplifier

By taking advantage of the fact that the two
inputs to the MC 1530 produce both an in-
verted and non-inverted output, an extremely
simple but effective compressor circuit can
be developed. Although the circuit values
shown in fig. 8 are those which | found to be
most effective for an audio compressor, there
is no reason why compression action could
not be applied to an rf stage by changing the
capacitor values.

This circuit is relatively easy to understand.
The input is directly coupled to the non-
inverting input of the IC. A small amount of
the output signal is fed through the 100k-ohm
compression control and 10-ohm voltage
divider to the inverting input (pin 1). The
amount of feedback voltage is determined

fig. 8. Simple audio compressor using the MC-1530.
For minimum noise, this circuit should be preceded
by a low-gain, low noise audio amplifier,
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by the value of the 100k pot and must be de-
termined experimentally for the desired de-
gree of compression. Tests | have made indi-
cate that a compression range of at least
15-20 dB is easily attainable.

The capacitor between terminals 9 and 10
is used to provide a high-frequency roll-off
at about 3,000 Hz to eliminate unwanted
noise amplification. The value of this capaci-
tor is not critical, but it should not be less
than 0.05 uF if the signal-to-noise factor of
the amplifier is to be maintained at a reason-
able level.



audio/rf oscillator

Since the MC 1530 is a high-gain amplifier,
there is no reason why it can’t be used as an
oscillator. Fig. 9 illustrates an MC 1530 oscil-

fig. 9. This 15-kHz sine-wave oscillator provides a
very pure oulput waveform,

o1 15K

IL AN
LAY A

lator which uses both positive and negative
feedback to produce a highly stable oscilla-
tor operating at 15 kHz. The output wave-
form is almost harmonic-free. By varying the
RC feedback circuit connected between pin
5 and pins 1 and 2 and pin 2 and ground, you
can build an oscillator from a few hundred
Hz to several MHz.

Proper bypassing between pins 2, 9 and 10
and ground is necessary to prevent any spuri-
ous outputs. The frequency can be varied over
a ten-percent range by varying either the re-
sistive or capacitive element of the RC net-
work between pins 1 and 5.

summary
| have tried to demonstrate the extreme
versatility of the integrated-circuit operation-
al amplifier-from broad-band amplifiers to
audio compressors and oscillators. It is only
a matter of time before they are incorporated
into commercial amateur equipment. In the
meantime, you can use them to advantage to
construct home-brew station or accessory
equipment. The cautions are relatively simple
and no more restrictive than those necessary
with early transistors. The advantages are
many-versatility, space and cost.
ham radio

LOW PRICE,
QUALITY,
COAXIAL
SWITCHES...

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

COAXIAL LIGHTNING
ARRESTORS

Zero power loss. No increase in
SWR at 150 Mc. Does not attenuate
signals. Model 210 for 1000 W (AM)
or 2000 W (5SB). Model 211 Elec-
tronic static arrestor for 50 W (AM)
or 100 W (55B). S0-239 UHF type fittings. Other fittings
available. Size approx. 3'h"" x "' dia. #210 $3.15 ea. #211
$4.65 ea. SPECIFY model #.

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

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

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

ELECTRONIC APPLICATIONS CO. -
ROUTE 46, Pine Brook, N. J. 070568

Interested in saving money?

Turn to page 85

oscillator/monitor

® o sensitive broadband RF detector
glves audible tone signal in the
presence of any RF field from 10mw
tolkw and 100ke te 1000me
#a CW monitor with positive RF
switch uses only 8" pickup antenna
and NO connection to rig or key

(1

®a code practice osclllator with
odjustoble tone & built in speaker
o high gain 4 transistor circult

d by | life AA pencell
n:;:u ,nl::?inum cabinet In ] 295 (batt incl)

white & black epoxy finish, 3172 " ppd usa &can

by 2 ¥ 14", welght 8 ounces send cert ck or m.o.
¢ 100% US made and guaranteed ny res odd 5% tax
the James research company
11 schermerhorn st., brooklyn ny. 11201
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FREQUENCY
CHECKER

i

The mini-spotter frequency
checker. The handle is the
antenna! Four push-button
switches choose the desired
output frequency.

mini-spotter

frequency

checker

With this spotter
you can hit your nets
and schedules

right on the nose

48 may 1968

Howard S. Pyle, W70E, 3434-74th Avenue, S. E., Mercer Island, Washington m

For the dedicated ham who likes spot
frequency operation for schedules and nets
accurate dial setting is a must. A stab in the
dark with the VFO or a vague mark on the
receiver tuning dial may give you an approxi-
mate setting, but you're going to have to
dance around a few kilohertz either way to
spot your man. There's an easier way-it will
put you right on the button every time.

Maybe you work traffic nets—perhaps a fre-
quent schedule with a friend in a distant state
or across the pond. If you're right on frequen-
cy when the NCS or distant pal calls, it prac-
tically guarantees your QSO when band con
ditions are right.

I had the same problem not long ago;
regularly scheduled operation with other
members of the QRP Amateur Radio Club-
International on designated club frequencies
on 15, 20, 40 and 80 meters. It's common
practice at schedule time to set the VFO dial
where you think it should be, zero your re-
ceiver, and call your man. No go. Diddle the
VFO a bit and try again. Maybe you catch
him this time, more likely not. Try again! Ah,

there he is; you finally hit him! Meanwhile,



you've been dancing around the receiver dial
hoping he'll be calling you so you can zero
in the VFO.

All that monkey business is childish. How
much traffic do you suppose the commercials
would move between ship-and-shore or
point-to-point if they had to fuss around like
that to find a guy who is supposedly right on
the bottom?

| licked my transmitter problem by switch-
ing to crystal control for these contacts, leav-
ing the VFO for casual excursions around the
bands. The receiver relied on the crystal os-
cillator for a zero beat. However, the normal

An International Crystal OX crystal-oscillator board.

output from the crystal oscillator (final
switched off) was too much for the receiver.
Even with the rf gain backed down, the zero
beat was too wide because of over-loading.

The solution was simple: a low-powered
oscillator on each of the frequencies | was
interested in spotting. Press a button for the
selected frequency, zero in on the receiver
and, if the transmitter is VFO controlled,
you've got a perfect spotting signal on which
to zero. Better yet, if you're standing by for
a call on one of your spot frequencies, or if
you monitor certain frequencies a good deal
of the time, you don’t have to keep the trans-
mitter hot for occasional frequency checks.
With this little frequency spotter just push the
button and check your receiver zero at any
time!

crystal oscillators

I maintain spot-frequency schedules on
little spotter is
equipped with four separate crystal oscilla-

four frequencies, so my

tors. You can cut this down or add more as
you see fit. While it may sound costly to pro-
vide separate oscillators, actually it's not.
Each oscillator cost me $2.35; the cabinet and
miscellaneous hardware were about $3 more.
Using crystals | already had on hand, the
whole four-frequency business came out well
under $15! With less oscillators of course,
the cost will be even less.

Each oscillator is one of the OX types re-
cently introduced by the International Crys-

fig. 1. Layoul of the mini-spotter sub-panel.
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tal Company*. These are supplied complete
with the transistor, printed-circuit board, all

components and hardware; everything you

Internal layout of the mini-spotier. The battery is
mounted in the center between the oscillator boards.

need except the crystal. You can use one you
already have or you can buy an EX crystal
from International.

Assembling the kit is duck soup; | averaged
20 minutes for each oscillator including the
soldering and cleaning off the resin residue!
All the holes are drilled in the printed-circuit
board and the position of all components is
plainly labelled-you can’t go wrong.

construction

Each little oscillator is mounted with four
corner screws (yes, they even come with the
kit). I didn’t want to “cheese-hole” the front
panel with sixteen mounting holes and screw
heads, so | used a piece of scrap aluminum
for a subpanel to mount the oscillators on,
This way, the subpanel was mounted to the
front panel with only two screws. Spacers
hold it one inch away from the rear of the
front panel. The 9-volt transistor battery
which powers all oscillators is mounted be-
tween the oscillators on the sub-panel with

* International Crystal Company, Inc., 18 North Lee,

Oklahoma City, Oklahoma 73102,

50 m may 1968

a small wiring clamp as shown in the photo-
graph.

I housed the whole business in a Bud AU-
1028* 3 x 5 x 4-inch utility cabinet. If you use
a different number of oscillators, you'll prob-
ably want to use a different cabinet.

Don‘t let the handle on the cabinet face
fool you! Sure, it's a convenient way to move
the little spotter around, but it is actually the
antenna for the oscillator outputs! It's mount-
ed to the front panel with shoulder-type in-
sulating washers slipped over the mounting
screws so that it doesn’t make electrical con-
tact with the panel.

The rf output terminals from the oscillators
are paralleled as shown in the wiring diagram
so there is no need for any switching, Pushing
the selected frequency button simply applies
a positive voltage from the battery to that
particular oscillator. Its output then feeds the
handle antenna.

Battery life is indefinite, I've used my spot-

fig. 2. Wiring diagram for the mini-spotter. Each of
the oscillator boards is an OX kit from International

Crystal. ANTENNA
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ter for many months and it looks as though
there are still years of soup left! The current
drain is only momentary and is approximately
29 mils when a button is depressed.

There you have it, a frequency spotter that
will put you right on the nose for schedules
and net operations simply by pressing a push-
button. This is about the handiest little gad-
get | have in my shack and | wouldn’t be
without it.

* Gray hammertone, $2.05 plus postage from Allied
Electrofics, 100 N, Western Avenue, Chicago, llinois
60680. Order catalog number 42 E 8549,
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NUVISTOR Low noise PREAMPLIFIER

For 27 (CB), 28, 50, 144 or 220 MC. (Also available
for 150-170 MCS)

Add this Ameco Nuvistor Preamplifier to your re-
ceiver (or converter) to improve the sensitivity and
noise figure. Two tuned circuits also improve rejec-
tion of image and spurious frequencies. Compact,
easily connected and low power requirements, wired
and tested with tube.

ModRl PV: 27 .....ccomiuammisammasmissssssost - $11.95
Models PV 28, 50, 144 & 220 .................... $13.95
Write for details on 150-170 mcs and others.
Ideal for improving performance of surplus FM Two-Way equipment for “NET"

operation on the 2 and 6 meter bands.

MANUFACTURERS OF FM AND AM TWO-WAY RADIO, SSB AND ISB -
COMMUNICATIONS, CONTROLATOR FUEL CONTROL AND DATA EQUIP-

MENT, AMECO* HAM, CB AND SHORT WAVE LISTENING EQUIPMENT. .

AMECO EQUIPMENT CORP.
A SUBSIDIARY OF AEROTRON, INC. = P. 0. BOX 6527 = RALEIGH, N. C. 27608

$12.95 AMERICA’'S MOST ADVANCED QUALITY-CONTROLLED BALUN
AMAT. NET W2AU BROAD BAND BALUN 2.8 T0 40 MC
WY WITH BUILT-IN LIGHTNING ARRESTER
4 PURPOSE BALUN HANDLES FULL LEGAL POWER LIMIT

$12.95

AMAT. NET

4 PURPOSE BALUN

THE BALUN THAT HAS BEEN PROVEN AND AC-
CEPTED. NOW BEING USED BY THE U.S. NAVY,
COAST GUARD, AIR FORCE, ARMY, FCC, CIA, RCA,
NBC, FAA AND CANADIAN DEFENSE DEPT, AND BY
THOUSANDS OF HAMS IN THE USA AND THROUGH-
OUT THE WORLD. —ANOTHER FIRST—
Our exclusive sealed type

™\ lightning arrester helps pre-

- & vent lightning damage to your
*  valuable equipment, balun

and coax. Don't wait until

lightning strikes. Protect your
investment now. DON'T BE
MISLED! Our one style balun
is adaptable to all antennas,
Yagis, quads, inverted Vees
and multi-bands.

Backed by 50 years of electronic knowhow
Proven over the years.

Available at all leading dealers. If not, order direct.
IT'S WHAT'S INSIDE THAT COUNTS

W2AU BALUN LETS ENTIRE
ANTENNA RADIATE!

STOP WASTING YOUR SIGNALI
REMEMBER, YOUR ANTENNA
IS THE MOST IMPORTANT
PIECE OF GEAR YOU OWN.,
* No Rodiation from Coox
* Mo Center Insulator Needed

¢ Perfect for Inverted Vees
(Use Hang-up Hook)

Built-in Lightning arrester
-u ¢ Broad-Band 2.8 to 40 Mc.
* Tokes Legal Power Limit

* Two Models:
1:1 50 vhm coox to 50 ohm
balanced
4:1 75 ohm coox to 300 ohm
v~ ' — balanced

* A must for Inverted Vees,
Doublets, Quads, Yagis ete.

* Weighs 62 oz. 52" long
HELPS TVl PROBLEMS

IMPROVES F/B RATIO
BY REDUCING LINE PICKUP

(pat, appld.)

$ for §
Your best balun buy.

UNADILLA RADIATION PRODUCTS, Mfrs. of Baluns & Quads, Unadilla, New York 13849
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updating
the

BC-603

tank receiver

Here's how
to breathe new life
into

an old receiver

52 m may 196

Jim Harvey, WAGIAK, 1401 Enderby Way, Sunnyvale, California 94087

For three or four years I've been meaning to
modify my old BC-603 to see if | couldn’t put
some life back into it. In the meantime, | have
used it as a tunable i-f and demodulator for
a number of vhf converters. When | bought
it several years ago, it was in pretty sad shape
-a previous owner had, among other things,
tried to change the basic tuning range from
20 to 28 MHz to 50 to 54 MHz. This opera-
tion butchered up the rf and mixer-oscillator
coils and removed one of the plates from the
oscillator-tuning capacitor.

For some reason, the squelch circuit never
worked reliably and the receiver was about
as noisy as a one tube regen-it had little, if
any, limiting. To top off this unhappy state of
affairs, the sensitivity left plenty to be de-
sired; at times it seemed to require a full
volt to get full quieting.

After examining the existing circuit to see
what would give me the most immediate im-
provement, | concluded it would be easier to
rebuild the set than try to fix it. This also
seemed to be the best way to increase overall
performance.

There were other things about the receiv-
er's condition that bothered me: aging resis-



tors that were probably noisy and scores of
large mica bypass capacitors similar to ones
which had caused me so much grief in other
old gear. Finally, | wasn’t very impressed by
the 6)5/6AC7 tube lineup—not to mention the
6H6’s which must have gone out with high-
button shoes!

Rebuilding the receiver would not only
eliminate these old parts, it would make it
easier to include both a-m and fm capability.
The decision to rebuild the BC-603 eliminates
this as a modification article.

Instead, | will try to give you a few ideas
and suggestions on rebuilding it. If a com-
plete rebuild doesn’t appeal to you, you may
still get some good ideas; each part of the
new circuit will stand on its own as a BC-603
modification.

disassembly

The mechanical components, i-f transform-
ers, rf coils and tuning assembly are well
built. With some new capacitors and resistors,
they are all used in the fina! receiver. The first
task is to remove all the wiring. It isn’t easy
to start if your old BC-603 is still in working

you’re desoldering the old solder joints.

Remove all the octal tube sockets except
the one near the front of the chassis right
next to the jack for the front panel V9. Re-
move the phenolic strip along the side of the
chassis near the demodulator, squelch and
audio sections. Remove all the rf and i-f coils
and set them aside; they will be modified
before they are re-installed. I also took out
the 2-uF electrolytic capacitor near the front
panel jack because I couldn’t find any good
use for it.

Since | didn’t need them, | took out several
other items to reduce weight:

1. The three bathtub capacitors on the side
of the main-tuning-capacitor housing, C15,
C23 and C24.

2. The metal cable guide that runs across
the side of the chassis underneath the BFO
and discriminator cans.

3. The multipin rear connector that | could
never find a mate for (not the one to the
dynamotor housing).

4. The antenna and ground jacks which
stick out from the front of the chassis.

fig. 1. Block diagram of the updated BC-603.
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+140 63 -9 1 I
115 VAC
Eatiai/®
RECEIVER ON-OFF

order, as mine was. Once you've started,
there’s no turning back. The front panel is
saved, wiring and all. Take out the screws
holding it to the receiver chassis and set it
aside until later.

A word of caution: if you have one of the
BC-603’s that was fungus proofed, don’t
breathe the fumes that are produced when

construction hints

I won't attempt to describe every detail of
how the receiver is built. I'll just describe the
sticky areas that might hold up progress on
the various stages during construction.

The mechanical work is very slight; this is
one of the advantages of using an old receiver
as a starting point. Mounting plates for the
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smaller 7-pin and 9-pin tube sockets were
cut from thin gauge aluminum with a pair of
shears using the pattern in fig. 4. These
adapter plates are installed in the holes left
when the old octal sockets were removed.
Use a ground lug under each of the screws
that hold a plate to the chassis. If you do this
on all of the plates, it will provide a conve-
nient place for grounding things later on.
Install miniature 7-pin tube sockets in the
chassis holes previously used by the rf am-
plifier (V1), first i-f amplifier (V4), second i-f
amplifier (V5) and limiter (V6). Install minia-
ture 9-pin sockets in the vacant 6AC7 mixer
socket (V2) and 6V6 audio-output socket (v8).
Several multi-lug terminal strips help to

fig. 3. Power supply for the BC-603 tank receiver.

6.3vAC

vi ¥2 VY3 v4 V5 v6 v8 V7

A3

route B4 and heater voltage; they also sup-
port the discriminator and noise-amplifier
diodes and other components. Other parts are
either inside the cans, as shown on the sche-
matic diagram, or tied directly to tube or coil
pins underneath the chassis.

The important thing to remember is to keep
all unbypassed signal leads as short as pos-
sible.

fig. 4. Mounting plate for the
new 7- and 9-pin miniature
tube sockets.

7 PIN or 9PIN
(AS REQUIRED)
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VIBRATOR
TRANSFORMER

GROUND LUG (2)

coil modifications

A block diagram of the finished receiver is
shown in fig. 1. You can see from this diagram
that the receiver is quite conventional. The
rf stage is a low-noise 6DC6 semi-remote
cut-off pentode. Both rf coil cans, LCU-1 and
LCU-2, were modified as were the rest of the
coils in the receiver. The schematic, fig. 2
shows these coils in their modified config-
uration.

My BC-603 has a schematic glued to the
bottom of the cabinet; 1 assume this was
standard practice with these receivers so |
will not present the old schematic here. Also,
you don’t have to have the original schematic

10 10

to construct this receiver. Just make sure that
the coils are modified as shown in the sche-
matic.

Except for the oscillator coil, all of the coils
are easily removed from the cans. The oscil-
lator-coil can is sealed and must be cut open
near the bottom. Be careful-make a clean,
straight cut, modify the coil as shown in the
schematic, and resolder the can. | used the
soldering attachment on a small butane
torch to tin the can and to do the soldering.

the new circuits

Not all receivers will have the same tuning
range after you put in the new lower-capaci-
tance tubes. The rf, oscillator and i-f sections
must be tuned after completion. My unit cov-
ered 21 to 30 MHz with oscillator injection
on the high side of the i-f by 2.65 MHz. This
was a result of the missing oscillator-tuning
capacitor plate mentioned earlier. No cou-



pling, other than inter-electrode capacitance,
is required for good mixing action in the
6UBA. Most of the headaches of this mixer
stage, and there were a few, were cured by a
book on receivers.!

The two 6BA6 i-f amplifier stages are quite
conventional and need no explanation. They
worked the first time power was applied and
have given no trouble since.

I wanted to cover both a-m and fm modes
in my unit. The grid of the limiter tube is the
a-m demodulator. Grid rectification due to
the unbypassed 100k grid resistor provides
very acceptable a-m detection. The fm dis-
FL-4 is extensively

criminator transformer

Inside the rebuilt BC-603. The power supply is mount-
ed in the old dynamotor space.

cleaned up, and a more conventional circuit
using TN34A detectors is substituted.

squelch and noise amplifier

The squelch circuit deserves some explana-
tion. It may seem like a lot of trouble to go
through, but it gives reliable results and real-
ly isn't as bad as it looks. The circuit is made
up of a noise amplifier, a noise rectifier, and
a keyer tube which turns the first audio am-
plifier tube on and off. When no signal is
present, the noise at the output of the dis-
criminator is filtered to remove any low-

frequency components and then amplified by
the 6BH6 noise-amplifier tube; the noise is
then rectified by the 1N34A’s. This produces
a positive potential, which, when applied
through a summing circuit to the grid of the
squelch-keyer tube, half of the 12AU7, causes
it to conduct heavily. With heavy conduc-
tion, its plate voltage is about 20 volts lower
than its normal non-conduction voltage.

The plate voltage of the keyer tube is used
to bias the grid of the other half of the 12AU7
~the audio preamplifier, In the full-conduct-
ing state, the grid bias on the audio amplifier
is approximately -20 volts with respect to
its cathode. The tube is cut off in this con-
dition, and the audio is squelched.

When a signal appears in the bandpass of
the receiver, the noise in the discriminator
output disappears because of quieting, and
the positive voltage which was being gen-
erated by the noise disappears at the sum-
ming circuit. At the same time, a negative
potential is present in the secondary of the
discriminator transformer across diode D2.
This negative potential appears at the sum-
ming circuit and cuts the squelch-keyer tube
off. When the squelch keyer is cut off, its
plate voltage rises and turns on the audio am-
plifier stage. Voltage from a minus 9-volt bias
supply can be switched from the front panel
to cut the squelch keyer tube off and effec-
tively disable the squelch circuit when de-
sired

power supply

The power supply uses a 6.3-volt filament
transformer and a 6-volt vibrator transformer.
The 6.3 Vac supply runs all tube heaters and
provides an input voltage to the 6-volt vibra-
tor transformer. | used a surplus 6.5-volt fila-
ment transformer with an 8-amp rating.

You can find a vibrator transformer in al-
most any car radio, old mobile equipment or
in the junk box, or you can buy a new trans-
former that has the output you need. How=
ever, make sure the transformer will fit in the
available space and has sufficient rating.

The power supply is mounted on an alumi-
num plate which is supported by the threaded
risers in the dynamotor housing as shown in
the photograph. | used a TV cheater cord and
receptacle for ac line vollage for easy re-
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moval of the chassis from the cabinet. The
power and switch leads are brought into the
receiver through the existing Jones plug on
the dynamotor housing. Pin numbers for the
Jones plug are marked in the square boxes on
the schematic diagram; | used the original
BC-603 Jones plug, PG2.

The target voltage is 140 to 150 volts at 60
mA. The minus 9-volt bias is obtained through
a 200-ohm dropping resistor in the power-
supply return lead,

front panel

Front panel wiring is essentially untouched.
However, the tie point which connects the
front panel squelch on-off switch, the vol-
ume, and the squelch controls to ground must
be removed. Then the panel is wired for the
front panel plug. The pin designations are
shown in the circles on the schematic dia-

Back view of the rebomn
BC-603 with the cover on.

A ®.

gram in fig. 2. The volume control and
squelch pots were replaced with the values
shown in the schematic.

The speaker in my receiver was bad and
was causing distortion in the audio so | re-
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placed it with a shallow 4-inch speaker. The
heavy iron grillwork was taken off and re-
placed with a light aluminum grill made by
bending some scrap aluminum in a vise and
drilling a pattern of holes in it.

The rf and i-f gain control pots are installed
side by side in the holes left by the removal

;1 @' fa—— POWER SUPPLY
H = |oBE

0 [ElOkde

] )| () —=
== J_‘ “ E[E

7 ede

VIEW FROM RIGHT SIDE

of the antenna and ground posts. Small di-
ameter pots must be used to allow clearance;
I used a 7/8-inch diameter Centralab units.

tracking adjustment and tune up

Tuning up a receiver is not an easy task
without some test equipment. An rf signal
generator, preferably one with an attenuator,
that covers the i-f frequency of 2.65 MHz and
the range from 20 to 35 MHz is almost a ne-
cessity. A VIVM or a sensitive, 50-microamp
meter is also needed. To tune the i-f am-
plifier and detector stages, remove the 6DCh
rf amplifier, and disable the mixer oscillator
by removing B+ from pin 4 of the oscillator
can, LCU-3B.

Tune the signal generator to 2.65 MHz,
couple it to pin 2 of the 6UBA mixer through a
capacitor and tune FL-1, FL-2 and FL-3 by ob-
serving a peak indication on test-plug pin 1.
Switch the meter to test-plug pin 2 and tune
the primary of FL-4 for peak indication. Final-
ly, switch the meter to pin 3 on the test plug
and adjust the secondary of FL-4 for zero in-
dication. These adjustments have some inter-
action so you'll have to go through this pro-
cedure several times. Reconnect B4 to pin
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4 of LCU-3B and replace the 6DC6 rf amplifier.

Set the oscillator frequency range 2.65 MHz
higher than the received range. Tune the re-
ceiver to 21 MHz and adjust the oscillator
coil slug until the oscillator frequency is 23.65
MHz. Set the dial to 30 MHz and adjust the
trimmer capacitor, C1D! for 32.65 MHz, Re-
peat these steps several limes to insure prop-
er tracking.

Put the meter on pin 1 of the test plug, set
the rf signal generator at 21 MHz and plug
it into the rf input jack. Tune the receiver to
21 MHz and adjust the coil slug of LCU-1 and
LCU-2 for maximum indication on the meter.
When tuning LCU-2, swamp the side of the
coil not being tuned by connecting a .01 uF
ceramic capacitor and a 1k resistor in series
and attaching it across the coil you want to
swamp.

Change the signal generator and receiver
frequency to 30 MHz and peak the indication
using the trimmer capacitors C1At, C1Bt and

C1Ct. The adjustment of the coil slug and
the trimmer capacitors at opposite ends of
the tuning range will interact, so this proce-
dure must be repeated several times 1o insure

proper tracking.

summary

It is not my intent to present a rigid set of
instructions for building this particular re-
ceiver, but it gives you an idea of my ap-
proach to the problem. By starting out with
all the difficult mechanical work completed,
you are way ahead in any receiver project.
There are a lot of surplus receivers on the
market at very reasonable prices, and when
they're fixed up and modernized, they will
give many years of good service before the

transistors and 1C’s move in.

references
1. ). Kyle, K5JKX, ""Receivers,’”” 73, 1964
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aluminum’s

new face

Here are

some helpful hints
for cutting

and finishing
aluminum

panels and chassis

may 1968

). B. Hood and E. L. Klein, W4BRS, 6814 Criner Road, 5.E., Hunstville, Alabama 35802 I

Are you proud of that new receiver or linear
that you just built? Although it works well,
its looks may leave a little to be desired!
Painting aluminum panels flat black helps a
little, but chips and scratches detract from
the looks of an otherwise excellent product.
Saw cuts frequently have to be smoothed with
a file.

It used to take a lot of time to put a nice-
looking finish on an aluminum panel, but with
the simple techniques | discuss here you can
get a professional-looking finish with mini-

mum effort.

cutting aluminum

You can save a lot of time and trouble by
cutting sheet aluminum with a table saw.
Hold an old candle or stick of paraffin
against the edge of the saw blade just before
making a cut. The wax lubricates the blade
and prevents galling of the work due to
aluminum build-up. Lubrication is the single
most significant technique for producing a

smooth, accurate saw cut. Watch vour fingers

Old Method . . . notice how the edge
of the aluminum sheet has been galled
by aluminum build-up on the saw
blade.




—stop the blade before applying the wax!

When vyou're cutting aluminum sheet
which is 1/16th inch or thinner, it is a good
idea to place a piece of masonite or plywood
under the aluminum when running it through
the saw. This supporting material is cut at
the same time as the aluminum and the thin
sheet is not bent down at the cut edge.

The type of blade used for sawing alumi-
num sheet is important. While a regular fine-
tooth wood-type cross-cut blade works quite
well, its life is limited somewhat. A non-
ferrous metal-cutting blade is the best choice
for cutting aluminum on a table saw. They
are available from Sears for under three
dollars.

Don't use coarse blades with tungsten-
carbide inserts because they produce a very
rough edge, especially on thin sheets. The
same thing applies to hack saws and saber
saws. A saber saw with a fine-tooth blade is
very good for cutting thin aluminum, partic-
ularly when curves are desired. Also, if you
use wax lubrication with these blades, very
little, if any, filing will be necessary after you
make the cut.

surface finishes

Now, how about that surface finish? Would
you like to improve it? A good paint job will
go a long way toward improving the appear-
ance of front panels. Aerosol spray cans are
convenient to use and are available for primer
paint as well as just about any type and color

New Method . . . smooth, clean edges
by lubricating the saw with an old wax
candle or parafin,

of finish coat. Many builders prefer flat black.
After several coats are thoroughly dry, the
flat-black surface should be rubbed with a
soft cloth to provide a uniform sheen and
minimize finger marks.

Bare surfaces, such as chassis and the
backs of panels, can also be greatly improved
in appearance after all the drilling is done.
There are three very simple treatments for
obtaining various surface effects—the
brushed finish, orbital pattern and etched-
satin finish. Each of them is very attractive on
sheet aluminum.

brushed finish

This finish is very popular on professional
equipment. It is commercially produced with

A used candle, held to the saw blade
just prior to or during a cut, provides
the needed lubrication. Danger—stop
the saw before putting the wax on the
blade!

a coarse, slow-turning wire brush; all scratch
marks are parallel. All the amateur needs to
simulate the brushed finish is a sanding
block and a sheet of coarse sandpaper, pre-
ferably the type used for machine-sanding
oak floors.

The coarse paper is moved back and forth
in a straight line over the aluminum. A strip
of wood clamped to the table as a guide
makes sure that all the brush marks are
straight. As the sanding progresses, the coarse
grit should produce a series of tiny parallel
grooves. Continue this back-and-forth move-
ment until the entire surface has a uniform
appearance.
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You can simulate a brushed
finish by using coarse sand-
paper in straight parallel
strokes.

orbital pattern

For this effect, you need some fairly coarse

sandpaper and an orbital electric sander.
Steady the piece of aluminum and sand it
while moving the orhital sander around in a
circular motion until the surface has a uni
form pattern. If the piece of aluminum has a
badly scarred surface, begin sanding with a
much coarser grit than you use for the final
sanding; reduce the coarseness until the de
sired finish is produced. For best results, use
light pressure on the sander.

etched-satin finish
For this treatment, you need a large plastic
container, such as a dish pan. You also need

An orbital surface pattern is
obtained by using an electric
orbital sander with medium-
grade sandpaper. Light pres-
sure produces the best cutting
action.
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an alkaline chemical, a small scrub brush, a
pair of rubber gloves and plenty of plain
waler,

The large container should be plastic. The
alkaline chemical reacts with some metal pans
and may damage the pan. Because of the
fumes that are produced by this process, you
should work outdoors or in a well-ventilated
room. For the chemical solution, sodium hy-
droxide i1s mixed with plain water. If you

Any one of several common household
causlics can be used for etching
aluminum parts to provide a satin
finish. The brush removes oxides and
enhances the etching action.

can't find any sodium hydroxide, there are

household

available that will do the job-Drano is one.
Before putting the aluminum in the chemi-

several brand-name chemicals

cal bath, remove any deep scratches with
sandpaper, working from coarse through suc-
cessively finer grits. Mix the chemical and
water in the plastic pan. When the sodium
hydroxide is dissolved, dip the aluminum in-
to the solution. Scrub it vigorously with a
small bristle brush to remove the aluminum
oxide film. In a few minutes, the solution will
etch a very fine pattern into the aluminum.
When the pattern is uniform, rinse the panel
thoroughly in cold running water.

None of these techniques require any spe-
cial equipment, nor do they require a great
deal of experience. The next time you build
a piece of equipment, try one of them-your
hand-crafted equipment will be something
you can be proud of.
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transistorized dipper

without
plug-in coils

A handy instrument
for measuring frequency,
field strength,

or checking crystals

b4 may 1968

Ed Marriner, W6BLZ, 528 Colima Street, La Jolla, California

It is oiten difficult 10 make transistor oscilla-
tors oscillate over wide frequency ranges. Dial
calibration is also a real problem without ex-
pensive calibrating instruments and lettering
sets. This article attempts to solve some of
these problems, but you must use the same
parts that | have, especially the coil and tun
ing capacitor.

One of the joys of this dipper is the con
venience of band switching. There are no
plug-in coils to worry about. Plug-in coils are
a source of trouble when they wobble around
in the socket and cause loose connections.
Besides, they are often difficult to push in and
take out.

This particular instrument functions as a

dipper, a field-strength meter and crystal os-




cillator/checker throughout the 3.5- to 30-
MHz range. To make it do all of this properly,
you must follow the circuit and layout very
closely. A 2N1742 transistor was chosen for
the oscillator because of its high frequency
response, but other types, such as the HEP 2,
GE-9, TROG or JR30X will also work. If you're
only interested in the lower frequencies, the
RCA SK3008 does a nice job.

The band-switching dipper may also be used as a
field-strength meter or for checking crystals.

fig. 1. Schematic of the di
a Cardwell ZU-100AS.

Lol o

construction

The entire bandswitching dipper is housed
in a miniature LMB 138 chassis, 6-1/4 x 3-1/2 x
2-1/8 inches. As you can see from the photo-
graphs, nothing is particularly crowded. The
meter is an imported 0-1 mA unit. If you use
the same parts and layout | did, you can ob-
tain reasonable accuracy with the same dial
calibration—I| can furnish glossy prints of the
dial | used for 35c. Put a piece of sixteenth-
inch clear plastic over the dial to protect it.

In this circuit, the transistor oscillates
easier above 6 MHz, so you have to switch
in various values of feedback capacitance on
bands one and two. | did quite a bit of ex-
perimenting to set the values for these ca-
pacitors and to determine the type of coil. |
recommend that you use Air Dux 532T for the
coil. | tried the next larger size, but the oscil-
lator wouldn't work on the 3.5-MHz band.
On band four (22 to 40 MHz), the 2N1742
provides nearly full-scale deilection, while
the SK3008 deflects the meter about one
quarter. Almost any general-purpose audio
NPN type will work in the meter-amplifier
circuil.

When turning on the dipper, always put
the sensitivity control to the off position to
avoid pegging the meter needle; this is most
critical on the 3.5-MHz band. Notice the
25-pF silver-mica capacitor used on the 3.5-
MHz switch position. This value was required
for oscillation on this band. The next band re-

. On Band 1, the entire Air Dix coil is used. The 100-pF variable is

i.m 'OJ_ 23
25mu -~

| b

s 220

r

[ S—

.iv ;

| | R e

o 4
A “”’

may 1968 [ 65



13/16"

fig. 2. Mechanical details of

3/8"01A

the band-switching dipper.

5/16 DIA: CRYSTAL SOCKET

7/8"DiA
deﬁ(r\é b
T—_“ — L§ ins1e”
27/32" 6"

) l
L—: 5/5—0)
p——v 7/9"

l¢— —2 5/8"

*— 33/8¥————

4 3/8"

3 8"

FRONT PANEL

POT.
D BAND SWITCH

ON SIDE

S~ 1s2°D1a

R

|
IT;T—.—@ T~
'}

5/8"

LUCITE END PIECE

quired 10 pF, and the rest of the bands didn’t
need any additional feedback.

The best way to check for oscillation is to
listen to a receiver or by putting a VTVM
probe on the emitter of the 2N1742. If a
large positive voltage is indicated, the cir-
cuit is not oscillating. Check this on band
two. The meter may still deflect upscale even
if the circuit is not oscillating. The meter am-
plifier can be checked by feeding an audio
or rf signal into the 1N277-large enough to
drive the meter-amplifier transistor.

If you use mercury cells for power, be care-
ful to get the polarity connected properly.
Above all, dow't forget the .01- and .001-uF
bypass capacitors across the batteries; battery
internal resistance may prevent oscillation.
Ground the bottom of the coil; if it is left
open, the stray capacity results in a tuned
circuit, and the dipper will show a “false”
dip.

operation

The single pole toggle switch in the bat-
tery lead is used for field-strength measure-
ments. This switch converts the dipper into
a field-strength meter for antenna measure-
ments or transmitter tuning. When it is held
close to an oscillator coil, it will indicate rf
energy. The sensitivity centrol works in both
positions—dipper or field strength. With the
sensitivity turned up, the tank radiation from
a 12-watt transmitter can be picked up three
feet away.
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In the dipper position, the dipper coil is
placed near another coil and tuned through
its range. When the dipper frequency is the
same as the resonant frequency of the coil,
the meter will dip to zero.

The distance you hold the dipper from a
test coil depends on the selectivity of the coil
and the frequency. For best results, use the
minimum amount of sensitivity that is possi-
ble. Bandspread is sufficient, so a vernier dial
is not necessary.

fig. 3. Full-size dial for the dipper.
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Internal construction of
the simple transistor
checker

simple,
low-cost
transistor tester
for

More amateurs and electronic experimenters
are using transistors today than ever before

ChECklng ; They are available at relatively low cost. In-
= deed, the bargains advertised in the back of
leakage and gain

2

this magazine make these versatile and com-
pact devices universally attractive to builders
who used to depend on tubes for a myriad of
electronic applications. Today, most ham
shacks boast a collection of transistors neatly
stored in their original cartons; but what
. about transistors which have been used in a
The construction breadboard or the bargains which can’t be
identified?
Of thls tester The answer is a simple and easy-to-use
transistor checker. When he looks at the pub-
” d f_f lished characteristics of transistors, the aver-
Wi be pal 0 age amateur is overwhelmed by the abbre-
viations used by different manufacturers and
by the use by a maze of interrelations between the
transistor’s three elements—emitter, base and
Of IOW'COSt, collector. Usually, the electronic experiment-
er is interested in only a few basic factors:
u * Is it a PNP or NPN?
Surplus transistors * What is the relative emitter-collector
leakage?

* What is the approximate gain under

normal conditions?

E. L. Klein, W4BRS, 6814 Criner Rd., S. E., Huntsville, Alabama 35
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The transistor checker described in this
article is intended to provide instant answers
to these basic questions. When these ques-
tions are answered, the transistor circuit
builder knows that his transistor is “good.
However, in some critical applications, in-
dividual selection may be needed, particu-
larly in high-frequency circuits.

circuit

You can see from the diagram in fig. 1
that it's a simple circuit. Two sockets provide
connections for the most commonly-used
transistor configurations. As an additional
convenience, a set of test leads lets you test
transistors with other types of terminal ar-
rangements. A double-pole, double-throw
switch is included to reverse the emitter and
collector terminals so that checker will take
care of both PNP and NPN transistors. The
3-volt battery and 3.3k resistor provide
emitter-to-collector current which is meas-
ured as “leakage’ current on the 0-1 millam-
meter. By switching in either the 2.2k resistor

fig. 1. Schematic

=

mits a heavier current to flow through the
transistor without deflecting the meter off-
scale. Secondly, this switch selects a lower
value of collector-to-base bias resistor which
is common for power-type transistors.

construction.

| used a 5-3/4-inch bakelite instrument box
for the case, but a mini-box or other home-
made box will serve just as well. Because of
its rigidity, 1/8-inch aluminum was used for
the front panel. Since the 3-inch meter re-
quires a hole which takes the greatest part
of the panel width, this added rigidity is rec-
ommended. | used miniature slide switches
due to their low cost, but regular toggle
switches would be easier to mount in con-
ventional round holes,

The two transistor sockets accommodate
most {ransistors in use today. Smaller tran-
sistors of the TO-5 or TO-18 variety fit into
the Elco 05-3304 socket, and power transis-
tors of the TO-3 class are accommodated by
the Cinch-Jones 2-TSI socket. In the latter

diagram of the
transistor . tester.
Mini-gator clips
permit connections
to transistors that
do not fit the two
standard sockets.

or 102.2k resistor (2.2k plus 100k), a nominal
hias voltage is applied to the base terminal.
Now the milliammeter reads a current which
is representative of “gain”. If you want to,
you can put in a third switch position to
measure the battery condition; in this case, a
suitable voltage-dividing network must be
included. An “off” switch is not used because
no battery current can flow if a transistor
isn’t plugged in.

The “high-low” switch performs two func-
tions. It shunts the meter and the 3.3k drop-
ping resistor with a 15-ohm resistor. This per-

case, the collector terminal is not insulated
from the panel with a mica washer. This per-
mits a more convenient collector connection
when testing power transistors. Miniature
mini-gator clips are soldered to the ends of
the three short flexible leads. Different col-
ored insulating boots assist in identifying the
emitter, base and collector leads; Brady wire
labels with a bold E, B and C complete the
wdentification job.

A 1/16-inch thick piece of phenolic, ap-
proximately 2 by 3 inches, is used to mount
the dual battery holder (Keystone #140) to
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the meter terminals. The resistors used in the
circuit are soldered directly to the switch
lugs as shown in the photograph.

meter face

Most meters can be disassembled by re-
moving three screws from the back. Then
you can remove the enamelled-metal meter
face. Don’t bend the needle or distort the
hair spring when removing the meter face.
I's a good idea to turn the meter face over
and cement the new scale on the reverse
side. Then the original scale is preserved in
case you wanlt to re-use the meter in some
future job.

Calibration of the new scale is not par-
ticularly critical. You can cut out fig. 2 and
glue it on the metal plate or draw a new
scale on good white paper stock with India
ink. A very professional-looking scale can
be made by first drawing the scale double-
size and then reducing it photographically.

fig. 2. Full-scale layout of the new
meter face for the transistor tester.

a 6

1
TRANSISTOR
CHECKER

panel construction

The master drawing for the panel name-
plate is shown in fig. 3A. The transistor tester
illustrated in this article boasts a unique
photo-chemically produced nameplate using
Scotchcal from Minnesota Mining & Manu-
facturing Company. A proper technical dis-
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The simple, low-cost transis-
tor checker—ready to go to
work.

cussion of this fascinating material would
demand a complete article. If you don’t have
access to professional nameplate fabricating
facilities, you can use more conventional
techniques for panel identifications such as
decals or pressure-sensitive labels.

One word of advice-if a label is 1o be put
on an aluminum panel, the surface should
first be etched with Drano or otherwise
worked to a uniform sheen with fine sand-
paper or steel wool. A finish coat of clear
Krylon will complete the job and give it
long-term durability.

operation

When you're testing a lransistor of un-
known type or quality, simply plug it into
one of the two sockets. The leakage-gain
switch should first be set to “leakage” and
the high-low switch is set to “low”. A defec-
tive transistor usually has a very high emitter-
collector junction resistance. Therefore, a bad
transistor will seldom cause excessive current
to be drawn through the meter.
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fig. 3. Full-scale photo master of the front panel for use with 3M Scotchcal. If you don’t have access to photo-
engraving, normal construction may be used with rub-on letters.

if little or no meter reading is evident, the
transistor is either defective or the PNP-NPN
switch is in the wrong position. Operate the
switch; if a reading is now obtained, you
have determined what type of transistor you
have. If you still don't get a reading, the
transistor is shot.

When switching from “leakage” to “gain”,
meter readings should fall into the “gain ok”
area of the meter scale. The important thing
to remember, however, is that with the same
transistor, low leakage and high gain read-
ings indicate merit. If the difference between
the leakage and gain readings is small, you
should consider the transistor to be below
normal-a good candidate for the junk heap.

The absolute meter readings are not too
meaningful if we wish to remain in the less

Broad-Band Baluns

Single Sideband Oscillators
Amateur VHF FM Operation
Simple Milti-band Antennas

Return to Rack and Panel

technical domain, which was the first condi-
tion of this article. However, the graduations
from 0 to 100 were included on the new
meter face as a convenience in recording
relative values for different transistors within
the same category or type number,

Generally, when power transistors are be-
ing tested, the “high” switch position is used.
The “switch to high” notation on the meter
face reminds the operator to change the posi-
tion of the high-low switch.

When your transistor checker is all com-
pleted and functions as it should, it will
prove to be one of your most handy instru-
ments around the shop-it certainly is at
W4BRS

ham radio

[l next month in ham radio magaine:

An Amateur Aneometer

MOSFET Converter

Solid-State Transmitter Switching
Receiver Alignment

Plus much more!
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signal injection in ham
receivers

There’s more than one way to skin a cat. And
there’s more than one way to track down
trouble in a ham receiver in a hurry. Last
month in this column | wrote about how to
get your receiver back on the air fast by using
a signal tracer. This month I'll explain anoth-
er way-signal injection.

If you remember, the signal tracer lets you
go through a set stage by stage, checking at
each point for the signal. With signal injec-
tion, you don’t even connect the antenna.
Instead, you use a signal generator to put a
signal into the receiver at various points, and
you evaluate operation by whether or not the
signal makes its way on through to the speak-
er. In most ways, signal injection is as effec-
tive as signal tracing. Often, it’s even faster.

There are several different kinds of signals
that can be used for injection. One is an
audio-rate pulse produced by a very simple
instrument called a harmonic generator. One
example is a companion instrument to the
pocket-type signal tracer | mentioned last
month. It puts out sharply-spiked wave-
forms, generated at an audio frequency. The
leading and trailing edges of the waveform
are so sharp that the pulses are full of har-
monics and can go through rf and i-f as well
as audio stages. They can even shock-excite
a tuned circuit into flywheel action. If you
know the nature of the harmonic generator,
you can use it throughout a receiver for sig-
nal injection. With a leftover transistor and
a few parts, you can even build a little har-
monic oscillator of your own.

Chief attractions of the small harmonic
generator are simplicity and low cost. One
alternative, which is more versatile yet more
expensive, is the standard rf/af signal genera-
tor. With its audio and modulated rf outputs,
you can inject exactly the correct signal for
any stage in the receiver. The stability and
accuracy don’t matter unless you use the gen-
erator for alignment. For signal-injection
troubleshooting, an inexpensive rf/af genera-
tor is adequate. The photo shows one of the
better units, available in kit form. Several
companies produce such instruments already
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wired. They range in price from $20 to well
over $100, depending on accuracy and sta-
bility.

You can even use a square-wave generator,
because of the sharp rise and fall of its wave-
form edges. You see, a square wave at 1000
kHz contains a lot of harmonics that extend
into the upper kilohertz and megaheriz range.
The result-and use—is similar to that described
for the pulse-type harmonic generator.

the method

There are two acceptable ways to use signal
injection for troubleshooting. One is the
divide-and-conquer method described last
month for the signal tracer. You start about
half-way through the set. If your tests tell
you the trouble is in the front half of the set,
you divide that in half and check again. You
keep this up until you have isolated the de-
fective stage or circuit. If the fault is in the
last half, you divide that...and so on.

In the other system, you begin at the speak-
er and work your way back to the front end
of the receiver. This is the method | prefer
for signal injection, and it’s the one I'll de-
scribe here. It's about as quick, and it has the
added advantage of direct step-by-step logic.
If you want to take shortcuts, you can easily
skip a couple of stages, then back up if you
find you’'ve gone too far.

Turn the receiver on and let it warm up.

larry allen



Turn the volume control to minimum, and
disconnect the antenna. Set up the signal gen-
erator to give you only its audio output-not
modulated, but audio alone. Connect the out-
put lead of the generator directly across your
speaker. The diagram shows this first test
point as A. You may have to turn the output
control of the generator wide open to get
enough signal to hear clearly, but if you hear
a signal, the speaker is probably okay. If
there’s no sound, the speaker is obviously
bad.

Move the hot lead of the signal generator
to point B, the plate of the audio output tube
{or the collector of an output transistor). (Be

A popular kit-type signal generator.

sure there is a capacitor in series with the
generator lead, so dc voltage won't burn out
the attenuator in the generator; some instru-
ments have a blocking capacitor built in.)
You should still be able to hear audio signal
in the speaker. What you're checking here is
the output transformer. If you hear the sound,
it is coupling energy to the speaker. If not,
the transformer, or some connection between
it and the speaker, is faulty.

Next, move to the grid of the audio output
tube (or the base of an output transistor)-
point C. The sound you hear in the loud-
speaker should now be very loud. The audio
signal is going through the output tube, which
should boost it plenty. Probably, you'll have
to turn down the generator to keep from
rattling heck out of the speaker (or annoying
anybody within earshot). If sound in the
speaker is missing, or is not much louder than
when the generator was connected to the

plate, the output stage is at fault. You can
make parts tests with the generator (they'll
be described later) or use dc voltage tests 1o
pinpoint the trouble

While the generator 1s still connected to
the output grid, turn the output level down
so that sound is just barely audible in the
speaker. This will make it easier 10 evaluate
the next test.

Connect the generator, still putting out an
audio signal, to the plate (or collector) of the
audio stage preceding—point D. This still
feeds the audio signal to the grnid of the out-
put stage, but does it through the coupling
capacitor. If that capacitor is open, the signal
will disappear. If it is okay, you'll hear the
audio signal in the speaker at about the same
level you set it for before moving the con-
nection.

Move the generator lead to the grid-point
E. The signal you hear should be loud, be-
cause it now has the added amplification of
the first audio stage. Again, you may have to
turn down the output of the generator if the
sound is too loud in the speaker. If the sound
isn't louder than before, the stage isn’t doing
its job. The tube may be bad, or an operating
voltage may be at fault. Use whatever method
you like to troubleshoot within the stage,
but signal injection tells you whether the
stage is working or not.

If there are components between the
audio-amplifier grid and the detectors of the
set, you can move back along those with the
generator, None of them should reduce the
output sound very much from the level at the
first audio grid. Be sure you consider the
volume control setting. You turned it down
at the start, and you'll want to check its op-
eration by injecting the audio signal at point
f and running the slider up and down. With
the volume control full up, the sound should
be exactly as loud as it was with the genera-
tor at point E. The same goes for signals in-
jected at points G, H, I, and .

Next, check the diode detector. For this,
you'll have to reset the signal generator to
produce a modulated rf signal. For the first
test, frequency of the generator isn't impor-
tant, but you may as well set it to the i-f of
the receiver. Clip the generator output to a
point just preceding the diode detector. This
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may be across the secondary of the last i-f
transformer, or at the plate of the i-f tube. In
fig. 1, it’s point K. Adjust the output of the
signal generator for comfortable listening.
Have the receiver audio gain (volume) turned
up fairly high, but not high enough that you
hear too much naise in the speaker with no
signal injected. The setting of the rf gain con-
trol (if the receiver has one) doesn’t matter
at this point.

You can also, from this point on, stop us-
ing the loudspeaker as your indicator. A dc
VTVM connected at the output of the detec-

is already there; disregard this step.)

Signal indication should change very little,
if at all. If it does, the i-f transformer is not
coupling the signal through as it should. If
you're using the dc VIVM as an indicator, re-
duced signal is indicated by a lower dc volt-
age from the diode.

Before you move on back to the grid of
the i-f stage {point L), reduce the output level
of the generator until you just barely hear a
sound in the speaker. Then, with the signal
generator shifted to the grid (or base), the
signal should get a tremendous boost, and

tions r

fig. 1. Schematic diagram of a typical iver. The test points are discussed in the text,
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tor diode makes a good one. Changes in sig-
nal level will show up as changes in the dc
voltage at point ).

Adjust the signal level from the generator
only high enough to cause a convenient,
readable (or listenable) indication. Make sure
the generator frequency dial is set for the i-f.
Move the output lead back to the primary of
the last i-f transformer, which is at the plate
of the tube. (Where impedance coupling is
used, as in the diagram, the generator lead
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show a much increased output from the diode
or the speaker.

By now you have gotten the idea of mov-
ing backward step by step through the stages.
If the receiver is a multiple-conversion job,
be sure to change the gencrator frequency as
you jump from the plate of a mixer to the
grid. In evaluating a mixer by this method,
first make sure you have a good signal going
through the rest of the set from the plate.
Then, change frequencies and inject the sig-



nal at the grid.

If the oscillator is bad, you'll get little or
no mixer output because, since you changed
the generator’s frequency, very little signal
can get through the i-f's. If the oscillator and
the mixer are working normally, you will get
a signal output just about as strong from the
grid as you got from the plate. If attenuation
is noticeable, the mixer is inefficient.

Keep in mind that, in some sets, the stages
preceding the second or third mixer are
broadband i-f stages. This needn’t be any
problem. Just feed in a signal at any signal
generator frequency that is within the pass-
band of that particular i-f slage. However,
remember that, if it's a stage that precedes
the tuning section, you'll have to turn the
station dial until the tunable oscillator is set
to receive whatever frequency it is you are
feeding into the i-f. It doesn’t matter what the
dial reads, since you're not checking calibra-
tion or anything like that; you just want to
know if the stages are working. This is the
way lo tell.

Finally, you reach the antenna input—point
T. If there is trouble in the set, somewhere
along the way the signal will have grown dis-
torted or disappeared. The trouble lies be-
tween the place where it was okay and the
place it got bad.

parts analysis by injection

You've already scen how signal injection
checks the interstage coupling components.
If your generator is reasonably accurate, you
can even try out i-f transformer adjustments,
just to see if they’re working. If you find a
fot of signal attenuation through an i-f strip,
it might be well either to align the set or
have it aligned by someone who has the
equipment and knows how. (Next month I'll
explain how you can))

If you recalt how to use a signal tracer for
checking bypass components, you have prob-
ably figured out that you can do the same
thing with a signal generator. Only the meth-
od of application is different.

For example, 10 test a bypass capacitor by
signal injection, set the generator for what-
ever frequency the capacitor is supposed to
eliminate. Connect the output of the signal
generator across the suspected bypass capa-

citor. Unless you turn the generator output
awfully high, you should hear no output in
the receiver’s speaker.

Here's a good way to gauge how much sig-
nal to use in a test like this: assume a bypass
capacitor at the screen of an i-f amplifier.
First connect the signal generator to the con-
trol grid of that i-f amplifier. Turn up the
output of the signal generator barely enough
for you to hear a weak signal in the speaker
with the af gain control fairly well up. If
you're using a dc VTVM as the indicator, use
just enough signal to cause a definite read-
ing. Now, without disturbing the output
setting, move the signal generator lead to the
screen grid. There should be virtually no out-
put indication, either audibly or on the VIVM.
Practically all the signal should be bypassed
to ground. If not, the capacitor is faulty.

That takes care of practically all the com-
ponents in the set. The signal injection tech-
nique has already checked out all the trans-
formers, tubes, and coupling components.
About the only thing left is filter capacitors,
and they're always checked best by bridging
a known good one across any suspected one.

That's the story of signal injection. Next
month I'll write about using the rf/af genera-
tor for alignment. Many of you have ex-
pressed the wish to align your own sets, and
it really isn’t too hard if you follow a few
easy principles.

My mailbag was light this month, with lit-
tle to pass along; I'm still waiting to hear from
you. I'll be answering the best letters in this
column.

ham radio

The repair bench is for you. Tell us
about problems you have run into and
solved, keeping your rig in peak shape.
Questions you ask will be answered
only if accompanied by a copy (not
returned) of the full schematic diagram
and a stamped, self-addressed #10 en-
velope. Larry will include some of the
most interesting case histories in his
column each month.

Editor
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two-meter
mobile installations

Here are some hints

for two-meter mobile
antennas, some without
drilling a hole

in the roof
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E. H. Marriner, W6BLZ, 528 Colima Street, La Jolla, California 92037

There are many ways to mount a two-meter
antenna on your car, and some are better
than others. The best way is te punch a hole
in the center of the roof, but not many hams
have this sort of courage. Usually they look
1o other methods. Another way is to hold a
vertical ground plane on the roof with a mag-
net as shown in the photo, or to fashion an
antenna from an aluminum disk and hold it
on with suction cups.

For those of you who will punch a hole in
the car roof, there are several mobile antenna
kits available for under $10.00. The Antenna
Specialist model ASPR-1L or the Motorola
Mobile rooftop model TU-316-1L are both
popular

fig. 1. Step 2.

DO NOT PIERCE HEADLINING ——l




The Motorola antenna comes with coaxial
lead-in cable and all of the hardware for a
complete installation. The cable is installed
inside of the car between the upholstery and
the metal car body. In some- cars the coax

fig. 2.

\FISHTAPE

Step 3.

2L N Y

FLEXIBLE HOOK-UP WIRE

can be pulled up to the top of the car by
pushing a piece of stiff wire down between
the body and the upholstery and fastening the
coax to it. Installations may vary slightly with
each car, but generally speaking, they are al-
most all the same.

planning the installation

The installation procedure following is for
a two-door passenger car. First, select a loca-
tion for the antenna as near to the center of
the roof as possible. When you install the
lead-in cable, it should be kept as short as
possible to minimize rf loss. Running the
coax from the antenna diagonally to the right
or left side of the trunk compartment will
keep it short. You can probe the headliner
with your fingers to make sure that all ob-
structions are avoided.

installation procedure

When you have all the tools you need,
you can start.

1. Locate the desired position for the an-
tenna, mark it with the center punch and
drill a 3/4” hole. Use a sheet-metal drill or
hole saw. Do not use a standard twist drill.
Be careful not to tear the headliner. Scrape
the paint off the top of the car roof about
1/16” around the hole to provide a good
electrical bond between the antenna base as-
sembly and the roof.

2. Carefully route the electrician’s fish-

tape through the mounting hole in the roof
top. In some cases it may be necessary to re-
move the window trim from around the left
or right rear window, and loosen the head-
liner along the top of the window.

3. Attach a length of #22 or #24 flexible
wire to the end of the fishtape and pull the
tape back through the antenna mounting

fig. 3. Step 4.

@ INSTALLATION WIRE

FLEXIBLE HOOKUP WIRE

p ROOF TOP

© BuUsHING

FLEXIBLE HOOKUP WIRE

hole, leaving approximately 6” of flexible
wire exposed at the mounting hole. Discon-
nect the fishtape.

4, Attach the installation wire (A) to bush-
ing (C), and pass the bushing over the end of
the flexible wire and lower it through the

fig. 4. Step. 5.

BusHING (E)

GASKET (F)

mounting hole. Pass the slotted washer (B)
over the installation wire and the flexible
wire, keeping the shoulder of the washer
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ANTENNA CABLE ASSEMBLY

This home made 2-meter ground plane is
held on the car roof with a magnet.

toward the top. Tilt the washer and pass the
slot over the edge of the mounting hole. Push
the washer through the mounting hole and
onto bushing.

5. Put the gasket (F) (seam side downward)
and bushing (E) over the end of the installa-
tion wire (A) and over the end of the “fish”
wire. Pull the installation wire up until the
washer is firmly seated in the mounting hole.
Now, let the gasket drop into place over the
bushing.

Put a little lacquer, glyptal or varnish on
the threads of the bushing (E). Apply sparing-
ly. Thread bushing E onto bushing C and
tighten by hand.

Put the “L" wrench (D) in the slot in the

top of the bushing and securely tighten it
using a 7/8” open-end wrench. Take out the
installation wire by breaking it in the center
and pulling out the two pieces.

6. Tack solder the unconnected end of the
antenna cable to the upper end of the fiexible
wire and gently pull the lower end of this
wire from the trunk or window frame until
the curved tube on the end of the cable
reaches the bushing (E). Work the curved
tube downward onto the bushing until the
impedance matching cone seats in the top.

7. Assemble the parts shown in fig. 6 onto
the antenna rod in the order shown and pull

fig. 6. Step 7.

COVER

ROD

FERRULE

LEAD WASHER

INSUL ATOR.

RUBBER WASHE

INSUL ATOR

IMPEDANCE MATCHING CONE

fig. 5. Step 6.

TACK SOLDER
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the rod up until the lead washer, insulators
and rubber washer are drawn completely into
the ferrule. Now apply a small amount of
lacquer, glyptal or varnish to the threads of
the bushing. Make sure you dont get any
inside.

8. Thread the ferrule onto the bushing.
Tighten it by hand, then back it off one full
turn. Gently pull on the lower end of the



178" 18 172" BRASS ROD OR WIRE WHIP

632 MACHINE SCREWS
TO HOLD ASSEMBLY

LUCITE

R658/U CO-AX

GND

BRASS T
PLATE I
I
N
SPEAKER -
MAGNET !

fig. 7.

lead-in cable. This will cause the curved tube
to swing into line with the lead-in, minimiz-
ing strain at the junction of the tube and
cable. Tighten the ferrule using a 3/4” open-
end wrench. Be careful. Don't tighten the
ferrule too much—the antenna insulator will
crack or break. Now put the ferrule cover in
place.

4 TO8 RADIALS 19" LONG
SOLDERED INTO BRASS PLATE.

Holding a small 2-meter antenna on the car roof with a permanent magnet.

9, If it has been necessary to remove the
window trim, route the electrician’s tape
from the trunk compartment to the place
where the antenna cable sticks out and attach
the antenna cable to the fishtape; pull the
tape back into the trunk compartment and
carefully pull all excess cable into the trunk
compartment, Cut the cable to the shortest
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_[ fig. 8. Two-meter
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practical length that will reach the coaxial
connector on your transmitter.

mobile antennas without holes

Now, how about the fellow who doesn’t
want to punch a hole in the car roof? Well,
you can buy a commercial antenna such as
the Hy-Gain mobile HH2BA with a HMBA
mast, or you can build your own mobile an-
tenna. If you build your own antenna, it can
be fastened on the car roof with a permanent
magnet or suction cups from the local auto
parts store.

B short circuit

There is an error in the schematic diagram of
the discrete-component power supply on
page 31 of the March issue. The supply will
not regulate when connected as shown. The
base of the 2N3053 regulator should be con-
nected to the collector of the right-hand
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Fig. 7 shows another mobile ground-plane
antenna. This one is held on the car roof with
a magnet from an old loudspeaker. A brass
plate three inches in diameter is screwed to
this magnet. The ground radials are soldered
to the brass plate; four to eight are enough.

Fig. 8 shows how an antenna can be con-
structed from an aluminum disk and held on
the car roof with suction cups. The same
vertical which is used for a portable station
can be used for the vertical part of the an-
tenna or you can use a 19” piece of #12 wire.

ham radio

2N3641, the base of the 2N4037 regulator to
the collector of the right-hand 2N3644, not
between the 5.1k and 1k voltage-dividing re-
sistors as shown. Thanks to W10OQP and
W6GXN for bringing this to our attention.
Editor



Radio Society of Great Britain
Publications

The various handbooks and publications of the RSGB have been well known in amateur
circles for many years and have an excellent world-wide reputation.

The RSGB is currently revising most of these books and two titles are already available.
Communications Technology, Inc. is privileged to be able to bring them to you in the United
States.

RADIO DATA REFERENCE BOOK
Second Edition
By G. K. Jessop G6JP
Here in a 148 page book is one of the most complete compilations of radio and electronic
charts, nomographs, formulas and design data available. Sections are included which per-
mit you to design everything from rf power amplifiers to TVI filters. Also included is much

related information such as world-wide frequency allocations and commonly used mathe-
matical tables. Whether you design, build or operate, this is a book you should have.

Only $2.50 postpaid in the U.S.A.

WORLD AT THEIR FINGER TIPS
John Clarricoats G6CL

This book is a very thorough history of the RSGB and of amateur radio in Great Britain. It
gives a great insight into the development of our hobby in England and Europe and the
effects these events have had on amateurs here in the United States.

Paper back edition $2.50 postpaid in the U.S.A.
Deluxe edition $8.00 postpaid in the U.S.A.

Book Division
COMMUNICATIONS TECHNOLOGY, INC.
Box 592
Amherst, N.H. 03031
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the secret society

Several months ago one of my very good
amateur friends was passing through my sec-
tion of the country. Since the welcome mat
is always out, he didn't hesitate to stop by
for a bit of Southern hospitality.

Jim works for an electronics firm and
travels around the world, spending anywhere
from a day to three months in any one place
before he moves on. This brings him in touch
with a great many amateurs, and he’ll usually
have an interesting story or two if |1 can get
him going on the subject.

You all know how important DX has be-
come in the last few years~DXpeditions,
money for QSLs, pileups and publicity. When
the DX fever hits, it's worse than the Asian
flul If there is a DX club in the area where
Jim is staying, he gets in touch with some of
the prominent members and attends a few
meetings.

This story happened in Southern California.
This makes everything very believeable, be-
cause you know how things are out there as
far as ham radio is concerned. One of the
clubs Jim visited had some of the top DX'ers
in the world. There were at least eight fellows
who had confirmed over 300 countries. Nat-
urally this had no small effect on their per-
sonality; their noses tilted a bit upward,
among other things.

What will

you do when you
confirm over
300 DXCC

countries?

Dr. ). Michael Blasi, WANXD, 1490 Enota Avenue, N. W., Gainesville, Georgia 30501 sl
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He was supposed to be in that part of the
country for a few months, so the club loaned
him a key to the club house so he could
operate the station. One afternoon he man-
aged to have a bit of free time, so he dropped
by to see if 20 meters was open. He didn't
expect to see anyone there, so he was a bit
surprised to find the eight club members who
had more than 300 countries. They weren't
using the rig—just sitting around the meeting
table. They stopped talking as soon as he
came into the room.

Jim didn’t give it much thought at the time,
but about five days later, the same thing hap-
pened. The third time it happened he was
sure that something was going on that he
wasn't supposed to know about. They usual-
ly left as soon as he arrived, but on the third
visit Jim found something on the floor—a
QSL card. After a few minutes, when he final-
ly realized what was going on, he had a good
laugh.

The next week he found them all there and
mentioned the QSL card. He was right, they
did have something cooking among them-
selves. The card was from a commercial sta-
tion in South America thanking one of the
hig DX'ers for his SWL report!

It seems that these fellows had just about
worked every country in existence and just
sat around the shack waiting for something
to happen. One of them made a little one-
tube superregenerative receiver and started
to log foreign broadcast stations. Then he
sent a report to them. He got more of a kick
out of that SWL card than anything he had
done in the past five years.

Before long, he and his select group of DX
buddies were seeing who could get the most
SWL cards using little one-tube receivers.
Naturally, they couldn’t let this get out or
they'd he the laughing stock of the club. The
little meetings they had were to compare
their new SWL cards; Jim just happened to
be there.

Jim and | can't tell you who these fellows
are, and I'm sure they're not going to talk
about it on 20 meters, but if you want a few
laughs, the next time you work one of the
big time DX'ers in Wo-land, ask how Radio
Peking is coming through these days!

ham radio

Genuine

TEXAS

“"BUG-KETCHER"®
KILOWATT
80 THRU 10
MOBILE

ANTENNA

You've heard them on the air
... Now ... Avallable for
the first limelll

The Texas "Bug Kelcher” has
been one of the best radiating
antennas on the air for years
. . . and yes, ltw power rigs
can increase eifective radi-
ated power with this high "Q"
coil.

"“Bug Kelchers"” are custom
made of top qualily materials,
engineered to withstand
abuse where other antennas

fail . . . Send For Yours
Now . . . Be ready for a full
season of mobile funl
BUG-KETCHER
COIL ONLY ...... $2195
POSTPAID
SPECIFICATIONS

COIL SIZE: 2V:"

WIRE SIZE: #14

COIL LENGTH: 12¢

COIL REPLACEMENT: AIR
DUX = 2008

« LENGTH OF BASE EXTEN-
SION: 36" preferred
LENGTH OF WHIP: 96" pre-
ferred

» COIL FORM CONSTRUC-
TION: Phenolic with machined
brass fittings. All fittings are U

tandard 3/8” throughout

""The Southwest's Leading Ham Store . . . All Popular
Lines In Stock. ..

e/elctronics center, inc.

1979 N, HASKELL 114-LAB.2020 DALLAS, TEXAS 75204
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what is it?

No,

it isn't an antique
footwarmer for
cold

ham

shacks

84 [7g may 1968

Ted Woolner WATABP, 30 Cedar Road, Shrewsbury, Massachusetts 01545

On November 3, 1925, Dr. Lee DeForest
was granted a patent for a sound-reproducing
device. At that time he was president of the
Audalion Company, manufacturer of the
speaker shown in the photograph. If you look
closely, you'll see the name “Audalion” en-
graved on the center of the frame.

I got this speaker in a trade with a fellow
member of the Antique Wireless Association
who lives in Kentucky. He even threw in two
bottles of “mountain tanglefoot” to boot! It's
just as much a conversation piece as the
speaker itself.

Since there are felt pads placed on the end
and on the flat side, the speaker may be used
in either the vertical or horizontal position. It
is nineteen inches long, ten inches in
diameter and uses a magnetic speaker unit.
The coils were both open and 1 had to rewind
them by hand. Most of the other parts of the
speaker are made from white metal, Since it
was 42 years old when | got it, you can
imagine how much of the white metal was left
in one piece. But, the best part of the whole
project was, when all the repairs and replace-
ments had been made, darned if it didn't
work!

ham radio



WANTED: SURPLUS EQUIPMENT BUY-SELL-TRADE

WE NEED: AN/ARC-27, 34, 38, 52, 55, 73, 84; AN/ARN-14, 21C, 59; AN/APN-9, APN-70; AN/APR-13,
14, 17; AN/GRC-3 thru 46; RT-66, 67, 68, 69, 70, 77; AM-85/GR, PP-112/GR, TRC-24, TRC-75, GRC-27.

RECEIVERS: R-220/URR, R-338/URR, R-389/URR, R-390/URR, R-391/URR, R-392/URR, COLLINS
§1J-3, 61J-4, URR-13, URR-27, URR-35, RAL.

TEST EQUIPMENT: SG-1A/ARN, SG-2A /GRM, SG-13/ARN, $G-12A /U, URM-250 thru F, AN/URM-26,
MD-83A/ARN, UPM-98, UPM-99, SG-66A/ARM-5, ARM-8, ARM-22, ARM-25, ARM-66, ARM-68, USM-26,
USM-44, 75-330, TS-510A, TS-683, TS-757, ARC H-14, H-14A, also, H.P.,, BOONTON, ARC, BIRD,
MEASUREMENTS TEST EQUIPMENT.

COMMERCIAL AIRCRAFT EQUIPMENT: COLLINS 17L-6, 51V-3, 51Y-3, 618S, 618T, 18S-4, 621A-3,
860E-2, 618M, 618F, 4798-3, 479T-2, ARC: R-30A, R-34A, R-38A, RT-11A, R-836/ARN, BENDIX: RA-18C,
TA-21A, RA-21A. TOP DOLLAR PAID PLUS SHIPPING. PAYMENT WITHIN 24 HOURS upon RECEIPT.
WE TRADE OR SWAP ON NEW HAM EQUIPMENT. WRITE, WIRE, PHONE 813 (722-1843), BILL
SLEP, W4FHY.

SLEP ELECTRONICS COMPANY P. O. Box 178R
Highway 301 Ellenton, Florida 33532

one year

FREE

three-year subscription to

ham radio
only $10.00

regular one year rate $5.00

ham radio magazine, greenville, new hampshire 03048
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EACO Lightning Arrestors

A novel ring gap is a feature of the new
EACO Model 210 coaxial lightning arrestors.
This type of gap is said to be self-correcting
after a discharge of the type which would
normally require replacement of point-type
gaps. Zero insertion loss is claimed in a 50-
ohm line, and the change in SWR cannot be
measured at 150 MHz. The standard version
has SO-239-type fittings, although other types
are available. The Model 211 offers a loss-less
electronic static circuit, but is limited to 50
watts of a-m power or 100 watts of ssh.

The Model 210 is priced at $3.15 while the
Model 217 is $4.65. Available from the Elec-
tronic Applications Company, Route 46, Pine
Brook, New Jersey 07058,

86 [ may 1968

Omega Electronics has recently announced
a new solid-state automatic keyer using in-
tegrated circuits, transistors and diodes, each
where it will do the job best. It features
“iambimatic” action (squeeze causes alternate
dots and dashes), dot and dash memories,
reliable long-life reed relay with heavy-duty
50-watt contacts and complete with built-in
paddle. For maximum economy and low bat-
tery drain, milliwatt integrated circuits are
used. Carbon batteries will last over fifty
hours, or if preferred, the DA-3 option will
provide operation from a 6.3-Vac supply.

The DA Keyer speed is continuously ad-
justable from six to sixty words per minute.
The volume and tone controls for the built-in
monitor are located on the rear panel. Jacks
for an external paddle or straight key are also
provided on the back. $85 from the Omega
Electronics Company, 10463 Roselle Street,
San Diego, California 92121.

Design Industries
Operating Desk

A new entry from Design Industries will
help to solve the ever-present problem of try-
ing to keep an XYL and a ham radio station
under the same roof. The Senator | and Sena-
tor Il series of operating consoles have been
designed to accommodate many of the popu-
lar receiver-transmitter and transceiver combi-
nations, Room is also available for various



linear-amplifier combinations. If you have
need for a custom-tailored installation, it can
usually be worked into the Senator; the manu-
facturer will work with you to assure satis-
faction.

Features include carpet rollers, an oil-dark
walnut finish and removable front panel. The
sides include storage and power-supply com-
partments and two letter-sized drawers. These
consoles are designed so that when later
equipment changes are made, it is only nec-
essary to purchase a new front panel. The
Senator | is $295.00 and the Senator Il is
$395.00 For further information write Design
Industries, Inc., P. O. Box 19406, Dallas, Texas
75219.

Raytrak AutolLevel

An interesting new volume compressor has
recently been made available by the Raytrak
Company. This device is compatible with ssb
exciters in that it is not a clipping-type com-
pressor. It uses a small incandescent lamp
which is optically coupled to a photo-
conductor (a light sensitive resistor) which
regulates the output from the compressor.
This approach allows a minimum of waveform
distortion and insures a clean signal.

The Autolevel Volume Compressor can
provide up to 28-dB of compression. It is de-
signed for use with either dynamic or crystal
microphones and will operate on 115-volt ac
power. Standard jacks are used and wiring
permits push-to-talk operation through the
unit. The price is $87.50. The unit can be pur-
chased from the Raytrak Company, 2111
Springhill Drive, Columbus, Ohio 43221,

TRI-EX'S

B

IMPROVED

THD

GUYED TOWERS

shown with internal
rotator, 2” mast,
Tri-Band Beam

Choose from 8 mod-
els, 4 with 20 ft. sec-
tions, 4 with 10 ft.
sections — all hot-
dipped galvanized,
inside and out, after
fabrication.

o Tower Heights to 88 ft.
» Easy to Erect

GET THESE
FEATURES

 Cranks up & down

* Geared winch

e Aircraft raising cable
* Ball-bearing pulleys

 Precision formed
guides

» Hinged base plate

PRICES START AT

513825

FREE BROCHURE

'rl-!x TOWER CORPORATION

7182 RASMUSSEN AVE., VISALIA, CALIF.

may 1968 [ji§ 87



Dear Jim:

| was going to write a book review type
of article for the club paper; however, a
good many copies of ham radio have found
their way into the hands of our members. |
haven’t heard anyone knock it yet! This
changed my mind about writing a review.
Jim, if you can introduce a new publication
into the ham-radio field and not have it
lacerated, you and yours have a very bright
future.

Most of your readers will admire the
makeup and technical excellence of the
magazine without realizing the endless
thought and effort that went into your mid-
wifery.

The content of the first issue is beyond
reproach; you've set high standards for the
future. Of almost equal importance how-
ever is the technical excellence of the
magazine's production. One seldom sees
better typography or printing. Your choice
of a gothic type face is commendable and
is especially appreciated by bi-focal wear-
ers. Lastly, the schematics, technical draw-
ings and cuts are beautifully sharp and
crisp.

Congratulations, Jim, to you and your
associates at ham radio.

Ed Howison, WASAXB
Editor, CARASCOPE
Columbus Amateur
Radio Association

88 may 1968

Dear HR:

Just received a copy of volume 1, number
1, and want to say how impressed | was—
it has that fresh, clean look that's so hard
to achieve in a new publication; and the
layout, makeup and presentation are su-
perb. Obviously, too, you are embarking
upon a fresh, new approach to ham radio
which has been needed for some time, and
a standard of writing which should attract
some competent professionals.

By the way, | would appreciate it if you
could tell me just what type faces you use
for the text and heads—| am an amateur
printer as well as a radio ham. They are
wonderfully modern and easy to read.

Don Holm, W7PFL
Outdoor Editor,
The Oregonian

The text is set in 8-point Optima, the captions
in 6-point Akzidenz Grotesk; and the heads,
14, 18- and 24-point Standard.

Dear HR:

Ham radio has a very refreshing and
needed approach—a good technical maga-
zine. Best of luck. ..

H. W. Brown, W20QN

Dear HR:
... Your approach to modern equipment is
excellent. | have never understood ssb at
all til | read the first issue and the excel-
lent article on ssb theory.

William E. Harris, W5TVN



Dear HR:

If the next 12 issues are as interesting
and refreshing as your first, you will be
making a most creditable contribution to
the published word on amateur radio state
of the art. ..

John R. Esterly, WBRAK

Dear HR:

Congratutations! Your first issue is num-
ber one! Very fine articles, very well laid
out, and very much needed. | hope that
you will prosper in your labors and that
the periods of difficulty will not weigh you
down.

James R. Belt, Jr.

Dear HR:
... first issue looks great, keep up the
good work.
George A. Wilson, Jr.,, W1IOCP
Dear HR:

| just received your magazine in the mail
today, and am writing this letter in haste.
| am awaiting my General License and | am
very anxious to “homebrew” my own ssb
transmitter; in fact, all my gear. Mostly be-
cause | don't have the loot for an expensive
appliance and because | would like to be
able to say, “the rig here is homebrew,”
but unfortunately, | cannot find a reason-
ably presented article in any of the maga-
zines on the market today—including
yours. This is really frustrating. | guess |
am going to give up looking.

When | saw the cover of your magazine
| suddenly became excited when | saw the
home-brew ssb exciter. The caption under
the picture stated, “complete construction
details”...you state that no tuning or
alignment instructions are given, wow!. ..
You must present the article in kit form
with available templates at a small charge
and parts lists, “available parts of course,”
and also, large photographs and total pre-

sentation in easy-to-follow kit form...
Kenneth D. Brown, WN@RXK

If we were to publish the ssb-exciter article in
kit-form style, it would require the entire issue
of the magazine. Obviously, this is impractical.

YOU EARN YOUR FCC
FIRST CLASS LICENSE
back!

-~

or your money

My

‘f. p

71N . " . > N

«

S5 NRI COMMUNICATIONS COURSES
INCLUDE FCC LICENSE TRAINING

Earning an FCC License can be quick and easy the NRI]
way. You can concentrate on a short FCC License course —
‘"specialize’’ by training in Mobile, Aviation, or Marine
Communications—or go all-out with the job-simulated NRI
course in Complete Communications, [t is the only home-
study training plan that includes professional lab equip-
ment specifically designed to give you on-the-job, ““hands
on”’ experience as you train.

Whichevi r NR1 Communications course you choose, with
an FCC License you're ready to operate, service and install
transmitting equipment used in broadcasting stations, avia-
tion, on board ships, and in mobile and Citizens-Band radio.
And you MUST PASS your FCC exams or NRI refunds
your tuition in full. Can you do it? The NRI record of success
is outstanding. 87 % of NRI graduates pass their FCC exams.

Get full details today about five courses that include FCC
License preparation, plus seven other training plans offered
by NRI, the oldest and largest achool of its kind. Mail cou.
pon. No obligation. No sales-
man will call. NATIONAL | APPROVED UNDER G}
RADIO INSTITUTE- BILL. If you served since January
Electronics Div., Wash- | 31, 1855, or are in service, check
ington, D.C. G )ipe in couvpon.

MAIL NOW for FREE CATALOG
@ NATIONAL RADIO INSTITUTE 46-018
Electronics Division, Washington, D.C. 20016

Pieass send complete data about FCC License training, other
NRI coursss checked below. (No salesman will call.)

[J Fcc License [ Tv-Radio Servicing (with color)
(] Compiate C: ications [ ] Ad Color TV

[J Aviation C icati O isl Electronics

[ Marine Communications [ Basic Electronics

[ Movile C icati 0O & ics for A

D Math for Electronics D Elactrical Appliance Repair
D CHECK FOR FACTS ON NEW Gt BILL

Nama. Age
Address
City. State Zip.

ACCREDITED MEMBER NATIONAL HOME STUDY COUNGIL
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SPECIAL
TV CAMERA
PARTS KIT

only

$99.95

including vidicon and lens!

To meet the many requests for a fow-priced solid
state TV camera kit, we have made available from
our factory stock the following parts which you can
assemble at very little additional expense into a
superb TV camera. Included in the kit are the follow-
ing:

1) Completely assembled and tested video amplifier
plug-in circuit board with a 10-transistor 6 MHz band-
width amplifier and keyed clamp with adjustable ped-
estal and sync mixer.

2) Completely bled plug-in p circuit board
with 8 transistor and 5 diode horizontal and vertical
sweep generators and amplifiers featuring excellent
linearity and more than enough drive for 17 vidicons.
3) Excellent quality deflection yoke and focus coil
with beam alignment magnets and raster positioning
adjustment. Also included is the vidicon tube clamp
and target connector.

4) Camera tested vidicon excellent for amateur use
and matched to the deflection assembly above.

5) Good quality F1.9 or better achromatic lens with
matching lens mount.

Note: All items are brand new except vidicons which
we guarantee will work with the parts kit supplied
when assembled according to the schematic and ad-
justed according to normal procedure. Since step-by-
step instructions are not available, we recommend
this kit only to those who can follow a schematic.
Due to the low price and limited quantity, we cannot
sell the above components separately.

When our present stock is exhausted, it will cost at
least $160.00 to repeat this offer. Order now to avoid
disappointment.

VANGUARD LABS

Dept. R
196-23 Jamaica Ave., Hollis, NY 11423
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Dear Jim,
| wondered where you had wandered.
The answer is wonderful. Thank you very
much for the sample copy of ham radio.
How thorough and explicit your articles
are. | couldn’t wait to write a check and
forward it to you for a year's subscription.
Best of luck and success.
Gerald “Doc” Feinberg, W1TXL

Dear HR:

Congrats on the first issue of the new
magazine. It's a real gem. It has opened
the door for the return of ham technology
long since gone from the scene. Heaven
help the competition!

My best wishes for all the success in the
future.

Robert W. Stankus, K2DX

Dear HR:

Thank you for copy of ham radio volume
1, number 1. The format is fine and | like
the editorial philosophy.

| happen to hold original issue of QST
December, 1915 and several others of the
first year’s issues.

W. A. F. Pyle, W3WR

Dear HR:

We took a swift glance through the
new magazine and had to send you a little
note of encouragement.

Will you have anything about RTTY? |
am very interested in obtaining a printing
model that can also be used to transmit.
Any info concerning this phase of amateur
radio would be greatly appreciated.

The sideband rig looks very interesting.

Danel P. Keech, K1FKX

How about it RTTY authors? Let's have some
good RTTY articles—my cupboard is bare!

Dear HR:

Congratulations. The first issue is a real
winner. Very glad to see you did not con-
tinue any of the articles on back pages. ..

Tom Lamb, KSERV



Hello there. My name is Pomey and I'm here
to give you a preview of STELLAR'S Suit-
case Station. It's just in the experimental
stage now, but if you hams want it and will
tell me what features you'd like in it, we plan
to make it available as a package at a later
date. If you send me your ideas, I'll see that
you get a merchandise certificate for each
one we use. Write me at Department H for
further information. 73 es 88.

e L I TR L %

: stellar ndustries:i

SAI'.ES IHB SERVN.‘E B
u

ELECTRONIC COMMUNICATIONS EQUIPMENT
10 GRAHAM ROAD WEST
ITHACA, N. Y. 14850
TELEPHONE: AREA CODE 607 273-9333

Your headquarters in Central New York for
new and used ham gear—sales and service.
Mail orders welcomed.

Hours: 9:00 A.M. to 5:30 P.M. Monday through Friday 9:00 A.M. to 5:00 P.M. Saturday

Dear HR:

.1 am most impressed with your first is-
sue—the content is very good, but the type
style and layout of the magazine is far
superior to any other publication in the
amateur-radio field—and, to most profes-
sional journals, | might add.

Douglas E. Westover, K6TZX

Dear HR:

Congratulations on the first issue of ham
radio. Its format and layout are most attrac-
tive, the illustrations are of excellent
quality and the printing is top grade. The
contents are sufficiently diversified to pro-
vide something of interest to almost every-
one. | have spent many years in the photo-
graphic illustration and advertising field,
and | am sure that you are justifiably proud
of your first issue. If the editorial policies
of ham radio maintain the same high stand-
ards as its physical appearance, | believe
its success is assured.

W. G. Blankenship, Jr., WA4GNW

VHF/UHF ANJENNAS

FOR
MORE
DX PUNCH

The standard of comparison in  amateur
VHF/UHF communications. Cush Craft antennas
combine all-out performance with optimum size
for ease of bly and ting at your site.
They can be mounted vertically, horizontally, in
pairs, quads, or virtually any combination

allowing you to design the y to
meet your exact requirements.

Ald4. 2 meter 11 element $14.95
Al44-7 2 meter 7 element 11.95
A220-11 14  meter 11 element 12.95
A430-11 3% meter 11 element 10.95
Al44.20T 2 meter Multi polarized 29.50
A 50-3 6  meter 3 element 15.95
A 50-5 6 meter 5 element 21.50
A 50-6 6  meter & element 34.95
A 50-101 6  meter 10 element 54.95
A26-9 6&2 meter 10 element 29.95

621 HAYWARD STREET

MANCHESTER, N.H. 03103
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GET IT from GOODHEART!

EVERYTHING UNCONDITIONALLY GUARANTEED!
MARCONI FM DEVIATION METER TF-934, regularly
$890. Reads dev. w/ranges 5, 25, 75 kc. Has audio moni-
tor. Made for MIL, 2:-100 me, easily reaches 1000 mc
on harmonics; we include all instructions. Checked oul,
ready 0 US® ........ccvuivevenenneniasnsasarens.. SOI0.50

Brand New VHF rcvrs look like BC-453 Command but are
9-tube 108-135 mc. 2 uv sens; 2 rf's, 3 IF's; noise Imtr;
avc. W/schem., instruct., spline knob, & graph to set
freq. by counting turns. A.R.C. Type 13B, 28v htr wumg,
T# shpg WE e s anmminas : . $22.50
R32 is same bul w/squelch; 14y htr wmnq . $27.50

SILIC. RECTIF. 8000 PIV 400 MA. Large user's termin.
invent., not rejects! Slater SLA0B-2. Max: reverse, 2 uA;
fwd drop, 8.2 v. Cost $8 ea. Bakel nnrnpsul. IxVaxi”
ht oa. PAIR POSTPAID . ST

GRTD. LOWEST-PRICED COUNTER to 220 or 510 mc!
Like-new appearance; recent-date Certif. of Calib. trace-
able to Nat. Bur. of Standards. With 5 books. =1 count
=+ .0001%. Hewl-Pack #524B with #525A & #525B or C

WRITE FOR LOW REDUCED PRICES!

BOONTON #225A AM/FM Sig. Gen. 10-500 mc ASK!

HEWL-PACK #608A AM Sig. Gen. 10-500 mec .. ASK!
R-23/ARC-5 Command rcvr 190-550 ke cerennes 1095
A.R.C. 12 #22 Command rcvr 540-1600 k. ......... 17.95
LM-14 freq. meter, 01% 125 ke-20 mc cisassses 510
T5-323/UR freq. meter 20-480 mc., 001% ....... ..1689.50
BC-221's OK ....... $67.50 TS-175 OK ........127.50

CLOSING OUT Radio Receivers 38-4000 mc at CRAZY
LOW PRICES! Ask for APR-4/4Y/CV-253 sheet

ALL-BAND SSB RCVR BARGAIN: Hallicrafters R-45/
ARR-7., 550 kc to 43 mc continuous. Voice, CW, MCW,
aligned, grtd, w/book; 2-RF, 2-IF's, S-meter; noise
Imtr: 3 xtl, 3 non-xtl wloclrvily choices. Less power
supply .148.50

60 cy pnwar aum::l)r SSD SSB prndUCI dateclur $20

THE GREAT NEW

GALAXY V

5 Band
SSB Transceiver
only $420

BARGAINS IN RECONDITIONED

USED GEAR
JOHNSON INVADER 2000 . ‘ $525.00
GALAXY 111 . $225.00
5X-122 HALL. RECV. . . . . $210.00
SX-111 HALL. RECV 5$185.00
WARRIOR LINEAR (UEW5728's) . $180.00

Write for list of used gear at bargain prices: we give you
the best trade-in allowance for your gear on NEW,
GALAXY, SWAN, DRAKE and ALL LEADING LINES of
amateur equipment. Write today for quotation:

Sots  NaATeug
ELECTRONICS

“THE COMPLETE HAM STORE""
927 N.W. 15t Oklahoma City, Oklahoma 73106

BoB

Phone CE 5-6387

SP-600-JX Revr .54-54 mc, Exc. Cond., w/book ..... 325.00

Super. EMT 6220Y 3 ph 20 kva Line V Regulator . ...450.00

Sorens. 10000S 10 kva Line V Regulator ,.......... 685.00
And others from 260 VA up. Ask for Regulator List
Automichron Cessium-Beam Freq. Standard ...... ASK!
Regulated Power Suppli Meter Calibrators ... .. ASK!
All kinds of AUDIO Test Equlpmenl e 1 - ]
Standard Signal Generators CW{AM/FM{Swaap .ASK!
Bridges, Potentiometers, other Lab Standards ... . ASK!
Electronic & Rotary Frequency Converters ......... ASK!
Noise & Field Strength Meters .... .. ceveeees . ASK!
TIME PAY PLAN: Any purchase totaling 10'1.

$160.00 or mora, down payment only

Above is a small sampling of our terrific inventory. We
ALSO BUY! We want Tektronix scopes, Hewlett-Packard
equpt., Aeronaut, radio-shop equpt., etc AND Mili-
tary Communications of all kinds

R. E. GOODHEART CO. INC.

Box 1220-HR, Beverly Hills, Calif. 90213

Phones: Area 213, office 272-5705, messages 275-5342

HAM CLUBS
SPECIAL GROUP RATES AVAILABLE
WRITE

HAM RADIO MAGAZINE
Greenville, N.H. 03048
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ANTENNA SPACE YOUR PROBLEM?
TRY THE BARBED WIRE ANTENNA

A low-cost, easy-to-assemble applica-
tion of the Fat Antenna Theory.

ADVANTAGES INCLUDE

*1/8—Wavelength Shorter than a Con-
ventional Half-Wire Dipole.

*Greater Bandwidth—Less SWR Prob-
lems.

*Easier to Match and Load.
THE BARBS IN KITS $16.50 Prepaid.

$2 Brings Construction Details &
Picture.

Send for Free Brochure.

CTK Enterprises—WB6ZKK
Box 444
Montebello, Calif., 90640




NOISE BLANKER

Removes interference
generated by auto
ignitions, appliances,
radars, and other
sources of high energy
pulse noise.

Provides the noise suppression required for reception
of weak VHF DX and scatter signals. Connects be-
tween converter and receiver; for 50-93 ohm coax
Solid-state design features silicon Field Effect Tran-
sistors for reliability and minimum cross-modulation
Adjustable output coupling for optimizing system
gain.

Send for technical brochure TNB

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

HAMS!! DON'T BUY TUBES UNTIL YOU GET
OUR LOW PRICES ON BRAND NEW TUBES
NOT PULLS OR REBRANDS

66 .45|OB2 .60|807 1.95| 6360  2.50|4-400A 37.50
6T8 .75 |2X2 506146 . 2.50| 8632 12.95 | 4PR6OB 55.00
6U8 .69 [10Y .50 6360 3.00| 2C39 10.00 [ 4-250A  35.50
OA3 .80 | 7025 .55 |12AU7 52| 4-65A 9.00 | 4X150A 10.50
OC3 .60 [ 6AQS5 .50 | 832A 6.0 |4-125A .50 [ 4CX2508 19.00
OD3 .60 | 6BQ7 .88 | 2E26 2.50 | UX200 1,50 | 4-1000A 80.00
OA2 .70 |6CG7 .54 | 811A 375 |1AX2 .39 6 FOR  2.00

3CX100A5 9.95..6725/6AS6 .50..5842/417TA 2.25. 5874/404A
2.25..

Silicon Repl. For OZ4, 5U4, 5Y3, bAS4, 624 98..

50 Diodes-IN34A, etc.-$1.00.. 8 Top Hat 450 Piv. .500 MA-
1.00.,

10 Sil. Epox. Diodes-400-750-Piv-1 Amp.-$1.00..

4 Power (20W) Transistors-$1.00.. WE 701A-1000W Tetrode-
$5.95

Sale on brand new CH & H & H Toggle Switches

never used-Removed from new equipment

SPST 6 Amp.—$1.50 DZ. SPDT 6 Amp.—$1.69 DZ

DPST 6 Amp. 1.68 DZ. DPDT 6 Amp. 1.85

DPDT 15 Amp.— 2.95 DZ. SPST Slide SW. 8 for $1.00

AC DC Elect. Cond. 50X30 MFD at 150 V .25.. 3X15 MFD at

450V .49.. 1625 Beam Power Amplifier .95, .841 Power Triode

for 6-30MC .50..6.3V Fil. Transf. PRI 115VAC 60 Cy. Sec.6.3V

at 1.5A Open Type .39..25 Ft. 2-3 Wire #14 Rubber Shielded

Cable $1.25..12 Spkr. Plug $1..6 Audio Outp. Trans. §1..75

Asst. 1W Resistors $1..40 Asst. 2 W Resistors §1..60 Preci-

sion Resistors §1..6 ': Meg. Vol. Controls $1..25 Asst. Pilot

Lights $1..60 Asst. TV Pkng. Coils $1..12 Asst. Dual Con-

trols $1..12 Spkr. Cords W/Plug $1..12 Asst. RF Coils-SW

$1.. 100 Asst. AB-IRCY:-1-2W Res. $1..50 Asst. Crystal Di-

odes 1N34, etc. $1..50 Asst. Mica Cond. $1.. 12 Vol. Con-

trols $1.. 25 Asst, Trimmer Cond. §1..50 Asst. Paper Tubular

Cond. $1.. 12 Asst. Elec. Cond. Kit §1.. 20 Asst. Wire Wound

5-26 W $1

Canadians Must Remit in U.S. Funds. No C.0.D. Orders

The above is only a sample of over 5,000 bargains we have.
Min. order 5.00 not including postage (extra). Send Stamp
for bargain tube and parts catalog.

UNITED RADIO CO.
56 Ferry St. Newark, N.J. 07105

Estab. 1920

A COMPLETE "LINE-UP" OF ALL
THE POPULAR TRANSCEIVERS

= o' [See
cOLUNS « Glu “W
w 2l

D AKE 58.3
s, -;g
7R Ry
=, >,

3?%% s
ATIONAVI® $k25900

WE ALSO STOCK ACCESSORIES FOR ABOVE

For Additional Information, Write for
our “Transceiver Portfolio” #73TR

Going Mobile??? Good Mobiles Go (HUSTLER)
We stock complete line of NEW-TRONICS Antennas,
including the new "'SUPER-HUSTLER".

We maintain the lorgest stock of uvsed equipment
in the Mortheost — Engineering Deportment — Time
Payment Plan available.

WRITE FOR LATEST COMPLETE LIST

Evans RADIO

P O BOX 312 CONCORD, N H 03301
“FONE 603-225.3358

HAM RADIO CONVENTION
May 18TH & 19TH

2814 Empire Ave.
BURBANK, CALIFORNIA

* Displays of latest equipment & acces-

sories
e Top speakers of interest to all amateurs

® Prize drawings throughout both days

Full particulars available from

LOCKHEED AMATEUR
RADIO CLUB, W6LS
2814 EMPIRE AVENUE
BURBANK, CALIFORNIA
213-848-9340
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POLICE * FIRE * MARINE
AIRCRAFT » AMATEUR CALLS
ALL NEW 1968

X LINE TUNAVERTERS!

~ VERSATILITY

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

* Sensitive

* Selective

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

PLUS  _COMPLETE INTERCHANGEABLE
CRYSTALS WITHIN BAND!!!
¢ 9 volt btry powered s 1 year quarantee on parls
labor.
e Includes coax. mount & e Size—2: x I x 4%
sSCrews, inches
» New FET transistor os- ¢ American Made with
cillator & circuit American Parts
Models for AM & FM Tunable & Crystal!
BAND MODEL COVERS OQUTPUT PRICE
CB&1om 213 X 26.9-30 me 1500 ke
6 meters 504 X 50-84 me 1500 ke
2 meters 1450 X 144-150 me 1500 kc $32.95 ppd
Police, fire, 348 X 33-48 mc 1500 ke ach
Marine 1564 X 150-184 mc 1500 ke Each
Aircraft 1828 X 118-128 me 1500 ke Less Crystal

Models for AM & FM Tunable only
Marine 2,0-285me 550 ke $19.95 ppd
S5W & wwv SWL 10-20 me 1500 k¢ $19.95 ppd
Coupling Loop & Ext. Antenna for use with
home and Transistor Radios.... 3 £3.95 ppd
Mobile Battery Eliminator, 12V to 9V, .. .$4.95 ppd.
Crystals—State Exact Listening Freq... ..$5.10 ppd.

Order from: Fast AIR MAIL add $.85 ea.
HERBER? SALCH & Co. Marketing Division

of Tompkins

Woodsboro H, Texas 78393 Radie Products

DON'T QRT!

LT-5

meter CW transmitter in you

pocket,

SEND FOR FREE
$24.00 KT
$35.00 WIRED DATA SHEET

When you leave your QTH
put your LT-5 portable 40-80

OMEGA ELECTRONICS COMPANY
10463 Roselle St. *  San Diege, Calif. 92121

r

PERSONALIZED ON THE AIR SIGN

ARNOLD

WA2ZHA

AMATEUR RADIO CLUB

CALL PINS $1.25

Works on 110 Volts AC Black and White Letters
$10.95 1"ax 3

ARNOLD'S ENGRAVING

Tie Bar —$150
Lapel Bar — $1.50 Tie Chp — §2.25
2041 LINDEN STREET RIDGEWOOD, N. Y. 11227

TS~ NOVICE CRYSTALS o~~~
freq ies in FT-243 holders. Pin size
/ 093 in., spacing .488 in. Tolerance .030/, measured in{/
) oscillator with 32 mmfd. capacity.

B0 meters 3705-3745 ke. $1.75 en.
40 meters T155-7185 ke. 1.25 wn.
15 meters 7034-7082 ke. 1.25 ea.
2 meters BDS6-8168 kc. 1.25 e

J Add for postage and handling per crystal: 8c first class;{
)12c airmail. Specify frequency desired and nearest avail- )
{ able will be sent. Other frequencies in stock. Send for!
[free list. Satisfaction guaranteed. !
)\NAT STINNETTE, P.O. Drawer Q-1, Umatilla, Fla. 32784 )

$10 TRANSISTOR IGNITION $10

Complete electronic 2 transistor  dual ignition  system
for cars, boats, trucks. Fully wired harness, dual
primary coil, instant changeover [rom transistor (o
conventional or back Neg., ground, 6 or 12 wvolt
system. Complete with instructions, ready to install,
Original price $35, now only §$10.00 postpaid.

MESHMA 1908 Surplus Electhronic calolog shows hundreds of dol-
lar saving surplus bargaing. Send 25¢ for new 92 page colaleg

MESHNA, 21 Allerton St., Lynn, Mass. 01904
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WE PAY CASH FOR TUBES

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

VHF BALUN
Hereis ad4to1Balunfor2 & 1'/s
Features Include:
G.E. Clear Seal Silicone 100-Watt ICAS rating

Encapsulation
Send $6.95 to

Sound and TV SYSTEMS

316 MARIEMONT DRIVE
LEXINGTON. KY 40505

IRN—9 Core #16 Beldsol Wire

4 CQ de W2KUW
BEST OFFER!!

Pald ....ovvevnnnn for any piece of aircraft or ground
radie units, also test sguipment. All types of tubes.
Particularly looking for 4.250 + 4-400 « B33A « 304TL
« ACX1000A + 4CXS000A ot al. 17L + 51X « 390A
« ARM * GRM « GRC *» UPM + URM + USM units.

N

[\ TED DAMES €O, 310 Hickory St,, Arlington, N.J. 07032 4
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LET W3KT

Iﬂ

KEEP UP TO
FORWARD YOUR DATE ON
DX QSLS YOUR DXING

oin the thousands of satisfied hams who have

been using this service for the past seven
years. During 1967 alone, over 200,000 QSLs
were forwarded to DX stations. This is a DELUXE
service, insuring prompt and continuous mailings,
and involving a minimum of effort on your part.

ust fill in your QSLs and cend 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.

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.

?emember your QSL is a personal message. Per year—Surface mail (they say most

Therefore W3KT sends it by FIRST CLASS MAIL
only.

he charge: Four cents per QSL, 30 cards per
dollar. NO MEMBERSHIP FEE.

SAVE TIME! SAVE MONEY!

W3KT QSL SERVICE
RD 1, Valley Hill Road Malvern, Penna. 19355

EEEEEEEEEEEEEE

1st class mail actually goes via air) $11.00

The DXERS Magazine, (W4BPD)
Route 1, Box 161-A,
Cordova, S.C. 29039

FEEEEEEEEEEEEEEEEEEEEEE

“POUND OF PARTS" ETCHED CIRCUIT BOARDS
Unused Electronic Parts of Asst. Sizes and Values Novice Trans. 275  Novice Recvr. 2.75
g‘.fﬁﬁ.a }§ Receiving gﬁ(a Condensers $1.99 RTTY Encoder 250 RTTY Decoder 4.00
- Insulated Carbon Resistors  $3.99 UHF Dippers 225 SWR Bridge 1.25
RKP-7 1# Precision Resist 1.29 ;
SP1. 1724 Brass Spacens - Lab Supply 550 144 Cony. 5%
KA-83 53 Assorted Elect. Hardware $1.67 Keyer 495 CP Osc. Mon. 1.25
3“ ;grt:é :II“,I B_qu;lun. &Oh_;o,rsg add ﬁost{aw. Conn. Residents add Sales Tax.
ur ectronic Part ool Catalog is free. Send order or Catalog request to . . .
BIGELOW ELECTRONICS " HARRIS CO., BOX 845,
Dept. HR-5, P. 0. Box 71, BLUFFTON, OHI0 45817 TORRINGTON, CONN. 06790
ow exclusive 6 FooT MOR=-GAIN 75 THRU 10 METER DIPOLE IP
" NO TRAPS — NO COILS — NO STUBS — NO CAPACITORS k;
Fully Air Tested — Thousands Already in Use t !

FULLY GUARANTEED US PAT #3,229,298
40% Copper Clad wire—Under three Ibs. Air Weight—Rated for full legal power—AM/CW or SSB——-Col:ll! or Bltlnnm‘l 50 ?5
ohm feed—VSWR under 1.5 to 1 at most heights—Rust resistant hardware—Drop-proof i
ready to put up. Model 75/40 Amateur Net $26.00. Ttrrl'lu: Performance—No coils or traps to break daurn or chlngt under
weather conditions—Fully Guaranteed. MODEL SB20 *'SHORTY'' 10 & 20 METER TRAP BEAM—$59.95.

NEW SUPER HEAVY DUTY DIPOLES 66° LONG. RATED MODEL 75-15 NOVICE....$30.00 = 66 FEET LONG

4KW_PEP-2000 POUND BREAKING STRENGTH—DELRIN MODEL 40,20.... $20.00 « 35 FEET LONG
CENTER & CERAMIC END INSULATORS—OUT PERFORM MODEL BO/40CW. ..$28.00 « 69 FEET LONG
FULL SIZE DIPOLES; MODEL 75-10.... .$37.00 » 66 FEET LONG

75/40 SHD $33.00; 75-20 SHD $38.00; 75-10 SHD $48.00 MODEL 75-20............533.00 « 66 FEET LONG

ORDER DIRECT OR WRITE FOR P.O. Box &006 OR THRU YOUR FAVORITE
FULL INFORMATION Mo R'GAI N Alexandria, Virginia 22306 DISTRIBUTOR

Phone: 703-768-7766; Nights and Holidays 703-780-2171
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! *68 National /
Convention

American Radio ¢
. Relay League

S

Sponsored by the San Antonio Radio Club
San Antonio, Texas, June 7-9

MUNICIPAL AUDITORIUM

First Ever in Ole San Antonio
By the Alamo

g
p 2
E Z

Never before has there been a Ham Con- ﬁ
a vention with so much to offer you and your
family! Three full days of Amateur Radio
¢ get-together and programs to cover every
§ field of interest.

PLUS all the attractions of Hemis-Fair ﬁ
'68®, the first World's Fair ever scheduled 9
in southern United States.

G PLUS everything else San Antonio has to é

make it a perfect vacation spot for the

whole family. q

P Theme: “The World )
Of Communication”

Convention activities have been designed
to help you get the most out of Amateur
Radio in the years ahead. Topics of varied §
interest will be presented by top speakers
from NASA, Southwest Research Institute, 9
FCC, ARRL and MARS. Special program for é
the Ladies—Fashion Show, visit to Hemis-
Fair, tour of city, luncheon, SWOOP initia-
tion—hosted by the ALAMO YLs. q

E 3
a Z
/ 9
g :
g

Pre-Register Before May 1st

Registration $4, preconvention party $4,
dance $5, and banquet $4. This totals $17,
you can save $3 if you pre-register before
May Ist (entire package will cost you $14
for pre-registration).

Because of HemisFair, rooms will be ex-
tremely scarce, so it is advisable fo get
your registration NOW!

Write San Antonic Radiec Club, 100 N.
Winston Lane, San Antonio, Texas, 78213.
(Include type of accommodations desired.)

See January and March QST for addi-

tional information.

.\\\\\‘ A
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THE HERB GORDON
SWAMPSCOTT HAMFEST SPECIAL!!

So as to enable the maximum number of hams
to get the very best value in a 5 band 55B trans-
ceiver, and also as a means of expressing our thanks
for the business which you have given us over the
past several years, we are making the following un-
usual offer.

At Swampscott we will have a substantial number
of factory fresh National NCX.-200's, the very latest
versions, with both their supply and our husky meat
and potato power supply kit, stacked up in our large,
double-sized display booth, at these very unusual
combination prices. For the NCX-200 with our meat
and potato power supply kit, $379.95. For the Na-
tional NCX-200 and their AC-200 power supply,
$399.95.

The National NCX-200 is an attractive, high per-
formance, modern sideband transceiver, created by
National's experts, to operate over the 5 ham bands,
10 through 80 meters, with 600 kc of coverage per
band. This permits an extra hundred ke of coverage
outside the band for MARS operation. The NCX-
200 features a solid state balanced modulator for
exceptional stability and suppression of carrier. Also,
it provides fully automatic AM or CW carrier emis-
sion, as proven out on the famous National NCX-5.
Excellent ALC characteristics and a 4 pole, 52
megacycle filter with 2.8 ke of band width are
provided in the NCX.200. The power capabilities
vary, depending upon the power supply selected,

We will have on

from 200 watts to 400 watts.
display an NCX.200 equipped with our meat and

potato power supply and some simple changes
which will demonstrate smooth operation with over
250 watts of RMS out into a Waters watt meter.
The NCX-200 will provide for CW, AM, or sideband
modes of emission on all bands. This set is par-
ticularly appealing to beginners and those making
their first change from AM to sideband. Clean,
sharp talk power are yours at the lowest possible
price for a 5 band set, with this Ham Fest Special.

Moreover, since we are in a mood to want to do
business with you, in addition to shaking your hand
and saying hello, we will be prepared to evaluate
your equipment which you want to trade, at that
particular time. So bring your gear in with you and
let's talk turkey. In short, what we are offering you is
the opportunity to enjoy the best deal in the nation
while you are enjoying the best ham show in the
nation.

Compare these prices, and then decide and sched-
ule your trip to the ham fest. You will obviously
save enough to more than pay for the cost of your
week-end. To those unable to make the show, write
in to us. The same deal is yours; just mention the
Swampscott Ham Fest Special, and tell us what
you have to: trade, or otherwise make remittance
and we'll see to it that the best deal is available
to you, too.

HERBERT W. GORDON COMPANY

Harvard, Massachusetts 01451 o Telephone 617 — 456 — 3548
“Helping Hams to Help Themselves”



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
arrays. 100% rustproof all stainless steel
hardware; low SWR over entire bandwidth;
Max. Gain; Gamma matched for 52 ohm line.

When hams
discuss

TIMUM
SPACING’

in single
band beams

S-401 for 40 meters

Full powered rotary dipole. Top signal for
DX performance. 100% rustproof hardware.
Low SWR. Heavy duty construction. Link
coupling results in excellent match. Length
is 43" 5 3/8"; Assembled weight — 25 |bs.

For detailed specifications and performance data, write Dept 157.

”ﬂ’/ﬂq %mzd.gn 4610 N. Lindbergh Blvd., Bridgeton, Mo. 63042
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