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Our tree has many branches

At Henry Radio, we are proud that amateurs not only in
the United States but throughout the free world look to
us as their pre-eminent supplierof finecommunications
equipment. For fifty years this has been our principal
business and it still is.

Most amateurs don’t fully understand, however, the
manner in which we have grown and grown so that every
vear we are better equipped to provide a genuine ser-
vice to the world amateur fraternity and at the same
time extend our unique blend of responsible, expert ser-
vice to many electronic services in addition to the
amateurs.

Our tree has indeed grown many new and sturdy branches.
Yes, as always we distribute all the available high quality
amateur equipment. In addition, we manufacture a full
line of linear amplifiers that have become world famous
for quality and reliability. These have provided the stan-
dard of reference in amateur radio for many years and
are widely employed by commercial and government
users. More recently our tube amplifiers have been sup-
plemented by a broad line of solid state amplifiers for
the HF, VHF and UHF bands. Many of these amplifiers
are type accepted by the FCC for business, Public ser-
vice, RCC and marine two-way service.
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Out of this program has grown an entire new operation
providing high quality FM handhelds, mobiles and fixed
station transceivers for all these services. Moreover, as
an off-shoot of our vacuum tube amplifier program we
now supply R.F. power generators to industry. These are
used as plasma generators in thin film plating and other
exotic scientific processes.

What does all this mean to our most important cus-
tomers, the amateur radio operators of the world. Simply
this. As Henry Radio grows these sturdy new branches
on our tree of electronic expertise, we continually
strengthen our ability to help the amateurs of the world
satisfy their communications requirements. As always,
we offer expert, responsible assistance, the kind ama-
teurs need and want. Wherever you live in the world,
we invite you to turn to Henry Radio, the pioneer in ser-
vice to the amateur radio fraternity.

Hemry o

11240 W. Olympic Blvd., Los Angeles,  Calif. 90064 213/477-6701
931 N. Euclid, Anaheim, Calif. 92801 714/772-9200
Butler, Missouri 64730 816/679-3127



IF YOU'RE NOT DESIGNING
WITH A CSC PROTO-BOARD,LOOK
ATALLYOU'RE MISSING.

Accessibility — All parts are
insta’:\tl_y and easily accessible, for
Utility—Models are available quick signal tracing, circuit
with or without built-in regulated modifications, etc
power supplies (fixed or i
adjustabie)

Veriety — A wide variety of

models are available with
capacities ranging from 630 to
3060 solderless tie-points (6 to 32
14-pin DIP's), to fit every technical
and budget requirement

Economy— Eliminate heat and
mechanical damage to expensive
parts. Save money by re-using
components.

Versatility —Use with virtually all
types of parts, including resistors
capacntors transistors, DIP's

0-5's, LED's, transformers
relays, pots. etc. Most plugin
directly, in seconds

Durability — All Proto-Board
models are carefully constructed
of premium materials, designed
and tested for long, trouble-free
service.

Expandability — Proto-Board
units can be instantly inter-
connected for greater capacity.

Visibility — All parts

are instantly and easily
visible, for quick Circuit
analysis and diagramming

Whatever type of
electronic circuits you

work with, you can do

more in less time with
' CSC's solderless Proto-
Board systems. As fast and
easy as pushing in or pulling out
alead, you can design, test and
modify circuits at will. Com-
ponents plug into rugged 5-point
terminals, and jumpers, where
needed, are lengths of #22 AWG
solid wire. In the same time you took
to read this ad, you could be well on
your way to assembling a new circuit.

Speed —Assemble,
test and modify circuizs
as fast as you can push
in or pull out a lead
Save hours on every
project.

Adaptability—Use in design
packaging, inspection, QC, etc
Works with most types of circuits,
in many, many applications

Flexibility —Use independently.
or in conjunction with other
accessories, such as scopes,
counters, CSC Proto-Clip™
connectors, Design Mate™ test

CSC PROTO-BOARD SOLDERLESS BREADBOARDS

equipment, etc. One Proto-Board NO. OF
unit can serve a thousand MOOEL  SOLOERLESS IC CAPACITY MANUFACTURER'S OTHER
applications NUMBER TIE-POINTS  (14-PIN 0IP'S) SUGG.LIST FEATURES
PB-6 6 € $1595 Kit — 10-minute assembly
Order today. Call 203-624-3103 (East Coast) or 415-421-8872 1l - I b e g
(West Coast): 9 a.m.-5 p.m. local time. Major credit cards accepted. Fe101 940 ‘ Lot
Or see your CSC dealer. Prices slightly higher outside USA. , 8 :
f 2 Large capacity moderate
CONTINENTAL SPECIALTIES CORPORATION 24 59 95 g;m larger capacity only
7¢ per tig-point
price per tie-point
70 Fulton Terrace, Box 1942, New Haven, CT 06509 4 5V 1A low ufﬂc oower

203-624-3103 TWX 710-465-1227
WEST COAST: 351 California St., San Francisco, CA 94104,

415-421-8872 TWX 910-372-7992 P8 129,95 As above plus sep amp
GREAT BRITAIN: CSC UK LTD, Spur Road, North Feftham Trading Estate, +15V and — l?v mtema"v
Feitham, Middlesex. England, 01-890-0782 Int'l Telex: 851-881-3669 adjustable regulated power
co

© 1978 Continental Specialties Corp
Prices and specifications subject to change without notice
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VHF FM TRANSCEIVER

IC22S, Smallwonder

ICOM’s matchless mobile IC-228 has, since its introduction, been the
standard against which all other VHF mobile transceivers have been
measured. It is a prime example of ICOM’s quality engineering, peak
performance and phenomenal flexibility blended into one splendidly
simple and affordable radio. Small wonder that the IC-228 has been
the most popular radio that ICOM has ever offered.

Built to be viable operating hardware for years to come, with a magnifi-
cent high sensitivity receiver and instant programming and reprogram-
ming of any 22 of 256 possible frequencies, the IC-22S is priced for the
mobile beginner and the multi-vehicle serious VHF enthusiast. Small
wonder that many hams own and operate more than one 1C-228S.

With Touch Tone adaptability, quick change mobile mount, external
speaker provisions, optional AC base power supply and other great
flexible growth characteristics, the IC-228 is the perfectly affordable
radio for those to whom present performance and future possibilities
are important. Small wonder.

All ICOM radios significantly Speciﬁc-lionszw grequency ll(angRe: 146-148 MHz Vo(:tage:slfi.ﬂ V DC negative ground .| Current Requlred:h
exceed FCC Specifications TX. 2amps at 10 W, 0.9 amp at 1 w; RX, 700 ma at max audio ize: 5S8mm(h) x 156 (w) x 218mm(d) | Weight:
"'::i“ng spurlgus emissions 1.9 Kg |  Number of Channels: 22 selected from 256 possible . Power Qutput: 10 W or 1 W, selected Modulation

Width: § KHz " | Microphone Impedance: 500 ohms [ Spurious Level: —60 dB below carrier | Modulation
Acceptance: 16F3 | ' Receiver Sensitivity: .4 mv for 20 dB quieting  Spurious Response: 60 dB or more attenuation
Bandpass: + 7.5 KH2/-6 dB; +15 KH2/ -60 dB _ Squelch Sensitivity: -8 dB below 1 mv

HF/VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT DISTRIBUTED BY:

ICOM WEST, INC. ICOM EAST, INC. ICOM CANADA

Suite 3 Suite 307 7087 Victoria Drive
13256 Northrup Way 3331 Towerwood Drive  Vancouver B.C. V5P 3Y9
Bellevue, Wash. 98005 Dallas, Texas 75234 Canada

(206) 747-9020 (214) 620-2780 (604) 321-1833




A CHORUS OF VALUE FROM. .. Write today for our latest Bulletin/Used Equipment list. . .

featuring . . .

DENTRON MLA- 2500

------

“When it comes to
# FAST DELIVERY, HONEST %
: DEAI.ING+PROMPT/DEPENDABLE'
' S-E-R-V-1-C-E, ‘
we don't just advertise it —

: WE GIVE IT! . o

160 thru 1C Meter Amplifier

While they last . . . =
R r:(s; sgggss Only $799%°* | ‘Q

*THESE OFFERS STRICTLY "CASH"
NO TRADES OR BANK CARDS s =
\
1]

: . P A T MAILAND
SUPER ""PACKAGE’’ o — \\\\ TELEPHONE
DEALS on all new ROHN, TRI-EX and ; ’@ ) w?fc%ﬁsw
TRISTAO TOWERS are our SPECIALTY! v . They're cur
CALL or WRITE TODAY for FULL/FREE INFORMATION N e business!!
and cur everyday ‘‘down-to-earth’ PACKAGE QUOTE! R R
1S
HAM-III — 4
New/Improved Heavy Duty ‘ S .*Q N N =
Rotor with Control g -2 3 -~ o
SERVICE??
NOW ONLY NO PROBLEM!
It's OUR Policy.

129.95*
S1gh oo Wllson
. /

* TERMS: “CASH"
means CHECK, MONEY
ORDER or C.0.D.

“ REGULAR SPECIAL "'CASH’’ PRICES*
= MAKE/MODEL J SPECIFICATIONS PRICE BEAM ONLY BEAM & ROTOR

AM E \0 /O CUSHCRAFT ATB-34 4-Element 2-KW $259.95 $233.95 $335.25

V HY-GAIN TH3-JR. 3-Element/300W $144.50 $129.95 $242.50

HY-GAIN TH3-MK3  3-Element/1KW $199.95 $179.95 $289.95

SWING INTC SPRING with a HY-GAINTH6-DXX  6-Element/2KW $249.95 $224.95 $329.95

L15.90. i MOSLEY TA-33-JR 3-Element/ 1KW $151.85 $136.50 $247.50

]:{yEV'YCA]&’;' ?A%B‘GASAEEERINBEEFAECA]A ;n MOSLEY TA-33 3-Element/ 2KW $206.50 $185.00 $294.50

these popular TRI-BAND BEAMS! AND . . . MOSLEY TA-36 6-Element/ 2KW $335.25 $299.95 $399.95

TRI-BANDERS . . . you can BUY A NEW CDE MOSLEY CL-36 6-Element/ 2KW $310.65 $279.50 $384.50

HAM-IIl ROTOR for LESS THAN ONE WILSON SYSTEM | 4-Element/ 2KW $274.95 $247.50 $353.50

NOW & SAVE! CALL or WRITE TODAY . . . FREIGHT: ALL SHIPPING CHARGES ‘‘COLLECT’’ — F.0.B. WATERTOWN!
PHONE NO. (605)-886-7314 P.O.BOX73 WATERTOWN, SOUTH DAKOTA 57201
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EDITORIAL BY WAYNE GREEN

NEVER SAY DIE

THE INSIDE SCOOP

There are a lot of things that |
just can't print in 73. There are
many things which are going
on which aren't apparent and
which you might never know
about. I'll be talking about
some of these things during my
talk at the Birmingham
Hamfest this year. Try to be
there. The hamfest is May
13-14th. They have over 70
booths already sold and are ex-
pecting to have over 110 ex-
hibitors by hamfest time. It
should be a whale of a show.

Yes, I'll be talking a good
deal about the present state of
amateur radio . . . what is really
happening with the FCC ...
what we can do about it. I'll
also try to bring you up to date
on what ham bands we may
still have after the ITU meeting
next year in Geneva.

In addition to Birmingham,
I'll also be talking at Atlanta
again this year. The Atlanta
Hamfest/Computerfest (June
3-4) is shaping up to be even
bigger than last year. Just
about every major manufac-
turer is already signed up to ex-
hibit and some are getting
ready to show some hot new
items. Atlanta has a special
place in my heart because the
city has such ambience. Oh,
Dayton is big, but Atlanta has
much more entertainment and
some fantastic restaurants.
Dayton has nothing to compare
with Aunt Fanny’s ... or Stone
Mountain ... or Underground
Atlanta. Besides that, Chaz
Cone puts on one hell of a
hamfest.

Speaking of Dayton . . . since
I didn’t get put on the speaking
schedule for the Hamvention,
I'll be going out to Long Beach
for a computer show that
weekend. Sorry to miss
everyone. . . perhaps next year.
73 will have a booth at the
Hamvention, of course.

FCC VS AMATEURS

Despite the testimony of
several individual amateurs,

representatives of several
amateur equipment manufac-
turers (Drake, Heath, DenTron),
and the Amateur Radio
Manufacturer's  Association
(ARMA), all of whom vigorously
opposed the Commission plan
to Dpenalize amateurs for
troubles the Commission is
having with CBers and HFers,
the Commission went 100%
against amateur radio and
ruled that amateur equipment
can no longer have a 10m band
built into amplifiers.

The ruling actually will go far
beyond that. The details of the
ruling were delayed and, as of
this writing, were still not
definite. But we do have some
strong hints as to what the final
ruling will contain.

For instance, we can expect
that in the future all linear
amplifiers will require a
minimum of 50 Watts drive,
with no input attenuation per-
mitted. The maximum gain per-
mitted will be 6 dB. That means
that a kW amplifier will have to
have a minimum of 250 Watts
drive.

Linears will no longer be
allowed to be carrier operated.
This will not be much of a prob-
lem for ham linears, which are
designed for sideband use and
almost always have an external
switching line.

A tougher requirement will
be for linears to have zero gain
in the 26-28 MHz band, but still
have the maximum 6 dB gain in
the 24-26 and 28-35 MHz bands.
I have a feeling that no
engineer ever went even close
to being in on that requirement.
Sure, it can be done, but the
trap to do that will be expensive
and easier to remove than
California emission control
gear. Once removed or by-
passed, the trap will be ineffec-
tive and the amplifier will be
perking happily away on 10m
..o.or1im.

The Commission apparently
does not intend to make it il-
legal for an amateur to modify a
linear, but it would be illegal for
a manufacturer to provide in-

73 Magazine is published monthly by 73, Inc., Peterborough NH 03458,
Subscription rates in the U.S. and Canada are $15 for one year, $26 for two
years, and $36 for three years. Outside the U.S. and Canada, write for
rates. Second class postage paid at Peterborough NH 03458 and at addi-
tional mailing offices. Publication No. 700420. Phone: 603-924-3873. En-
tire contents copyright 1978 by 73, Inc. INCLUDE OLD ADDRESS AND 2IP
CODE WITH ADDRESS CHANGE NOTIFICATION. Microtilm edi-
tion—University Microfilm, Ann Arbor M! 48106.

structions or to make the con-
version easy. Will it be illegal
for S9 magazine to publish con-
versions for all popular ham
amplifiers to fit them out for
11m? | doubt if the FCC could
make such a restriction stick,
so the chances seem good that
this stupid situation is just go-
ing to get worse and worse,
with the FCC piling restrictions
on anyone handy in frustration.

The Commission seems
definitely headed towards a
dealer registration of all ham
gear sold, particularly for used
equipment. Just how this
would be accomplished for
mail-order sales is a mystery. It
might well do away with all fur-
ther mail-order sales of ham
gear.

Obviously, the FCC is going
to have to set up a whole new
staff to handle the ham equip-
ment sale and registration
situation. They will have to be
sure to be at every hamfest and
convention, picnics, auctions,
etc., to make sure that no ham
gear with an 11m position on it
is sold...that no 10m
amplifier is sold to anyone but
a card-carrying ham, etc. The
estimates are that this field
force will have to have a
minimum of four people in each
of the 50 states...plus
generous travel expenses. The
chief of each group will prob-
ably be making $18,500 per
year, his assistant about
$16,750 per year, and the two
people who have to do all the
work would get about $13,000
per year each. That's over $3
million just in salaries. Add to
that their official cars, offices,
secretarial help, forms, tele-
phone expenses, etc., and you
have a budget of around $10
million, minimum.

But what if the FCC isn't able
to get that much money to staff
this new branch? The answer
will probably be as before—un-
til the FCC can furnish a person
to monitor sales at hamfests,
there will be no sales at
hamfests. No flea markets . ..
no booths permitting sales of
ham gear. When the FCC set up
those incredibly silly rules for
repeaters, this was their
answer to the logjam of ap-
plications ... no repeaters.

IT IS POLITICS

Trying to reason with the
FCCis like trying to reason with
any other branch of the govern-
ment ... it is senseless.
Business learned this a long
time ago and they discovered
the system which does work:
the lobby. Yes, | know, I've been
trying to get a lobby going for
amateur radio for 20 years.
Well, look at what the lack of a
lobby has done for us, starting
with the “incentive licensing”

Continued on page 130
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Two Tone Wave Envelope
For ‘performance’’ tune-
ups or checking proper
tranceiver operation.
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Pan Display Use to check
source of interference dur-
ing "QSO"" without moving
off-frequency. Also deter-
mines location and strength
of adjacent frequencies.
{Requires BS-5 or BS-B
option)
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Keyed Waveform Shows
detail of CW keying. Use to
monitor the quality of your
CW note. (Photo shows
ideal waveform produced
by TS-820S.)
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Oscilloscope Operation
(1 kHz) Oscillator function
allows Sine, square wave,
Lissajous patterns for test.
ing or design work

for compatibility.
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Trapezoid (TS-B20S w/
TL-922) Shows linearity of
power ampilifier. Used pri-
marily for testing

Wave Envelope shows full
SSB voice modulation, with
processor on (full compres-
sion), and ‘‘clean signal’’
at full power

TRIO-KENWOOD COMMUNICATIONS INC.
1111 WEST WALNUT/COMPTON. CA 90220




LOOKING FOR A MICRO

It was good to see the article
“Looking For a Micro?” in the
Feb., '78, 73 Magazine. As an
owner of a KIM-1 and an Apple
Il (both 6502-based machines), |
welcome another 6502 owner.

It's obvious, though, that
Francis hasn’'t seen the com-
puter timing comparisons in
Kilobaud, the ones where the
6502-based machines run at
least twice as fast as the
8080-and Z-80-based equip-
ment.

| think he will also find the
6502 instruction set con-
siderably more flexible once he
gets into it. He is way ahead,
though, when he observes that
KIM-1 offers more for the
money than any other single
board computer.

Another point that attests to
the programming power of the
6502: KIM-1 will play a credible
game of chess in only 1K of
memory. Reports are that the
same level of play using an
8080 took 4K. | think Francis
will find he has more computer
than he realized. | wish him the
same pleasure many other
KIM-1 owners (including me)
have experienced.

Chuck Carpenter W5USJ
Carroliton TX

The PET is also 6502- based.—
Wayne.

Concerning the article in the
February issue of 73 entitled
“Looking For A Micro?—con-
sider the KIM-1": | find the
author Francis J. O'Reilly to
have given some misinforma-
tion about the 6502 uP chip.

The author states *...This
means the 6502 can execute up
to approximately 250,000 in-
structions per second. This is
only half as fast as the
machines that use the BOB0A;
however, it is still fast enough
for most applications.”

This last sentence to me is
just not so. | deal with the 6502
chip by selling the Ohio Scien-
tific Instruments line of prod-
ucts. This is the chip they use
most often and | would like to
share with you some of their
comments on the different uP
chips.

In their winter, 1977, catalog,
0S| states, ‘“‘The 2Z-80
is an enhanced 8080...the
6502 is an enhanced 6800.

8

“To further discuss the Z-80
and 6502, we must introduce
two important concepts—
clock speed and instruction (or
op code) execution time.
Microprocessors are rated by
clock speed, that is, 1 MHz, 2
MHz, etc. However, comparing
clock speeds of two different
processors is like comparing
apples to oranges. The reason
is that different processors re-
quire different numbers of
clock cycles to execute an op
code such as an ADD. The Z-80
generally requires two to three
times as many clock cycles to
execute an instruction as does
the 6502. ... The resulit is that
the 6502 is generally twice as
fast as a Z-80 for a given clock
speed...”

If the 6502 is twice as fast for
a given clock speed as the Z-80,
then there is no way on this
earth that the BOBOA can be
taster than the 6502. The proof
of the pudding is to read Tom
Rugg and Phil Feldman’s
“Basic Timing Comparisons”
in the October issue of
Kilobaud. Four out of the top
five computers run used the
6502 chip. | know that this was
supposed to be a timing com-
parison of BASICs, but in my
opinion, the BASIC run is only
as fast as the chip running it.

The second objection | have
is the idea of spending a goodly
amount of money for either an
ASR-33 or a video terminal for
such a small system. Not that |
have anything against the KIM,
but | have found most KIM
owners to be out of the ex-
perimenter’s mold, using home
brew interfaces and preferring
to work with the more efficient
and faster machine language.
Most KIM owners can run some
pretty complex programs using
only the onboard memory.

For those wanting a more
sophisticated system, one
designed for use with either a
video terminal or a Teletype™™,
| would suggest either a full
blown system, such as the OSI
Challenger l or lll, or one of the
newer mini-systems, such as
the OSI Challenger IIP. The only
additional hardware needed to
run the Challenger IIP is an rf
modulator, such as the Pixie-
Verter, and a television set,
either black and white or color.

I suggest that, unless you are
ado-it-yourselfer who also likes
to write programs in machine
language, you stay away from

KIM.
Steve Carroll WB4AMQD
Memphis TN

Note: | suggest that any person
interested in really learning
about microcomputers will do
far better to start out with a
small system such as the
KIM ... and have a lot of fun to
boot.—Wayne.

GENERATING CHAOS

| have been a Novice for less
than two months, which is odd
since my professional ex-
perience in electronics goes
back nearly twenty years.

First, let me say that | love
amateur radio. | am completely
taken with the hobby, and | am
working hard on upgrading.

Now for my complaint: | am
still quite slow with CW. It
takes me some time to com-
plete a QSO. On several occa-
sions, | have had the transmis-
sions | am trying to copy buried
under CQs, unbroken carriers,
and what | will call ‘‘garbage”
for want of a polite and more
descriptive term. | fear the QRM
has been deliberate.

Where is the highly vaunted
courtesy of ham radio? Every-
one must start somewhere in
amateur radio. Although | prob-
ably know more theory than
many long-time hams, | must
struggle with the code. While |
realize it is probably frustrating
for some of the speed demons
to listen while I, or someone
like me, struggles to get
through RST and QTH, | would
ask for patience. Perhaps,
someday, one of us *lids” will
patiently help a faster operator
with theory. (By the way, your
code tapes are great.)

Without courtesy and pa-
tience, we won’t have a hobby,
but merely a group of people
who expend valuable energy
generating chaos. Under those
conditions, | am afraid amateur
radio will not fare well in the
crucial years to come.

William F. Brain IV WD5HYN

Houston TX

Back in the early days, when
there were but two hams on the
air, the second was busy jam-
ming the first.—Wayne.

PROTECTION

| just finished reading the ar-
ticle, “‘Build A 3%z Digit DVM,”
by Tim Ahrens WASVQK, and it
looks great. | would like to pass
on a few things to your readers
for better results from this pro-
ject.

First, some kind of overload
protection is a necessity on
this meter, as an overload of
even moderate size can kill the

DVM chip, and perhaps your
weekly budget at $14.25 a pop!
Here's how:

Just add this circuit to the in-
put of the DVM chip, and your
meter will be safe from the ma-
jority of overloads and rf jolts.
Note that the VAG input on the
chip goes directly to the at-
tenuator. This is necessary to
cut noise pickup (readings
jump around) and prevent
voltage pickup between the
chip and attenuator.

After the novelty of a DVM
wears off, more accuracy will
be desirable. The circuit shown
is about 1 to 3% with battery
power. Adding a 7805 regulated
power supply will get you under
1%. But, for best results,
replace the zener in Fig. 5 with
a Motorola MC-1403 U or
Analog Devices AD-580 preci-
sion reference. And then
replace the attenuator with
matched precision resistors. If
you do these things, you can
get to well within 0.1% ac-
curacy. Fantastic accuracy for
such a low-priced project!

| have worked with this DVM
chip since it came out, and | am
well acquainted with its
ideosyncrasies! Also, Motorola
has lots of application info on
it. See AN-769 for hookup info
on an autoranging digital
multimeter.

Gary McClellan
La Habra CA
DVM CHIP
T0 (L.] -y
ATTENUATOR v
T~ O
GND /f d vaG
MYLAR CAPACITOR

{LOW LEAKAGE)

Protection circuit.

MIGHTY ATLAS

Aside from the obvious ad-
vantage of small size and con-
venience, Atlas Radio products
are backed by what must be the
most outstanding customer
service department in the
history of ham radio.

On two different occasions,
my 210-X has been returned to
Clint Call W6OFT, the com-
pany's customer service
manager, for repairs, ad-
justments, or alignments. It has
never cost me a cent.

This is especially commend-
able in view of the fact that the
unit was technically out of war-
ranty and in one case the return
was made because some clown
had put the thing on 11 meters
before | purchased it. A new
dial wasinstalled, and theradio
was ‘“‘gone through” and re-
turned in 30 days with a
specification sheet checkout
report.

Continued on page 184




think of yourself as an

antenna expe

—you select your components!

Fold over, 360° swivel mast for
quick band change or easy
garaging. Select from two
versions, fender/deck or bumper
mount location.

Get optimum performance band
for band. Choose from medium
or high power resonators tor
your favorite bands.

/

e
I

————

———

Get exceptional reports,
broadest bandwidth,
lowest SWR. Use with any
convenient length 50 ohm
coax. Matching devices

Stainless steel ball mount, 180° not required

adjustable, commercial duty for
superior mechanical and electrical
performance

...and you’ll mobile
with the experts’ foremost

choice... @

Get fixed station reports from
your mobile —operate 6-10-15-
20-40-75 or 80 meters with the
experts and join the vast
majority using Hustler for nearly
two decades. \

=
R
-
Model BM-1 |\
Bumper Mount

Model SSM-2 Bail Mount I

2
-

_ g
i A
e Model MO-2 Standard
P For Bumper Resonators
Model QD-1 Mount b WR:\:' -
j atts
Quick Disconnect Model L-14-240 J  Location
Mil Spec Super
50 Ohm Feedline Model MO-1 Resonators
Model RSS-2 For Deck or RM(S)
Resonator Spring Fender 2 KW PEP
Location  Greatest Coverage

HUSTLER ANTENNA PRODUCTS —for sixteen

geavs original designs —created and manufactured
y American ingenuity, lator and materials —used by

communicators throughout the world

Hustler designs are patented under one or more of the
following assigned to New-Tronics Corporation 3287732,
3513472. 3419869, 3873985, 3327311, 3599214, 3582951

xrt!

For convenience, use the
Hustler stainless steel
resonator spring,

and special design quick
disconnect.

the home of ():‘!g/f]étlw

HUSTLED

Available from
all distributors
who recognize the best.

new-tronics N2

corporation

15800 Commerce Park Drive
Brookpark. Ohio 44142
(216) 267-3150
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The age of tone control has come to
Amateur Radio. What better way to utilize
our ever diminishing resource of fre-
quency spectrum? Sub-audible tone
control allows several repeaters to share
the same channel with minimal geo-
graphic separation. It allows protection
from intermod and interference for
repeaters, remote base stations, and
autopatches. It even allows silent moni-
toring of our crowded simplex channels.

B

qu-s\'

- —

f—\v N\ . 1\ e
V, AN \{ 11 ]} N I —

We make the most reliable and complete
line of tone products available. All are
totally immune to RF, use plug-in, field
replaceable, frequency determining
elements for low cost and the most
accurate and stable frequency control
possible. Our impeccable 1 day delivery
is unmatched in the industry and you are
protected by a full 1 year warranty when
our products are returned to the factory
for repair. Isn't it time for you to get into
the New Age of tone control?
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TS-1 Sub-Audible Encoder-Decoder « Microminiature in
size,1.25"x2.0"x .65" « Encodes and decodes simultaneously ¢
$59.95 complete with K-1 element.

TS-1JR Sub-Audible Encoder-Decoder « Microminiature
version of the TS-1 measuring just 1.0" x 1.25" x .65", for hand-
held units « $§79.95 complete with K-1 element.

ME-3 Sub-Audible Encoder « Microminiature in size,
measures .45" x 1.1” x .6” » Instant start-up « $29.95 complete
with K-1element.

TE-8 Eight-Tone Sub-Audible Encoder « Measures 2.6” x
20" x .7" » Frequency selection made by either a pull to ground
or to supply » $69.95 with 8 K-1elements.

PE-2 Two-Tone Sequential Encoder for paging « Two call
unit « Measures1.25"x2.0"x .65 » $49.95 with 2K-2 elements.

— \ \V/

SD-1 Two-Tone Sequential Decoder « Frequency range is
268.5-2109.4 Hz » Measures 1.2" x 1.67" x .65" « Momentary
output for horn relay, latched output for call light and receiver
muting built-in » §69.95 with 2 K-2 elements.
TE-12 Twelve-Tone Sub-Audible or Burst-Tone Encoder «
Frequency range is 67.0- 263.0 Hz sub-audible or 1650 - 4200 Hz
burst-tone « Measures 4.25"x 2.5" x 1.5” « §79.95 with
12 K-1 elements.
ST-1 Burst-Tone Encoder « Measures .95"x .5" x .5" plus
K-1 measurements « Frequency range is 1650- 4200 Hz «
$29.95 with K-1 element
COMMUNICATIONS
SPECIALISTS
426 W. Taft Ave, Orange, CA 92667
(714) 998-3021




Faces, Places

N. R. Gopal VU2GO wasoneof Eric Shalkhauser W9C/
several hams whose expert net  (Washington IL), author of The
operation resulted in an emer- History of Ham Radio, was cap-
gency airlift of medication from tured on film at the national
Italy to a six-year-old leukemia QCWA open board meeting in
victim in India. Chicago.

Jim Joyce XE1UFA and Lou Ramirez XE1VW stood atop this
volcano on Revillagigedo while taking a break frcm last year's
XF4JJ DXpedition.

Ever worked two YLs at the same time? You might, if you hear
Stephanie Miller WB2VKC (left), age 10, or her sister Suzanne
WB2VKB, age 12. The two girls from Scotia NY work all bands, but
prefer the excitement of the 80 meter Novice band.

Y

Dr. Karl Brownstein W6PSI (center), his wife Joan WEPSE (left),
and son Harvey WB6YNQ (right), owners of Integrated Circuits
H. S. H. the Crown Prince Albert of Monaco paid a visit to the Unlimited, were recently feted at a banquet in San Diego, where
shack of Alexis Demcenko 3A2GX/FOAZS/ITALX (photo courtesy they received awards both from State Senator Bob Wilson and
of 3A2GX, via WIWFL/3AGJE). from the San Diego Police Department.
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Put TEN-TEC At The Top Of Your Accessory List

It figures that the leader in solid-state HF technology would be
the leader in solid-state HF accessories. So, when it’s time to
add to your operating equipment, look to the leader —
TEN-TEC.

A. NEW TEN-TEC Model 247 Antenna Tuner — $69
So unique there is a patent pending, the 247 features a 47-tap
toroid with silver plated 18 gauge wire, silver plated tap
selector and 1kV variable capacitors in a universal Transmatch
circuit. Matches 50-75 ohm outputs to a variety of load
impedances, balanced and unbalanced (built-in balun).
Antennas such as dipoles, inverted ““V'’s, long random wires,
Windoms, beams, rhombics, mobile whips, Zepp, Hertz and
similar types can be matched from 1.8 to 30 MHz. Power
rating: 200 watts, rf, continuous duty. Attractive aluminum
case with black end panels.

B. NEW TEN-TEC Model 277 Antenna Tuner/SWR
Bridge — $85 Same unique features of model 247 above
plus built-in SWR bridge and meter that shows ratios up to
5:1. Handsome black and gray styling. Matches Century 21.
C. TEN-TEC KR50 Ultramatic Keyer — $110 The keyer
you control. Dual memories, individually defeatable, for
operation as full iambic (squeeze) keyer, with single memory,
or as conventional keyer. Self-completing characters.
Adjustable automatic weighting (50 to 150%) determined by
speed setting, paddle force (5-50 gms), speed (6-50 wpm),
and 500 Hz side-tone level {to 1 v.) 117 VAC, 50-60 Hz

or 6-14 VDC,

D. TEN-TEC KR20-A Electronic Keyer — $69.50
Speed 6-50 wpm. Factory adjusted paddle retum force and
weighting. Self-completing characters. Adjustable side-tone
level. 117 VAC, 50-60 Hz or 6-14 VDC.

E. TEN-TEC KR5-A Electronic Keyer — $39.50

Same as KR20-A less side-tone and power supply. 6-14 VDC.
F. TEN-TEC KR1-A Deluxe Dual Paddle — $35

Same paddle as KR50; for iambic or conventional keyers.

G. TEN-TEC KR2-A Single Lever Paddle — $17 Same
paddle as KR20-A; for “TO" or discrete character keyers.

H. TEN-TEC 206-A 25/100 kHz Crystal Calibrator — $29
Pulsed output for easy identification. 9-12 VDC.

I. TEN-TEC 208 CW Filter — $29 Four stage audio active
filter provides 150 Hz bandwidth centered at 750 Hz.

Two selectivity switch positions. 9-12 VDC.

J. TEN-TEC 244 Digital Readout/Frequency Counter —
$197 Six digits show transmitted and received frequencies to
hundreds of Hertz. LSI circuitry. 9 MHz preset information.
Mode Switch selects freq. band or counter operation.

12-14 VDC.

K. NEW TEN-TEC 262M AC Power Supply with VOX —
$145 Solid-state; built-in ammeter. Output: 13 VDC 0.5V,
to 18 A. Regulation better than 1%. Electronic circuit breaker.
Mic. input: 2 megohms. VOX gain and delay control.
Adjustable delay, 0.1 to 1 sec.

L. NEW TEN-TEC 252M AC Power Supply — $119
Same as 262M except less VOX.

M. TEN-TEC 215P Ceramic Microphone — $29.50

Use hand-held or at desk with matching stand included.
Optimum articulation, smooth response free of power limiting
peaks, impervious to temp. or humidity extremes. PTT switch,
cable and 3-circuit plug. Black and gray.

N. TEN-TEC 210 AC Power Supply — $34 Solid-state.
Output: 13 VDC, £0.5V, to 1.2 A. Regulation better than 1%.
O. TEN-TEC Blank Enclosures — from $7

Five sizes, finished to match 540/544.

See your TEN-TEC dealer or write for full details.

@6

TEN-TEC N

SEVIERVILLE, TENNESSEE 37862
EXPORT §715 LINCOLN AVE . CHICAGO, ILL 60646

THE BEST THING NEXT TO A
TENTEC TRANSCEIVER (orany other
IS A TENTEC ACCESSORY




Looking West

Bill Pasternak WAGITF
24854-C Newhall Ave.
Newhall CA 91321

The SCRA held its election
meeting on February 11, with
Paul McClure WABHGK of San
Diego becoming its chairman
for the 1978 calendar year.
Elected along with Paul were
Will Anderson AABDD as vice
chairman, Sybil Atbright
WB6GIC as secretary, and Vic
Murrall as treasurer. Paul, a
relative unknown in FM polit-
ical circles until about two
years ago, has indicated that
he intends to continue the
overall unification program
started two years ago under
then chairman Bob Thornburg
and to work toward finding
ways to include more spectrum
users within the structure of
the organization. important to
this work is the SCRA/SAN-
DRA/220 Club all-day seminar
to be held on September 23,
1978. Titled the “First National
Voluntary Coordination, Band
Planning, and Technical Ad-
vances Seminar,” the meeting
hopes to unite coordinators
and council leaders from all
over the nation with other con-
cerned spectrum users for a
day of interchange leading to
ongoing dialogue and perhaps
some form of national volun-
tary band planning council for
VHF and UHF. If you wish to at-
tend or present your point of
view at this meeting, | suggest
that you drop a note to the
SCRA, PO Box 2606, Cuiver
City, California 90230, before
June 15. There are already a
number of interesting people
scheduled and, if all goes well, |
should have a tentative pro-
gram outline for you either next
month or soon thereafter. LW
will be there and we hope you
will be, too.

Regular readers of Looking
West have noted that we say lit-
tle about 450 MHz FM activity.
There is a reason for this: untit
now, there has been little to
say. For the most part, UHF FM
in this area consists of many
rather ‘‘super private'' re-
peaters and remote base sys-
tems, along with a myriad of
auxiliary link and control chan-
nels for just about everythingin
the relay world one might imag-
ine. If | had to categorize 450
out here, the only simple
description | could give it in
relation to FM is that it is a
“private band.” Open format
relay communication centers
around the two meter band and,
to a lesser degree, the 220
band. However, this does not
mean that there are no open
UHF repeaters on the % meter
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band. However, until recently,
there were no publicized
listings of these systems.

In October of 1977, the
Southern California Repeater
Remote Base Association
published alisting of what they
term ‘public repeaters.” In
glancing over said list, one
finds eight such entities. Of the
eight, one (W6SD) | know has
not been active for a good
number of years, which leaves
us with a total of seven open
format repeaters on 450. Not
many, when one considers that
estimates of total numbers of
operational systems run into
figures exceeding three hun-
dred, but at least it's a start. If
you come here from another
area with a 450 radio, | had bet-
ter warn you that though we
utilize the national standard of
5 MHz between input and out-
put, our channels are inverted
from the rest of the country’s.
Therefore, any receive crystals
you have will be listening on an
input if they happen to fall on
one, and you will be transmit-
ting on a system output. So, if
you plan to try and operate 450
while visiting Southern Califor-
nia, be aware that it will
necessitate your purchasing
special crystals usable only
here. For those interested, the
following are the seven 450
repeaters that | believe are ac-
tive, according to the SCRRBA
listing:

WR6AKU—Palos Verdes:

440.5 in, 4455 out, L.A.

coverage

WRBAAA—Catalina Is-

land: 442.0 in, 447.0 out,

coastal coverage San

Diego to Ventura

WR6AOX—Sulphur Moun-

tain: 442.325 in, 447.325

out, Ventura area coverage

WR6AZN—Table Moun-

tain: 442.325 in, 447.325

out, high desert

WRB6ANP—Crestline:

443.35 in, 448.35 out, River-

side County and adjacent

areas

WR6AIl—Palomar Moun-

tain: 444.425 in, 449.425

out, San Diego

WR6ACF—Mt. Otay:

444,500 in, 449.50 out, San

Diego, SANDRA-sponsored

There are two notes that
should be added to the above
listing. Let me quote from the
SCRRBA newsletter: ‘'1—
SCRRBA believes the above
data to be correct, but is not
responsible for its ultimate ac-
curacy. 2—No impression is in-
tended or implied that the
amateur frequency bands
which SCRRBA coordinates
are devoid of activity except

that listed above. The above
listings represent in actuality
only a very tiny percent of the
total Southern California ac-
tivities. Repeaters and remote
base stations not listed above
are coordinated as private
machines; such machines
generally do not welcome
visitors.”

The visitor to Southern
California is far better off with a
two meter or 220 MHz radio, but
for those intrepid souls wishing
to venture forth into the domain
of Southern California UHF FM,
we present the foregoing with a
thanks to SCRRBA for pro-
viding the input. If any of you
get around to exploring the
above, please drop me a note
and let me know what you find.

I had a rather interesting con-
versation the other evening
with Chris Boone WB5SITT, who
informed me about the current
state of six meter FM activity in
the Houston, Texas, area. The
big piece of information com-
ing from Chris was the an-
nouncement of WR5APC, a
new six meter open autopatch
repeater that will soon be
linked with a sister machine in
Beaumont, Texas, via 10 GHz
microwave. At present, APC is
operational in test mode on
53.12in, 52.525 out. By the time
you read this, it should be
located at its permanent home
atop the 1,000' channel 8 TV
tower and operational on a final
channel pair of 53.28 in and
52.68 out. Therefore, it's sug-
gested that potential users
equip themselves for the .28/.68
pair. Though the autopatch
facilities will ailso be ‘“‘open,”
i.e., available to all users, the
access coding is not yet avail-
able. Chris also noted that the
new repeater will also be an
outlet for the Texas Intercity
Relay System, a linking facility
developed to help cope with
keeping communication lines
open in time of disaster. There
are a lot of kudos to be given in
this project, with special recog-
nition going to Merle Taylor
WBSEPI, trustee of WR5APC.

Los Angeles County RACES
has been on standby alert for
the past two days, though they
have not yet been called up. Vir-
tually every LA repeater has

been called upon to handle
emergency-related traffic at
one time or another, though as
of this date there have been no
organized LA area operations
started. One repeater, a private
220 autopatch with the calisign
WR6AWQ, has been opera-
tional with the Salvation Army
as a telephone interlink from
the heavily damaged Coldwater
Canyon/Mulholland Drive area,
with both mobile and hand-held
units at the disaster scene.
Even the infamous 76ers have
gotten involved in the disaster
relief efforts both two weeks
ago and again with the current
flooding, going out to help
other amateurs protect their
homes and property by digging
drainage runoffs, sandbagging
potential flood areas, and do-
ing the myriad of other things
one does when Mother Nature
unleases her wrath upon
humanity. It will take weeks
before we know who did what
to help whom, but one thing is
clear: An emergency struck
and, as usual, the amateurs
were there to lend a helping
hand. All are to be con-
gratulated.

In outlying areas, reports are
very scarce. For the past three
days, however, all normal
operation on the WR6AOX
Sulphur Mountain/Ventura
.28/.88 repeater has been
suspended and the system is
geared to handling emergency
and health and welfare traffic.
AOX has been working with
amateurs in the area from Simi
Valley to north of Ventura in
this effort. It's been said on the
air they will continue until the
emergency is over, much to the
credit of a dedicated amateur
organization. Again, there may
be other things going on that
LW knows nothing about at this
time, so watch for updates in
coming months. If you have in-
put, either write LW with it or
call the LW Hotline at
(805)-259-8243. It's still rain-
ing—many areas of LA and
vicinity are flooded, homes
have slid off hillsides, mud is
everywhere, and no one seems
to know when the skies will
close. Last year we were in the
middie of a serious drought;
this year, well, anyone have
plans for an ark?

Ham Help

| would like to have some info

on where | can write to for the

purchase of parts for a Gonset
G50 and HQ-110.

B. Labore K1WPT

471 Calef Road

Manchester NH 03103

| would like to get in touch
with a qualified company or in-

dividual who can align a Ham-
merlund HQ-180 receiver. | can
furnish alignment instructions
as contained in the owner's
manual. | would prefer some-
gne in the Southeast if possi-
le.

George P. Firmin WA4FSK
2435 Cajun Dr., NE

Marietta GA 30066
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FRONT PANEL CONTROLS

CARR OSC unit

VOX unit

AF unit

IF unit | ]
Filter unit

Noise Blanker/RF Processor
Rectifier unit
Rectifier unit

Power XFMR

Final Amplifier unit
VCO unit

TUNE control

PLL unit

RF unit

Counter Display unit
FM unit

Vox gain

Carrier level/keyer speed Design And Specifications Subject To
Audio Peak Frequency system Change Without Notice Or Obligation
MODE switch (SSB, CW, FSK, AM,

FM)
Crystal calibrator/Noise blanker

Rejection tuning/variable IF passband
tuning \ #
/

Frequency memory system

Digital plus analog frequency readout YAESY
Band switch (160-10 meters +

WWV/JJY receive)

/T Cortierseector THE SYMBOL OF TECHNICAL EXCELLENGE

RF Processor level
RF attenuator

TUNE control (Places transmitter in Y gw
“TUNE" condition for ten seconds, then

returns to “receive” condition to protect

e The smart radio
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Editor:

Robert Baker WB2GFE
15 Windsor Dr,

Atco NJ 08004

SOWP ANNIVERSARY CW
QSO PARTY
Full GMT period of
May 4 and 5

The Society of Wireless
Pioneers will celebrate its 10th
birthday with this on-the-air
CW QSO party. The call will be
CQ SOWP on all bands, 55 kHz
up from the low end. Novice
members should use the
center portion of each Novice
band. For the benefit of those
who cannot participate for the
full time, it is suggested that
part-time participants make
their CQ calls on the even
hours. Exchange information
should include the following as
a minimum—handle, SOWP
membership number, and QTH.
Additional information is op-
tional. A special certificate has
been designed and will be
awarded to all members who
make a minimum of 10 con-
tacts with fellow members on
CW. To qualify for the cer-
tificate, members should send
a list of contacts showing date,
time, call, and SOWP numbers
to the Society's Vice President
for awards, Pete Fernandez
W4SM, 129 Hialeah Road,

CON

tion, self-addressed,
stamped envelope must ac-
company all requests for the
certificate.

GEORGIA QSO PARTY

Starts: 2000 GMT

Saturday, May 6

Ends: 0200 GMT

Monday, May 8
Sponsored by the Columbus
ARC, there are no time or
power restrictions, and con-
tacts may be made once on
phone and once on CW on
each band. Oscar counts as
one band. GA mobile or por-
table stations count as a
separate station in each coun-

ty.
EXCHANGE:

QSO number, RS(T), and
QTH—county for GA; state,
province, or country for others.
GA to GA contacts are per-
mitted.

SCORING:

Each completed contact
counts 2 points. GA stations
multiply QSO points by number
of different states and VE pro-
vinces worked. DX stations
may be worked for QSO points,
but do not count as multipliers.

Greenville SC 29607. In addi- Others multiply QSO points by
May 4-5 SOWP Anniversary CW QSO Party
May 6-8 Georgia QSO Party
May 13-14 MASS QSO Party
May 20-22 Kansas QSO Party
MICH QSO Party

June 3-4 IARS/CHC/FHC/HTH QSO Party
VE-10 Contest
MINN QSO Party

June 10-11 ARRL VHF QSO Party

June 17-18 WVA QSO Party

June 24-25 ARRL Field Day
First REF Ten Day

July 1-2 Seven Land QSO Party

July 4 ARRL Straight Key Night

July 8-9 IARU Radiosport Competition

July 1516  10-10 Net Summer QSO Party
VHF Space Net Contest

July 22-24 Rhode Island QSO Party

July 29-31  CW County Hunters Contest

Aug 19-20 New Jersey QSO Party

Sept 9-10 ARRL VHF QSO Party

Sept 16-17 Scandinavian Activity Contest—CW

Sept 23-24 Scandinavian Activity Contest—Phone
Delta QSO Party

Oct 1415 ARRL CD Party—CW

Oct 21-22 ARRL CD Party—Phone

Nov 4-5 ARRL Sweepstakes—CW

Nov 11 OK DX Contest

Nov 18-19 ARRL Sweepstakes—Phone
Second REF Ten Day

Dec 2-3 ARRL 160 Meter Contest

Dec 9-10  ARRL 10 Meter Contest
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T

number of GA counties (159
max.). No repeater QSOs per-
mitted, except via Oscar!

FREQUENCIES:
Cw-—1805, 3590, 7060,
14060, 21060 28050;

SSB—3900 3975, 7245 14290,
21360, 28600; Novtces—3718
7125, 21110, 28110. Try 160m at
0300 GMT, 10m on the hour,
and 15m on the half hour dur-
ing daylight hours.

AWARDS:

Certificates to highest scor-
ing station in each state, pro-
vince, country, and GA county.
Other certificates as war-
ranted. Plaques to highest
scorers outside GA and GA
mobile/portables.

ENTRIES:
Logs should show: date/time
in GMT, call, exchange

sent/rcvd, band, emission type,
and multipliers claimed.
Checklists appreciated. In-
clude a signed declaration
(usual) and mail your entry to
Columbus ARC, c/o Jeanne J.
Hunting K4RHU, 2701 Peabody
Ave., Columbus GA 31904. En-
tries should be postmarked no
later than June 5. Include a
large SASE with 24 cents
postage for results. Note:
Novices should designate their
logs as such!

MASSACHUSETTS QSO
PARTY
Starts: 1200 GMT Saturday,
May 13
Ends: 2200 GMT Sunday,
May 14

This contest is sponsored by
WI1FJI, N1AS, and K1KJT. A
station may be worked once
per band; phone and CW con-
sidered separate bands, but no
cross-band or repeater QSOs
permitted. MASS stations may
work each other, but out-of-
state stations must work only
MASS stations. Special class
for Novices and Techs who
operate CW within Novice
bands only. Novices sign
CALUN; Techs sign CALUT. In
this class, Novices and Techs
will compete against each
other. Submit separate logs
and summary sheets for this
class.

SCORING:

Count 2 points per com-
pleted QSO. Out-of-state sta-
tions multiply total QSO points
by total MASS counties worked
(14 max.). MASS stations
multiply total QSO points by
total MASS counties worked
plus ARRL sections for total
score. Note: DX counts for
QSO points only with no
multipliers.

alS

FREQUENCIES:

CW—1810, 3560,
14060, 21060, 28060.

Phone—1820, 3960, 7260,
14290, 21390, 28590, 50.110,
146.52.

Novice/Techs—3720, 7120,
21120, 28120.

EXCHANGE:

MASS stations send RS(T)
and county, others send RS(T)
and ARRL section.
ENTRIES/AWARDS:

Appropriate awards given to
top scorers, including top
Novices and Techs on Novice
CW bands only. Submit logs
and summary sheets along
with large SASE for awards
and results to: A. Marshall
Wi1FJI, 60 Meadow Road,
Westport MA 02790. Mailing
deadline is June 30.

7060,

MICHIGAN QSO PARTY
Operating periods:
1800 GMT Saturday, May 20
to

0300 GMT Sunday, May 21

1100 GMT Sunday, May 21

to

0200 GMT Monday, May 22

The contest is again spon-
sored by the Oak Park ARC.
Phone and CW are combined
into one contest and Ml sta-
tions can work other Mi sta-
tions for multipliers. A station
may be contacted once on
each band/mode. Por-
tables/mobiles may be con-
tacted as new contacts each
time their county changes. No
repeater QSOs allowed.
EXCHANGE:

RS(T), QSO number, QTH—
county for MI; state or country
for others.

SCORING:

Phone QSOs count 1 point
per QSO, CW = 2 points,
OSCAR = 5 points. Multipliers
are only counted once. Ml sta-
tions: QSO points times (states
+ countries + MI counties).
KL7 and KH6 count as states.
VE counts as a country. Max.
multiplier = 80. Non-M!: QSO
points times Ml counties. Max.
multiplier = 83. Score 5 points
each club station QSO with
W8MB. VHF-only entries: same
as above except multipliers per
VHF band are added together
for total multiptier.
FREQUENCIES:

Phone—1815, 3905, 7280,
14280, 21380, 28580.

CW-—1810, 3540, 3725, 7035,
7125, 14035, 21035 21125,
28035 28125.

VHF—50 125 and 145.025.
AWARDS/ENTRIES:

Continued on page 186
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FCC Math

John F. Leahy WB6CKN
P.O. Box 539
Gonzales CA 93926

Yep, we're there, our final installment! And if you've managed
to stay with us all this way, you are now well on your way to
mastery of the math skills required for even the most difficult
FCC exam. Now it's only a matter of practice, using number equa-
tions and the various other tricks of the game, until you have such
confidence that even the most skilled FCC operative will be
unable to rattle you come exam time.

In this installment, we'll cover one final, rather exotic but never-
theless necessary, topic called logarithms. Then we'll see a bit
more algebra. And that’ll be it! We're finished. You take it from
there. And my guess is you'll have little trouble with math from
here on out.

Logarithms, usually shortened to logs, simply, are nothing
more nor less than exponents of ten in our case. There's another
system of logs based on a really exotic number, something like r,
with the symbol e, that has a value about 2.72, but goes on forever
like n. The idea is the same. Logs are simply exponents. Thus the
log of 1000 is 3. In symbols, log1p 1000 = 3. You often see the
subscript 10 omitted, and we'll do so from now on since in our
discussionit'll only be logs of ten that we'll deal with.

Likewise, log 10 = 1, log 100,000 = 5, and log 1 = O, since,
remember, 1is 100,

Before we go any further, a word about the place of logs in elec-
tronics. It just so happens that some of the laws of nature (for ex-
ample, human hearing) follow logarithmic curves (graphically
speaking) rather than straight lines, circles, or what have you.
What this means is that logarithms turn out to be a factor
(multiplier) in many formulas, etc. The power ratio formula for
decibels comes immediately to mind: dB = 10 log (P1/P2). And
there are the characteristic impedance formulas, etc. Page
through the license manual or whatever and you'll find all sorts of
such formulas. So logs are important.

So far, the only fogs we've seen were powers of ten. But the for-
mulas require us to find logs of all kinds of numbers, numbers like
372 or 0.000259 or 86,000,000. How the heck do we find logarithms
for numbers like that?

Well, back to square roots a minute or two. Say we want to find
the square root of 8405. Remember the technique we used.
Change the number to an even power of ten so we can divide by 2.
8.405 x 103 becomes 84.05 x 102 and that is about 9.2 x 101 or 92.
But supposing we left our number in the form 8.405 x 103, took ¥z
of the exponent 3, and found the square root of 8.405. That's find-
ing the square root alright, but look how strange it appears.3 + 2
is 1.5. Square root of 8.4 is perhaps 2.9. So the square root of 8405
is about 92 or else 2.9 x 101.5, That means that 92 and 2.9 x 101.5
are about the same number, if the rules and laws of math are con-
sistent. Let's say they're exactly equal. Then we have the equa-
tion92 = 2.9x 101.5, Bring the 2.9 down to the bottom of the other
side and we get: 92/2.9 = 101.5. Divide the left side to get: 31.7 =
101.5. Ye gads, decimal exponents! Yep, that's the name of the
game. It turns out that any number can be expressed as a power
of ten alone if you're willing to use decimal exponents. And
nature seems to have been put together actually using those
decimal exponents! The exponent is a logarithm. Thus log 31.7 =
1.5 from our work above. Mathematicians have worked out huge
tables of logarithms, going through a process something like that
above. Of course, slide rules and now calculators give the
logarithm of any number very quickly and easily. All you need
remember, for calculation purposes, is that logarithms are ex-
ponents of ten. With that in mind, you can instantly give the first
part (called the characteristic, the part to the left of the decimal
point) of the log of any number. Log 372, then is 2. (two point) and
then something after the point; log 86,000,000 is 7. (seven point)
and then something after the point, etc.

Actually, if you just get the part to the left of the decimal point,
you have enough for many computations. For example, using the
power formula mentioned earlier in the case of an amplifier that
brings a signal up from 10 to 100 Watts, we have: dB = 10 log
(100/10)-(100/10) = 10. Log 10 is 1 (10 is 101, and that 1 is the log).
And 10 x 1 is simply 10. So we have a 10 dB gain for a ten-fold in-
crease in power. But careful here! From those results you might
guess that a three-fold increase in power is going to give a 3dB
gain. But log 3 is about 0.5; multiply that by 10, and we get 5 dB.
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Actually, doubling power is a 3 dB gain, since log 2 = 0.3.

It's often good to know the first digit that comes after the
decimal point when working with logs. So here’s a little table that
some people keep in mind:

number 1 2 3 4 &) 6 7 8 g9 10
log 01 03 05 06 07 08 08 09 095 1

Notice how logs are far apart for the lower numbers, then start
bunching up after 6. With the aid of that table, we can do suffi-
ciently accurate computations for FCC exams.

A few more examples, then an exercise: What's log 27? 27 is 2.7
x 101, From the 101 we get 1. From the 2.7 (which is close to 3) we
get 0.5. Put them together for 1.5 (not precise, but close enough!).
Log 8,915 is about 3.95. Log 64,000,000 is 7.8.

You'll notice we didn’t go into numbers smaller than 1. We
could do so easily enough, but it's not necessary, so we'll skip it.
Any algebra book will cover that if you want to see how to handle
negative exponents with logs.

Exercise 1: (Work and answers at end)

(1) Find the log of: (a) 59 (b) 3 (c) 11,100 (d) 679,000,000

(2) Find the dB gain (or loss) in each case: (a) Input 5 W, output 40
W (b) Input 0.03 W, output 2 W

A word of warning. Don't attempt to find square roots using
odd exponents of ten. We only did that to develop the idea of
logarithms. The simple and obvious way to do square roots if you
don't have a calculator that does it for you is with even powers of
ten as we saw in our last instaliment.

Now a bit more algebra and we'll be finished—a general tech-
nique for separating letters and numbers, thereby isolating (solv-
ing for) a particular letter (which stands for a certain physical
dimension or whatever).

We've already seen about doing the same thing to things that
are equal, and how that produces things that are still equal. Com-
bine that reasoning with a tendency to be opposite or do the op-
posite, and you've got another powerful tool at your disposal.

We've seen this already, but never had it spelled out. Take an
example. | = E/R. To solve that for R using principles we've
already seen, we would bring the R up to the left and the | (which
is up to the left) down to the right, getting R = E/l. Notice that in
the original, R is dividing E. The opposite of dividing is multiply-
ing. Multiply both sides of that | = E/Rby R and you get IR = E.
Notice that now | is multiplying R. The opposite of multiplying is
dividing, sodivide both sides by 1 and you get R = E/l. We'vedone
the same thing to both sides of the equation in each case, and we
did the opposite of the operation that was indicated. Doing this
enabled us to get the different forms of Ohm’s Law, but using a
logical method that works always for even the most difficult for-
mulas.

To sum up all that we've learned about transforming formulas
from one form into another, here are the approaches we can use.
(1) We can make up a number equation (it has to be a true equality,
of course) in the same form as the formula under consideration.
(2) We can do the same thing to both sides of a formula (add to,
subtract from, multiply by, divide into, take the square root,
square, etc.) and still have a correct formula. (3) Frequently, the
thing you want to do to both sides is the opposite of the indicated
operation (if there's a multiplication, you want to divide; if there's
an addition, you want to subtract, etc.).

And one final bit about handling addition and subtraction: If
the addition or subtraction is in the bottom or if something is
multiplying or dividing the things that are being added or sub-
tracted, it is usually necessary to first carry out the multiplication
or division, or else the things added or subtracted have to be
handled together as a unit. That may seem rather confusing. But
we've already seen it in operation and we'll see it once again in
this final problem below.

Z = RX/V'R? + X?is the formula for impedance at a given fre-
quency with aresistance and reactance in parallel. Supposing we
know the impedance and resistance but want to find what the
reactance is. In other words, we want to solve for X. Here's how
we go about it. First, multiply both sides by V R? + X? as a unit.
This'll cancel them out on the right, and we now have: ZV R? + X?
= RX. Next we want to do an opposite, the opposite of an in-
dicated operation, namely finding the square root. The opposite
of finding square root is squaring, so let's now square both sides.
Since these are multiplications and additions, we can square the
things multiplied separately, but the addition part is handled as a
unit. And we are squaring both sides, so we still have a true equa-
tion: Z2(R2 + X2) = R2X<2. Note that squaring anumber thathas a
square root sign around it just gets rid of the square root sign:

Continued on page 130



Q & ) Years Ahead With Yaesu!
/

A Introducing .

THE ALL-NEW YAESU FT-227R
144-148 MHZ 800 CHANNEL

“MEMORIZER”!
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Compare These Features And You’ll Know What We
Mean When We Say ‘‘Years Ahead With Yaesu’’

@ one knob channel selection using optical sensing to select 800 channels B memory
circuitthat allows instant return to any frequency selected between 144-148 MHz m large 4
digit LED frequency readout B fully synthesized frequency control, using PLL techniques
in 5 KHz steps B built-in tone burst, plus optional tone squelch encoder/decoder
B spurious well below minus 60dB requirement—superior cross modulation, overload

and image rejection B standard 600 KHz offsets plus any split within the band using the
memory circuit B automatic final protection, PLL “unlock” protection and busy channel
indicator @B selectable 10 watt/1 watt output

See this sensational new two meter transceiver at your YAESU DEALER now!

Yaesu Electronics Corp., 15954 Downey Ave., U/ AE@@

Paramount, CA 90723 @ (213) 633-4007 T

Eastern Service Ctr., 613 Redna Terrace h d’o
Cincinnati, OH 45215 N



New Products

NEW ALL-CIRCUIT

EVALUATORS FROM A P

A P Products announces the
introduction of their all new
Powerace all-circuit evalu-
ators.

All Powerace models feature
industry-accepted Super-Strip
S§S-2s and will accept all DIP
sizes, plus TO-5s and discretes
with leads to .032"" diameter.

The Powerace line includes
three power breadboards,
models 101, 102, and 103. All
three models offer 256 5-tie-
point terminals and 16 25-tie-
point buses, fused power sup-
ply, and ground plane.

New Powerace 101 has a
variable 5-15 V dc, 600 mA
power supply with line and load
regulation <3% @ 120V ac =+
8%. Ripple and noise are €10
mV @ full ioad. In addition,
Powerace 101 features a 0-15 V
dc meter (5% full scale ac-
curacy) and a voltage adjust
knob. Suggested retail price for
Powerace 101 is $84.95.

Powerace 102 has a fixed 5 V
dc, 1 Amp power supply with
line and load regulation <1%
@ 120 V ac = 8%. Ripple and
noise are €10 mV @ full load.
Powerace 102 has four slide
switches with logic 0 or logic 1
output, and two momentary
slide switches each with a de-
bounce circuit to give positive
or negative pulse output. In ad-
dition, Powerace 102 has 4
LEDs (one with positive or
negative pulse memory), one
debounced push-button with 8
msec positive or negative pulse
output, and one clock
generator (1, 10, 100, 1k, 10k,
and 100k H2). Suggested retail
price for Powerace 102 is
$114.95.

AP's new Powerace 103
features fixed 5 V dc, 750 mA
power supply, fixed + 15V dc,
250 mA power supply, and -15V
dc, 250 mA power supply, with
tracking. Line and load regula-
tionare<1% at 120V ac + 8%.
Ripple and noise are <10 mV @
full load. Powerace 103 has a
15-0-15 V dc meter (6% full
scale accuracy), two LEDs, two
slide switches with logic 0 or

logic 1 output, and two momen-
tary slide switches each with
debounce circuit to give
positive or negative pulse out-
put. Suggested retail price for
the Powerace 103 is $124.95.
For further information, con-
tact Ken Braund, Product
Marketing Manager, A P Prod-
ucts, 72 Corwin Drive, Box 110,
Painesville OH 44077.

NEW DENTRON MT-2000A
ANTENNA TUNER

Today's low-band amateur
setups fit into two basic
categories—the high-power
stations and the low-power,
100-200 Watt stations. In an ef-
fort to give full-power operators
a choice on the matter of which
tuner suits their needs, Den-
Tron announces a new version
of the MT-3000A Ultimate
Tuner, the MT-2000A. Both
tuners are identical in power
handling capabilities (3 kW
PEP) and styling (the same ali-
metal low profile construction),
but the MT-2000A is built
without the dual wattmeters,
built-indummy load, and anten-
na selection switch found in
the MT-3000A. Instead, the MT-
2000A offers two unique
features of its own—a front
panel lightning protection
switch and a front panel
bypass switch for taking the
tuner completely out of your
antenna system. The best
feature of the MT-2000A is prob-
ably its price—only $199.50
suggested retail. The MT-2000A
is a 3 kW tuner for a 1 kW price,
and it includes all the features
that have made DenTron tuners
famous—styling, power han-
dling capabilities, all-American
components, and a pride in
workmanship that makes the
MT-2000A a great addition to
any ham shack. The MT-2000A
(continuous tuning from 1.8-30
MHz) matches virtually any
feedline, coax, balanced, or
random wire, and has built-in
heavy-duty 4:1 balun, harmonic
attenuation, ceramic rotary
switch with 18 positions and
12-Amp capacity, 6000-volt
capacitor spacing, and low pro-

A P’s new Powerace models.
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CSC Proto-Board 203A.

file styling, 5" x 14" x 15", Den-
Tron Radio Co., Inc., 2100
Enterprise Parkway, Twinsburg
OH 44087.

THE PROTO-BOARD(R)

Breadboarding 1978 style
has sure changed from the old
tube days of experimenting.
What old-timer would have
even imagined that we would
have breadboard units, com-
plete with built-in power sup-
plies! The new Continental
Specialties 203A board has all
of the voltages you'll need for
building digital circuits . . . plus
5V and +15 V. ICs and parts
can then be plugged right into
the board to make up any cir-
cuit you find in a magazine arti-
cle or cook up yourself. It's a lot
easier to put a new circuit
together this way than to solder
it to perfboard. This way, if you
want to change any part value
or try out some extra bypass-
ing, you just plug in the part.

Some of the breadboards
we've tried are built with el
cheapo materials, and, after a
few parts have been plugged

into the holes, the springs are
so loose you can't depend on
the contact. Continental goes
to a lot of trouble and expense
to make sure that their holes
will last. If you think this is just
a bunch of bull, go ahead and
find out for yourself...the
hard way.

The CSC Proto-Board 203A is
built on a very sturdy box so it
won't go drifting around your
workbench when you are aim-
ing logic tracers at it. It's a
quality product...and the
price reflects this at $129.95.
For this price, you get the
breadboard and three power
supplies. That's right, CSC
does not use one supply with
three taps; both of the 15V sup-
plies are adjustable, and all
three are voltage regulated.

This breadboard is designed
to facilitate test setups of TTL,
CMOS, op amps, video amps,
comparators, PLL, etc. What
are you waiting for?

Continental Specialties Cor-
poration, 70 Fulton Terrace,
New Haven CT 06509.

MT-2000A antenna tuner from DenTron.



THE NEW INDUSTRY STANDARD
OF PERFORMANCE... IS THE Wilson SYSTEM ONE!

A DX'ers delight operating 20 meters on a full 26’ boom with 4 elements, 4 operational elements on 20-15-
10, plus separate reflector element on 10 meters for currect monoband spacing. Featured are the large
diameter High-Q traps, Beta matching system, heavy duty taper swaged elements, rugged boom to element
mounting . . . and value priced! Additional features: « SWR less than 1.5 to 1 on all bands « 10 dB Gain

» 20-25 dB Front-to-Back Ratio.

' The machanically

_ ) Insulated
superior construction driven
uses heavy duty element
boom to e_lement with
extrusion. precision

Beta match

and heavy duty element
mounts. Shown with
Wilsen’s new optional
Torrid Core B-50-A Balun.

Advanced desigm large diameter
High-Q Traps foer minimum loss and maximum power capacity

SPECIFICATIONS: SY-1 e

Matching Method . . . . Beta Boom Length .. 26’ Required ; r o TR i 4
Band MHz .. .. ..  14.21.28 Boom Diameter . 2" 0.D.  Mast Diameter 200D, . = ! 3
fMaximum Power Input Legal Limit No. of Elements. 5 Surface Area ... ... 8.6sq. ft. - 2 5 e I iy
VSWR {(at Resonance) 1.5to 1 Longest Element 26° 7 Windload at 78 mph 215 Ibs. 20 METERS ey
Impedance .. .. .. . 50 ohms Turning Radius . 18° 6" Shipping Weight . . . 65 Ibs. e - ——
Gain. Yas . cpme ... 10d8B F/8 Ratio. . . . .. 20-25dB  UPS Shipment in 2 Cartons - \ -7 3 —

DEALERSHIPS
AVAILABLE™!
Wi wre looking jor new Pealers
for certain areas of the €ountry.
1§ you are interestent,

e -— — R
15 METERS pora
Lo Y v o > - 4 m]

Electronics Corp.

R ,

contact us for detai.s. . 1 - }
4288 So. Polaris » P. O. Box 19000 ¢ Las Vegas, Nevada 89119 Wo ™1 M e me me mi e e me me
Phone (702) 7391931 « Telex 684.522 w2 10 METERS e
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lcom’s IC-701 digital transceiver.

ICOM’S IC-701
DIGITAL TRANSCEIVER

The long-awaited entry of
icom (Inoue Communication
Equipment Corporation) into
the HF transceiver market hap-
pened in March, 1978, with the
introduction of the 1C-701 syn-
thesized, 160 meter through 10
meter, digital transceiver.
Packed into a small case of the
same cross section as the ex-
tremely popular IC-211 and only
a few centimeters longer, are
all of the features expected in
an HF transceiver, plus many
more. Features such as con-
tinuous electronically variable
filter width in SSB and RTTY
and built-in standard and nar-
row filter widths for CW mean
that virtually all usual extra
cost accessories are standard
with the IC-701. Some of the
more outstanding no-extra-
cost features are: digital
readout, two VFOs, all solid
state, continuous duty on
SSTV, RTTY, and the famous
light chopper VFO dial. Priced
at $1,499.00 including the

transceiver, ac supply speaker,
and SM-2 microphone, the
IC-701 is considered to be sim-

ply the best amateur
transceiver for the serious
operator.

For a list of dealers where
the IC-701 may be seen, contact
lcom East, Inc., 3331 Tower-
wood drive, Suite #307, Dallas
TX 75234 or lcom West, Inc.,
13256 Northrup Way, Suite #3,
Bellevue WA 98005. In Canada,
contact /com Canada, 7087 Vic-
toria Drive, Vancouver, BC V5P
3Y9.

ASTROLITE TYPE 436B
HEADSET

Can a headset spoil you?
You bet! /f it is the Astrolite
type 436B combination ear-
phone/microphone headset.
After using the headset for
several weeks, switching back
to conventional loudspeaker/
desk mike operation felt
awkward and inconvenient and
it was awkward and inconve-
nient.

It did take a few evenings to

Astrolite type 4368 headset.
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begin to fully appreciate the ad-
vantages of the comfortable,
lightweight unit. The large,
soft, and easy-on-the-ears
cushions on the earphones
make it possible to wear the
headset for hours at a time
without fatigue or discomfort.
The cushions also provide a
useful 5 dB of attenuation of
background sounds, making it
easy to concentrate on the
desired signal without undue
distraction.

The dynamic microphone is
easily positioned for optimum
pickup and does an excellent
job with most currently
available amateur equipment,
particularly the Yaesu and Trio-
Kenwood rigs it was tried with
during the test period.

After a few minutes use, |
realized that the Astrolite
headset was so comfortable
and easy to use that | was no
more conscious of its presence
than | was of my wristwatch or
my contact lenses. And, best of
all, | was no longer stuck in
front of the old desk mike. |
could turn, move about the
operating position, or get up
and find a book or magazine on
the other side of the shack and
return to my chair without inter-
ruption.

The joy of hands-free opera-
tion and the freedom to move
about while making a contact
have to be experienced to be
fully appreciated, and once
they are, you'll find it hard to
ever consider returning to the
old method of operating.

What about CW? The Astro-
lite type 436B headset does a
fine job on CW as well as SSB,
FM, and AM, and if you prefer
not to have the mike in place
while using the key, just swing
it back out of the way.

The phones are independent-
ly wired or can be wired
monaurally, according to your
particular requirements, mak-
ing them especially convenient
if, for example, you use a sec-
ond receiver for split frequency

operation, monitoring a 2 meter
link.

If you would like to add a new
dimension to your operating,
try the Astrolite type 436B
headset. Once you do, you'll be
surprised that you could ever
be happy operating without it.

In addition to the type 436B,
Astrolite offers several other
versions, including a single-
phone model and one with a
noise-cancelling mike as well
as single- and double-earphone
units without mike.

For complete information on
all Astrolite models, contact
Television Equipment
Associates, Inc., Box 260,
Boway Road, South Salem NY
10590.

Morgan W. Godwin W4WFL

Peterborough NH

DM-1 DESIGN MATETM ADDS
POWER, METERING TO
SOLDERING BREADBOARDS

Continental Specialties Cor-
poration has demonstrated a
very definite understanding of
the needs of the electronic
designer in their Design Mate 1.

This self-contained unit adds
the versatility of a 5-to-15 volt
variable regulated power sup-
ply and a O-to-15 V dc voltmeter
to a very capable configuration
of solderless breadboard ter-
minal and bus strips.

The output of the DM-1
variable regulated power sup-
ply is 5-t0-15 V dc at up to 600
milliamps for up to 9 Watts of
circuit drive. The O-to-15 volt dc
meter boasts 5% accuracy
and, like the power supply, is
brought out to its own binding
posts on the face of the Design
Mate case. This permits it to be
used to set up the power supply
voltage, then reconnected to
measure voltage parameters
within the circuit being de-
signed.

The load and line regulation
is better than 1%, the ripple
and noise less than 20 mV at

Continued on page 51

CSC Design Mate 1 circuit designer.



WVADISON BIG
SIGNAL BUYS

OMNI-J) 2-meter mobile or
portable antenna. 3/8" thread, 5-dB gain
{1.5-dB gain over conventional 5/8-wave
mobile whip antenna). $29.95; 450 MHz
$27.95. Guaranteed results.

BIRD 43 WATTMETERS PLUS SLUGS

IN STOCK. PREPAID FREIGHT
MIDLAND 23136 dual meter reads
SWR and relative power. Handles 1 kW
from 3150 MHz. ................. $21.95
Bencher keyer paddles $39.95
Chrome Model $49.95

Yaesu FT901 DM Call for quote

Teletower crank up masts:
40’ w/ibreakover $299.00
55' Wibreakover $399.00
VHF SPECIALS: Kenwood TS 700S
List...$729............... Call for quote
KLM: Antennas, Linears, Accessories
All In Stock — FREE balun w/2

meter base antenna.

JANEL PREAMPS: In Stock.

Technical Books (ARRL, AMECO, Sams,
Tab, Rider, etc.)

HAM X ROTOR (New Model) Turns 28

sq. ft. of antenna List ... $325 Order
Now ............... Your Price — $249.00
CDE HAM 3 $129.00

SWAN METERS: WM 6200 VHF Watt-
meter $49.95; SWR 3 Mobile $9.95
TELEX HEADSETS: In Stock
CETRONS72B................. $27.95 ea.
ADEL nibbling tool, $6.45; punch $3.50
CABLE 5/32"”, 6-strand, soft-drawn guy
cable. For mast or light tower, 3d foot.
BELDEN COAX CABLE: 8237 RGS8
21d ft. 8214 RG8 foam 25¢ ft., 8448
8-wire rotor cable 16¢ ft., 8210 72 ohm
kw twinlead $19/100 ft., 8235 300 ohm
kw twinlead $12/100 ft., Amphenol
silver-plate PL 259 59¢ ea. UG175 adapt-
er 19¢, PL-258 dbl female $1.00.

Times 2" foam hardline 60¢ ft.

Connectors. ............ $15 ea.
NYLON CORD 5000 ft. + per roll
$15.00
BELDEN 14 gauge copper stranded an-
tenna wire. .................. $5.00/100 ft.
BELDEN 9888 Double Shield RG8
Foam-direct bury — 100% braid 39¢/ft.
22 gauge plastic covered ant. wire for

long wire, radials. ......... $3.50/1000 ft.
KESTER SOLDER 1 Ib. 60/40, .062
......................................... $6.50

Leader — Amateur Test Equip. — 10%
off list.
Mallory 2.5A/1000PIV epoxy diode 19¢
ea..001 MFD 20KV CAP ....... $1.95
Bearcat 210 Scanner $249.00.
Call tor quotes on:
Yaesu FT 901DOM Kenwood TS520S
T 625 TS820S
FT 225 TR7400A
All in sealed cartons. Call for
quotes on items not listed
Special Orders Welcome

TERMS: All prices FOB Houston. Prices
subject to change without notice. All
Items Guaranteed. Some items subject to
prior sale. Send letterhead for Amateur
dealers price list. Texas residents add 5%
tax. Please add postage estimate, excess
refunded.

/MADISON wss

ELECTRONICS SUPPLY, INC.
1508 McKinney ® Houston TX 77002
(713) 658-0268 o Nites (713) 497-5683

—

Amplivox

headsets
& headphones

Lots of firms make good headsets.
Amplivox makes good headsets
which are really comfortable. To start
out, they are lighter in weight. Then

we use soft, comfortable, ear-
enveloping foam cushions, and a
padded headband. The earphones
and microphone adjust to any head
size and correctly position the mike to
minimize sibilant sounds. The cable
has two screened mike leads to elim-
inate cross talk.

You probably have seen most major
network TV sportscasters using As-
trolite headsets for play-by-play—
that probably tells you something
about their technical performance.
Model 2636 B—double phones—200
ohm independently wired, close talk-
ing 400 ohm dynamic mike, bifur-
cated cable for separate mike and
phone plug $121

Model 2656 B single phone—200

ohm—close talking 400 ohm dy-

namic mike, bifurcated cable $96
Headphones
Model 2630 B independently wired

_headphone—200 ohm $59

All sales subject to ten-day approval.
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Dealer inquiries invited. ﬂ

Literature on request from

Television Equipment Assciates. Ine

Box 260, South Salem, N.Y. 10590
Tel: 914-763-8893
TWX: 710-575-2600
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TOWER/TUNER

RESONATES YOUR TOWER
ONA40, AND 80 !

‘ ‘\O available for 160
[Ee—— meters [
Imagine using your
entire tower and pre-
sent beam system as a
complete low angle
radiator on 40 and 80
meters. It is common
knowledge that a
dipole or inverted-vee
must be at least 1/2
wave length high (120
feet high on 80
meters!) in order for it
to be a low angle
radiator. But your ex-
isting tower, if fed
with the Stuart Elec-
tronics TOWER TUNER
can be made to be an
optimum low angle
radiator on 40 and 80
meters. The Stuart
TOWER TUK]ER can be
installed and easily
adjusted tofa low swr
on any tower no mat-
ter what the size or
type. Tower can be
grounded | or not
Radials not pecessary
No more haywire ap-
pearance of dipoles
and I-V’s, vaen your
wife will love it. The
Stuart TOWER TUNER
takes up virtually no
extra space|but great-
ly outperforms
dipoles and I'V's at
the same hejght plus it
is easily adjustable
from ground level

‘ Start maklpg better

A |l ; ‘ contacts op the 40
and 80 meter bands

‘ with an |antenna

1 ‘ system that really gets
| out The Stuart

‘\ TOWER T will
\handle 500 W aus out-

\»%/ \j::{\‘ \ | || put

that you will like it that
we offer a 30 day
money back guarantee
if you are in any way
dissatisfied  Price of
$129 95 includes shipp-
ing in continental

Lo vl u(L"" nited States
P2

w Vot bl
STUART " ELECTRONICS

578 KENNEOY RD.
AKRON. OHIO 44305
(216) 798-9431

N\ We are so confident
d
\
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Richard Stiebel W6APZ
840 Talisman Drive
Palo Alto CA 94303

A Keyer?

Who Needs Another Keyer?

—would you believe a $2 keyer?

W ith a total parts cost
of less than two
dollars and two evenings
worth of spare time, | built
the squeeze key shown in
Photo A. For those un-
familiar with this area of CW,
as | was until recently, a
squeeze key can be used, like

24

any other paddle, with most
keyers, but it has the advan-
tage that many letters and
punctuation marks can be
formed with less effort by
gently squeezing the paddles
together. The work in sending
CW with a squeeze key is
performed by the thumb and

Photo A. Two-dollar squeeze key.

first finger. Compare that
minor motion to the recom-
mended way of sending CW
with a straight key or with
the hand movement required
when using a bug. Good CW
is not only easier to send with
this squeeze key, but it can
be fun. If |, who have op-

erated only on phone for the
past twenty years, feel CW
can be fun with a squeeze
key, there is a good chance
that you, too, will enjoy it.

My desire to obtain my
Extra class license motivated
me to begin studying CW
again, and I’'d never really
liked CW. The idea that
sending CW might be easier
with a keyer was sufficient
motivation for me to build
the Accu-Keyer.* The keyer
worked well when | touched
the dot or dash wire to
ground, but | found that a
clumsy way to send code.
Not being interested in CW as
an operating mode, | did not
want to invest $20 to $40 in
a paddle. Yet | needed some-
thing to make my keyer
work, so | could get my Extra
class ticket. This article de-
scribes how easily and in-
expensively | solved the prob-
lem. Drawings and photos are
included so you can dupli-
cate this squeeze key. Instruc-
tions are provided on how to
adjust the travel and tension
of the key. The last section
contains many possible
modifications that you can
make to this basic squeeze
key to tailor it to your sta-
tion and your desires.

Criteria

The photographs of the
finished key give a good indi-
cation of how | applied my
basic criteria for building this
key:

1. Simple approach;
2. Readily available materials;
3. Inexpensive.

When | realized that a
good squeeze key requires
very little movement of the
paddies when properly ad-
justed, it followed that there
would be little wear on the
moving parts. To me this
meant that machined pivots
or bearings were not needed.
Wood, screws, and bolts
should work fine. What could
be simpler?

Materials

The materials consist of
common 6-32, 10-32, and

*“The WB4VVF Accu-Keyer,”
QST, August, 1973, p. 19.




5/64 DIA FOR GROUND POS

NTERSINK 9/16 DIA FOR
EF F 1/4-20 N
9/64 DIA TWO PLACES soa PADDLE SUPPORT
COUNTERSINK 9/32 )
SCREWHEAD

5/32 DIA THREE PLACES FOR TERMINAL

COUNTERSINK 9/32 DIA FOR DEPTH
+ OF SCREWHEAD
8
MENSIONS ARE IN H

Fig. 1. Base, bottom view.

%-20 hardware. For a base, |
used a 2%2” by 3% by 3/4”
block of softwood. Hard-
wood might be more durable,
but almost anything you can
find in the scrap box at your
local lumber yard will do.
The required piece could even
be cut from the end of a
discarded orange crate.

The paddles were built
from %" diameter hardwood
dowel rod, which | bought at
my local hardware store for
39¢ for a three-foot length.
As only eight inches are
needed, you can save some
money by sharing the dowel
with other hams who are
interested in building this
project.

My original plan for the
paddle travel adjust brackets
was to use small wood blocks
for these also. They were to
be screwed down to the base
with a horizontal hole drilled
through for the 10-32 adjust
screws. As | reached that
phase of the project, a few
1/16" thick aluminum scraps
left from a panel cutout
caught my eye. For me, these
were simpler to use than the
wood, so the aluminum
scraps were used.

The tension adjust spring
came from a discarded ball-
point pen. It is the spring that
makes the point retract when
you push on the top of the
pen. Unscrew the pen in the
center and remove the empty
cartridge. Usually the spring
will come out, adhering to
the cartridge near the point
end. | routinely remove this
spring and put it in my mis-
cellaneous hardware box be-

fore throwing away a used
pen.

Parts Construction

Once | had assembled the
material, | began making the
parts for the squeeze key.
Base

| began by drilling the two
9/64" holes in the base for
the two paddle supports.
These should be just smaller
than the screw diameter, so
the 6-32 hardware will fit
snugly. This helps keep the
paddles firmly in position.
Then | drilled the three 5/32"
holes for the dot, dash, and
ground terminals. | strongly

. 3/8w
* 18 = =2 =

f 4 |'_"""IW’ ¥
2 ¥ L TQI 3/8
5 et B

* ———

9/64 DIA MAIN
[¢—%5/16 SUPPORT HOLE

5/32 DIA CONTACT
SCREW HOLE

- 2 16

.- -3/6
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I
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Fig. 3. %-20 hex-head screw modification for ground post.

recommend using a vise to
hold the wood block prior to
drilling the 15/64" hole. Use
a piece of cardboard on each
side of the base to prevent
the vise jaw from marking the
wood. Clamping the wood
will prevent nicked fingers if
the drill bit snags on the
wood and the wood base
spins out of your hands. it
takes a few minutes more to
secure the block before

drilling, but my experience
(and sore fingers) attest to
the wisdom of using a vise or
clamp for drilling large holes
in small pieces of material.
On the top side of the
base, | drilled two 5/64”
holes at location A, % inch
into the block, to make
starter holes for the wood
screws that hold the travel
adjust brackets. To permit
the key to sit flat on my

Photo B. Left side view of squeeze key.
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Fig. 4. Paddle travel adjust bracket (material is 14’ aluminum).
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Fig. 5. Armrest.

operating desk, | countersunk
holes for the %-20 nut and
6-32 screw heads. See Fig. 1
for the detail of the base
bottom. For the same reason,
1 made a groove down the
bottom center of the base for
the ground wire.
Paddles

The paddles were the next
part | made. | cut a four-inch
length of dowel for each

paddle. Gently clamping the
dowel in a vise (again using
cardboard to protect the
dowel), | drilled the 9/64”
main support hole. By ro-
tating the dowel 90°, | was
able to drill the 5/32” hole
for the contact screw and the
3/16” diameter by 1/8”" deep
hole for the tension spring.
Note that the diameter of the
hole for the spring might have
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Photo C. Bottom view of base.

to be adjusted, depending on
the exact dimensions of the
spring you use. Using a cop-
ing saw, | cut away approxi-
mately 2/3 of the dowel for a
1" length, as shownin Fig. 2,
to form the paddle handle.
The two paddles are identical,
but, when making the right
paddle, put the optional flat
on the bottom so when the
paddles are assembled (Photo
A), both flats will be on top.
Ground Post

The ground post is made
from a %-20 hex-head screw.
| used a hacksaw to cut the
head as shown in Fig. 3 and
filed both sides smooth. To
hold the screw during cutting,
| ran two nuts part way up on
the screw and snugged them
up to prevent the screw from
turning. Then | clamped the
jaws of the vise around the
nuts while | sawed and filed
the top.
Paddle Travel Adjust Brackets

The paddle travel adjust
brackets require only two
holes: one hole for mounting
and one hole that just passes
the 10-32 adjustment screw.
These holes are easier to drill
while the aluminum is flat. |
bent the aluminum in a vise
by tapping gently with a ham-
mer until the desired 90°
angle resulted. As you can see

from a close look at the
photographs, a sharp 90°
bend is not required. (See
Fig. 4.) It is desirable that the
10-32 screws hit the center of
each paddle, but even 1/16”
off center is not critical.
Armrest

Not wanting to commit
myself to screwing down the
paddle to my operating desk,
| opted to make an armrest to
keep the base in place while
sending. | used a piece of 14”
plywood for the armrest, but
a side slat from an orange
crate sanded smooth would
work well. Scrounge one
from your friendly super-
market. Adjust the length to
fit your arm. About two and
one-half inches longer than
the distance from the tip of
your center finger to your
elbow would be ideal. | used
a shorter board, as the wrist is
virtually motionless, but |
believe that a board ex-
tending to the elbow would
add greater stability. A three-
inch width for the armrest
worked well for me, but, if
your arms are large, a four-
inch width might be more
comfortable. Fig. 5 shows my
armrest.
Key Height Adjust Block

To adjust the height of the
paddle handles above the
desk, | used a 2'2” length of
an ordinary hexagonal wood
pencil. This was easily cut off
with a coping saw and still
left about 412" of pencil,
which 1 used for copying
code. Several pieces of card-
board were used between the
base and armrest for addi-
tional support. See the side
view photograph (Photo B).
Assembly of the Squeeze Key

With all the parts made,
the first thing | assembled
was the %-20 screw ground
post. This was threaded into
the hole, which |'d inten-
tionally made just smaller
than the screw, so it would
bite the wood. Strip the ends
of a four-inch length of #20
stranded wire, and wrap it
around the bottom of the
screw prior to putting the nut
on the bottom. Run the nut
up snugly into the counter-
sunk hole, but be careful not



to pull the screw through the
wood. Align the cut screw
head as shown in the top view
photograph (Photo D).

The paddle adjust brackets
are more easily mounted be-
fore the paddles are mounted.
| secured them in place, using
one Y"-long wood screw
(with large head) for each
bracket. The use of only one
screw per bracket provides a
fine adjustment of paddle
travel, as will be discussed
later. See Fig. 6.

The center binding post
screw is assembled next. |
dressed the ground wire from
the %-20 screw in the groove
on the bottom side of the
base. After inserting the 6-32
x 1" screw through the center
hole B of Fig. 1, | wrapped
the other bare end of the
ground wire around the head
of the screw used as the
ground binding post. A nut
on the top side of the base
secured the screw in place.

Attach a 6-32 x 3/4”
screw to each paddle with a
single 6-32 nut. These are the
dot-dash contacts. The screw
head should be positioned to-
ward the center of the paddle
to contact the %-20 ground
post. Cut two four-inch
lengths of #20 stranded wire,
and wrap the bare end of
each wire around the 6-32
dot-dash contact screws pro-
truding from the nut. Secure
this wire with a second 6-32
nut on each paddle. Mount
cach paddle to the base, as
shown in Fig. 7. The nuts on
each side of the base secure
the screw in a vertical posi-
tion. The extra nuts and
washer under the paddle are
used as spacers. Adjust the
height of the paddies so that
the dot-dash contact screw
heads hit the flattened head
of the %-20 center ground

post.
The 10-32 x 3/4” screws

are mounted as shown in the
detail of Fig. 6. These screws
must be loose to allow the
paddles to separate for inser-
tion of the tension spring. |
cut off and discarded the
tightly coiled ends of the pen
spring. The remaining part of
the spring is space wound. |

inserted one end of the spring
into one tension spring hole
in the paddle. By compressing
the spring to one side using a
small screwdriver, | was able
to slip the second end into
the tension spring hole of the
other paddle. | then used a
pair of pliers in one hand and
a needle-nose pliers in the
other to clamp the 10-32 nuts
on either side of the paddle
adjust brackets. For initial
adjustment of the 10-32
travel adjust screws, | would
suggest allowing 1/16" be-
tween the paddle contact
screw and the center ground
post.

Mounting of the dot-dash
binding posts is next. If an
armrest board is used, these
6-32 x 14" screws should be
inserted through the armrest
and then through the base.
The bare end of the wire
from each paddle dot-dash
contact should be wrapped
around the screw, and then
the first nut (see Fig. 7)
should be tightened down,
sandwiching the wire between
the nut and the top of the
base. Be sure to leave slack in
this wire to allow the paddles
to move freely. The second
nut is used to connect the
wires from the keyer to the
squeeze key. | used a hexa-
gonal pencil between the base
and the armrest to attain the
desired angle to suit my hand.
These binding post screws
adequately sandwich the

pencil in place, so no glue is
necessary. |f an armrest board
is not used, assembly of the

10-32 NUTS
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10-32 x 3/4
SCREW

PADDLE (1/2" DOWEL)

~PADDLE TRAVEL ADJUST BRACKET
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WOOD BASE
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\
_
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Fig. 6. Paddle adjust screw.
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Fig. 7. Assembly of paddle to base. This side view shows the

main support screw detail.

dot-dash binding posts is
identical to that described
above, except the one thick-
ness of the armrest board is
eliminated. In this case,
binding post screws that are
1" shorter than shown could
be used.

Adjustment

Prior to adjusting the
squeeze key, run wires from
the binding posts on the base
to your keyer. This will per-
mit you to try out the key
and get the feel of sending
with this type of key. Even if
you have never used a paddie

before, whatever does not
feel comfortable will soon be-
come obvious. There are
three basic adjustments that
can be made to tailor this key
to your fist:

1. Angle of the key base to
the horizontal (i.c., height of
paddie handies);

2. Dot and dash paddle travel;
3. Paddle tension.

The angle that sets the
paddle handles in the best
position for your fist can be
found by loosening the dot-
dash binding posts and
changing the position of the
pencil backwards or forwards.

Photo D. Top view showing key and full armrest rest.
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Fig. 9. Plastic paddle handles.

If you prefer the paddle
handles to be low, the pencil
may be eliminated.

Paddle travel has two ad-
justments per paddle. These
interact to some degree with
spring tension. | found that
when | reduced the paddle
travel, the tension had to be
lowered also. The obvious
adjustment is the 10-32
screws. After loosening the
nut closest to the paddle with
a long-nosed pliers, a screw-
driver can be used to run the
screw in or out as needed.
You can obtain a finer adjust-
ment by pivoting the dash
paddle adjust bracket clock-

wise about its mounting
screw. This makes the edge of
the 10-32 screw hit the

paddle and closes the gap.
The dot paddle adjust bracket
can be pivoted counterclock-
wise to close the gap.

Paddie tension adjustment
is simple but irreversible. It
consists of removing the
spring and clipping off a turn
or two with wire cutters and
replacing the spring. This
process is repeated along with
the paddle travel adjustment
until the desired feel is ob-
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tained. The irreversibility of
this adjustment is compen-
sated for by the zero cost of
the pen springs. If one spring
is cut too short, the next one
can be made a bit longer. You
could keep two or three
spring lengths on hand if you
wish to change the paddle
tension, such as for a large
change in sending speed.

Key Improvements Possible

The approach | have used
in building this key probably
qualifies as the simplest,
which satisfies my present
needs for building up my
code speed. With more time
and a little more cost, it is
possible to add improvements
to this key which might
better meet your needs.

You could make the key
look more professional by
eliminating the armrest
board. A lead block could be
epoxied or screwed to the
wood base to add weight and
keep the key in one place.
Holes could then be drilled
and tapped for rubber or
other nonskid feet, which
would add stability. The lead
and choice of feet size could

be used to raise the key to
the desired height for con-
venient keying. Be sure to
add a layer of insulation
between the wood base and
the lead so as not to short out
the contacts. A sheet of card-
board, cloth, or felt would be
adequate for the low voltages
found in most keyers.

To make paddle travel ad-
justment easier, one 10-32
nut could be epoxied to each
adjust bracket. This would
prevent unwanted screw
movement during the adjust-
ment process and would
probably eliminate the need
for a lock nut for home sta-
tion use.

You could add a tension
adjustment screw to eliminate
trimming the length of the
spring to secure the desired
tension. One tension spring
hole, say in the left paddle,
should be built normally as
described. The right paddle
can be drilled as shown in the
sketch of Fig. 8. The depth of
this hole should exceed the
thickness of the two nuts by
1/16". Drill a hole hori-
zontally to provide a snug fit
for a 440 screw. One thin
nut, #1 in Fig. 8, should be
epoxied in the 9/32" hole,
keeping the epoxy out of the
threads. When dry, run a
second nut, #2 in Fig. 8, up
on the 440 screw. Then the
screw can be threaded
through the hole, nut #1, and
nut #3. With 1/16” to 1/8"
of the end of the screw pro-
truding beyond nut #3,
epoxy the nut in place on the
screw. With this improve-
ment, the left end of the
spring goes into the tension
spring hole in the left paddle,
but the right end slips over
the end of the screw. To
adjust the tension, simply
loosen nut #2 (the lock nut)
and turn the screw in to
increase tension or out to
reduce tension. When the de-
sired tension is achieved,
tighten the lock nut.

The first reaction of our
South Peninsula Amateur
Radio Klub (SPARK) Extra
class study group was, “Did
you build it out of clothes-
pins?”’ This was the inspira-

tion for a possible variation
on the design. A wooden
clothespin could be cut in
half to make the two paddles.
A similar and possibly easier
approach would be to use a
plastic clothespin. Using a
pliers, the center spring could
be removed, leaving two
plastic pieces for the paddles.
A less expensive material for
the paddles would be difficult
to find!

If you prefer the feel of
plastic to wood, round or
oval plastic paddle handles
could be added to the wood
dowel paddles. An empty
Scotch tape dispenser is an
inexpensive source of ma-
terial, or you could buy 1/8”
thick lucite. Cut the plastic to
the size and shape you wish,
and sand the edges. Instead of
cutting the dowel handles as
shown, the ends of the
dowels could be slotted to
accept the thin plastic pieces.
Predrill clearance holes in the
plastic and secure the pieces
in place with small wood
screws. If you wish to have
the paddle handles closer to-
gether, reverse the flat side on
the dowel paddles, as shown
in Fig. 9.

You can improve the
appearance of the key by
carefully sanding and varnish-
ing the wood parts. This
would also help keep the key
looking clean and new. The
varnish should be applied to
the bare wood parts; you'll
want to avoid getting the
varnish on a key contact or in
adjustment screw threads.

Summary

This article has described
how | built a simple but
effective squeeze key in
approximately six hours for
less than two dollars in
materials that were readily
available. | have really en-
joyed using this key. | get a
kick out of the idea that
something so simple that |
made can be so useful. Even
if you have a squeeze key for
the home station, this key is
so easy to build that you
could make it and use it for
your portable or field day
rig. ®
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Normal picture. Use this normal picture for comparison with
the other pictures shown in this series.

Reprinted from How To Identify & Resolve Radio-TV Interference
Problems, U.S. Government Printing Office, Washington DC 20402,

1977.

D uring the past few
years, tremendous
advances have been made in
the field of radio and tele-
vision communications.
Communications by radio
and television from any point
on the Earth, and sometimes
from points beyond the
Earth, have now become
commonplace. In recent
years, the growth of two-way
radio, permitting personal
communications from motor
vehicles and homes, has been

explosive.
These advances in com-
munication technology are

not without problems. The

radio frequency spectrum is
becoming crowded, and inter-
ference problems, due to a
lack of compatibility between
the different radio systems,
are becoming widespread.
This is evidenced by the
thousands of complaints of
interference to home elec-
tronic entertainment equip-
ment (television, stereo,
electronic organ, telephone,
tape recorder and other audio
equipment) received by the
Federal Communications
Commission (FCC) each year.

Most of these interference
problems can be traced to
one or more of the following

Normal picture. Use this normal picture for comparison with
the other pictures shown in this series.




Radio transmitter interference. This is what your picture looks
like when it is picking up the transmission of CB, amateur,
police, or other radio transmitters. It will normally affect VHF
channels only. You may notice that the interference pattern
changes or moves as the radio transmitter operator talks. Do
not confuse this interference with a horizontal control
problem.

3. Characteristics of radio
frequency generating devices,
e.g., Citizens Band (CB) radio
transmitters or other radio
transmitters.

factors:

1. Characteristics of the
receiving system, e.g., tele-
vision receiver or antenna
systems design and installa-
tion.

2. Environment of the
receiving system, e.g., dis-

4. Practices of radio trans-
mitter operator, e.g., CB user
operating an illegal overpower

Horizontal control problem. When your set requires adjust-
ment of the horizontal hold control or replacement of a bad
tube or component, the above pattern will appear on your TV
picture. The sound, if affected, may contain a high pitch tone.
To eliminate, simply adjust your horizontal hold control or
call your service representative to replace the bad tube or
component.

jurisdiction of the Federal January 1, 1977. Also, the

Communications Com- Commission has rules con-
mission. For example, the cerning the way in which
Commission has technical radio transmitters are
standards for radio trans- operated.

mitting devices such as CB Obviously, control of

some of the above factors is
not within the jurisdiction of

transmitters; these technical
standards were strengthened

tance from television trans-
mitter and intervening terrain
or presence of nearby radio
transmitter.

transmitter or amplifier.

The control of some of the
above factors is within the

by the Commission, effective

the Commission. The quality

Electrical interference. This is what your television picture
looks like when your set is reacting to any of the following
devices operated in or near your home: hair dryers, electric
shavers, mixers, blenders, power saws, vehicle ignition systems,
and other similar devices. When this type of interference js
occurring, you may also hear a sizzling or buzzing sound along
with the sound of the TV program. Do not confuse this
interference with a poor TV signal.

Poor TV signal. This is the type of television picture you will
be recejving if you are far away from the TV transmitter site
or if there is a building or mountain between you and the TV
station. A defective antenna, improper antenna orientation, or
disconnected or broken lead-in wire may also cause this
problem. The sound of your TV usually will not be affected
unless the TV signal is extremely weak. You can improve the
quality of the signal by installing a higher antenna, using a
directional antenna or a signal amplifier, or repairing the
lead-in wire. Check with your TV sales and service represen-
tative on antenna systems available.
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of the television signal re-
ceived at your home is one
such factor, because such
quality is most often in-
fluenced by the distance you
live from the television
station and the intervening
terrain. Also, the Commission
has no standards for the
design and installation of tele-
vision receivers and associated
antenna systems. As you will
find in this article, many
interference problems can be
corrected by modification
and improvement of the tele-
vision receiving systems.

The purpose of this article
is to help you identify and
resolve interference problems
which you can correct. By
reading it, you will discover
that identifying and resolving
interference can be an inter-
esting challenge. You will not
only be doing your own
detective work in locating the
source, but you also will be
resolving the problem by
following the suggestions
contained in the ‘“Home
Remedies” section.

As you begin to identify
the type of interference you
are experiencing, keep in
mind that not only must your
equipment be able to receive
and amplify the desired
signal, but it also must reject
all unwanted signals and
noise. This means that, even
if the equipment allegedly
causing the interference is
being properly operated, it is
still possible to experience
interference.

If you have followed the
home remedies suggested, and
the interference continues,
you may want to contact
your service representative
for assistance. When vyou
contact your service represen-
tative, we suggest that you
provide that person with a
copy of the Service Represen-
tatives section of this article.
This section has been de-
signed specifically for a tech-
nician’s use. There is also a
section directed to the radio
operator which you may wish
to show to the operator of
the radio transmitter that is
allegedly causing you inter-
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ference.

If you find, after following
the guidelines for resolving
interference that are provided
in this article, that you still
are experiencing interference
problems, you may want to
contact one of the Sources
for Assistance listed in Ap-
pendix A.

We hope this article will
serve as a useful tool in help-
ing you to resolve your inter-
ference problem.

Caution: To avoid the
possibility of a shock hazard,

fire, or violation of your
equipment warranty, any
internal modifications of

your equipment should be
done only by a qualified ser-
vice representative.

IDENTIFYING
INTERFERENCE
TO TELEVISION

See photos.

HOME REMEDIES FOR
RESOLVING RADIO
TRANSMITTER TV

INTERFERENCE

Installing A High Pass Filter

There are no set pro-
cedures for eliminating tele-
vision interference — it is a
matter of eliminating the
most likely sources of inter-
ference a step at a time. The
first step is to install an inex-
pensive high pass filter on the
back of your TV set. In
making this installation,
follow these procedures:

1. Determine the type of
antenna wire that is con-
nected to your TV set. There
are two possibilities:

Coaxial cable — a round
lead-in wire which requires a
filter “impedance” of 75
Ohms. (See Fig. 1A.)

Twin lead wire — a flat
wire which requires a filter
“‘impedance” of 300 Ohms.
(See Fig. 1B.)

2. Purchase the filter
which matches the type of
antenna wire coming from
your set. The “impedance”
information mentioned above
will be on the filter label. Do
not use a combination of
twin lead and coaxial cable
without proper matching

Normal picture. Use this normal picture for comparison with
the other pictures shown in this series.

transformers (often called
baluns). Filters are available
in most stores that sell or
repair television sets. Fig. 2
provides a small example of
what high pass filters look
like.

3. Carefully read the
instructions that are provided
with the filter. You will be
installing the fifter on the
back of your TV set, as near
to the antenna terminal as
possible. The antenna
terminal and the filter
terminal will look like either
Fig. 1A or 1B, depending
upon the type of wire you are
using — coaxial or twin lead.

4. If you are on a cable
system, you may still install
the filter at the antenna

terminal. However, if the
interference continues,
contact the cable company
repair service for assistance.
Do not attempt to modify
the cable system yourself.

5. The following informa-
tion on installing the filter
should answer any additional
questions you may have.

a. Disconnect the

antenna wire (twin lead

or coaxial) from the
television set antenna
terminals.

b. Connect the wire

from the antenna to the

input terminals of the
filter.

c. For twin lead wire,

connect a very short

(1" to 2”) “jumper”

Normal picture. Use this normal picture for comparison with
the other pictures shown in this series.




FM interference. Interference from a nearby FM broadcast
station will cause this type of pattern to appear on your TV
screen. Although it normally will affect TV channel 6 only,
one additional channel in the channel 2-13 series may
occasionally be affected. It sometimes affects both the picture
and sound of your set. Note that the interference pattern may
change or vary with the sound of the FM broadcast station
program, not the sound of the TV program. Do not confuse
this interference with a fine tuning problem.

wire from the antenna
input terminals of the
set to the filter (see Fig.
3). For coaxial cable, it
will be necessary to

obtain a jumper cable
that has the proper con-
nectors already in-
stalled. (This can be
purchased at the time

Co-channel interference. This is the type of pattern which will
appear on your screen when your set s simultaneously
receiving two TV signals. Note that the two images are
different, as though one picture has been placed on top of the
other. Co-channel interference is due to either atmospheric
conditions or the location of your home in relation to the
location of the TV stations. If the problem is from atmo-
spheric conditions, little can be done to correct it. However,
the problem s usually temporary. If it is caused by the
location of your home in relation to the location of the TV
stations, use of a highly directional antenna may help to
eliminate the problem. Do not confuse this interference with
ghosting.

Fine tuning problem, This is the type of pattern which will
appear on your screen if the fine tuner of the TV set is not
properly adjusted. Although it looks similar to FM inter-
ference, you will note that the pattern changes with the sound
of the TV program. Readjust the fine tuning control of the TV
set to eliminate the problem.

you buy the coaxial properly installed on
filter.) the coaxial cable.

d. Be sure that, in the e. If you bhave an
case of twin lead wire, amplifier in your anten-
the actual wires are na system, you should
making contact with have a filter instailed
the terminals. For ahead of the amplifier
coaxial cable, be sure and another filter ahead
the connector plugs are of the TV receiver

Ghosting. This is the type of picture you will see when 1) the
TV signal is reflected, or 2) the TV antenna or antenna lead-in
wire is in poor condition. When ‘ghosting’’ occurs, it means
that the TV signal is being reflected off a mountain, building,
or other man-made structure, with the signals being sent over
different paths to your TV set and arriving at slightly different
times. With “‘ghosting,”’ note that the two images are the same.
Rotation of your TV antenna to a new position or installation
of shielded lead-in wire may resolve this problem. If rotation
of the antenna does not resolve the problem, have a service
representative check the condition andfor placement of the
antenna and antenna lead-in wire.
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Coaxial Cable

Terminals on

Twin Lead Cable
Fig. 1.
input terminals (see

Fig. 4). If the amplifier
is located close to the
receiver, then install the
filter before the ampli-
fier only.

Note: Booster ampli-
fiers usually are located
near the back of the TV
set; mast-mounted (out-
door) amplifiers are
usually located on the
antenna; and distribu-
tion amplifiers are
usually located some-
where in the distribu-
tion system. If a
distribution amplifier is
in your antenna system,
then be sure to trace
the entire length of the
antenna system, be-
cause amplifiers are
usually in out-of-the-
way places (for ex-
ample — clothes closets,
basements, etc.).

f. The connecting wires
between the filter and
amplifier, and between
the amplifier and anten-
na terminal, should be
as short as possible.

g. The instructions pro-
vided with the filter
you bought may call
for a ground connec-
tion. The wire should
be as short as possible
and connected between
the high pass filter
ground terminal and a
metallic cold water pipe
or a ground rod. Use
bell wire for this con-
nection (see Fig. 3).
Bell wire can be ob-
tained from most
variety stores.

h. If installation of the
filter at the TV antenna
terminals does not
entirely eliminate the
interference, you
should then contact

Fig. 2. Montage of filters.

your service representa-
tive to install a high
pass filter inside the TV
set at the tuner input
terminals. /nternal
modifications to your
set should be done
ONLY by a service
representative. Informa-
tion to assist your ser-
vice representative is
contained in the Tech-
nical Information For
Service Representatives
section.

HOME REMEDIES FOR
RESOLVING ELECTRICAL
TV INTERFERENCE

Electrical interference is
caused by two sources:
1. Vehicle ignition

systems, and

2. Electrical devices.

The first step in attempt-
ing to resolve electrical inter-
ference problems is to locate
the source of interference.

Interference  From Vehicle
Ignition System

1. lgnition interference
sounds like a “‘popping” noise
in the sound system of your
TV that rises in intensity; the
“pops” occur closer and
closer together as the speed
of the engine speeds up. This
can be caused by any vehicle
ignition system, such as

Keep this
section as
short as
possible

ke High Pass e
be Filter

TV Set

=51

Connect to
cold water pipe
(ground)

Fig. 3.

V. i

High Pass Filter

Booster ampiifier
mounted on mast

High Pass
Filter
"_ — High Pass Filter
) - -" ‘
— (.
IL— - ’\ Distribution L
v Booster amplifier v
Amplifier
To other
TV sets
Fig. 4.
gasoline-operated lawn wiring, loose fuse, arc welder,

mowers, snowmobiles, auto-
mobiles, etc.

2. If the interference is to
television receivers, you may
hear the same popping noise
in the sound and also see
“dancing dots” in the picture
of the set. You may only see
the interference, and not hear
the “popping” noise in the
sound.

3. If your own vehicle is
causing interference, you may
wish to install a commer-
cially-manufactured kit in
your vehicle to reduce the
ignition noise. Other remedial
measures include relocating
your antenna, raising the
antenna, and using shielded
lead-in antenna wire.

Interference From Electrical
Devices

1. Any one or more of the
following electrical devices
may be causing the inter-
ference you are experiencing
on vyour television set or
AM/FM radio: electric razor,
vacuum cleaner, fan, drill,
electric blanket, bake oven,
fluorescent light, arc light,
light dimmer control, relay,
static from machinery,
lightning arrestor, adding
machine, cash register, circuit
breaker, ultraviolet lamp,
germicidal lamp, defective

switch contact (such as on
dishwashers and other home
appliances), refrigerator,
water pump, sewing machine,
light blinker (including
Christmas tree light blinker),
electric heating pad, aquar-
ium warmer, neon sign, door
bell circuit/transformer, toy
(such as electric train), sign
flasher, antifriction bearing,
printing press static elim-
inator, calculator, insulator,
incandescent lamp (new or
old), sun lamp, electrical pole
(ground wire cut or poor
contact), loose electrical con-
nection, electric fence unit,
furnace control, power com-
pany transformer, smoke
precipitator.

2. In attempting to locate
the specific device causing the
interference, consider the
following suggestions:

a. If you have a por-

table radio that is af-

fected by the inter-
ference, use the radio as

a detection device to

assist in locating the

source of interference.

With the portable radio,

move from room to

room and determine in
which room the inter-
ference appears to be
the loudest. Then look
for one of the devices



listed above and unplug
it to see if the inter-
ference disappears. If
several devices listed
above are in the room,
unplug them, one at a
time, until the inter-
ference disappears.

b. If a portable radio is
not affected, you can
go to the main fuse or
circuit breaker box in
your home, remove one
fuse at a time, or shut

off one breaker at a
time, and see if the
interference goes away.
c. If it does not go
away when the first
fuse or circuit breaker
is off, replace the fuse
or turn the circuit
breaker back on and
continue on until the
interference does dis-
appear. When the
circuit that supplies the
power to the TV or
radio is turned off, it
will be necessary to
plug that device into
some other circuit to
determine if the inter-
ference is being gen-
erated by a device in
the same room as your
TV or radio.
d. When the interfer-
ence disappears with a
fuse removed or circuit
breaker off, you should
go to the room supplied
by that circuit and look
for any of the devices
listed above. If any of
the listed devices are
found in the room,
replace the fuse or turn
the circuit breaker back
on. Then unplug the
device suspected of
causing the interfer-
ence. If several devices
are in the room, unplug
them, one at a time.

3. If you are unable to
locate within your own home
the device that is causing the
problem, the interference
may be coming from a device
located in your neighbor’s
home. With the cooperation
of your neighbor, follow the

same procedures described
above.
4. If your investigation

leads you to suspect that a
power line or power company
equipment is the source of
interference, you should
contact the power company
to assist you in resolving the
problem.

5. Short duration inter-
ference, such as that from
electric drills and saws, may
be very costly to attempt to
eliminate; you may just want
to “live with it.”

6. To resolve electrical
interference, modifications
must be made to the inter-
fering device. This should
only be done by a qualified
service representative. Infor-
mation for your service
representative is contained in
the Technical Information
For Service Representatives
section.

HOME REMEDIES FOR
RESOLVING FM TV
INTERFERENCE

The installation of an inex-
pensive FM band rejection
filter is the first step to take
in resolving FM interference.
in making- this installation,
follow these procedures:

1. Determine the type of
antenna wire you have con-
nected to your TV set. There
are two possibilities:

Coaxial cable — a round
lead-in wire which requires a
filter “impedance” of 75
Ohms (see Fig. 1A).

Twin lead wire — a flat
wire which requires a filter
“impedance” of 300 Ohms
(see Fig. 1B).

2. Purchase the appro-
priate filter, according to the
type of antenna wire you
have. The “impedance’’ infor-
mation mentioned above will
be on the filter label. Do not
use a combination of twin
lead and coaxial cable with-
out proper matching trans-
formers (often called baluns).
Filters are available in most
stores that sell or repair tele-
vision sets.

3. Carefully read the
instructions that are provided
with the filter. You will be
installing the filter on the
back of your TV set, as near
to the antenna terminal as
possible. The antenna

terminal and the filter
terminal will look like either
Fig. 1A or 1B, depending
upon the type of wire you are
using — coaxial cable or twin
lead wire.

4. If you are on a cable
system, you may still install
the same FM band rejection
filter at the antenna terminal.
However, if the interference
continues, contact the cable
company repair service for
assistance. Do not attempt to

set; mast-mounted (out-
door) amplifiers are
usually located on the
antenna; and distribu-
tion amplifiers are
usually located some-
where in the distribu-
tion system. If a dis-
tribution amplifier is in
your antenna system,
then be sure to trace
the entire length of the

modify the
yourself.

5. The following informa-
tion on installing the filter
should answer any additional
questions you may have.

cable

a. Disconnect the
antenna wire (twin lead
or coaxial) from the
television set antenna
terminals.

b. Connect the wire
from the antenna to the
input terminals of the
filter.

¢. For twin lead wire,
connect a very short
(1” to 2”) “‘jumper”
wire from the antenna
input terminals of the
set to the filter (see Fig.
3). For coaxial cable, it
will be necessary to
obtain a jumper cable
that has the proper con-
nectors already in-
stalled.

d. Be sure that, in the
case of twin lead wire,
the actual wires are
making contact with
the terminals. For
coaxial cable, be sure
the connector plugs are
properly installed on
the coaxial cable.

e. If you have an
amplifier in your anten-
na system, you should
have a filter installed
before the amplifier
and another filter ahead
of the TV receiver
input terminals (see
Fig. 4). If the amplifier
is located close to the
receiver, then install the
filter before the ampli-
fier only.

Note: Booster ampli-
fiers usually are located
near the back of the TV

system

antenna system, be-
cause amplifiers are
usually in out-of-the-
way places (for ex-

ample — clothes closets,
basements, ctc.).

f. The connecting wires
between the filter and
amplifier, and between
the amplifier and anten-
na terminal, shouid be
as short as possible.

g. The instructions pro-
vided with the fiiter
you bought may call
for a ground connec-
tion. The wire should
be as short as possible
and connected between
the FM band rejection
filter ground terminal
and a metallic cold
water pipe or a ground
rod. Use bell wire for
this connection (sce
Fig. 3). Bell wire can be
obtained from most
variety stores.

h. If the filter does not
entirely eliminate the
interference, you
should call your service
representative. The
Technical Information
For Service Representa-
tives section is provided
to assist the service
representative.

HOME REMEDIES FOR
RESOLVING AUDIO
INTERFERENCE

interference to audio
devices, such as tape re-
corders, record players, elec-
tronic organs, telephones,
hi-fi amplifiers, etc., is caused
when the equipment responds
to the transmission of a
nearby radio transmitter.

Audio interference (often
called audio rectification}
may also affect the sound
(audio) portion of your TV
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Fig. 5,
and AM/FM radio.

When this type of inter-.

ference is occurring, you will
hear the voice transmissions
of the radio transmitter
and/or the volume level of
the audio device you are
using may decrease.

Audio interference is a
condition that wusually re-
quires internal modification
of your equipment. For

safety reasons, it is recom-
mended that any modifica-
tions be made by a qualified
service representative.

Due to the complexity of
resolving interference to an
electronic organ, again, ser-
vicing should be done only by
an experienced service repre-
sentative. More detailed infor-
mation should be obtained
from the equipment manufac-
turer.

For telephone inter-
ference, contact your local
telephone company. They
can install a 1542A or similar
inductor in the telephone
instrument to resolve the
problem. The information

provided in this article applies
primarily to privately-
owned equipment and should
not be applied to equipment
owned by the telephone com-
pany. Bell System personnel
can obtain additional data in
Section 500-150-100 of the
“Bell System Practices —
Plant Series’” manual.

For all other audio
devices, you may wish to take
the following steps before
calling your service represen-
tative.

1. Replace wunshielded
wire between the amplifier
and speakers with shielded
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Fig. 6

wire.

2. Ground the affected
equipment to a metallic cold
water pipe or ground rod. A
ground connection can be
made with a short piece of
bell wire which can be ob-
tained at most variety stores.
Do not ground ‘“‘ac-dc” type

devices. Normally, devices
which may safely be
grounded will provide a

grounding terminal. If no ter-
minal is provided, then you
should consult a qualified ser-
vice representative for advice.

3. If the interference is
not eliminated after taking
these steps, you must call a
qualified service representa-
tive. The Technical Informa-
tion For Service Represen-
tatives section is provided to
assist your service represen-
tative in resolving the prob-
lem. You may also wish to
discuss the matter with the
operator of the radio trans-
mitter, sharing the informa-
tion in the Radio Operator
Guidelines section of this
article.

TECHNICAL INFO
FOR SERVICE
REPRESENTATIVES

Resolving Radio Transmitter
Interference

There are no set pro-
cedures for eliminating tele-
vision interference — it is a
matter of eliminating the
most likely sources of inter-
ference a step at a time. You
may be required to take
several steps before the inter-
ference problem is resolved.
Once you have installed the
filter called for, or made the
adjustment that you were
instructed to do, leave the
modifications in place and
proceed to the next step.

To begin, check to see if a
high pass filter has been in-
stalled on the TV set at the
antenna terminals. If the
interference is still present
after the installation of a high

pass filter, proceed with the
following steps:
Check Radio Transmitter
1. Contact the operator of
the radio transmitter iden-
tified as the source and, with
his/her cooperation, deter-
mine if the transmitter is
operating properly. You may
also wish to share the Radio
Operator Guidelines section
of this article with the oper-
ator. Areas of concern should
be:
a. Is the transmitter
properly grounded?
(This means a good
radio frequency
ground. A single piece
of wire to a ground rod
may be an open circuit
to rf.)
b. Are harmonics and/
or spurious emissions

present?
c. Is the transmitter
cabinet radiating
energy?

2. If the transmitter is not
grounded, connect the chassis
to a good earth ground with
large diameter wire or copper
strap. This should assist in
eliminating radiation of
energy from the cabinet.

3. Next, install a low pass
filter on the transmitter
antenna circuit to see if any
difference occurs in the inter-
ference pattern. If a change
occurs, the interference is
probably caused by har-
monics and/or spurious
emissions from the trans-
mitter. If no change occurs in
the interference pattern, it is
probably being generated at
some point in the TV recep-
tion system.

Check TV Reception System

1. Conduct a visual in-
spection of the TV antenna,
lead-in wire, and lightning
arrestors. This may reveal a
source of trouble. Corroded
connections or deteriorated
lead-in wire could be at fault
and should be repaired.

2. Assuming no faulty
conditions are found, or if
found, they are corrected,
and the interference is still
present, look for an amplifier
in the line. Amplifiers are
highly susceptible to radio
frequency (rf) energy.

Note: Booster amplifiers
usually are located near the
back of the TV set; mast-
mounted (outdoor) amplifiers
are usually located on the
antenna; and distribution
amplifiers are usually located
somewhere in the distribution
system. If a distribution
amplifier is in the antenna
system, then be sure to trace
the entire length of the
antenna system, because
amplifiers are usually in out-
of-the-way places (for
example — clothes closets,
basements, etc.).

3. If an amplifier is in the
system, remove it from the
circuit. If you find that this
eliminates the interference,
reconnect the amplifier, but
protect the amplifier by a)
grounding, b) enclosing it in a
metallic rf-proof housing and
grounding the housing, or c)
installing a high pass filter at
the input to the amplifier. If
one filter improves the con-
dition but does not entirely
eliminate the interference,
install two filters in series.

4. If no amplifier is
utilized, or the interference
still persists after following
one or all of the above steps,
check the TV receiver system.
Check TV Receiver System

1. An ac power line rf
filter should be installed to
determine if the rf from the
transmitter is entering the TV
via the power cord. (A line
filter may be either purchased
or constructed by following
the schematic in Fig. 5.)

2. If no change is found
with the power line filter
installed and the antenna dis-
connected, then the set itself
is responding to the rf energy.

3. The most likely
internal circuit in the set to
be affected by a radio trans-
mitter is the tuner. Discon-
nect the antenna input lead
inside the set directly at the
tuner. If the interference is
eliminated, then install a high
pass filter at the tuner.

4. If the interference is
still present after installing
the filter at the tuner, it will
be necessary to refer to ser-
vice data for the set and
check each stage of the set
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for undesired response.

CB Interference To TV Chan-
nel 2

1. Second harmonic inter-
ference from a CB transmitter
to channe! 2 television may
exist even though the trans-
mitter meets FCC specifica-
tions for harmonic radiation.
In such cases, a tuned filter
across the antenna terminals
of the television should help.
The filter may be an inductor
and capacitor in series as in
Fig. 6. The filter should be
tuned for minimum inter-
ference.

2. A second method is to
put an open circuit, quarter-
wave, tuned stub across the
antenna terminals. The stub
should be made of the same
type of wire as the antenna
input terminals of the tele-
vision. The initial stub length
should be 37 for RG-59/U

coax or 48" for 300-Ohm
twin lead.
3. After connecting the

stub, cut the unterminated
end of the stub offin 1/8" to
1/4” sections until the inter-
ference is eliminated. Refer
to Fig. 7. For harmonics
falling on other TV channels,
such as channel 5, 6, or 9, the
length of the stub may be
appropriately shortened
according to the following
formula.

2952V
f ’

where V = velocity factor of

line and f = frequency in

Length in inches =
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megahertz.

Amateur Interference To TV
Channel 2

1. One additional type of
interference from a nearby
transmitter is unique to the
amateur 6 meter band —
50-54 MHz. Since 6 meters is
immediately adjacent to
channel 2 television (54-60
MHz), interference to channel

2 may occur.
2. In most cases, installa-
tion of an open circuit,

quarter-wave, tuned stub at
the antenna terminals of the
television set should be effec-
tive. It should be connected
as shown in Fig. 7.

3. If RG-59/U is used as
the TV lead-in wire, the
initial length of the stub
should be 42”. If 300-Ohm
twin lead is used, the initial
length should be 53".

4. After the stub is
attached to the television,
begin cutting off the untermi-
nated end of the stub 1/8” to
1/4" at a time until the inter-
ference is eliminated. If the
interference is reduced, but
not eliminated by this
method, add a second stub
directly to the input
terminals of the tuner. The
theoretical final length of the
stub should be:

2952V
—=
where V = velocity factor of
line and f = frequency in
megahertz.

5. If the interference con-
tinues, share the information
in the Radio Operator Guide-
lines section with the oper-
ator of the radio transmitter.

Length in inches =

Resolving Electrical Interfer-
ence

1. Please read through the

procedures outlined in the
Home Remedies section
before proceeding. If the

L]

.001 uF, disc ceramic

Fig. 9.

steps in the previous section
have been taken, you should
now know the source of the
interference.

2. Before proceeding with
the following steps to modify
the device located as the
source of interference, you
should check the local elec-
trical codes to determine if
the device may be modified,
and whether a licensed elec-

trician must modify the
device.

Caution: All bypassing of
devices with capacitors

should be done with extreme
care to insure that the
capacitors do not short out
the ac line. Dangerous volt-
ages exist which can cause
electrocution if mishandled.
Also, avoid power wiring
which can cause the full ac
line voltage to appear on the
case of the device.

3. Since interference from
an electric drill or saw may be
of short duration, we suggest
no modifications be made to
the device (mainly because it
may be very difficult and
time-consuming to modify
the device). If, however,
interference is of long dura-
tion and you wish to take on
this task, proceed as follows:

a. Interference from a

drill or saw is actually

caused by arcing
between the brushes
and commutator. The

interference then s

transmitted through the

power cord. Bypassing
each side of the line to
ground with a capaci-
tor, and each side to
the other, may be help-
ful. Also, bypass the
switch. Fig. 8 shows the
schematic involved. The

bypassing should be
internal to the device in
question.

4. Electric blankets, fish
tank heaters, and other
thermostatically-controlled
appliances with worn and

o A
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White-Neutral
Light

Fig. 10. C = .00] uF, disc
ceramic.

pitted contacts cause inter-
ference because of contact
arcing of the breaker points.
This can be eliminated by
bypassing the contacts with a
.001 uF capacitor or re-
placing the worn or pitted
contacts. (See Fig.9.)

5. Defective devices such
as doorbell transformers
should be replaced.

6. Dimmer switches that
utilize an scr or triac can
produce tremendous inter-
ference which is very difficult
to eliminate. This is due to
the approximate square wave
output that is produced by
the switching at the scr or
triac. However, bypassing in a
manner shown in Fig. 10 may
be helpful.

7. Since resolving elec-
trical interference has to pro-
ceed on a case-by-case basis,
you should always consider
adequately bypassing any
component of the circuit that
arcs or distorts the ac sine
wave with ceramic con-
densers.

Resolving FM Interference

There are no set pro-
cedures for eliminating FM
interference — it is a matter
of eliminating the most likely
sources of interference a step
at a time. You may be re-
quired to take several steps
before the interference prob-
lem is resolved. Once you
have installed the filter called
for, or made the adjustment
that you were instructed to
do, leave the modifications in
place and proceed to the next
step.

1. To begin, check to see
if an FM band rejection filter
has been installed on the TV
set at the antenna terminals.

If not, read the Home
Remedies section of this
article.

2. If the installation of an
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FM band rejection filter is
not effective, then a tuned
stub trap should be con-
structed (see example in Fig.
11). The trap should be
placed on and parallel to the
lead-in and tuned for mini-
mum interference. Then slide
the trap along the line to
further reduce interference.
Finally, tape the trap to the
lead-in in the most effective
position.

3. Another type of stub,
called an open circuit quarter-
wave type, can be made from
the same type of wire as the
antenna lead-in wire (see Fig.
12). The initial length of the
stub should be 24” for
RG-59/U coaxial cable or 29”
for 300-Ohm twin lead wire.
For other cables, the initial
length can be determined by
the general formula:

Length in inches =
(35) (Velocity factor of line)

Note: If “F”-type tee con-
nectors are not available, you
may use BNC-type con-
nectors.

4. If connecting the stub
to the antenna terminals is
not completely effective, con-
nect a second stub of the
same length directly to the
input terminals of the tuner,
inside the television set. This
should eliminate the inter-
ference.

Resolving Audio Interference

1. Audio interference is
defined as reception of radio
frequency (rf) energy by an
audio amplifier. The rf energy
is then rectified, or, more
properly, ‘“‘detected,” by an
electron tube, transistor,
diode, poor solder joint or
ground, or integrated circuit.
The detected signal is then

treated identically as a
normal audio signal appearing
at the amplifier input
terminals. The effects of
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audio interference vary with
the type of modulation
employed by the transmitter.
The following list shows
expected effects:

AM — The voice or music
will be heard as any normal
audio signal applied to the
amplifier. The voice or music
may be extremely loud and
slightly distorted.

SSB (Single Sideband) -
The voice will sound practi-
cally unintelligible and
garbled.

FM — Usually no sound
will be heard; however, a
decrease in the volume of the
amplifier will be noted when
the radio transmitter is on.
Clicks may be heard when a
two-way radio transmitter is
keyed and unkeyed. A
“frying” noise (such as bacon
sizzling) may also be heard.

TV — Audio rectification
of a TV signal will sound like
a buzz. The buzz will change
its sound as the television
picture changes.

2. In attempting to isolate
where in the audio chain the
rectification is taking place,
check to determine if the
volume control has any effect
on the interference. If the
volume of the interfering
signal changes with a change
in the volume control, then
the rectification is occurring
before the volume control. If
the volume control has
minimal or no effect, the
rectification is occurring after
the volume control. You
should next proceed to the
appropriate set of solutions.
If the solutions described
below do not resolve the
audio interference problem,
contact the manufacturer of
the audio device for further
assistance.
Rectification Before
Volume Control

1. A multiple input audio
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amplifier may be susceptible
to audio interference on only
one or some of the available
inputs. Generally, low-level,
high-impedance inputs, such
as those in turntables, car-
tridges, tape heads, or micro-
phones, are the most
susceptible. If, for example,
the only input affected is
from a turntable, then dis-
connect the turntable car-
tridge from the amplifier at
the input terminals of the

amplifier.
2, If the interference is
eliminated, then the car-

tridge, or wire between the
cartridge and amplifier, is
sensing the rf. Proper ground-
ing, connections, shielding,
and rf bypassing are the keys
to solving audio rectification.
Often, a “process of elimina-
tion”’ approach must be used.
Grounding

1. All grounding should
be to a good earth ground
such as a metallic cold water
pipe or 8 ground rod.
Ground leads should be as
short as possible. Remember,
a dc ground may appear as an
open circuit to rf energy.
Ground leads should be of as
large a diameter wire as prac-
ticable. Finally, grounding of
the chassis, shields of speaker
leads, and other external con-
nections should be made to a
common point to avoid
ground loops. (Ground loops
are circuits that form a dc
ground, but contain rf-
circulating currents.) Fig. 13
shows the correct and incor-
rect methods of grounding
components.

Wrong

Record Player

Amplitier this **loop’’ may act
like an antenna
at some frequency
Right

| | | Tuner

Tape Recorder

o8 7
Record Play‘ov
[ ]

Amplitier

Earth Ground

Fig. 13.

Caution: Some equipment
chassis are at line voltage
potential and cannot be con-
nected directly to ground. In
these circumstances, a
ceramic capacitor of 0.001
uF at 1 kV should be placed
in the ground lead. This
capacitor appears as a short
to rf, but as an open circuit
to ac.

Shielding

1. All speaker leads from
audio equipment should be
made of two conductor
shielded wires. The shield
should be grounded only at
the amplifier end, and should
not be used as an audio con-
ductor. The two internal
wires should be connected to
the speaker.

Power Line Filter

1. Rf may be entering the
audio device through the ac
power line. Several power line
filters are commercially avail-
able. If necessary, a power
line filter like the one shown
in Fig. 5 may be constructed,
placing the filter as close as
possible to the point where
the ac cord enters the ampli-
fier.

Poor Electrical Connections

1. Occasionally, poor
solder connections or old
electrolytic capacitors may be
the cause of the audio rectifi-
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cation problem. If tests to
this point have failed, try
resoldering all connections in
the amplifier and replacing
electrolytic capacitors. Before
actually replacing the elec-
trolytic capacitor, try paral-

leling the capacitor with
another one of like value.
This should reveal the

presence of a bad capacitor.
Rectification After the
Volume Control

1. When the volume con-
trol is in its minimum posi-
tion and the interference is
still heard, then an rf filter is
required in the audio ampli-
fier. It is extremely important
that the filter does not affect
the audio response of the
amplifier.

Tube-Type Equipment

1. Interference in tube-
type equipment can be
avoided by connecting an rf
choke (ranging in value from
2 millihenrys to 5 milli-
henrys) in the upper end of
the cathode circuit, as shown
in Fig. 14.

2. The choke coil must
not be bypassed by a capaci-
tor because the dc resistance
of such coil is generally quite
low and the bias voltage is
not greatly affected. How-
ever, if the dc resistance does
affect the bias voltage, the
value of the bias resistor may
be decreased to compensate
for the dc resistance of the

Fig. 16. A combination RC
filter is shown in Fig. 17 with
the recommended values.

choke.

3. A grid-stopping or

“‘swamping'’’ resistor can aiso
be employed. A resistor, rang-
ing in value from 1k to 75k
Ohms, can be connected in
series with the grid as shown
in Fig. 15.
4. Capacitors, rf chokes, and
resistors can be used in
combinations to make filters
to eliminate the interference.
For circuits such as those
shown in Fig. 16, use a choke
of 2 to 6 microhenrys and a
capacitor of about 10 pico-
farads. A combination rf
filter is shown in Fig. 17 with
the recommended values.

Transistor Equipment

1. Interference in tran-
sistor equipment can usually
be eliminated with the use of
a shunt capacitor as shown in
Fig. 18. A resistor/capacitor
combination can be used as
shown in Fig. 19. It is impor-
tant that the filter network
does not affect the biasing of
the transistor or the fre-
quency response of the ampli-
fier.

2. The values of the
capacitors used are not criti-
cal, but there are some
pitfalls to look out for in
using capacitors. For ex-
ample, ceramic caps are best,
whereas paper caps do not
work at radio frequencies.

3. Leads should be kept as
short as possible. Grounds
should be made directly to
the emitter and not to the
chassis or other grounds,
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Fig. 17.

since they may have more rf
than the signal lead. If the
signal increases, then a
ground foop has been created,
and the inductor method
should be tried.

4. In areas of high rf
energy, the inductor ap-
proach is more effective than
the shunt capacitor. An rf
choke can be used in series
with the input and output
leads of the amplifier stage,
since the rf can enter a stage
through either. This method
and the values are shown in
Fig. 20.

Electronic Organs

1. Organ circuits can be
isolated by the use of the
Swell Pedal, band box
volume, or tabs {draw bars).
By adjusting ecach one of
these different controls, the
effect on the interference can
be noted. If the volume of
the interference changes, the
rf is being detected by the
amplifier at a point before
that particular control. if the
volume of the interference
does not change, then the
interference is being detected
after that control.

2. Using this method, the
point at which the rf is enter-
ing the organ can be deter-
mined, and the appropriate
filter, as described above, can
be inserted into the circuit.

Telephones

1. Telephone rf inter-
ference can be eliminated by
the use of a 1542A or similar
inductor. This inductor must
be installed inside the phone
and not at the baseboard. To
install the inductor inside the

47 F
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1.5 mH -- up 1o 20 MHz
500 uH - 20 10 50 MHz
100 uH - 50 10 500 MHz

Fig. 20.

phone, the corners of the
plastic container will have to
be removed. If the phone is
too small for the inductor
(e.g., the “Princess” tele-
phone), then a pair of 2.5 mH
chokes (75 mA or higher)
must be installed inside the
phone, one on cach side of
the line and as close to the
211A equalizing network as
possible.

Note: The information
provided here applies pri-
marily to privately-owned
equipment and should not be
applied to equipment owned
by the telephone company.
Telephone company-owned
equipment should be
modified only by telephone
company personnel. Bell
System personnel can obtain

additional data in Section
500-150-100 of the “Bell
System Practices Plant

Series’’ manual.

RADIO TRANSMITTER
OPERATOR GUIDELINES

Resolution Of Interference
For Radio Transmitter Oper-
ators

Although some inter-

39



Transmitter Power
Meter

O [T | [
i
3 Wm
Transmitter ower o)
Fig. 2].
ference problems can be

attributed to television re-
ceivers, such problems can
also be traced to CB radio
transmitters. Therefore, upon
receipt of an interference
complaint from your neigh-
bor(s), you should take all
steps possible to insure that
your radio transmitter is not
causing the interference.
Voluntary installation of a
low pass filter, or other steps
as outlined below, may
eliminate the interference,
and may prevent you from
receiving an order from the
Commission to implement
these measures. You are not,
however, required to service
or add filtering to the com-

plainant’s television, and
should not take any such
action without the full

cooperation of your neigh-
bors.

You are cautioned that the
use of an amateur transceiver
on the Citizens Band is illegal.
Further, the use of external rf
power amplifiers with CB
transceivers is illegal. Both
actions may subject you to
Commission actions or
criminal penalties.

Generally, transmitter
equipment that is commer-
cially manufactured and type-
accepted by the Commission
has precautions built into
the set to reduce harmonic
radiation. Harmonics are
radiations that are multiples
of the operating frequency.
However, you should follow
the steps outlined below to
insure that your radio equip-
ment is operating properly.

1. If television inter-
ference is occurring, note
which channels are affected.

a. Lower harmonics of

CB generally affect TV
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channels 2, 5, 6, and 9.
Therefore, if one or
more of these channels
is affected, your trans-

mitter is probably
radiating harmonics.
b. If ai TV channels

are affected, the prob-

lem is more likely to be

in the TV receiver.

2. If the interference is
caused by harmonics, a
spectrum analyzer, calibrated
field intensity meter, or fre-
quency selective voltmeter
can be used to accurately
measure harmonic and
spurious radiations from your
transmitter. If any lead-in
devices, such as standing wave
ratio (swr) meters are used,
measurements should be
made with the inline device
both instalied and removed.
This may help identify the
interference and lead you to
the source. These are com-
plex measurements and
should normally be made
only by experienced tech-
nicians.

3. If it appears that your
transmitter is at fault, you
should first make sure the
chassis of the set is secured to
the metal case of the radio by
tightening the screws holding
the chassis and case together.
Then assure that the case of
the transmitter is grounded to
a good earth ground (metallic
cold water pipe or 8 foot
ground rod). Solid conductor
wire (of at least # 10 gauge)
or copper ribbon should be
used as a ground lead. The
lead should be as short as
possible.

4. By installing one or
more low pass filters in the
transmitter antenna lead, you
will reduce the chances of
unnecessary harmonic radia-
tion. A low pass filter allows
frequencies up to 30 or 50
megahertz (MHz), depending
on brand, to pass through
unattenuated to the antenna
while effectively shorting out
harmonic radiation. To make
this test, connect the equip-
ment as in Fig. 21 and take a
power reading. If only an swr
bridge is available, calibrate it
in the forward direction to

the calibrate line in the
meter. Then insert the low
pass filter and make another
power measurement. Do not
retune the transmitter.

5. If you notice a decrease
in output power on a power
meter, operating to a
properly matched load with
the low pass filter installed,
this is an indication that har-
monic content may be
present. Even though the
meter reading may be lower
with the filter installed, it
does not mean that the trans-
mitter absolutely has har-
monic radiation. Slight
detuning of the transmitter
by the filter may cause a

lower indication.
At amateur power

levels, corroded metal con-
nections in the area of the
transmitting antenna may act
like diodes and generate har-
monics which may radiate.
This type of problem can be
found by vibrating suspected
offenders such as galvanized
downspouts, metal fences,
clotheslines, etc., while view-
ing the affected television set.
Sudden changes in the inter-
ference pattern which corre-
spond to the vibration should
be noted. This test requires
an observer at the TV re-
ceiver, someone to ‘“shake”
suspicious metal objects in
the area, and another person
to key (but not modulate)
the transmitter involved.

7. Finally, some trans-
mitters may actually be
radiating harmonic and
spurious energy from their
cabinet or through the power
lines. Try operating the trans-
mitter into a shielded dummy
load. If the interference is
still present, then cabinet or
power line radiation is indi-
cated. A power line filter
should be installed. Several
types are commercially avail-
able. For low power trans-
mitters, the filter in Fig. 5
may be used.

8. Continued interference
with the power line filter
installed points toward
cabinet radiation. An earth
ground should eliminate
cabinet radiation.

9. Local television inter-

ference (TVI) committees
dedicated to resolving
CB-TVI problems now are
being established. For assis-
tance in locating a TVI com-
mittee in your area, contact:
International CB Radio Oper-

ators Association (CBA), PO

Box 1020, Roanoke VA
24005.
Resolution Of Interference
For Amateur Transmitter
Operators

1. If you have a linear
amplifier on your amateur
transmitting equipment, use

two low pass filters. One
filter should be installed
between the actual trans-

mitter (exciter) and the input
to the dinear amplifier. (This
prevents harmonics generated
in the exciter from reaching
the linear amplifier.) The
second filter should be in-
stalled at the output of the
linear amplifier to reduce har-
monic and spurious content.

2. One unique inter-
ference problem to TV chan-
nel 2 is from an amateur
transmitter operating on the
6 meter band. This is due to
the close proximity of the
frequencies involved. You
may wish to follow the pro-
cedures outlined in the Tech-
nical Information For Service
Representatives section to
eliminate this type of inter-
ference. You are not, how-
ever, required to service or
add filtering to the com-
plainant’s television, and
should not take any such
action without the full
cooperation of your neigh-
bor.

3. Local television inter-
ference (TVI) committees are
available to assist you in
resolving interference prob-
lems. Contact the nearest
FCC district office (see ad-
dresses in Appendix B) or the
American Radio Relay
League, Newington, Connect-
icut, for assistance in locating
a TVl committee in your
area.

Radio Transmitter Operator

Guidelines For Resolving
Audio Interference
Although audio inter-



ference (often called audio
rectification) is usually re-
solved by modification of the
affected device, vou as a
radio operator can take cer-
tain steps to reduce the possi-
bility of audio rectification
by eliminating circulating
radio frequency (rf) currents
in grounds and metal objects
in the area.

1. Your radio transmitting
equipment should be effec-
tively grounded to a metallic
cold water pipe or a ground
rod driven into the ground at
lcast 8 feet. The ground lead
must be at least #10 wire or
copper ribbon. The greater
the surface area of the ground
lead, the more effective it will
be. Also, the ground lead
should be as short as possible.

2. You are reminded that
you are licensed to use only
the amount of power neces-
sary to establish communica-
tions. Operatrng with ex-
cessive power is likely to
cause audio interference
problems.

3. If you need assistance
in performing the above
modifications to your equip-
ment, you can contact the
dealer or manufacturer repre-
sentatives. Also, an FCC
licensed service rep-esentative
may be able to assist you. ®
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APPENDIX A

Sources For Assistance In Re-
solving Television Interference

If you have followed the in-
structions outlined in this article
and the problem still exists, you
may want to contact one of the
sources listed below for assistance
and further information.

When contacting these people,

please forward with your request
the information requested in
Appendix C.

In most cases, the addresses
listed for associations and manu-

facturers are for national head-
quarters. Once your inquiry is
received, it will be sent to the

local representative for response.
The assistance of FCC district
office staff is also available to
you. If you have taken all the
steps suggested in this article and
the problem still exists, there
may be something unique to your
interference problem, By furnish-
ing the information requested in
Appendix C to your nearest FCC
district office, an FCC staff
member may be able to determine
what additiona! steps are needed
to resolve your interference prob-
lem.
Associations

Director of Consumaer Aftairs
Electronic Industries A iation (EIA)
2001 Eye Street, NW.

Washington, D.C. 20006

Telephone: 202 457-4800

Manutacturer Service
Representstives

(The nformation contained in this listing has been sup-
phed by the Amencan Radio Relay League {ARRL}
Newington Connecticul )

Institulional Listing
Admirsl

Adrmyral Group

Rochkweil International Corp
1701 East Woodlield Road
Schaumburg, IL 60172

Primary Products

Olstributed and Remarks:

RF | complaints are usually handled by the local Admiral
dealer service techmcian Natwonal Service personnel
are available to assist the techmcian when needed
Admiral maintains s own stat! of technical represents
tives who travel in the tieid and may be called upon t0
assist the dealer technician with dificuk problems
inclucng RFI Admural provides 18chnicians with varous
nstruction buileting deaiing with RF interference sup-
presswon AF! complants should be referred to the iocal
Admiral dealer |f front end overioad or Cross modulahion
occurs in areas of high level of

radiation. the Natwonal Services Division has suitable
traps available at no charge (o the customer

National Service Division

Box 2845

Biocmngton IL 60701

Akal

Akas America. Lid
2139 E Del/Amo Biva
Compton CA 90220

Primary Products

Distribuled and Aemarks:

Akai products include audio tape recorders video tape
recorder, AM/FM recewvers speaker systems and
related accessory products inquines relsted to RFI
should be addressed to

Akat America. Lid

Customer Service Dept

2139 € Del Amo Biva

Compton CA 90229

Upon receipt of these inquiries we will investigate the
sftuation. and 10 our UTMOst try L0 resolve the customer's
problems.

Alen Orgen Company
Macungre, PA 16162

Primary Products
Distributed and Remarks:

Electronic Organs When & complaint 15 received via
the dealer. Allen Organ Co sends the ler an intor-
mational service bulletin on RFI and suthicient compon-
enis 10 cover all ampliters in the attected nstrument
This service is offered at no cost 1o the customer Refer
RF | problems to the local Allen dealer

Altec Lansing

Souna Products Division
15158 Manchesier Avenue
Anahen, CA 92803

Primary Products

Distributed and Remarks

Customer RFI problems are referred to the local
authonzed Attec Warranty statons located nationwide
and denoted by an information card furnished with each
p of equipment Unusual situations are at the option
of the warranty station. referred to

Antec Customer Sarvice
1515 W Katella Avenue
Anahem CA 92803

Orn:
Engineering Department
15155 Manchester Avenue

Anahem, CA 92803
Chret Eng

Arvin Industries, Inc.

15th Stree!
Columbus Indrana 47201

Primary Products
Distributed and Aemarks

Radios —8 Track Players

Customer problems invohwng RF1 should be referred to
the Manager of Field Service

Audic Resesrch Corporation

2843 Twenty Sixth Avenue S
Minneapois Minnesota 55406

Primary Products
Distributed and Aemarks
P s —P D! s A es

In the event of an RF | problem customer may write 1o

Chvef Engineer

Auaro Research Corp
Box 6003

Minneapoirs MN 55406

Bakiwin Planc & Organ Company
1801 Gilbert Avenue

Cincinnalr Ohio 45202

Primary Products

Distributed and Remarks
Electronic Organs

RF1 complanis are usually handled by the local Baldw:n
service techmoan Factory personnel are available to

16th & Coles Streets
Jersey City New Jersey 07302

Primary Products
Distribuled and Aemarks
Televisions, Radios and Recorders

Customer should refer RF} problems or inquines related
to Emerson or Dumont products to the National Service
Manager for special handhng

Flehes Corporsiton

21314 Lassen Stree!
Chatsworth, CA 91311

Primary Products

Distribuled and Remarks

Fisher Corp asks that RFI problems invoiing Fisher
products be handled by reference to one of the tollowing
Request assistance from the local seiling dealer.
Request assistance from the local Fisher Authonzec
Service Station (a 181 s packed with svery Fisher

N -

unit),
Contact Fisher Service Coordination Group

w

Fisher s Service Coordination Group maintans close
communications with Fishes Authorized Service Statons
and engineering departments and works under the
supervision of the National Service Manager

Garrard Plessey Consumer Products
100 Commercial Street
Plainview L | New York 11803

Primary Products
and

assist Ihe technician when needed Baldwin
i1s Oown staft of technical representatives who travel in
the feld and may be called upon 10 assist the dealer

with ditficult RF{ Baid
win provides techmcians with a detalled nstruction
bulletin entitied  Hints on Suppressing RF Interterence
AFI complaints should be reterred to the local Baldwin
dealer

Benjamin Electronic Sound Company

790 Park Avenue
Huntington NY 11743

Primary Products

Distributed and Remarks

Manutacturers and distnibutors of ELAC Miracordrecord
changers Concord AM/FM receivers and CEC manval
turniables

RFI problems should be directed to the Service Manager
in Huntington Price of requred modihcations will
depend upon equipMment warranty status

Capehari Corporsiion
Sth Street
Norwich Connacticut 06360

Primary Products

Distribuled and Remarks

Stereo Console Phonagraphs and Radws

Capeharl Corp asks that if an RF| problem develops In
therr product the customer reter the matter to the
attenton of the General Manager

Conn Organ Corporation

1101 East Beardsiey Ave
Etkhart Indiana 46514

Primary Products

Distributed and Remarks

Electromic Organs

RFI complants should be reterred to the local Conn
dealer whether equipment 1S In or out of warrantee
FacCtory assistance 1s available 10 the dealer if he s
unable 10 correct the problem

RFI problems encountered within term of instrument
warrantee are usually Corrected by the selling de
without cost to the organ owner

Curtie Mathes Manutaciuring Co.

P O Box 151
Athens, Texas 75751

Primary Products

Distriduted and Remarks

Color TV, Stereo {100% soiid state) i portable consol
and combination conhigurahons

Customer complamts involving RFI shoukd first be
resotved at the retal ier level 1f not satished then
complaint should be made in writing to the Consumer
Relatons Department, giving all details of problem
along with model, serial number date of sale dealer
and service history Each complaint will be handled
individually

Dumont
(See Capenart Corporation)
Dynaco-Dynakfl Division of Tyco Laborsiories

Coles Roao
P O Box 88
Blackwood. New Jersey 08012

Primary Products
Distribuled and Aemarks

Amplihers P Pl s Tuners
hers and Kits.

Inquires related to RFI invoting Dynaco products
shouid be addressed to the Customer Service Depart
ment

Ampli-

Dynaco has available for owners of Dynakits an excel.
lent information sheet on solving RF ) problems

Eipe Marksiing Industries, Inc.

Thorens Builging
New Hyde Park N Y 11040

Primary Products

Distribuled snd Aemarks

Thorens turntables Reel to Reeltape recorders
Complaints are handled with respect to parts and labor
on an basis ¥ tor RFI
are made on a no-charge basis parts and labor during
the term of instrument warrantee Beyond warantee
moditication par's are availavble free of charge Customer
then pays for labor involved 0 the instaliation of the
parts

Emerson Quist Kool Company

Garrard Single Play and Muliiple Play Automatc Turn
tables

Garrard advises the consumer on methods which ma -
elminate RFI In unique cases where the suggeshon.
are inettective customer should refer the RF | probiem
to the Assistant Service Manager Any RFI problem:
which are referred to Garrard are always handled on a
no charge basis

General Electric

Tetevision Busmess Department
Coltege Biva

Portsmouth VA 23705

Primary Products
Distributed and Remarks

GE Television Recevers

AFI1 problems shoukd be referred to the nearest GE Cus-
tomer Care Service Operaton It GE Customer Care
Service is unable to correct the RF | the customer shoulc
refer the problem to the Television Business Dept
Attention Manager Product Service

GE Rados Record Plavers and other Audio Products

All RFI problems nvolving audio products should be
retetred to

Manager Customer Services

Audro Etectron cs Department

Etectronics Park

Syracuse New Yors 13201

Gulbransen

A Drvisron 0! CBS Inc
8501 west Higgms Road
Chicago 11hinois 60631

Primary Products
Distributed and Remarks

Electronic Organs

Gulbransen cooperates with dealers and Cusiomers r
offering suggested RFI soluhons Gulbransen does no*
reimburse the consumer for servicing However when
extreme cases are encountered due 10 prommity of the
transmitter and relative power the dealer may some
times absorb the cost of serv cing RF | problems
Customers shoutd refer RF | problems to the iocal dealer
Inquines may be directed 1o the Customer Service Supe-
visor

Hammond Organ Company
11700 Copenhagen Court
Frankan Park fihnos 60131

Primary Products

Distributed and Remarks

Organs

Hammond maintains a stalf ot Techmcal Service Repre
sentatives who become mirectly involved in RFI cases
that the dealer s service personnel are unable 10 solve
Hammond states that the services of engineering and
technical fieid service departments under its control are
provided to consumer and dealer alike without Charge
whether or not a product 1s within warrantee

RFI problems should be referred to the local Hammond
dealer

The Hammond Technical Service Department asks that
<t be intormed of any unique interterence problem involy -
ng the Hammond INstrument

Harman-Kardon, Inc.
Subsidhary of Jervis Corp
55 Ames Court

Plainview New York 11803

Primary Products

Distributed and Remarks

Recevers Amplitiers Turntables AM/FM  Tuners
Preamps Record Players Tape Recorders

Customers should refer RF | problems to the Manager ol
Customer Service

Customer RF| problems are handled on an individual
basis I local the customer s invited to bring the atfec
ted set n10 the plan Non Iocal customers ar erred
10 the nearest warranty station Corrective action s
provided at no Cost to the Customer

Heath Schium r Company
Benton Harbor M149022

Primary Products
Distribuled and Remarks
AM/FM  Radio  Television
Transmitter Kits

Heath Company sugQests that for fastest service on
matters related to RF | regardiess of the product involved
Customers may now reach the Technical Consultation
Department by @ither wniting directly to that department
01 by USING a new direct hine telephone sysiem 10 the
department (6161 982-3302 DO NOT wrile to an
ndividual

Audio Systems 1Kas)
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Hitachi Sales Corporstion of America
401 W Artes:a Boulevard
Campton, Cahtorma 90220

Primary Products

Disiributed and Remarks

Televisions Radios Tape Products
Customers with RFI problems should contact the service
manager of the neerest regwonal office
Western Ragronal Ottice

401 W Artes:a Bivd

Compron. CA 90220

Mig-Eastern Regional Ottice

1400 Morse Avenve

Etk Grove Viliage. iL 60007
Mid-Weslern Regional Otfice

World Trade Center 183

2050 Stemmons Freeway

Datias Texas 75207

J.C. Penny Company, Inc
13071 Avenue of the Americas

New York. New York 10019

Primary Products

Disiributed and Remarks

JC Penny Company asks that customers with RF|
problems contact thew nearest JC Penny store for
personal assistance

JVC Americs, Inc.

50-35 56th Road

Maspeth. New York 11378

Primary Products

Disiriduled and Remarks
phhers, Tuners. R &,

Inquines related 1o RF1 involving JVC products may be
referred to the otfice of the Chiet Engineer

Kenwood Electronics, inc.

15777 South Broadway

Gardena, Calitornia 90248

Primary Products

Distributed and Aemarks

Recewers. Tuners. Amplifiers. Turniables
asks that s with RF( take

the attected untt 1o an authorized service center where

adjustments will be made at no cost 1o the customer if

the product 1S properly registered with Kenwood and

within s that prior

iy o resolve. in which Meico Sales becomes involved.
are handied on an individual basis Al attempls will be
made to give customer satisfaction
Melco Sales suggests that requests for assistance be
mussod 10 s Compton. CA address. or the Service
may be by on a toll
lr.. number (800) 421-1132 Ask for ithe Natonal
Service Manager

Midiand intemnations! Corporstion
Consumer Products Division

P O Box 1903

Kansas City, Missouri 64141

Primary Products
Distributed and Remarks

Portabie Black and White and Color Television Receiv-
ors

RCA Consumer Electronics
600 N Sherman Drive
Indianapolis. ingiana 46201

Primary Products

Distributed and Remarks

RF1 g both and audw pro-
ducts may be reterred o RCA Consumer Elsctronics
1-458

Requests for hiters should include model and senal
number of the equipment Filter installation charges will
be the customer’s responsibiity

A Company
1300 N East 25th Avenue
Hullsboro. Oregon 97223

Primary Preducts
and

Midiand asks that. should any RFI be en-
countered with the Midiand product. indwiduals should
write the General Services Manager or call (816) 842-
0511

Momgomery Ward

Corporate Offices

535 West Chicago dvenue

P O Box 8339

Chicago. Iiinois 60680

Primary Products

Distributed and Remarks

Televisions. Radios, Audio Products

Service for RFI should be obtained from the nearest
Montgomery Ward location If service 1s not obtainable
locally. customer may wrie to the Customer Service
Product Manager at the Corporate Otfices The Mont-
gomery Ward held service organization can call upon
factory and corporate engineering talent for assistance
with officut RF1 problems

Morantz
(See Superscope)

Nikko Eleciric Corporaiion of Americs
16270 Raymer Street

Van Nuys. CA 91406

Primary Products

Distributed and Remarks

Stereo recevers. Tuners and p s. Ca

RF1 problems inwvolving the Rodgers Organ may be
referred to Custom Organ Test Dept

Sansu Elecironics Corporation
201 East 42nd Street
New York. New York 10017

Primary Products
Distributed and Remarks

RF1 problems should be directed to the attention of the
Vice President. 20t Communications Inc (212) 867-
3325

201 Ce . Inc s the g and public
relations agency representing Sansur They will dwect
the customer 10 the appropnate Sansui Service Center
They siate that all Sansu products are carefully checked
prior to hinal tor

to RFi Unns nu often ukon 10 high RF leve! areas such
as New York City to determine any design flaws.

Sanye Eleciric, Inc.
Electronics Division
1200 W Artes:a Bivd
Compton, CA 90220

Primary Products

Distributed and Remarks

In the event an RF | problem should occur, the customer
1S requested o take the set 1o the nearest Sanyo Au-
thorized Repair Station

Preamp. Main amp pairs

for the return be ottained from Kenwood

KLH and [~
30 Cross Street
Cambridge. Mass 02139

Primary Products

Distridul od and Remarks

Radw Receivers. Turntables Music Systems

KLH mitially provides the cusiomer with a listing of Sug-
gested steps for 1solaing and correcting RFI 11 seit-
help does not resotve the problem, the customer may
write 10 the Manager Customer Service for authorizs-
110N to return the aftected und 1o the lactory Return can
then be made through contact with the nearest KLH
tactory authorized service stalion

KLH absorbs the cost of service 1or units returned 1o the.
tactory tor any RFI problem Customer bears the re.

sponsiility for shipping the unit 10 and trom the repair

ng service station

Lataystie Radio Elecironics Corporsiion
111 Jenicho Turnpike
Syosset. L | New York 11791

Primary Products
Distribuled and Remarks
AM/FM radw Home Entertainment Audw Products

Customers should refer RF) problems invoiving Latay-
etle products 10 the local dealer If the dealer cannot
alleviate the problem the cCustomer may contact the
Vice President Engineering

Magnavox Consumer Elecironics Company
1700 Magnavox Way
Fort Wayne. Indiana 46804

Primary Products

Distriduted and Remarks

T . Multi-Channel R . Record Changers
Customers should direct RF| problems involving Magna-
vox products to the nearest of the mine Magnavox
service offices

Pacitic Division

1360 San Mateo Avenue

So Sen Francisco. CA 94080

Los Angeles Division

2645 Maricopa Streel

Torrance. CA 90503

Southwestern Division

8813 John Carpanter Highway

Dalias Texas 75247

Great Plains Division

7510 Frontage Rosd

Skohve. lilinots 60076

Great Lakes Division

24092 Detront Rosd

Wastiake. Ohio 44145

Southeastern Divison

nd Drive

Georgia 30062
Northeastern Division

607 North Avenue. Door 17
Wakeheld. Mass 01880
New York Division

161 East Unon Avenue
East Ruthertord, NJ 07073

Mig-Atlantic Division
2207 Route 38, Surte 750
Cherry Hill, N J 08034

MGA Misublshi Electric Corporsiton
Meico Sales, Inc

3030 East Victoria Street

Compton, Caitorra 90221

Primary Products

Distributed and Remarks

Meico Sales, Inc is the sales and service representa-
tive for the Mitsubishi Electric Corporation

RF reports from the feld. beyond the dealers capabil-

42

For and with any Nikko Electric
products. inquines should be made 1o the Service
Department, Attention National Service Manager

Norin Music, Inc.

T 1o and from the shop i1s the

Primary Products
Distributed and Remarks

and E C

the use of hne

low impedance microphones cabies If the RFi prob-
lem persists after laking this step the consumer should
contact Shure Brothers with specitics so that they may
be able to help solve the probiem Reter RFI problems
to Customer Service Manager

Superscope Corporsie Dffices
20525 Nordholf Street
Chatsworth. CA 81311

Primary Products
Distributed and Remarks

Superscope/Marantz AM/FM receivers tuners ampl
fiers. tape recoraers. record players. and audio systems
Sony consumer audio tape products.

In the event of special RFI cases resulting from ex-
tremely high RF heids contact the Technical Services
Department at Superscope Corporate Offices
Moditications necessary 10 resoive such RFI problems
are provided customers on an indvidual basis

GTE Syivanis, Inc.
Entenainment Products Group
Group Headquaners

700 Emcott Street

Batava. N Y 14020

Primary Products

Distribuled and Remarks

Televisions. AM/FM Tuners. Radios. Amplifiers
Consumers should first contact the dealer Factory Field
Service and Fisid Engineering personnsl work togsiher
1o solve many of the TV and Audio Rectification prob-
iems The dealers are in touch with the manutacturer’s
services thel will help resolve the problem RFi prob.
fems are handied on an INdividus! basis

Sylvania has for thew an

pictorial TVI training manual titied ‘Diagnosis. 1dentiti-
cation and Enmination’ of TVI

Tanberg of Amarica, inc.
Labrois Court
Armonk. New York 10504

of the cusiomer Should the shop not alieviate the prob-
lem. exther the customer or the shop should contact the
Fiekd Service Manager in Compton (213) $37.5830

Schober Organ Corporsiion
43 Wes! 615t Street

737 North Cicero Avenue New York. New York 10023

Lincoinwood. Himors 60646 Primary Products

Primary Products Oistributed and Remarks

Distriduted and Remaerks Organ Kds

Lowrey Electronic Organs. Customers with RFI problems are supphed with the
Nortin offers local service help y pans. free of charge. to correct the trouble

in treating RF 1 through the Norhn Service Manager
Customers should refer RF | problems 10 the locat Lowry
dealer

Nosth American Phillips Corporation
100 € 42nd Street
New York, New York 10017

Primary Products

Distributed and Remarks

Each RFI stuaten is handied individually by the Service
Manager of the particular divison whose product s
nvolved Inquines related to RF| should be addressed
to the proper division of North American Philkps Corpo-
raton

Nutone Division

Scovil Housmg Products Group

Madison & Red Bank Roads

Cincinnat, Ohio 45227

Primary Products

Distributed and Remarks

Radws. Intercoms AM radios

Reter RFI to C Dr
tor handhng

Panamnic Company

Division of Matsusita Electric
Corporalion of America

50 Meadowiands Parkway
Secaucus, Ner Jersey 07094

Primary Products
Distribuled and Remarks

When instances of RFI occur the customer should
contact Panasonic n Secaucus

Custiomers should provide model number. senal number
and information concerming the problem Upon review,
1he customer will be contacled advising them where to
return thewr unit tor corrective repar Panasomc will
absorb both parts and labor costs in these instances

Phitco (Television)
(See GTE Syivama)

Quasar Electronics Corporsiion
9407 West Grand Avenue
Frankan Park. lihnoss 60131

C

Primary Products

Distributed and Remarks

For a high-pass fiter, consumer should wrde Ouasar
and shouid include model and senal number of the
recewver, Irequency ol the interterence signal {if known).
and whether sound or picture. o7 both, are atlected The
Quasar distributor serving the local area should be con-
tacted reiative to any other interierence problem that is
unigue 1o Ouasar products

Radio Shack

Natwonal Hesdquaners
2617 West Seventh Street
Fort Worth, Texas 76107

Primary Products

Distributed and Remarks

AM/FM Radwos. Home Entertamment Aud Products
(o] s who umque

nvolving Radio Shack audio products may write 1o the
Product Development Manager or the National Ouaity
Control Manager

Schober Organ Corp also assists customers in location
of the offending stages in the organ

Reter RF| problems to the Development Engineer

H. H. Scoft, Inc.
111 Powder Mt Road
Maynard. Mass 01754

Primary Products

Distributed and Remarks

Manufacturer and Imporier of AM/FM Tuners-Receivers

and Stereo Amplitiers used 1n Hi-Fi Systems.

Manufacturer offers simple insiruction sheet 1o ad
S in resoling pr g RF pickup

The information includes suggestions about suitable

g, power line and hints

and suggnshonson how 10 determine where RF 15 enter

1ng the equipment

Reter RF{ problems 10 the Engineering Oept

Sclentific Audio Elecironics, Inc.
P O 8ox 60271 Terminal Annex
Los Angeles. CA 90060

Primary Products

Distributed snd Remarks

Refer all RFI inquines (o the atrention of the Nathonal
Marksiing Manager

Sears Rosdbuck & Company
85C-41-03

Sears Tower

Chicago. Hinors 60684

Primary Products

Distribuled and Remarks

Televisons. Radios. Audio Products

Sears asks that customers with an RF | problem invoiv-
ing a Sears product contact the nearest Sears Service
Department for assistance

Sharp Electronics Corporsilon
10 Keystone Place

Box 588

Paramus. NJ 07652

Primary Products
Oistributed snd Remarks

Manufacturer of Television and Radio Receivers

Sharp Electronics will. with proof of purchase. supply
10 any TV owner who complains of interterence a Drake
TV-300 high-pass fiter at no charge Audio rectification
problems are handled on an ndividual basis by the
sefvice department Reter all Sharp Electronics RF)
P 10 the Service Dep.

Inc.

L
4300 N Callornia Avenue
Chicago, ithnors 60618
Primary Products
Distributed and Remarks
Receners, Amplihers Tuners
Ci s with L] e
the Service Laboratory Managev

should contact

Sony Corporsiion
(See Superscope)
Consumer Audw Tape Products Only

Shure Brothers, Inc.
222 Hanrey Avenve
Evanston ithinors 80204

Primary

Distributed and Remarks

Recorders

When RF1 occurs 1n Tanberg products the manutac-
turer suggests that the unit be returned to them ‘We
will do any modiication possible to eiminate the RFI
Prior authorizatwon should be obtained from the Tech-
mcal Manager prior to return of the unit

Tenna Corporsilon
19201 Cranwood Parkway
Cleveland. Ohio 44128

Primary Products

Distributed and Remarks

Tenna Corp has not produced home entertainment
equipment within the past two years but will be glad
10 help out all past customers if a probiem arises with
RFI Will install a crcurt change at No Cost @xcepl post-
age and handing All umique RFI probiems may be
referred to the National Service Manager

Thomas Organ i
7310 North Lehigh Avenue
Chicago. Hihnots 60648

Products
Distributed and Remarks
Etectronic Organs
Refer RFI complants to the dealer RF) is usually
resolved at this level It the manufacturer’s hieid service
1S made aware of a consumer complaint regarding RF|
the field service will contact the seiler and advise that
person on how to eliminate the problem Should that
fail. “we continue to pursue the problem utilizing our
own people *
Thomas has six fleld service engineers In the event of &
cail for assmmc. an enginesr personally contacts the

. makes an to visd

the home of Ih' consumer 10 correct the RFI condrtion.
with or without the deales’s technician “We do not
charge the consumer for this service

Toshibs Americs, Inc.
41.08 Delong Street
Flughing. N.Y 11355

Primary Products

Distriduted and Remarks

Televisions, Radlos. Tape Products. Ampliters. Tuners.
Recervers

Customers should contact the nearest Regional Office
Service Manager for obtaining assistance in resolving
RFI problems

Eastern Reguonai Otiice

471-G6 Delong Street

Flushing. N Y 11355

Southwest Regional Office

3225 E Carpenter Freeway

Irving. Texas 75062

Western Regional Otfice
19515S Vermont Avenue
Torrance. CA 90502

U.8. Moneer Electronics Corp.
75 Oxtord Drive
Moonachie. N J 07074

Primary Products

Distribuled and Remarks

Consumers should contact the nearest Regional Service
Manager Poneer makes available 10 therr lechmcians
an excellent service manual ttied. “Hi-Fi | Counter-
measures

Eastern Regonal Office

75 Oxford Duve

Moonachie. N J 07074
Migwes! Regional Office
1500 Greenieal Avenue

Eik Grove Village, lthnois
Western Regronal Office
13300 South Estretia Avenue
Gardena, Calitorma



Yamaha intemational Corporaiion Anchorage, Alaska 99510

6600 Orangethorpe Avenue Phone Area Code 907 265-5201
Buena Park, CA 90622

Primary Products CALIFORNIA, Los Angeles

Distribuied end Remerks
Electronic Organs

Yamaha organization attempts to cure each RFI prob-
lem on an individual basis Yamaha supplies all neces
sary technical information at no charge It interierence
1S due 10 design error  Yamaha takes steps al 11s own
expanse 10 remedy the problem

Reter AFI problems to the local dea er The dealers are
kept wellinformed and current on RF | countermeasures

Zentih Radio Corporaiion
11000 Seymour Avenve
Frankkn Park, It 60131

3711 Long Beach Bivd

Sunte 501

Long Beach. Cahformia 90807
Phone Area Code 213 426-4451

CALIFORNIA, San Diego

Fox Theatre Building

1245 Seventh Avenue

San Diego. Califorma 92101
Phone Area Code 714 293-5460

CALIFDRNIA, San Francisco

Primary Products 323A Customhouse

Distributed and Remaerks 555 Battery Street

Televisions. Radios. Audio Systems San Francisco, Califorma 94111
Zenth gives fo 9 and Phone Area Code 415 556-7700

rehet for RFI problems on & case-by-case basis RFI
problems shouid be referred to the Service Dvision

RFI retferrals should include model and serial number
of the atfected product

Customers with a unique Oifficult RFI problem may
direct a letter o the National Service Manager

APPENDIX B
Addresses Of FCC District Offices

Listed below are the addresses
and telephone numbers of the
FCC district offices. This list is

COLORADO, Denver

Suite 2925 Executive Tower
1405 Curtis Street

Denver. Colorado 80202

Phone Area Code 303 837-4054

DISTRICT OF COLUMBIA
(WASHINGTON, D.C.)

1919 M Street N W Room 411
Washington, D C 20554

Phone Area Code 202 632-8834

FLORIDA, Miam:
919 Federal Building

alphabetical by state, and alsO 5,5 w Fys Avenue
includes offices in Puerto Rico  Miam Florida 33130
and the District of Columbia Fhone AreaCode305350-5541

{Washington DC).

You are reminded that the
information requested in
Appendix C will be required in
order that a staff member may
analyze your interference prob-
lem. Please forward this infor-
mation by mail.

ALASKA, Anchorage
U S Post Office Building Room G63
4th & G Street P O Box 644

FLORIDA, Tampa

Barnett Office Bldg . Rm 809
1000 Ashley Drive

Tampa. Florida 33602

Phone AreaCode 813 228-2872

GEORGIA, Atlanta

Room 440. Massell Bidg

1365 Peachtree St N E

Atlanta. Georgia 30309

Phone Area Code 404 881-3084

GEORGIA, Savannah

238 Federal Office Bldg and Courthouse

125 Bull Street. P O Box 8004
Savannah, Georgia 31402

Phone Area Code 912 232-4321 ext 320

HAWAIL, Honolulu

502 Federal Building

P O Box 1021

335 Merchant Street

Honolulu, Hawan 96808

Phone Area Code 808 546-5640

ILLINOIS, Chicago

3935 Federal Building

230 South Dearborn Street
Chicago. lhnois 60604

Phone Area Code 312 353-0195

LOUISIANA, New Orleans

829 F Edward Hebert Federal Bidg
600 South Street

New Orleans. Louisiana 70130
Phone Area Code 504 589-2094

MARYLAND, Baltimore

George M. Fation Federal Building
Room 823 31 Hopkins Plaza
Baltimore, Maryland 21201
Phone: Area Code 301 962-2728

MASSACHUSETTS, Boston
1600 Customhouse

165 State Street

Boston. Massachusetts 02109
Phone Area Code 617 223-6609

MICHIGAN, Detroxt

1054 Federal Building

231 W Latayette Street

Detroit. Michigan 48226

Phone Area Code 313 226-6078

MINNESOTA, St Paul

691 Federal Building

316 N Robert Streel

St Paul. Minnesota 55101
Phone Area Code 612 725-7810

MISSOURI, Kansas City

1703 Federal Building

601 East 12th Street

Kansas City, Missour1 64106
Phone Area Code 816 374-6155

NEW YORK, Buttalo

1307 Federal Building

111 W Huron Street at Delaware Ave
Buffalo, New York 14202

Phone" Area Code 716 842-3216

NEW YORK, New York

201 Vanck St

New York. New York 10014
Phone AreaCode 212 620-3437

DREGON, Portland

1782 Federal Otfice Bldg

1220S W 3rd Avenue

Portiand. Oregon 97204

Phone Area Code 503 221-3098

PENNSYLVANIA, Philadelphia

11425 James A Byrne Federal Courthouse
601 Market Street

Philadelphia. Pennsylvarma 19106

Phone Area Code 215597-4411

PUERTO RICO, San Juan

U S Post Othice and Courthouse
Room 323 P.O Box 2987

San Juan. Puerto Rico 00903
Phone Area Code 809 753-4567

TEXAS, Beaumont

Room 323, Federal Building
300 Wiliow Street

Beaumont. Texas 77701

Phone Area Code 713 838-0271

TEXAS, Dallas

Earle Cabell Federal Bidg

Room 13E7 1100 Commerce Street
Dallas Texas 75242

Phone Area Code 214 749-1719

TEXAS, Houston

5636 Federal Bullding

515 Rusk Avenue

Houston, Texas 77002

Phone Area Code 713 226-5624

VIRGINIA, Norfolk

Miltary Circle

870 North Military Highway
Nortolk Virgima 23502

Phone Area Code 804 461-6472

WASHINGTON, Seatile

3256 Federal Bidg

915 Second Avenue

Sealtle Washington 98174
Phone Area Code 206 442-7653

APPENDIX C

in analyzing your problem.

In requesting assistance from the asso-
ciation, manufacturer, dealer, or FCC district
office. the following information will be helpful

Oves

Please explain (be specific)

6. Were suggested home remedies made?

9. At
0 No

what time of day does the interference

usually occur and how long does it last?

10. Give Make, Model Number, and the Year

Date

Purchased, of your TV or AM/FM re-
cewer

1. Your name: __ .

Address:

Phone Number:

Name:

Address:

Call Sign: ___ _
Hours of Operation: -

3. Type of interference identified.

4. a. TV Channels affected.

location of your home

11. Was the level of interference affected in

7.

2. If known, radio transmitter operator's

0 Radio Transmutter [ Etectrical
0 Co-Channel OFM
0 Audio

b. AM/FM Frequencies affected:

5. If you are experiencing either FM or Co-
Channel interference, estimate the dis-
tance of the interfering station from the

(miles)

a. Was service

0 ves 0 No

b. If yes. were suggested modifications
made ? 0 ves 0 No

representative called

Please explain (be specific)

a. If a radio transmitter 1s involved, was
the operator contacted? O Yes OJ No

b. If yes. what was the result of that con-
versation?

c. Were suggested transmitter modifica-
tions made? O ves 0 No
Please explain (be specific)"

any way by the modifications suggested in
this bulletin? O ves 0 No

Comments: _ . I

12. Describe fully the sound or noise made by

the interference and, if the TV picture is
affected. please provide a drawing of
what the interference pattern looks like
{(Use separate sheet.)

13. a. Are any of your neighbors experiencing

the same type of interference?

0O ves 0 No

If yes. on a separate sheet. indicate
their names. addresses. and type
eouipment receiving the interference;
TV. AM/FM radio. electronic organ.
etc

b. Was the information provided in this
bulletin shared with your neighbors?
0 Yes 0 No
If yes. please explain what modifica-
tions were made to their eouipment and
if the modifications eliminated or re-
duced the level of interference (Use
separate sheet if necessary )
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The “ULTIMATE” in CW Reception!

PWR  LOCK-UP Q

ACTUAL SIZE
3% " WIDE

COPY ONE.

$99.95

COPY ONE IS NOT A FILTER! This station accessory is a must for the discriminating
amateur who operates CW, whether he is an avid CW op or one who engages in CW
for proficiency. The CW signal is processed (not filtered) in a manner which allows
true ULTIMATE STATION REJECTION, a mode which has been previously
unavailable. The circuitry* is totally unique (patent pending),a must for emergency
CW operations. If you haven't had the opportunity to operate a COPY ONE, ORDER

YOURS TODAY!
COPY ONE CW PROCESSOR SPECIFICATIONS & FEATURES:

W Ultimate station rejection (almost unbelievable but true!) W Discriminates signals in 80 to 100 cycle increments
WPitch & volume independent of receiver or transceiver W Full break-in CW operation
W Full quieting (i.e., no background noise) without squelch W includes 115 volt AC power supply or may be
WCOPY ONE is not a filter, there is absolutely noringing or battery operated

background noise WBuiltin code practice oscillator
W Plugs into transceiver or receiver/transmitter combo BLED lock-up controls front pane! mounted

without modification

- TRONICS. INC
owmons oo LOGITRONICS. INC.

or money order to:

3135 North Cole Road Boise, Idaho 83704 [208] 377-1562 L1

The 1978 Atlanta HamFestival
and
Georgia State ARRL Convention
June 3-4, 1978
Downtown Atlanta Marriott Hotel

GIANT covered Fleamarket/Swapshop! * 140 Major Exhibits!

More than 50 Forums/Meetings! * Special MICROPROCESSOR Section!
[ ]
[ J

FCC Exams! Programs for Ladies & Children!
Parking for thousands of cars! Activities Galore!

Registration: $3 per person IN ADVANCE, $4 at the door
Ladies & Children FREE!

It you do not receive a Preregistration Packet by May 1st, write:

Atlanta HamFestival 1978
100 Woodlawn Drive
Marietta, Georgia 30067

or call Area 404/971-HAMS anytime day or night (PLEASE DO NOT CALL BEFORE MAY 1st)

Hotel Rate: $26 per day single OR double!

Write for Hotel Reservations to:
Marriott Hotel ® Courtland at International Blvd. ¢ Atlanta, GA 30303
or phone: Area 404/659-6500 and hurry, hurry, hurry!

THE BEST HAMFEST IN THE WORLD!




PORTABLE/MOBILE

. TRANSCEIVER ® 15 channels (12 on dial/3 priority)

cas

® Fully collapsible antenna or
A, By “rubber duck”
© ° IF ; ;
o re ® Compatible mount for mobile
operation
® Dual power (3 watts high/400mw low)

® External power and antenna easily
accessible for mobile operation

® Lighted dial and meter

® Double-size, long-lasting internal
batteries with optional Ni-Cd pack
and charger available

ICOM’s IC-215 is the FM radio that puts good times on the go. Now an outstand-
ing mobile mount and quick-change features for external power, speaker and anten-
na conversions make moving from base, to vehicle, to hill top fast and easy: and
the IC-215 portable/mobile provides continuous contact for even the busiest
FM enthusiast.

The IC-215’s three narrow filters provide quality not usually
found in portable VHF equipment. With 15 channel capacity and
an MOS FET RF amp with 5 tuned circuits in the front end, the
IC-2135 gives optimum FM portable performance.

You’ll be carrying quality, performance and versatility with your
IC-215 FM portable/mobile.

Specifications: | Frequescy Range: 146-148 MHz ~ Voltage: 13.8 VDC negative ground ' Size: 183mm(h) x 6 lmm(w) x 16 2mm(d)

This new mobile mount is

Weight: 1.9 kg Number of Channels: 15 total. 12 01 main switch. 3priority  Power Output: 3.0 Wor0.5W  Microphone now available for your IC-
Impedance: 600 ohms  Spurious Level: lower than 60dB  Receiver Sensitivity: 1 dB below 1 UV orlower  Spurious Response: 215. Fast insertion and re-
60 dB or better moval is a snap, and the

mount is collapsable when
All [COM radios significantly exceed FCC specifications limiting spurious emissions. not in use.

HF/VHF/UNF AMATEUR ANC: MARINE COMMUNICATION EQUIPMENT DISTRIBUTED BY:

ICOM WEST, INC. ICOM EAST, INC. ICOM CANADA

Suite 3 Suite 307 7087 Victona Drive
13256 Northrup Way 3331 Towerwood Drive  Vancouver B.C. V5P 3Y9
Bellevue, Wash. 98005  Dallas, Texas 75234 Canada

(206} 747-9020 (214) 620-2780 (604) 321-1833




Hey, Old-Timers!
The Breadboard Is Back!

—jiffy up those IC circuits

Rod Hallen WA7NEV
P.O. Box 73
Tombstone AZ 85638

A re you afraid of inte-
grated circuits? If so,
why? 1Cs are complex
little devils, but wiring them
together is simple enough. |
used to shy away from IC
projects because of the
apparent complexity, unless a
nice ready-made printed
circuit board was available. |
felt that way unti! | found a
quick, simple way to copy a
circuit out of a magazine or
design one of my own. Enter
the plugin breadboard.

This is not a how-it-works
piece; this is a how-to-do-it
article. There have been many

good articles written on how
1Cs work and what they will
do. Look back over the past
few years of 73 Magazine to
see what | mean.'»?»3

A full-blown schematic of
the inner workings of almost
any integrated circuit is
enough to scare all but the
most electronically oriented
technician, but you don’t
have to understand 1Cs to be
able to use them. Consider
the black box; you don’t
know or care what’s in the
box or how it works. All you
need to know is that you get
a certain output for a given
input a cause-and-effect
relationship. A television
receiver can be considered a
black box; as long as a valid
signal is on the input channel,

Photo A. IC plug-in breadboards. At the top is the CSC

@aaat aasaa akaaa Saaaa Gaasa aacaa aRaka REass aaaaa
eeaer senee 6cees Rasee Gses 00ees GGG eesss asese

QT-59S flanked by the QT-59B bus strips. At the bottom is
the CSC Experimenter 600 board.
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you will get the audio and
video that you want out of
the box, even if you don’t
know how it works.

Look at the integrated
circuit in the same manner. It
has input and output leads,
all well defined. A given input
will always give the same
output. This article will deal
mostly with digital |Cs. Look
over some of the schematics
in recent magazine issues, and
compare those built up of
digital 1Cs with those made
with transistors or tubes (if
you can find tubes still being
used). One thing that will be
obvious is the almost total
lack of supporting com-
ponents such as resistors and
capacitors. Digital circuits,
except for the clocks, are

Photo B. Various components mounted on the
Experimenter 300 and 600 breadboards.

composed almost entirely of
1Cs connected together. Tran-
sistors are usually used when
it is necessary to drive a larger
load than the IC, with its
small heat-dissipating
capacity, can handle.

A linear 1C is more
complex in that it compares
more with the amplifiers in
the tube and transistor lay-
outs. A digital IC is really a
bunch of switches, and elec-
tronic switches hadn’t been
used long before [Cs came
along. The first electronic
computers were tube-type.
They were very large, very
inefficient, and great for
heating buildings.

The 1C Breadboards

What do you need to put
together the circuits you read
about in the magazines or the
ones you come up with on
your own? First you need a
means of trying out the
design, making changes, and
adding a few ideas later. You
should be able to do all of
this without soldering and
unsoldering dozens of con-
nections each time. This is
where the |C plug-in bread-
board comes in (Photo A).

The boards used here were
provided by Continental
Specialties Corporation,*
which manufactures many

different models, shapes, and
sizes of boards. The QT-series
board is of high quality and is

cSC



designed for those who do a
great deal of this kind of
work. The Experimenter
series combines the 1C board
and the bus strips in one
piece. These latter boards are
good quality, are lower in
price, and are quite suitable
for this use.

ICs are plugged in along
the center of the board, and
short jumpers and com-
ponents interconnect the pins
according to the design sche-
matic. The bus strips are
connected to battery and
ground and then cross
connected to various points
in the circuit, as required.
The Experimenter 300 is
designed to be used with 14-
and 16-pin 1GCs, and the
Experimenter 600 is used
with the larger IC packages,
such as those with 24 and 40
pins. The large ICs will also
work on the 300, but they
cover up more of the con-
nectors, allowing fewer
jumpers to a given pin.

Other components — tran-
sistors, resistors, and
capacitors — can be plugged
in also and jumpered into the
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circuit. Each bus strip is one
continous series of connec-
tions and can be used any-
where along the board. The
connector that each 1C pin
plugs into has 4 additional
points that can be used for
jumpering (Photo B).

Data Books

The next items you need
are data books. Just as tube
and transistor manuals give
basic information on using
these components, data
books, put out by the semi-
conductor manufacturers,
cover details on their inte-
grated circuit products. Since
all of the major IC fabricators
make all of the more popular
I1Cs, the data books from one
source will cover just about
all that you will need to
know. These books come in
two principal editions, one
for digital ICs and one for
linear 1Cs.

There are also some
specialized data books, but
these are the two you’ll use
most. They may be purchased
from any of the companies
that advertise 1Cs for sale.

Photo C. The breadboards attached to the front of the
modified Bell and Howell design console.

Texas Instruments, National
Semiconductor, and Fairchild
all put out good ones, and the
information they contain is
well worth the very low price.

These books not only list
all of the electrical charac-
teristics of the various 1Cs,
the physical dimensions, and
pin connections, but also
suggest applications of many
types.

The Power Supply

Next you need a power
supply or supplies, depending
on the needs of the given
circuit. A basic requirement is
a +5V dc supply, as all TTL
and CMOS digital ICs use this
value. Linear ICs use various
voltages, both plus and
minus. Further on, [I'll
describe the construction of a
supply that will take care of
most situations.

Since this supply will have
a variable output, you will
want some type of voltmeter
to set the output voltage cach
time you use it. A VOM,
VTVM, or similar meter will
serve this function, but |
chose to dedicate a meter to

do this in order to have a
continuous readout. | think
that this is the best way, and
I'll show you how to use just
about any meter you can get
your hands on to do the job.

The Logic Probe

And, last but not least,
you'll need a logic probe. |
said earlier that a digital iC is
nothing more than a bunch of
switches. A logic probe will
tell whether these switches
are operated (high) or un-
operated (low). If a switch is
operated, you should see
about +5 voits on its output,
and, if it is unoperated, you
should see ground. A VOM or
VTVM will obviously give
this information, but a logic
probe is easicr and more con-
venient to use. I'll discuss
how to buiid one of these
before I'm through.

You will, of course, need a
sclection of ICs to work with.
All  of the components,
except the transformer and
the meter, used in this article
were purchased from James
Electronics.® | deal with

them because their service is

Photo D. Every breadboard needs a bread pan. Here is a bread
pan used instead of a metal chassis. The bread pan is cheaper

and easfer to work with.
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Fig. 1. (a) A 5-volt, 1-Ampere regulated power supply; (b) A O-

to 30-volt, 1-Ampere

regulated power supply;

(c) A

combination of (a) and (b); (d) and (e) show the connections
for the TO-3 and TO-220 regulator packages. D1 — four
1-Amp, 50-volt diodes or equivalent diode bridge;, D2 — four
2-Amp, 100-volt diodes or equivalent diode bridge; Ul, U2 —
LM340T-05, LM340K-05, LM309K, or 7805 regulator.

outstanding. 1 have never
waited more than 7 days for
any merchandise, and | have
always received everything
exactly as ordered. Having
had many unpleasant ex-
periences, both in and out of
the electronics field, with
mail-order firms, | can recom-
mend this company very
highly.

Putting It All Together

I mounted my bread
boards with double-sided tape
on a design console (Photo C)
which came as part of a Bell
and Howell electronics corre-
spondence course. After |
jumpered to the wrong bus a
few times, | marked the
positive bus red and the
ground bus black with wide
fett-tip markers. The console
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came with plug-in connectors,
which were used as the Bell
and Howell method of bread-
boarding, but they are much
too large for 1Cs.

The console contains a 0-
to 30-volt variable supply, a
tunable sine and square wave
audio oscillator, filament and
high-voltage supplies for tube
circuits, and a speaker. |
modified some of its features
to fit in with my IC designing
interests. | left the variable
supply as it was, but |
mounted a 0- to 25-volt dc
meter on top and wired it to
give a continuous readout. |
used the 6.3-volt filament
winding to power a +5 V dc
regulated supply. The LEDs
of a logic probe are mounted
into the top of the meter
bracket.

Since you probably don’t
have a console like this, why
not build one? You can usc a
metal chassis about 9" x 12"
x 3" turned upside down or a
piece of wood about 97 x
12" x 1. If you choose the
latter, a smaller 5" x 9" x 3”
chassis can be mounted on
the rear of the wood to house
the electronics. Since you're
concerned with bread-
boarding, a small bread pan
could serve this purpose
(Photo D). In either case, the
breadboards can be mounted
with double-sided tape or
permanently attached with
screws. Put rubber feet or
tape on the bottom of the
chassis to keep it from
scratching the furniture,
especially if you have to work
on the dining room table. A
piece of cloth glued to the
bottom of the wooden ver-
sion would serve as well.

Build your supplies on the
breadboard, and then mount
them on the chassis. Fig. 1(a)
is a +5 V dc regulated supply.
Fig. 1(b) is a supply that
varies from 3 to 30 V dc
depending on the position of
the Sk pot, and Fig. 1(c)
simplifies the whole setup by
combining both of them into
one (Photo E).

All four regulators listed
for Ul and U2 will put out
up to one Ampere regulated.
If the output is shorted, too
much current is drawn, or the
regulator overheats, it will
shut itself down. It is there-
fore almost impossible to
damage it. All of these regu-
lators automatically ground
the common (#3) terminal
when they are attached to a
metal chassis or heat sink. See
Fig. 1(d) or 1(e). This is okay
in most cases, such as Ul in
Fig. 1(a) or 1(c), but, when
the common terminal is
floated above ground, as U2
is in Fig. 1(b) or 1(c), it must
be insulated from the heat
sink. In this instance, the
common terminal is brought
to the wiper of the 5k pot.

After testing the supply to
be sure it is going to work,
transfer all of the com-
ponents from the breadboard
to the chassis. Heat sinks and

silicone grease should
definitely be used if you hope
to draw the full rated current.
The heat sinks should be
mounted outside the chassis
so that air can circulate
around them. Point-to-point
wiring can be used, and the
layout is not critical. Attach
the diode bridge to the side
of the chassis. Put the regu-
lators on the back wall with
lugs under the grounded
mounting screws, and run all
of the grounded components
to the lugs. Combination
banana plug/binding posts are
great for connecting from the
supply to the breadboard bus
strips. Use your VOM or
VTVM to check the output
voltages of both supplies. If
you don’t get a solid +5 V dc
from the fixed supply and
about 3 to 30 V dc from your
variable supply, check your
wiring again. The maximum
voltage from the variable
supply will depend on the
voltage of your transformer.
Please note that any of the
supplies shown in Fig. 1 can

be made into negative
supplies by grounding the
positive output and con-

necting all of the grounded
connections together but not
grounding them. The point
marked common on the sche-
matic then becomes your
negative output.

The Voltmeter

The built-in voltmeter can
be just about any meter you
have lying around, or an inex-
pensive one can be purchased.
In junking out some old
carrier equipment recently, |
came up with ten 0 to 10
milliammeters. just to show
how versatile meters can be, |
have modified one of these to
measure 0 to 120 mills so
that | can monitor the cur-
rent in my Teletype® loop.
Another reads 0 to 100
Amperes and is inserted in
my 12 V dc battery system.
(My HF-VHF-UHF ham
station is all battery powered,
but that’s another story.) Yet
another watches my battery
voltage and the charger that
keeps the battery up.

Obviously then, a meter



can be made to measure
ranges other than the one it
was designed for. A meter
gives an indication of the
amount of current flowing
through it, and, if you put a
resistance in series with it,
you can control the amount
of current that flows for a
given voltage. That is Ohm’s
law. See Fig. 2(a).

Suppose that you want a
meter that will read O to 25 V
dc, such as | used with my
design console. There are
formulas that you can use to
find the series resistance
needed for a given voltage
reading, but they require that
you know the internal resis-
tance of the meter. Finding
that internal resistance is
tricky — you can’t just
measure it with an ohmmeter.
Please don’t try it — you
might ruin the meter, and it
isn’t necessary anyhow.

There is an easy way. | put
my VOM across the output of
the variable supply and the
meter | want to use in series
with a 5000-Ohm variable
resistor in parallel with the
VOM. See Fig. 2(b). Then |
set the supply for 25 V dc as
read on the VOM, adjust the
pot until the meter reads full
scale, and I'vegot a0 to 25 V
dc voltmeter. If | drop the
supply voltage until the VOM
reads 12% volts, the meter
should read half scale. Next |
disconnect the 5k pot,
measure the resistance I’ve set

into it, and find a fixed value
to replace it. Mine turned out
to be pretty close to 1500
Ohms, and | put a 1000-Ohm
resistor and a 510-Ohm
resistor in series. The meter
with the series resistor or
resistors is connected perma-
nently across the variable
supply, and you’ve freed your
VOM for other chores.

The reason | chose 25
volts full scale, even though
the supply puts out more
than that, is because that
makes each mark on the scale
equal to Y volt. If 1 had set it
up to read O to 50 volts, for
instance, each mark would
have been Y volt, making for
less accurate settings. You
seldom need more than 25
volts anyway.

In order to be able to read
the meter easily, | removed
the case and painted over the
old numerals and lettering
with flat white paint. When
the paint was dry, | renum-
bered the scale 0 to 25 in
5-volt steps and wrote ‘‘volts
dc” below it. | used rub-on
transfers for this job, but a
small artist’s brush and black
paint or a fine-tip felt mark-
ing pen would do a good job
if you're careful.

The Logic Probe
Now the logic probe — as |

said earlier, you need a way.

of determining what is
happening in a digital logic
circuit. If you are building a

Photo E. Fig. 1(c) as it looks built up on the boards.

two meter scanner, for in-
stance, and it doesn’t work,
you can use the probe to find
out where you are going
wrong.

If you touch the probe of
Fig. 3(a) to a point in the
circuit that is at +5 V dc
(high), the LED will light,
but, if the point is low, the
LED will not light. If you
have a pulsing battery at that
point, the LED will pulse. It’s
a good logic probe, yes? No!
If you touch the probe to a
point that is open (no battery
or ground), the LED will not
light, indicating a ground
where there is not one. Fig
3(b) is the opposite situation
— light if you touch ground
and no light if you touch an
open or battery. That’s still
not good enough. Figs. 3(c)
and 3(d) combine both con-
ditions, so one LED or the
other will light up when you
are probing, and an open will
give no indication. A pulsing
battery and ground will light
the LEDs alternately. The
7400 NAND gate, which is
wired as an inverter, and the
7404 inverter prevent the
battery flowing through one
LED from lighting the other
LED falsely.

Build up 3(c) or 3(d) on
your breadboard (Photo F).
Fig. 3(e) shows the battery
and ground connection for
either 1C. Try probing the
battery and ground outputs
of your power supply, and
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Fig. 2. (a) A milliammeter
used to measure voltage; (b)
this shows how to determine
the value of series resistance
needed for a given full-scale
reading.

see which LED lights for
each. A distinctive display,
one that is easier to interpret,
is made by using a green LED
for a high indication and a
red LED to indicate a low
condition. Don’t forget that
LEDs are diodes and must be
biased in a forward direction.
On all of the LEDs I’ve seen,
that means the shorter lead
toward the battery (positive)
and the longer lead toward
ground.

Now you’ll want to take
the logic probe components
off the breadboard and build
them permanently into
your power supply chassis.
For a simple circuit like this,
| think the easiest way to put
it together is to mount the IC
on its back in a convenient
place with a little glue and
wire directly to its pins. | put

Photo F. Figs. 3(c) and 4 built up on the breadboards.
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Photo G. The ‘‘Grass Roots Scanner’' in its developmental
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Fig. 4. Schematic of a pulse generator utilizing the NE555

integrated circuit timer. CI

.1 mF disc ceramic; C2

.01

mF disc ceramic; R1 — 1 megohm, % Watt; R2 — 1.5 megohm,
Y% Watt; Ul — NE555, LM555, etc.

the LEDs in the bracket
which holds the dc voltmeter.
They can be installed in the
face or top of the chassis by
drilling a hole the same
diameter as the head. The rim
at the back will prevent it
from going completely
through the hole, and a little
glue will keep it in place.

There are much more
sophisticated probes avail-
able, but this will serve your
basic needs. If you decide
you want a better one later
when you get more involved,
you can easily add one.?

Now What?

Okay, you have a bread-
board design console built up,
your power supply works,
and so does your logic probe.
Now what do you do with it?
Let’s breadboard a simple
pulse generator and look it
over a bit. See Fig. 4.

The 555 IC is basically a
timer, but you can also use it
as a pulse generator or as an
oscillator. Almost every IC
design that needs an oscil-
lator, clock, or timer uses the
555, a very versatile and
popular chip.

Lay out Fig. 4 on your
breadboard, but leave the
power off while doing the
wiring. | use 24-gauge wire in
different colors: red for
power, black for ground, and
green, white, and brown for
miscellaneous  wiring.  This
makes jumper tracing easier
when I’'m looking for a wire
that | put in the wrong place.
I cut some one-inch, some
two-inch, and some three-
inch pieces in each color and
strip % inch off each end. |
keep the different lengths in
plastic margarine cups, and,
when | need a jumper, it's all

stripped and ready.

Instal! the IC first, connect
the resistors and capacitors
from pin to pin shown, and
then jumper pin 6 to pin 2
and pin 4 to pin 8. Ground
pin 1, and run Vce (+5 V dc)
to pin 4, and you are ready.
Turn on your power supply
and touch the logic probe to
pin 3 of the 555. The two

LEDs in the logic probe
should light alternately,
which tells you that the

output of the 555 is periodi-
cally changing from battery
(high) to ground (low). Turn
off the power, remove CI,
replace it with a .02 mf
capacitor, restore power, and
again probe pin 3 of the IC.
The LEDs should pulse much
faster now. In fact, they
might even be flashing so fast
now that they both appear to
be on all of the time.

The value of C1 controls
the output timing of your
pulse generator. Remove the
.02 mF capacitor, put two .1
mF capacitors in parallel
from pin 6 to ground (pin 1),
and now you've really slowed
things down. Increasing the
capacity of C1 reduces the
frequency, and the opposite
has also been shown to be
true. You can get it to pulse
so slowly that it is possible to
go out and ecat lunch between
pulses if you use enough
capacity. Check your linear
data book on the 555 for
more information on this.

Varying R1 or R2 will also
affect the timing Replace R2
with a 4.7 megohm resistor.
What happened? Use a 5-meg
pot for R2, and you can vary
the timing at will.

A few words of caution:
Don’t use wire larger than 22
gauge for jumpers, as it is



quite possible to damage the
breadboard connectors. Don’t
use resistors larger than Y
Watt or any other com-
ponents whose leads are
larger than that. Use care in
removing ICs from the
boards. Unless you have a
very steady hand, you're
liable to end up with a lot of
bent pins. Heath provides a
tool with its kits for this job
that is nothing more than an
L-shaped piece of metal
about 1/8&inch wide. The
short side of the L is slipped

into the channel on the board
under the IC, and a gentle
prying motion does it quick
and simple. Before I got one
of these, | used to slide the
tip of a very small screwdriver
into the channel and raise it
up.

Okay, you've started! Pick
some simple circuits in the
magazines or look some of
the basic ICs up in the data
book, hook them up, and see
what they will do. Try the
SN7400, SN7448, and
SN7490. The 7400 is a group

of gates, the 7448 is a de-
coder and LED driver, and
the 7490 is a decade counter.
I'll use these ICs in a forth-
coming article | call the
““Grass Roots Scanner.”” It's
simple, super cheap, and it
does the job. It will scan ten
channels and give LED or
digital readout of the channe!
sclected.

If reading this article
hasn’t convinced you that
building and designing with
ICs can be easy and fun, try
some of the ideas presented

here, and maybe you’ll con-
vince yourself. ®
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full load.

The whole package weighs
only 3 Ibs. and is priced at
$69.95 for the 117 V ac 60 Hz
version. A 220 V 50/60 Hz ver-
sion is available for 10% more.

The Design Mate 1 is very
well suited to a number of ap-
plications where the ease with
which it permits designing in
broad strokes is advantageous.
These include the R & D test
bench, schools, universities,
and training institutions, and
personal use.

Like all Design Mate units,
the DM-1 comes completely
assembled with detailed in-
structions and special applica-
tion notes.

For further information, con-
tact Continental Specialties
Corporation, 70 Fulton Terrace,
New Haven CT 06509.

NEW FROM YAESU—
THE FC-301 ANTENNA TUNER
The FC-301 antenna tuner is
designed for low- and medium-
power applications in the HF

amateur bands from 160
through 10 meters.

The FC-301 comes equipped
with three UHF type female
coax receptacles, and a
threaded terminal to accept a
single wire (long wire) antenna.

Antenna tuners are used to
minimize the effects of swr on
feedlines, and allow a receiver
or transmitter to "“look into” its
design impedance, regardless
of the antenna involved.

The FC-301 has both swr
metering and power output
metering, which is found only
in the highest quality tuners on
the market today.

Priced at $159.00, the FC-301
is available at authorized
Yaesu dealers everywhere.
Yaesu Electronics Corporation,
15954 Downey Ave., PO Box
498, Paramount CA 90723.

HEINEMANN OFFERS
SAMPLE RE-CIRK-IT
PROTECTOR FOR $1.00 AND A
BLOWN FUSE

Heinemann Electric Co. has
announced a program whereby
it will send a sample of its new

Yaesu's new FC-301 antenna tuner.

Re-Cirk-1tR circuit protector,
the modern successor to the
fuse, for a dollar and a blown
fuse.

The Re-Cirk-it protects like a
fuse but is resettable. It is cost
competitive with fuses and
fuseholders, installs in the
same panel space as a conven-
tional 5/8’-diameter fuse-
holder, and is attractive enough
to be placed on front panels.

The Re-Cirk-It protector trips
instantaneously on short cir-
cuits and with delay on sus-
tained overloads. It can only be
electrically tripped, and it can't
be turned off or held against a
fault.

The Re-Cirk-It protector
helps equipment manufactur-
ers and users by eliminating
nuisance service calls due to
blown fuses. For the equipment
user, it ends the bother of find-
ing a fresh fuse and the in-
herent danger that the wrong
size replacement will be used.

The protector is available for
quick delivery in a wide range
of current ratings from 0.25
through 10 A. It is UL-recog-
nized and CSA-approved as a
component protector.

To participate in the special
offer (which runs through
December, 1978), a blown fuse
and $1.00 should be sent to

Heinemann Special Re-Cirk-It
Offer, PO Box CNO01908, Tren-
ton NJ 08608.

For further information
about the Re-Cirk-It protector,
request Bulletin KD-4001 from
Heinemann Electric Co.,
Magnetic Drive, Trenton NJ
08650.

NEW 2 METER
SSB TRANSVERTER
FROM HAMTRONICS

Hamtronics, Inc., announces
a new 2 meter SSB transverter,
just in time for OSCAR mode J
operation. Of course, it may
also be used for mode A and
simplex activity as well. The
new model VX2 transverter is
constructed on a 3 x 7% inch
G-10 PC board. The kit is easy
to build and align, with test
points at each stage.

It is intended for use with 10
meter SSB exciters, but some
have been used with recycled
11 meter SSB units forinex.en-
sive OSCAR operation. Various
frequency schemes are avail-
able to accommodate different
types of exciters. The
transverter requires only 5 mwW
of drive to provide 2 W PEP out-
put. Many of the newer exciters
have a low power output, and

Heinemann’s Re-Cirk-It protector.
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Fake 'Em Out

With Remote Control

— TT-operated control unit
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2736 Woodbury Drive
Burlington NC 27215

You have the repeater’s
squelch threshold set so
that the carrier-operated
switch is operating on less
than 0.1 microvolt. Really
great! You can work the
weak ones and pull in those
mobiles out on the fringe.
Now button the machine up,
lock the lock, and head back
down the mountain. The road
is rocky and bumpy, so be
careful that you don’t punch
a hole in your oil pan. Ride
the brakes, and keep the car
in low gear. As you near
home, you access the auto-
patch to give Honey a call.
The call goes through and
begins to ring. Now, for some
reason, all you hear is noise.
It seems that a station 70
miles away is working
through a repeater 130 miles
away on the same frequency,
and all you hear is noise.

Fig. 2. Dual 3-input sequenc-
er. All gates — SN7400N.



Fig. 3(a). Component layout — DEMUX.
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When Honey answers the
phone, all she hears is noise.
Quickly you touchtone™™
1A3, the noise disappears,
and you hear Honey’s voice.

What happened? Is this
magic? No, it's just the appli-

Fig. 3(b). PC board — DEMUX.

the circuits de-
in this article. The

cation of
scribed
three-digit touchtone code
caused a resistor to be
switched from across the
squelch pot. This raised the
squelch threshold so that it

takes a 0.4-microvolt signal to
operate the COS.

Two circuit boards are
necessary to accomplish this
magic. The decoder/demul ti-
plexer (DEMUX) and the se-
quencer circuit board mas-

ters, parts layouts, and sche-
matics are provided so that
you can duplicate this handy
project.

Decoder/Demultiplexer
The key-pad-to-binary
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converter MC14419 that |
used in the digital autopatch
in the April, 1977, issue of 73
Muagazine is used here, except
that column 4 is inputted
instead of column 2. This
neat trick | owe to Ed Tipler
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Fig. 4(b). PC board — sequencer.

WAG6KYZ. You have ten out-
puts, except that 2, 5, 8 and  will not be decoded in the
0 now represent A, B, C,and case where all numbers (no
D. column 4) are used for your

A 555 timer connected as  sequence, If you plan to al-
a single-shot disables the de-  ways have a fourth-column
coder for 20 seconds so that digit in your code, you could

regular phone number dialing

eliminate this chip. The other
555 timer chip is an oscillator
running at approximately 10
kilohertz, furnishing a clock
to the MC14419.

A row-column match
(both inputs low for 80 clock



Parts List
DEMUX
1 MC14419
2 741504
1 74154
2 555 timer
2 1k, %4 W
1 1 meg, % W
2 .01 uF disc ceramic
1 .1 uF disc ceramic
2 10 uF dipped tantalum
Sequencer
4 555 timer
2 7400
1 7473
4 eg, 4 W
2 10k, % W
4 .01 uF disc ceramic
4 4.7 uF tantalum
2 1 uF tantalum

Parts and circuit boards can be
obtained from O, C. Stafford, 427
S. Benbow Rd., Greensboro NC
27401.

pulses) generates only one
strobe pulse. The 74LS04 is
used as an interface between
CMOS and TTL. This strobe
appears on one of the output
lines of the 74154.

Sequencer

Two of these circuits are
provided per board. If you
need more, just add more
boards. To the input labeled
1, you connect the output of
the DEMUX that you want
for the first digit in your
sequence. The 2 and 3 inputs
are connected similarly. A
pulse on the first input starts
the 5-second timer; a pulse on
the second, if present during
the 5second rundown of the
first timer, causes the second
5-second timer to start. This
enables the third input to
change the state of the J-K
flip-flop and output a strobe
puise. This strobe pulse could

be connected back to the
input of the next sequencer
to implement a five-digit
code. You will notice that a
capacitor to ground and a
10k Ohm resistor connected
to +5 V clear pins 2 and 6 of
the flip-flop. This assures that
the output pins 12 and 9 will
be low after a power interrup-
tion.

Applications

Fig. 5 shows several appli-
cations. Some are general in
nature, and others are more
specific, namely, remote con-
trol of squelch.

Fig. 5(a) is a simple tran-
sistor switch. Punch out the
sequence on your key pad,
and the transistor saturates.
Punch it out again, and the
transistor is off. The addition
of the relay, Fig. 5(b), needs
no explanation. Fig. 5(c) is a
little more sophisticated, as
one sequence is needed to
turn it on and another to turn
it off. This would be useful in
the squelch example, Fig. 6.

There are generally two
ways of setting the squelch.
One is to control the level of
noise, and the other is to set a
dc level. The method used in
your receiver can be deter-
mined by examination of the
schematic or by reading the
instruction book. In the first
case, a higher amount of
noise to the squelch circuit
will yield a higher squelch
threshold. In the dc case, you
may have to get out the old
voltmeter to see how the
thing works. Note the change
in role of the original pot in

(4a) =
4.7k
INPLT O

(8 . —o——0
[E—-—
4.7k
INPUT

STROBE
SEQ. A

c)

CONTROL
—° ouTRuUT

SN?7400N

STROBE ,_

SEQ. B

Fig. 5. General applications.
(a) Saturated switch; (b) Re-
lay control; (c) Strobe from
sequencer “A’ will cause the
output to be high. A strobe
from sequencer ‘B’ will
cause the output to be low.

the case of the noise-adjusted
squelch.

Other applications include
setting the output power
level, starting a recorded mes-
sage, and linking to another
repeater (super coverage!).

It's surprising how much
trouble intermod can be.
Many repeaters are troubled
by this plague, and, until the
culprit can be found and re-
medial action taken, there is a
surprisingly effective cure. A
6 dB pad connected in front
of the receiver will do far
more than a 6 dB reduction
of intermod as you are re-
ducing the “local oscillator”
injection to the nonlinear cir-
cuits in your receiver which

(4} RECEIVER
NOISE

T0
SQUELCH _
POT é* — SQUELCH

CIRCUIT
Vi

(87

RECEIVER
NOISE

SQUELCH
CIRQUIT
T

SQUELCH ;’
POT

—
3

RECEIVER
NOISE

-0 SQUELCH
CIRCUIT
4.7k
CONTROL 0—wA

Fig. 6. (a) Squelch pot con-
trols noise; (b) Squelch pct
controls voltage threshold; (c)
Set pot S-B for maximum
squelch sensitivity. Set pot
S-A for desired higher thresh-
old. Some interaction should
be expected.

are doing the mixing. This 6
dB pad can, in some cases,
eliminate over 20 dB of inter-
mod. Try it, if you don’t
believe it! Now, it won’t do
anything if the mixing is tak-
ing place external to your
system (in a corroded an-
tenna connection, for in-
stance).

How about time or tem-
perature on command? And
better yet, how about your
ideas? Why don’t you share
them with me? If 73 will
print the stuff | send them,
they surely will print your
ideas. Think about it, and
then actonit. ®
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older ones can either be
modified or used with an at-
tenuator to provide the required
drive.

Perhaps the best feature of
this new transverter kit is the
economical price—only $59.95.
Two linear power amplifiers are
available for higher power out-
put. A model LPA2-15 provides
15 W PEP; model LLPA2-70 pro-
vides 70 W PEP output. A
cycolac case is also available

for the transverter and PA as an
option.

For more information, call
(716)-663-9254 or write for free
catalog on these and other VHF
and UHF kits, including
preamps and converters for
OSCAR. Hamtronics, Inc.,
182-F Belmont Rd., Rochester
NY 14612,

MC-3 MOBILE CHARGER
FROM STANDARD
Standard Communications
Corp., announces the availabili-

ty of a mobile-type battery
charger designed for use with
their hand-held transceivers.
The model MC-3 is designed
specifically for charging nicad
batteries of hand-held trans-
ceivers encased by a leather
carrying case.

For complete details, see
your Standard dealer or write to
Standard Communications
Corp., PO Box 92151, Los
Angeles CA 90009.

DESIGN MATETM CASES
OFFER BUILDERS
ATTRACTIVE, INEXPENSIVE
OPTIONS

After long offering a product
line that encourages the
design and development of

new electronic circuits, Con-
tinental Specialties Corpora-
tion now offers the do-it-your-
selfer a place to put them. Their
Design Mate cases are attrac-
tive, inexpensive answers to
housing prototype electronic
circuits.

These are the same cases
that CSC uses to house its
popular Design Mate series of
test instruments. They are
made of high-impact insulated
plastic in one piece. They
feature a slope front panel, a
metal bottom, and include
mounting screws.

There are two models of the
CSC Design Mate case: the

Continued on page 60
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Be Old Fashioned — —

Before You

Buy it
A@um@mm@m Sanpiy

185-191 West Main Street s P.O. Box 88
Amsterdam. N.Y. 12010 Tel (518) 842-8350
Just 5 minutes from N.Y. Thruway — Exit 27

P.0. Box 4430M Santa Clara, CA 95054

Same day shipment. First line parts only. Factory For will call only: (408) 988-1640
tested. Guaranteed money back. Quality IC's and 2996 Scott Bivd.

other components at factory prices
INTEGRATED CIRCUITS
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Sinclair 32 Digit Multimeter
Batt. oper. 1mV and . INA resolution. Re-
sistance to 20 meg. 1% accuracy. Small
portable, completely assem . in case. 1yr
guarantee. Best value ever! $59.95

New Cosmac Super * 60 Hz Crystal Time Base

RCA CMOS expandable microcomputer B Kit $4.75 Converts digital clocks
w HEX keypad input and video output for from AC line frequency to crystal time
graphics. Just turn on and start loading M base. Outstanding accuracy. Kit includes
your program using the resident monitor PC board MMS%GQ crystal, resistors,
on ROM. Pushbutton selection of all four capacitors and trimmer

CPU modes. LEO indicators of current
CPU mode and four CPU states. Single
step op. for program debug Built in pwr
supply. 256 Bytes of RAM, audio amp. &
spkr. Detailed assy. man. w PC board &
all parts fully socketed Comp. Kit
$106.95 High address display option
8.95. Low address display option 9.95
Custom hardwood cab.. dritled front
panel 19.75 Nicad Battery Backup Kit
wiall parts 4.95 Fully wired and tested in
cabinet 151.70 1802 sottware xchng
club. write for info

4K EIf Expansion Board Kii
with Cassette I/F $79.95
Available on board options: 1K super ROM
monitor $19.95 Parallel (/0 port $7.95
RS232 (/F $3.50 TTY 20 ma I/F $7.95
$-100 Memory I/F $5.30

Tiny Basic for ANY 1802 System
Kansas City Standard Cassette $10.00
On ROM Monitor $38.00

Super ENf owners take 30% off
Original Cosmac “ELF” kit
All parts and instructs $89.50
Board only 14.95

Video Modulator Kit  $9.95
Convert your TV set into a high quality
monitor without aftecting normal usage
Complete kit with tull instructions

TERMS: $5.00 min. order U.S. Funds. Calif residents add 6% tax. FREE: Send for your copy of our NEW 1978
BankAmericard and Master Charge accepted. QUEST CATALOG. Include 24¢ stamp.
Shipping charges will be added on charge cards.

Not a Cheap Clock Kit $14.95
Includes everything except case. 2-PC
boards. 6-.50" LEO Oisplays. 5314 clock
chip, transtormer, all components and full
instrucs. Green and orange displays aiso
avail. Same kit w/.80" displays. $21.95

Clock Calendar Kit  $23.95
CT7015 direct drive chip displays date
and time on .6" LEOS with AM-PM indi
cator. Alarm/doze feature includes buz
zer. Complete with all parts. power supply
and instructions, less case

Digital Temperature Meter Kit
Indoor and outdoor. Automatically
switches back and forth. Beautitul. 50"
LED readouts. Nothing like it available
Needs no additional parts for complete
full operation. Will measure 00° to
+200°F. air or liquid. Very accurate
Complete instructions 39.95

2.5 MHz Frequency Counter
Kit Complete kit less case $37.50
30 MHz Frequency Counter
Kit Complete kit less case $41.75
Prescaler Kit to 350 MHz $19.95

NiCad Batt. Fixer/Charger Kit
Opens shorted cells that won't hold a
charge and then charges them up, all in
one kit wiull parts & instruc $7.25

RCA CosmacVIP Kit 249.00

Video computer with games and grap!

‘78 IC Update Master Manual
1978 IC Update Master Manual $30.00
Complete IC data selector 2175 pg. Mas-
ter reterence guide. Over 42 000 cross
references. Free update service through
1978. Domestic postage $3.50. Foreign
$6.00. Final 1977 Master closeout $15.00

Stopwatch Kit $26.95
Full six digit battery operated. 2-5 voits
3.2768 MHz crystal accuracy. Times to
59 min., 59sec., 99 1/100 sec. Times std

split and Taylor 7205 chip, all compo
nents minus case Full instruc. Molded
plastic case with bezel $5.00

Auto Clock Kit $15.95
OC clock with 4-.50" displays. Uses
National MA-1012 module with alarm
option. Includes light dimmer, crystal
timebase PC boards. Fully regulated
comp. instructs. Add $3.95 for beautitul
dark gray case Best value anywhere
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JAN CRYSTALS HOLD
THE FREQUENCY

« CB = General

= CB standard Communication

= 2 meter = |ndustry

= Scanners = Marine VHF

& Amateur Bands ® Micro processor
crystals

|

master charge IEETYPTIMTTIIT)

1ot cariasewe ¢ auo

Send 10° for our latest catalog
Write or phone for more details
,F!,,n‘.N, 2400 Crystal Drive
Ft Myers. Florida 33901
J2 | | all phones (813) 936-2397

ALUMA
TOWERS

VERO BEACH, FLORIDA 32960

MFG’S OF
ALUMINUM TOWERS

* TELESCOPING
(Crank Up)

» WALL MOUNTED

*» TILT-OVER

« GUYED MODELS
(to 100 Ft) h

e o = o o e = ]

Frpr

Excellent for
Ham Communications

[ HIGH QUAUITY — Lo PRICES ]

MADE IN LONG- N
LASTING
NO-RUST

ALUMINUM!

McCLARAN SALES TAKES IN
ANYTHING ON TRADE FOR NEW
ALUMA TOWERS

NEED: Scanners, CB, 2 Meter, Marine
Antiques, Coins,
Ham Gear A47 |
We accept Master Charge & Visa Cards i 1'

FOR SALES & TRADES CONTACT
R.D. McCLARAN SALES

430 Franktyn at Beach
Indialantic, Florida 32903
(305} 723.4793



2 METER
GRYSTALS
MANY
IN STOCK

FOR THESE RADIOS ON
STANDARD ARRL REPEATER
FREQUENCIES

Clegg HT-146 Regency HR-212
Drake TR-22 Regency HR-2B

Drake TR-33 (rec only) Regency HR-312

Drake TR-72 Regency HR-2MS
Genave S.B.E.

Heathkit HW-2021 Sonar 1802-3-4, 3601
{rec only) Standard 146/826
Heathkit HW-202 Standard Horizon
Swan FM 2X

Tempo FMH
Trio/Kenwood
Trio/Kenwood TR2200
Trio/Kenwood TR7200

lcom/VHF Eng
Ken/Wilson
Lafayette HA-146
Midland 13-505
Regency HR-2

$3.95 EACH — IN QUANTITIES
OF 10 OR MORE, $3.50 EACH

Certified check or money order only —
NO CODs

ROLIN DISTRIBUTORS
P.O. Box 436
Dunellen NJ 08812

(201)469-1219

2_METER
LE

AT-200 Antenna Matcher

Use your car's AM/FM antenna for
your 2-meter mobile rig.—Eliminate
the two-antenna tip-off to thieves,
without the nuisance of hideaways.

Save the cost of a 2-meter mobile
antenna

AT-200 tunes from the front panel
for maximum output, minimum
VSWR (1.2:1 or less for most car
antennas)

$24.95 at your B&W dealer.

Made in the U.S.A. by @

Barker & Williamson, Inc.

/

T R XK KRR KR

/

Rohn is the TOWER FORCE when it comes to
building towers — look at the BX Towers
and you'll see why . . .

B HDBX Towers will hold up to 18
sqg. ft. antenna capacity.

B Due to design, BX Towers hold
greater antenna loads than
competitive models.

B Can be assembled on the ground and
hinged up or built vertically,
section upon section.

B Shipped nested

B Fabricated in U.S.A.

Check out the ROHN TOWER FORCE, you'll be
glad you did!

6 Unarco-Rohn

6718 West Plank Road PO Box 2000

10 Canal Street, Bnistol, PA 18007 ga3

Iron Powder and Ferrite

TOROIDAL CORES

Wide selection ~ Large stock
Fast, one-day service
Technical data with each order
Write for free Tech-Dafa-Flyer

AMID N

91607
In Germany: Elektronikladen, Wilhelm - Mellies Str. 88

12033 Otsego Street, North ywood Callf

4930 Detmold 18, West Germany. a2e
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Allan S. Joffe W3KBM
1005 Twining Road
Dresher PA 19025

Now —

A Digital Capacity Meter!

—simple construction project

here are many means of

taking the measure of a
capacitor. For the range of
capacitors that the instru-
ment to be described can
handle (approximately one
microfarad to 99,900 micro-
farads), the best method to
refer to is time versus voltage.
Mother Nature and science
reached a detente relating the
charge or discharge of a
capacitor versus time for the
charge or discharge to reach
some specific limit. The
charge limit reaches 63% of
the applied voltage in RC
seconds, where R is in
megohms and C is in micro-
farads. Thus, if you were to
apply exactly ten volts to a
capacitor which you made
sure was totally discharged,

through a resistor of 1
megohm, and you monitored
the voltage rise across the
capacitor with a voltmeter
that did not load down the
circuit, you could use a stop-
watch to time the number of
seconds it took for the
voltage to hit 63% of 10
volts, or 6.3 volts. It is easy
to see that a 1-microfarad
capacitor would time out at 1
second and that a 100-micro-
farad condenser would time
out at 100 seconds.

You could work the same
general method using the
discharge curve, but your
point of measurement would
be when the voltage had
fallen 37% from a fully
charged capacitor. Herein lies
the rub, for it is much harder

Photos by WA3PTC

to tell when a capacitor is
fully charged than fully dis-
charged. It takes about six
RC time constants for a
capacitor to charge to about
99% of final full charge, so
you would have time to read
the paper if the capacitor
under discussion was a
92,000-microfarad unit from
your favorite computer.

Fig. 1 diagrams the basics
required to translate the time-
versus-voltage method of
capacitor measurement into
terms of electronic hardware.

Fig. 2 is the schematic
diagram of the actual unit,
which works as follows:

Note the ‘‘Function”
switch S-1-a, 1-b, 1-c (three-
pole, double-throw). In the
Off position, this switch per-
forms the following three
tasks:

1. It provides a short across
the capacitor connected to
the test leads so that you
start out with a fully dis-
charged capacitor.

2. 1t blocks the flow of 60
Hz timing pulses to the
counting system, which
consists of a squaring circuit
followed by a divide-by-six

counter which produces
10-Hertz pulses.
3. It makes the reset

terminals of the three 7490
decade counters HIGH, which
is the condition required to
make the three-digit display
show all zeros prior to
making a count.

In the Test position of this
switch, the following condi-
tions prevail:

1. The short is removed from
the capacitor under test, and
it is connected to the
measuring circuitry which
starts out basically with the
range switch S-2 (one-pole,
four-positions) and the 741
op amp used as a comparator.
2. It connects the 60 Hz
timing waveform to the sine
wave squaring circuit which
uses two sections of the 7408
AND gate package.

3. It puts a ground on the
7490 reset line so that the
counters will now be enabled
to count.

Switch S-2 is the range
switch, giving scaling factors
of one, ten, one hundred, and
one thousand. The zener-
regulated nine volts positive is
applied to the capacitor
under test through one of
these range resistors. Notice
that the inverting input of the
op amp is connected to a
positive voltage through a
voltage divider. Under con-
ditions where the positive
voltage to this input is greater
in magnitude than the posi-
tive voltage applied to the
noninverting input, the
output of the op amp (pin 6)
is highly negative. When the
charging voltage of the
capacitor under test reaches
and just slightly exceeds the
reference voltage on the
inverting input, then pin 6
(output) goes highly positive.

In this fashion, by chang-
ing output polarity, the com-
parator gives a fixed point in
time when the charging
voltage just exceeds the
reference voltage applied to
the inverting input of the op
amp.

Now all you have to do is
provide a means of automati-
cally starting a ‘“clock”
coincident with the start of
the charging cycle and use the
flip-flop of the comparator to
stop the clock. Then the
capacity of the unit under
test is merely the multiplier
of the range switch times the
number of full and fractional
seconds shown on the three-
digit readout.
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Fig. 1. Basic concept of capacitor measurement using time

versus charging voltage rise,

Tackling the bits and
pieces of how this all
happens, consider the output
swing of pin 6 of the com-
parator. |t goes from approxi-
mately minus 8 to plus 8
volts in the course of normal
operation. The function of
Q1 (2N3904) is to convert
this voltage swing to standard
voltage levels acceptable to
the TTL logic blocks used in
the unit. In addition to this
interfacing function (the only
buzzword so far), the output
from the collector is inverted
in polarity, which you will
see is needed to fit the rest of
the circuit functions.

Since the timing chain
starts in the power supplies,
Il say just a word about that
here. The 5-volt supply is run
of the mill with a 1-Amp
capacity regulated by an
LM309K. You can lash up
any kind of a plus and minus
9-volt supply you care to for
the op amp, but it must be
zener regulated, at the least.
From the transformer for this
split supply, you need to pro-
vide a source of 60 Hz voltage
from a voltage divider (1.3 to
1.5 volts ac), the only proviso
being that the leg of the
divider to ground should be
about 1500 Ohms or less.
This is so the squaring circuit
which is next in line sees a
reasonably low impedance.

The low-voltage ac goes to
the two sections of the 7408
through a diode. The output
amplitude is a rather decent
60 Hz square wave, about
four volts in amplitude. This
square wave is applied to the

divide-by-six section of a
7492, which results in a 10
Hz output.

The digital readout section
consists of three 7490 decade
dividers, cach of which is
connected to a 7447 seven-

segment decoder driver. If
you skip over some of the
intermediate control circuitry
and merely connect the 10
Hz to this three-digit divider/
display chain, the display
would consist of the right-
hand digit showing tenths of
seconds, the middle digit
showing unit seconds, and the
left-hand digit showing tens
of seconds.

Now let’s backtrack and
see how to connect the leg
bone to the ankle bone. You
now have the comparator, the
range switching, and the
2N3904 interface, and all you
have to do is use it to stop
the clock when the charge on
the capacitor under test
reaches the comparator refer-
ence voltage.

Interpose some logic
circuitry between the 10 Hz
pulses from the 7492 and the
three-digit counter display as
follows. A third section of
the 7408 AND gate package
is used as a gate. One side of
this gate is fed by the 7492
with its 10 Hz output. The
second input to this gatc is a
series chain of the output of
the 2N3904 feeding into a
7474 D-type flip-flop used as
a synchronizer. The output,
Q, of this flip-flop then goes
to the 7408 section being
used as a gate.

The 7474 makes sure that
you always get a full final
pulse or count through the
gate no matter when the
comparator triggers at the
end of the mecasuring cycle.

Note that its clock input is’

fed from the 10 Hz source.

Now let’s take a quick trip
through the whole shebang to
see what happens when you
measure a capacitor.

Suppose you have an
electrolytic which is marked
6 uF, and you want to check
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Fig. 1. (a). Basic translation into electronic hardware.

it. With the function switch
in the Off position, you con-
nect the test leads to the
capacitor, being careful to
observe polarity. The test
voltage does not exceed 5
volts. In passing, if the
capacitor has not been in
service, take the time to form
it for a few short minutes at
near its rated voltage, or your
reading can be way out of the
ball park.

Set the range switch to
Times One, as this will
basically measure up to 10
uF, which will be shown by a
readout of 10.0 (this range
will really go up to 99.9 uF,
but it will take 99.9 seconds
to do so, which makes
another range more logical
for a larger capacitor).

When you throw the func-
tion switch to Test, things
begin to happen. The short is
removed from the capacitor,
and it begins to charge. The
60 Hz is squared up and
divided by six, feeding the
gate and the synchronizer.

The 7490 counter chain has
had its reset bus grounded so
that it can count any pulses
coming its way. The output
of the op amp is now highly
negative, making the collector
of the 2N3904 high (positive
5 volts). This high is applied
to the D-input of the 7474,
and the first low-to-high
transition of the 10 Hz signal
applied to its clock input
causes its Q-output to go high
(and stay high). This TTL
high is passed to the clock
pulse gate, causing 10 Hz
pulses to be passed to the
7490 divider/readout chain,
and the readout begins.

When the charging cycle
finishes, tripping the com-
parator output positive, this
makes the collector of the
2N3904 go negative. On the
very next low-to-high transi
tion of the 10 Hz clock which
is applied to the 7474, the Q
of this flip-flop goes low,
which shuts off the time

pulses to the 7490 count/
display

chain. Now you
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Fig. 2. 5-1 shown in Off position. S-2 shown in Times-One position.

merely multiply the range
switch setting by the
indicated time on the display,
and you have your capacitor
measured.

Now for a few notes on
calibration: The range mul-
tipliers are in decade ranges
of one, ten, one hundred, and
one thousand. As noted on
the schematic, the resistor
values for these ranges are
one megohm, 0.1 meg, 10k,
and Tk. Five-percent resistors
will do a decent job, but 1%
resistors are preferred for
aesthetic reasons if not for
practical ones. Electrolytics
are generally anything but
what is marked on the pretty
package, generally erring
heavily on the high side of

what you think you bought.
Oil-filled or large paper caps
are generally truer to the
mark, but, like all gen-
eralities, this can lead you
astray. To start, let’s assume
that you have one favorite 5
uF oil-filled capacitor that
you know is on the money
(you checked it in the well-
equipped CB shack of the guy
next door). Connect it to the
machine (ignoring polarity, as
it is not electrolytic), and
start a testing cycle naturally
using the Times-One range
(one meg). If you have
started out with the variable
element of the voltage divider
feeding the inverting input of
the op amp set to the middle
of its range, you will prob-

ably be close to the mark.
Adjust this variable trimmer
resistor on subsequent timing
cycles until the display agrees
with your known value of
capacitor. Be sure that you
have the function switch in
the Off position at least
thirty seconds between suc-
cessive measurements on the
same cap to guarantee that it
is once again discharged. |f
you do not, then your
readings will vary. This is the
entire calibration effort, for,
if your range resistors are on
the money, then the other
ranges should be in good
shape.

As you can see, my copy
was built on perfboard (4.5
by 6 inches). If you are sharp,

as you gaze you will see that
the board is one IC short.
When WA3PTC takes
pictures, you have to be
ready when he is, and | was
not quite all there.

A good quality multi-turn
trimmer resistor is a must for
the calibrating pot. Anything
else will lead to frustration.
There is nothing magic about
the plus and minus 9 volts.
My particular zeners came

out at 8.8 volts, which
worked fine.

The choice of readouts is
optional. | wused RCA

DR2000 incandescent units,
as Herback and Rademan was
selling out some readout kits
from RCA at an unreal $2.00
per digit, including PC board
and decoder/driver IC. As
shown in the diagram, | am
feeding the segments through
a diode to lower the 5 volts
to about 4.2 under load. This
way, the life is extended.
LED readouts are perfectly
acceptable according to
personal taste; it just means
that you have to add the
usual current-limiting re-
sistors to the circuitry.

| used TTL logic because |
had it on hand. There is no
reason why CMOS, with its
much lighter current drain,
could not have been used.

An open capacitor will
show no count; a shorted
capacitor will make the
display count forever. This is
handy, as it gives you a clock
that counts up to 99.9 sec-
onds for timing any event in
that range. It could have a
darkroom spin-off for you
photo buffs out there. m

New Products

from page 55

DMC-1 measures 6.75" x 7.5”
with a height that slopes from
1.5 to 3.25"; the DMC-2
measures 5.63" x 6.0"” with a
height that slopes from 1.5” to
3.0".The DMC-1 weighs 12 ozs.,
the DMC-2 10 ozs.

The DMC-1 is priced at $6.95.
The DMC-2 is priced at just
$5.95. For further information,
contact Continental Speci-
alties Corporation, 70 Fuiton
Terrace, New Haven CT 06509.
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PALOMAR PTR-130K
TRANSCEIVER BRINGS
SPACE TECHNOLOGY TO
CONSUMER ELECTRONICS
FIELD

The Palomar PTR-130K is the
tirst completely multifunc-
tional transceiver ever made
available to the public. It incor-
porates features from the outer
perimeters of logic technology.

The Palomar PTR-130K is a
miniaturized mobile trans-
ceiver capable of operating in
100 cycle resolution from 100

kHz to 30 MHz in all modes of
transmission and reception. In-
stant frequency selection is
available at the touch of a
finger.

The Palomar PTR-130K’s
unique 100 Hz frequency syn-
thesizer with 5 kHz reference
does not use D/A converters as
do most amateur rigs claiming
100 Hz synthesis.

Its exclusive rf compressor
effectively increases transmit-
ter output by 12 dB (16 times).
Two cascaded Collins mechan-
ical filters provide superior
receive selectivity, with a
typical shape factor of 3 dB/60
dB 1:1.25.

Yet all this and much more is
packed into a small, 6%2" x

2Y2" x 8” package.

The Palomar PTR-130K is the
latest in a long line of in-
novative electronics products
from Palomar Electronics Cor-
poration, 665 Opper Street,
Escondido CA 92025.

CSC PROTO-BOARD(R)
PB-6 SUGGESTED AS
ENTREE TO SOLDERLESS
BREADBOARDING

For those interested in get-
ting their feet wet in solderless
breadboarding without wring-
ing their wallets dry, Continen-
tal Specialties Corporation
recommends_their Model PB-6
Proto-Board(R) Kit, a low-cost

Continued on page 123



Regardless of your original reasons
for becoming a ham—you want your
hobby to be a source of pleasure.
Whether you are a DX'er, Rag Chewer
or OSCAR freak, you want the greatest
enjoyment your budget and available
time will permit. Clegg can help you
get the most from your hobby!

To assure receiving the best "enjoy-
ment/dollar’” ratio here are several
factors to consider
when purchasing |
your new rig—

Choosetheright
piece of equip-
ment for your
specific operating
preference! The
best gear for the
fellow down the
street who spends
all his operating
hours rag chew-
ing on 3999 may
not be the best se-
lection for you.

Selectthe leader
best prepared and
dedicated to keep-
ing you satisfied
with your pur-
chase — from the
moment you un-
pack your new
equipment on

9 - r"["“— T

Mn\m.

HAM RADIO

through the many years you’ll be
operating it.

Clegg stocks most leading brands
of ham equipment and accessories.
Like DRAKE, DENTRON, KLM, YAESU,
ALPHA, WILSON, ICOM and KEN-
WOOD rigs. Mosley, Hustler, ASP,
KLM and Cushcraft antennas. Plus
MICRO-MODULE and MF]J accessories.
Naturally we feature the Clegg pro-
prietary line of
VHF transceivers
and accessories.
But we are at your
service no matter
what brand you
choose.

It enjoyment,
dollar value and
service are impor-
tant to you — then
talk to the pro-
fessionals at
Clegg. Telephone
toll-free  1-800-
233-0250. In
Pennsylvania call
collect - 717-299-
7221.CleggCom-
munications Corp,
1911 Old Home-
stead Lane, Green-
field Industrial
Park East, Lancas-
ter, PA 17601.

e

S

IS FOR YOUR ENJOYMENT!

Clegg offers you three options when you purchase a major piece of ham gear.

1) Prior to shipping we unpack your unit and compare its performance with the manufacturer’s specifications. If any
deficiencies are found they are corrected before the unit is shipped. In this way you are assured of avoiding the disappoint-

ment of having a “'sick’’

radio when you unpack the carton. We offer this

*Pretest Plan’’ instead of a price discount and

strongly recommend this option on complex equipment like transceivers.
2) 1f you prefer to purchase for price, we offer reasonable discounts on most equipment. We ship you a unit in its fac-
tory sealed carton directly from our stocks. Should you encounter problems with the equipment, you will still receive fast

service under the terms of the manufacturer’s warranty.

3) For the perfectionist we perform a complete laboratory check-out of your purchase and record all measurements of
sensitivity, selectivity, spectrum purity, power output and other important data. Trained technicians make a thorough
realignment to assure maximum performance. All test results and records are provided to you. Naturally, this service is
costly and offered at a surcharge over the list price of the equipment. However, you are assured that your purchase is not
only free from problems but measures up to the operating standards the original design engineer intended.

FOR RELIABILITY  c3
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Gary McClellan
Box 2085
La Habra CA 90631

DMM Survival Course

— “all” about using
digital multimeters

f you are one of the great

many people who have
bought a digital multimeter,
congratulations! That digital
multimeter will do much in
the way of simplifying your
measurement chores and,
hopefully, make ham radio
more fun. But, like most
pieces of equipment, the
digital multimeter has its own
pecufiarities, some of which
may not be fully discussed in
the owner’s manuai. Your
digital multimeter (hereafter
DMM) can lie to you and give
inaccurate readings consis
tently if you misuse it. And,
worse, it can be damaged if
misused.

It's awfully tempting to
write a long list of dos and
don’ts at this point, but not
everything | have to say will
fit neatly into a do/don’t
chart. | would suggest starting
with these basics:

First, check over your test
leads, especially if you are
ysing ones from your shop
that didn’t come with the
DMM. Check for broken
insulation and broken con-
nectors; if you find any, re-
place, replace, replace. | have
found that quite often people
try to ‘‘get by"” with
ratty old test leads, and that
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can be dangerous. To this
end, we at Gary McClellan
and Company supply gratis a
set of test leads with our 101
DVOM. There’s no sense in
taking chances with a set of
bad leads. So, if you are
getting a new set, what kind
of test leads should you get?
Get one with an insulated
alligator clip and the other
with a standard test prod.
The leads should be about 3’
to 4’ long, with shorter
lengths desirable (reduces
noise pickup).

Now for some general
operating hints: Surprisingly,
a good many manufacturers
of DMMs do not take the
time to talk about using their
products. So, as a result, you
are assumed to be proficient
at using DMMs, and that is a
huge mistake. First, let’s look
at the basics A DMM
operates just like an analog
VOM or VTVM, for the most
part. You select the function
you want (ac/dc volts or cur-
rent or Ohms). Then you
select the range you want to
match what you are mea-
suring. If you don’t know the
voltage, current, or resistance
in the circuit under test, you
always start at the highest
range and work down

through the ranges until you
get a good strong reading
(ideally, midscale on an
analog meter). You use your
DMM the same way, but
written between the lines is a
lot to go wrong with your
meter.

The first place you must
watch is when you change
functions. Always change
functions before making any
measurements. There are two
reasons. First, in some
meters, you can jolt the
Ohms section with a voltage
or current strong enough to
damage it. And second, if
your meter has push-buttons,
you can nudge several at one
time, applying destructive
voltages to several parts of
the meter. Blowing, say, the
Ohms section and the ac volts
section is not funny. This is
why we use a quality rotary
switch in our instrument to
lessen the chance of multiple
damages. But never switch
functions when measuring a
live circuit. You can switch
from resistance to volts (and
vice versa) in a dead circuit
and then power it up, but
even this is not wise.

Another thing you must
be especially careful of is
changing ranges. On a meter

with push-buttons, this is
especially important because
you can press several on most
meters and that means
trouble. It is wise to select
the highest range, measure,
remove probes, select range,
etc., procedure when
measuring volts and current. |

strongly recommend re-
moving the leads and
selecting range, especially

when measuring high voltages
(1 kV or so) or any current.
if you don’t, you may have
destructive arcing inside an
attenuator resistor or at the
switch contacts. Arcs are also
murder on the CMOS cir-
cuitry used in modern DMMs,
Need | say more? You can
safely change ranges when
measuring resistance without
lifting the probes, however.
But be careful when measur-
ing voltage and current.
Always think safety when
using a DMM. Nowadays, you
don’t see a lot of high-voltage
gear, but, nevertheless, it’s
there in linears and TV sets.
Don’t ever rush a measure-
ment on one of those high-
voltage circuits without
taking some precautions.
Make sure your meter can
read the voltage you are going
to measure (most DMMs will
read up to 1200 volts dc and
750 volts rms ac). If not, get
a high-voltage probe for your
meter. The Heath [IMA-
100-10 probe will let you
safely measure up to 30 kV.
You should always connect
the probe to the equipment
and then apply power and
check the reading. If you
can’t do it this way, keep one
hand in your pocket when
measuring. Also, it is wise to
have a rubber mat in your
shop — especially if you work
in a damp basement. Stand
on it when working with high
voltages. As for the meter, tie
the ground lead to the ground
or common input jack, even
if you are measuring negative
voltages. In some meters, the
metal case is tied to the
gnd/com jack, and that can
be hazardous. In general, use
common sense when using a
DMM, and use it safely. And
don't place it on a high shelf



where you can pull it off by
the leads and get beaned or
have it fall into a piece of live
equipment.

Now that we have looked
at some general stuff, let’s
look at a few specifics. These
are things that will cause
errors in your readings, some
of which can be amazingly
consistently wrong. Surely,
by now, most peorle believe
that a digital readout can lie
just as well as an analog one
can. Yet, at one time, there
were folks who believed that,
if it’s digital, it must be right.
This was especially true with
digital clocks, which look
super accurate, but, of
course, can be super accurate
if you subtract, say, 5
minutes. DMMs are like that,
and the voltages, currents,
and resistances they measure
can throw you off if they are
not pure dc, ac, or resistive.
Also, the meter has tolerances
that add to or subtract from
the readings.

Let’s look at instrument
tolerances first because they
are easier to understand.
Your meter has what s
known as a “basic accuracy”
spec, or the best accuracy
spec of the meter. This is
always the dc volts function
and usually the lowest range.
Typical basic accuracy is on
the order of 0.1% t 1 count.
A “count” is plus/minus a
‘1" added/subtracted to the
farthest right-hand digit. So
say you are measuring 1.500
volts. You have an accuracy
of plus/minus 0.002 volts
(1.5 x 0.1%), or a range of
readings of 1.502 V (+ 0.1%)
to 1.498 V (- 0.1%). Then
add the 1 count accuracy
spec, and you get 1.503 V,
1.501 Vor1.499V, 1497 V.
So, you see, these specs add
up. For best accuracy, always
try to fill up all 3% digits
with numbers, for the more
numbers you show, the
greater your accuracy. A
reading of 1.500 read on your
DMM’s 2.volt range can be
more accurate than a reading
of 01.50 on your meter’s
20-volt range. Keep this in
mind; it also holds true on ac
and Ohms functions.

v

CONSTANT
CURRENT
Al SOURCE

{ % DVM
RX  GROUND 0-2v
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Fig. 1. Basic Ohms circuitry.

The constant current source
is very vulnerable.

The ac section of your
meter adds some error to
your measurements, above
the basic accuracy of your
DMM. The ac accuracy is the
basic accuracy plus the ac-
curacy of the ac/dc converter
in your meter. The number is
always larger than the basic
accuracy. Your meter will
probably have an accuracy of
+0.5%, provided that you are
measuring a low-distortion
sine wave and are within the
frequency response limits of
your meter. This is very
important because waveform
and frequency have a power-
ful effect upon your accu-
racy. Also, noise pickup will
raise hob with your readings.
For best results, measure sine
waves (note that some
manuals give correction
charts for other waveforms —
these are usually the better
meters) of low distortion of
1% and under. Stay within
the maximum frequency
limits — well within them.
Use shielded cable to cut
noise pickup when measuring
signals either from high-
impedance sources (100k and
up) or on signals below 1
volt. Measure ac signals this
way, and you should get the
best accuracy from your
meter. So how do you deter-
mine a low-distortion wave-
form? Check with a scope if
you have one handy. A rule
of thumb: Don’t trust any
signal dirtier than the ac
power line. The frequency
response limits should be
stated in your manual; if not,
assume about 50 Hz to 1
kHz. Most meters will go
from 30 Hz to SkHz with full
accuracy, and some will go to
100 kHz with reduced input
voltage and reduced accuracy.

Your Ohms section also
adds error to the basic accu-
racy of your meter, but there
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Fig. 2. Ac or dc volts input circuitry. The resistor and diodes
on the op amp are protection circuitry.

aren’t as many sources of
error as the ac volts function.
The main things you need to
concern yourself about are
that you never apply voltage
to the Ohms circuit and that
you try to get as many num-
bers as possible displayed for
greatest accuracy. Remember
that a reading of, say, 1.200k
is better than 01.20k because
it is less susceptible to the £ 1
count error and the Ohms
accuracy. If you are making
in-circuit measurements,
watch out for semiconductor
junctions, which can be
turned on by the ohmmeter.
Some DMMs put as much as
15 volts on the part under
test. If you get strange read-
ings, disconnect one side of
the part and then check its
resistance. On very high-
resistance measurements, you

may discover that the read- -

ings jump around quite a bit.
This can be caused by several
things, but it is mainly due to
hum pickup on the leads.
Either tie a 0.05 uF capacitor
(use mylar) across the leads,
or plug the part directly into
the front panel jacks. You
will notice this on the 2-meg
and 20-meg ranges, and it can
be quite annoying. The cure
is simple.

Finally, there are the cur-
rent ranges. The accuracy of
most low-cost DMMs is a
joke, with 1 to 5% being
typical. We deliberately left
off current ranges on our
Gary McClellan and Company
101 DMM because we
couldn’t get good accuracy at
low cost, which reflects
poorly in terms of the other
accuracy specs of an other-
wise high-quality meter. So,
when you measure current,
your analog meter may be
more accurate.

Here are a few tips for
measuring current: Always
use a range higher than the
current you are going to
measure. Never change ranges
while you are measuring cur-
rent. You may damage
(pitting of contact surfaces)
your DMM’s switches. If you
are measuring current, check
to be sure that your circuitry
is working properly. Drops
through the meter (known as
“insertion loss’’) will some
times kill your circuitry. This
is especially true with TTL
logic. Some meters drop 2
volts with 2 Amps, and that 2
volts will stop your TTL dead
in its tracks. If this happens
to you, put your meter on 2
volts ac/dc and measure the
drop across a 0.1-Ohm,
10-Watt resistor. A reading of
0.200 is 2 Amps, of course.

You should be aware that
terrible things can happen to
your meter or equipment if
you seriously overload your
meter. Personally, my big sin
is putting voltage on the cur-
rent shunts of my laboratory
meters; the result is usually a
blown fuse in the meter.
However, others are
not so lucky. You can very
easily avoid damage to your
meter simply by not rushing.

Most overloads do not
damage your meter. But,
nevertheless, there are several
ways to kill a DMM, so let’s
look at them. The Ohms
function is vulnerable, with
the bottom range being the
most vulnerable (usually 200
Ohms or 2k Ohms). The most
current is available on these
ranges, and that is difficult to
protect. Believe me, the
Ohms protection circuitry is
one of the big things that
separates the wunder $100
meters from the over $300
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instruments. The protection
circuitry in the expensive
meters is costly and often
complex, often more so than
the circuitry being protected.
Fig. 1 shows the basic Ohms
circuit; voltage applied to the
input usually takes the con-
stant current source in a puff
of smoke. In our meter, we
use an expendable resistor. If
it blows, the other ranges stay
unharmed and perfectly
usable. One outfit uses an
SCR crowbar circuit, shorting
the Ohms jack and hopefully
blowing a 2-Amp fuse inside
the meter. This meter can
cause extensive damage to the
equipment you are measur-
ing, so be careful.

Needless to say, never,
never put any voltage on your
meter while it is in the Ohms
function.

The ac/dc voltage ranges
are pretty well protected in
most DMMs by diode/resistor
clamps, so it is not always
that you can blow up these
parts of your meter. Fig. 2
shows a typical input circuit.

However, very high voltages
or pulsed voltages can raise
havoc with your DMM. Never
exceed the maximum ac/dc
voltage ratings of your meter.
If necessary, get the Heath
high-voltage probe mentioned
earlier. On most meters, this
means 750 volts rms ac and
1200 volts dc. If you exceed
these ratings by much, you
risk arcing inside the DMM
switches and range resistors.
If you arc much inside a
range resistor, you change its
value permanently. Watch
that voltage. TVs are murder
in this respect; they have
many relatively low voltages
with very high pulses present.
If the schematic says, “Do
not measure,” believe it. The
same is true with rf fields.

The current ranges don’t
need too much comment.
Just be sure to never exceed
the ratings of a range, other-
wise you may ‘‘strain’’ a re-
sistor. Don’t try to measure,
say, 2 Amps on the 20 mA
range.

Why all the comments on
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overload? Simple. Today, if
you damage a piece of equip-
ment, it goes to the factory.
With a DMM, it not only gets
fixed, but recalibrated as
well. And that usually goes
for kit DMMs, too. | may be
overstating my case, but a
little careful use of your
DMM can save grief. DMMs
are getting better and tougher
to blow up, but you can still
do it. They are a little easier
than a VOM to damage right
now. Be reasonably careful
and you won't have any prob-
lems.

DMMI?

Strange as it may seem,
DMMs can cause RFI prob-
lems. This is especiaily true of
the ones with plastic cases.
You may have discovered this
problem already if you work
on sensitive communications
equipment. Just clipping the
ground lead to the chassis of
an HF receiver or transceiver
is often enough to create a
loud broadband buzz in the
speaker. This is primarily

The LEADER
In the

COMMUNICATIONS  ass

orthwest!

ATLAS e ICOM e KENWOOD e YAESU

Yaesu FT-301D — $935.00

caused by the multipiexed
display in the DMM, and the
noise floats down the test
leads. Unlike these instru-
ments, the Gary McClellan
and Company model 101
DVOM uses both a metal case
and a direct drive display,
making repair of communica-
tions equipment possible with
less noise pickup. If you have
encountered this problem,
your best recourse is to use a
regular analog VOM or
VTVM, leaving the DMM for
less critical chores. You can
certainly use that noisy DMM
for a signal generator if you
wish. Besides us, B and K
Instruments is now paying
attention to this problem by
metal coating the inside of
the case to cut radiation.

That just about does it for
using a DMM. As you have
read, it’s not really so hard to
use, and, if you pay just a
little attention to the pecu-
liarities of the DMM, vyou
should be rewarded with the
best accuracy your unit has
to offer. m

\

FT-101E $799.00
FT-101EE $759.00

TO PLACE ORDER
CALL TOLL FREE
IN STATE OF WASH.

17550 15th Ave. N.E. ® Seattle WA 98155 @ (206) 364-8300
Other locations: (Walk-in customers only) ® Bellevue — 12001 N. E. 12th ® Everett — 6920 Evergreen Way ® Open Mon. thru Sat.

1-(800) 562-7625
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AT LAST! For the amateur

on the move— The BRISTOLQEU

HAM-10 and HAM-100 MOBILE

TRANSCEIVERS

Bristol is pleased to announce the first low cost channelized
mobile transceivers designed and engineered exclusively for
use in the 10 METER BAND.

Brought to you by the people who provide the world with
the famous military manpack radios.

For the first time anywhere, 10 METER BAND CHAN-
NELIZED MOBILE TRANSCEIVERS are available at
popular prices. There are no comparable mobile units which
CAN TRULY CLAIM all of these additional features:

® Available in 2 models

HAM-10 — Low power — 10 watts SPECIFICATIONS
HAM-100 — High power — 100 watts and 10 watts Frequency .................. 28.965 to 29.405 MHz
© 40 channels selected in the least-used portion of the band | | Chappess. .. ................................. 40
(with channel 40 overlap to hear 0SCAR in the future.) Receiver Sensitivity . ............... 0.7 uv for 10 db
o Ultra-low spurious emissions to prevent RFI & TVI. S+
o Bristol’s patented Phase Lock Loop frequency synthe-
sizer* for precision frequency control. . N
@ Selectable transmit power Capablllty — 100 watts for MOdll‘/atlon. R LR AM
extended range or 10 watts for short range — at the flick Spurious Signal Suppression . . . .. ..... more than 60 db
of a switch! Harmaonic Signal Suppression . . . . ..... more than 45 db
o Lightweight & compact. Input Power:
e 100% solid state design for improved reliability. HAM-100............ 13.8 vdc, 0.5A Rec. 8.0A Tx
e External jack for a speaker. HAM-10. ............ 13.8 vdc, 0.5A Rec. 1.5A Tx
e Automatic Noise Limiter to reduce engine and atmo- Dimensions:
spheric noise. . HAM-100 . .............. 6.5Wx24"Hx9.757D
e Delta tune adjustment to tune in other operators who are HAM-10 . .. .. 6.5 Wx24"Hx 7.75"D
off frequency. el } . .
o S/RFP meter, LED modulation indicator, squelch con- HA/W 100 450
trol, all mounting hardware, microphone, and more. BAAEEEEEA - 1S
® Full factory warranty & service backed up by RF HAM-TO . ..o 3.5 lbs

engineers and skilled technicians.

FOR A LIMITED TIME ONLY — BY MAIL ORDER DIRECT FROM THE FACTORY

HAM-10 — only $149.95 HAM-100 — only $264.95

Please enter my order for Bristol HAM Transceivers:
( ) HAM-10(s) @ $149.95 Total Price

Allow at least three

( ) HAM-100(s) @ $264.95 Total Price —— (3) weeks for delivery
Add $2.50 for shipping and handling. (Mass. residents add 5% sales tax).

Check or money order enclosed. OR .. ..

Charge my VISA or Master Charge No. DJOOO00O0O000000000000 Bank No.

Signature _ _ NO COD's PLEASE
NAME _ CALL
STREET —

CITY OR TOWN STATE Zip

BRISTOL ELECTRONICS, INC.DE oot

651 ORCHARD ST, NEW BEDFORD, MA 02744 (617) 997-3181 TELEX 929421

Makers of digital depth indicators, VHF-FM transceivers, wind instruments, knotmeters, and

the famous U.S. Army field radio.

B24
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FCC

PART 2—FREQUENCY ALLOCATIONS
AND RADIO TREATY MATTERS;
GENERAL RULES AND REGULA-
TIONS

PART 97—AMATEUR RADIO SERVICE

Prohibiting the Marketing of Externol
Radio Frequency Power Amplifiers
Capoble of Operotion on ony Fre-
quency From 24 to 35 MHx ond Re-
quiring Type Acceptance of Equip-
ment Marketed for Use in the
Amateur Radio Service

AGENCY: Federal Communications
Commission.

ACTION: Final rule.

SUMMARY: This doctment requires a
grant of type acceptance from the
Commission prior to the manufactur-
ing or marketing of any external radio
frequency power amplifier in the Ama-
teur Radio Service and requires that
any external amplifier not be capable
of operation in the frequency range of
24 to 35 MHz. This actlon was taken in
response to the large number of ampli-
fiers currently being produced for il-
legal operation in the Citizens Band
Radio Service and by unlicensed oper-
ators. It should reduce the avallability
of this equipment to these operators
and therefore will result in a substan-
tial reduction of interference to other
users of the radio spectrum.

EFFECTIVE DATE: April 28, 1978,

ADDRESS: Federal Communications
Commission, Washington, D.C. 20554.

FOR FURTHER INFORMATION
CONTACT:

John A. Reed, Office of Chief Engi-
neer, 202-632-7093.

SUPPLEMENTARY INFORMATION:
Adopted: February 16, 1978. Released:
March 20, 1978.

By the Ci issi Commi
White concurring in part and dissent-
ing in part and issuing a statement.

Reprinted from the Federal Register.

with a general or higher class license
who wished to construct not more
than one unit of the same model for
use at his licensed amateur radio sta-
tion.

4. Docket 21117, there were 199 indi-
viduals and organizations who filed
comments, 3 of whom filed reply com-
ments, 6 of whom filed (and were ac-
cepted as) late comments, and 1 who
filed and was accepted as a late reply
comment. Docket 2116 received 282
comments from various individuals
and organizations, 3 of which filed
reply comments, 5 of which filed and
were accepted for late comments, and
1 which filed and was accepted as a
late reply comment. In addition, 11
parties participated in the oral argu-
ments for both dockets with 4 parties
filing suppl tary ts. While
specific references are not generally
made to any individual comment, the
public is assured that all comments
and reply comments were carefully re-
viewed and considered before reaching
our decision in this proceeding.

THE PROBLEM

5. During fiscal year 1976, FCC field
installations recetived 80,816 com-
plaints of electromagnetic interfer-
ence. This Interference was primarily
to television reception. Of these com-
plaints, 83 percent were associated
with the operation of transmitters in
the Citizens Band Radio Service. In an
attempt to determine the major causes
of such interference, a study was con-
ducted by the Commission’s Field Op-
erations Bureau in which 72 sample
cases were randomly selected and in-
vestigated. These sample cases were
limited to interference to television re-
ception involving CB transmitter and
were selected over several months cov-
ering the entire United States in order
to insure a random sample. From this
study, it was determined that in at
least 46 percent of the samples the in-
terference was due to the illegal use of
an external radio frequency power am-
plifier. The study also showed that in
fiscal year 1976 a lower bound on the

In the matter of amend t of
Parts 2 and 97 of the Commission's
Rules to require type acceptance of
equipment marketed for use in the
Amateur Radio Service; and amend-
ment of Part 2 of the Commission’s
Rules to prohibit the marketing of ex-
ternal radio frequency power amplifi-
ers capable of operation on any fre-
quency from 24 to 35 MHz.

1. Notices of Proposed Rulemaking
in the above captioned matters were
released on February 28, 1877. The
deadline for the submission of com-
ments was May 25, 1977, and for the
submission of reply comments was
June 6, 1977. In response to petitions
received from the R. L. Drake Co., the
Heath Co. and the American Radio
Relay League, Inc., these dates were
extended to June 24, 1977, for filing
comments and to July 6, 1977, for
filing reply comments. The report
comment date was further extended to
July 13, 1977, in response to a petition
filed by the R. L. Drake Co. In re-
sponse to a petition by the American
Radio Relay League, Inc., oral argu-
ments were held on December 1, 1977,
to allow interested parties to present
their ideas to the Commission en banc.

2. Docket 21117 proposed to require
type acceptance pursuant to Part 2 of
our rules for all amateur transmitters
and external radio frequency power
amplifiers. Various other changes were
also proposed inciuding increasing the
level of spurious and harmonic sup-
pression to 43+ 10 log (power in watts)
decibels below the mean power output
of the transmitter or amplifier for all
emissions outside of the amateur band
being used and exempting the individ-
ual amateur operator from the type
acceptance requirements.

3. Docket 21116 proposed to prohibit
the marketing of any external radio
freauency power amplifier capable of
operation on any frequency or fre-
quencies between 24 and 35 MHz. An
exception was proposed to this restric-
tion for any licensed amateur operator
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ber experi 1 interference to
television reception associated with
the operation of CB stations probably
lies somewhere between 1 and 10 mil.
lion persons with the best estimate
being 4 million persons. FProjections
for fiscal year 1979 are that between 3
and 21 milllon persons (best estimate—
9 million) will experience TVI associat-
ed with CB operation.

6. The number of interference com-
plaints being received by the Commis-
sion 5 increasing at an alarming rate.
primarily due to the Citizens Band
Radio Service and the illegal operation
of external amplifiers in that service.
The Commission has attempted to
deal with the problem of these ampli-
fiers in the past, notatly through rule
making in Docket 20118 (40 FR 1243,
50 FCC 2d 310) which added a new
Section 2.815 to the marketing rules {n
Part 2, This section prohibited the
marketing of any external radio fre-
quency power amplifier capable of
being used with a transmitter operat-
ing on any frequency or frequencles
between 24 and 35 MHz with certain
exceptions. These exceptions allowed
the continued marketing of these am-
plifiers operating in this frequency
range provided the equipment also
had amplification capability over the
following frequency ranges: 7000 7300
kHz, 14,000 14,350 kHz, 21 21.45 MHz,
and 28 29.70 MHz.

7. Unfortunately, the action In
Docket 20118 was ineffective as it was
concerned solely with the production
of then available single band amplifi-
ers for the CB service and it further
was based on the assumptions that
amateur equipment would not be used
in the CB service. However, almost im-
mediately after the issuance of the
Report and Order in that docket,
there appeared on the market a device
commonly called a “broad-band
iinear.” These devices were marketed
ostensibly for use in the Amateur
Radlo Service and were constructed to
meet the strict requirements of our
rules, inasmuch as they claimed to

provide for operation on the frequency
tands specified under our exemption.
However, these devices were intended
solely ‘or use in the Citizens Band
Radio Service and for use by unli-
censed operators, contrary to the
intest of our rules. In addition, these
devices had an even greater potential
for interference due to the higher
level of spurious emissions which were
generated.

8. Docket 21116 was therefcre issied
in combination with Docket 21117 to
close this “loop-hole” In our regula
tions that permits the manufacture of
amplifiers capable of being used with
CB equipment. In this regard. the
Commission is removing the “loop-
hole” in our regulations that allows
the manufacture and marketing of
amplifiers capable of operation in the
frequency range of 24 to 35 MHz. This
is being lished by di
our regulations, as discussed later in
this order and shown in the attached
appendix, to prohibit the manufac-
ture, importation, or marketing of any
amplifier capable of operation on any
frequency or frequencies between 24
and 35 MHz.

9. There are a number of manufac-
turers and suppliers of external ampli-
fiers that are not complying with thc
current emission limitations specified
in Section 97.73 (Docket 20777, re-
leased March 10, 1977, FCC 77-15T) of
the Commission’s Rules, contributing
to the interference problem. This sec-
tion requires an out-of-band emission
att fon of 40 decibels below the
mean power of the fundamental with-
out exceeding 50 milliwatts for any 5
watt or higher powered amplifier or
transmitter operating below 30 MHz.
While this requirement has only re-
cently become effective for amateur
transmitters, it has been in effect
since April 15, 1977, for all external
amplifiers and is retroactive for these
amplifiers, regardless of the date of
purchase or manufacture. Many of
these amplifiers have been tested by
our Laboratory Division and, to date,
only a few have complied with this re-
quirement.

10. The C i{ssion has decided not
to require type acceptance of amateur
transmijtters at this time as the emis-
sion limitations of Section 97.73 have
only recently gone into effect for
these transmitters. It cannot be dem-
onstrated that such a program would
be necessary to reduce their interfer-
ence potential. However, the external
amplifier manufacturers have contin-
ued to supply their products for illegal
operation in the CB service and for
use by unlicensed operators, and; in
addition, many have not begun to
modify their equipment to meet the
new emission standards. For these rea-
sons, the Commission has decided to
bring those amplifiers operating below
144 MHz (the 2 meter band) under our
type acceptance program for a limited,
3 year period. This requirement will
enable the Commission to determine
prior to the initial marketing of the
equipment whether it meets our tech-
nical standards and is intended for use
in the Amateur Radio Service. The
methods used in this determination
will be discussed in detail later in this
Order.

COMMENTS RECEIVED

11. Many of the comments received
in these dockets recommended that
the Comm’ssion introduce a require-
ment that a valid amateur license be
shown as a prerequisite for purchasing
any amateur equipment. Such a pro-
posal is currently before the Commis-
sion in a number of petitions for rule-
making such as RM-2839 filed by the
8an Antonio Repeator Organization.

12. No other viable alternatives were
proposed in these dockets other than
the thowing of a license, previously
mentioned. While the majority of
comments were against both the ban.
ning of amplifiers capable of operation
between 24 and 35 MHz and the type
acceptance of amateur equipment,
many stated that they would accept
such a requirement if the Commission
was sure that it would be effective and
if no other viable alternative was avail-
able. We are of the opinion that re-
quiring type acceptance for a limited
time and banning any amplifiers capa-
ble of operation in the above frequen-
cy range satisfies both of these re.
quirements. The 3-year time period for

type acceptance will allow the Com-
mission the time to investigate other
methods of reducing the problems
caused by the illegal operation of
these amplifiers while stili attacking
the immediate problem. If at the end
of this 3-year period it is determined
that the type acceptance requirement
is still necessary and that it has indeed
reduced the problems caused by these
amplifiers, this program can be contin-
ued by further Commission action.

RULEZ AMENDMENTS

13. Attached as an appendix are the
revised rules which ban the use (under
Part 97), manufacture, importation,
and marketing of: (1) any external
radio frequency power amplifier capa-
ble of operation below 144 MHz which
has not been type accepted, and (2)
any external radio frequency power
amplifier capable of operation in the
frequency range of 24 to 35 MHz.
Many of these rule changes have been
placed in Part 2 of the Commission’s
Regulations. In order to make clear to
the public our intent in these revi-
sions, each section is be discussed
below.

Section 2.815. This section has been
modified to remove the exemption
that formerly allowed the marketing
of external amplifiers capable of oper-
ation in the frequency range of 24 to
35 MHz if amplification capability was
also provided in other specified fre-
quency bands. As of the effective date
of these regulations, the manufacture,
importation, and marketing of any ex-.
ternal amplifier capable of operation
from 24 to 35 MHz will be prohibited.
In addition, the manufacture, impcrta-
tion, or marketing of any amplifier ca.
pable of operation below 144 MHz will
also be prohibited unless a grant of
type acceptance has been issued for
that equipment. However, this latter
prohibition has been worded to allow
the necessary manufacture of a limit.
ed number of amplifiers in order to
make the tests needed for obtaining a
grant of type acceptance. A limited
number of amplifiers would be consid-
ered to be no more than 10, unless
some justification can be submitted to
the Commission to demonstrate why it
would be necessary to manufacture a
larger quantity. (Manufacturers and
equipment dealers should also note
Paragraph 15 of this Order which de-
tails how a waiver of this marketing
requircment may be obtained for pre-
sent inventory.)

While this section prohibits the
manufacture of any external amplifier
capable of operation below 144 Mliz
with the exception of those which
have been type accepted, this Commis-
sion has no intention or preventing
the continued manufacture or market-
ing of external radio frequency power
amplifiers deslgned for Industrial, Sci-
entific, or Medical (ISM) applications.
In this regard, the Commission will en-
tertain requests for a walver of this
section from those ISM manufactur-
ers. However, the manufacturers of ex-
ternal amplifiers designed for oper-
ation in the Citizens Bank Radio Ser-
vice or for other illegal applications
should note that there are consider-
able differences between ISM equip-
ment and amateur equipment. There
is, therefore, very little chance of one
of the manufacturers of these fllegal
amplifiers obtaining such a walver. If
such a walver was granted through
error, the walver could be revoked and
the manufacturer denied the right to
manufacture or market any more of
his equipment. This could possibly
occur if any amplifier which was man-
ufactured under such a walver was dis-
covered being used outside of its in-
tended operation.

In addition to the above prohibi-
tions, new Paragraphs (d) and (e) have
been added. These paragraphs are de-
signed to allow the licensed amateur
radio operator to construct an amplifi-
er (not from a kit which is also re-
quired to obtain a grant of type accep-
tance) which operates in the frequen-
cy range of 24 to 35 MHz or in any fre-
quency range below 144 MHz and to
market that amplifier to another li-
censed amateur operator for use at his
own amateur station, without regard
to the type acceptance requirements
or the 24 to 35 MHz frequency ban re-
quirements. However, any construc-
tion or modification of this equipment
is only allowed {f the amateur opera-



tor does the construction or modifica-
tion, and that amateur operator has a
license of the appropriate type which

hours of paperwork to compile the ap-
plication and the time delay in mar-
keting during which the Commission

allows him to use such equl it. In
addition, the requirements contaired
in Sections 97.75 and 97.76 of the ama-
teur reguletion must be met, and no
more than one unit of a particular
model amplifier can be constructed or
modified in any 1 calendar year with-
out obtaining a grant of type accep-
tance.

Section 2.983. This section has been
amended to exempt the amateur am-
plifier from most of the required mea-
surements for type acceptance. The
only measurements which will be re-
quired are for spurfous emissions radi-
ated at the antenna terminal and the
field strength of the spurious radi-
ations which are emitted from the
cabinet. These measurements are in-
corporated by reference in Section
2.1005 and are contained in Sections
2,991 and 2.993 of the Commission’s
Regulations.

Section 2.1001. This section has been
revised to allow individual licensed
amateur radio operators the abilitv to
modify their own equipment without
regard to type acceptance provisions.
While the modified amplifier will stil}
be required to meet the emission limi-
tations of Section 97.73 and any other
technical requirements for the ama-
teur service, the amplifier may be
medified in whatever manner the ama-
teur operator desires provided the
equipment will only be used at a 1i-
censed amateur radio station and fur-
ther provided that the amateur opera-
tor who performs the modification
possesses a license of the appropriate
type that allows him to use the equip-
ment being modified. Modifications
specified by equipment manufacturers
or suppliers will not be aliowed unless
the manufacturer or supplier has ob-
tainea the necessary permission from
the Commission as detailled in Para-
graph (b) or has obtained a new grant
of type acceptance incorporating such
modifications. In addition, no modifi-
cation of these amplifiers will be al-
lowed without a new grant of type ac-
ceptance or written permission from
the Commission, as detailed in Para-
graph (b) of this section, if the equip-
ment is not used solely at a specific li-
censed amateur radio station. Any
modifications made in this manner are
the responsibility of the station licens-
ee who shall also remain responsible
for insuring that this modified equip-
ment will still comply with all of the
applicable technical standards in Part
917.

Section 2.1005. A new section has
been added to cover the type accep-
tance requirements of amateur equip-
ment. There are a number of points
made in this section which require
that each paragraph be discussed:

(a) This paragraph references the
appropriate sections under our type
acceptance regulations. These sections
cover all information pertaining to the
grant such as identification of the
equipment; reasons for dismissal of
the application; changes In the equip-
ment, its identification, or the name of
the grantee: FCC inspection; and var-
ious other aspects. In addition, the
specific test sections are referenced.
To obtain a grant of type acceptance
for an external amplifier, in addition
to the data required by Section 2.983,
test results must be submitted in ac
cordance with Section 2.991. the mea
surement of the spurious emissions at
the antenna terminal, and with Sec-
tion 2.993, the measurement of the
field strength of spurious radiations
emitted from the cabinet, power leads.
and other elements of the amplifier
under test.

(b) This paragraph simply states the
test parameters for making the spuri-
ous emission tests. While many of the
received comments stated that to re-
quire such tests of amateur equipment
wouid be cost prohibitive, increasing
the cost of equipment to the consum-
er, the Commisston is not of this opin-
fon. No piece of radio equipment from
any scrvice should be marketed before
a number of samples are tested to de-
termine that the equipment is in com
pliance with our regulations. As these
tests should be performed regardless
of the requirement for type accep-
tance. the only additional expense
that type acceptance would cost the
manufacturer or supplier is the few

pr¢ this application.

(c) This paragraph describes the
type acceptance procedure for kits, in-
cluding an example of the required
identification label. This materiai is
fairly straightforward and should not
require further explanation. However,
it should be noted that Section 87.3
(as) defines an external radio frequen-
cy power amplifier kit as any number
of electronic parts usuaily provided
with a schematic or printed circuit
board which when assembled in accor-
dance with instructions results in an
external amplifier, even if additional
parts of any type are required to com-
plete the assembly.

(d) This paragraph simply restates
the Commission’s ability, as defined in
Section 2.915(aX?2) of our regulations,
to deny a grant of type acceptance,
even though the equipment complies
with the applicable technical stan-
dards, if it is found that to not issue
such a grant would serve the public in-
terest, convenience and necessity by
preventing the use of these amplifiers
in any radio service other than the
Amateur Radio Service. The Commis-
sion could therefore deny a grant of
type acceptance for any amplifier it
felt war designed for use by a CB or
unlicensed operator. The points which
would be considered in making this de-
termination are iisted in Section 97.77.

14. In addition to the rule changes in
Part 2, a number of changes are also
made to Part 97 of the Commission’s
Regulations. These changes detail how
the requirements for type acceptance
will affect the individual amateur op-
erator and also specify the technical
requirements for type acceptance. As
with the discussion of the changes in
Part 2, each section will be covered
separately.

Section 97.3. This section has been
amended to add a definition of an ex-
ternal radio frequency power amplifier
and an external radio frequency power
amplifier kit.

Section 97.75. This section requires,
as of the effective date and for 3 years
foilowing that date, that every exter-
nal radio frequency power amplifier
capable of operation below 144 MHz
which is used at an amateur radio sta-
tion be of a type which has received a
grant of type acceptance for use under
Part 97. However, a number of exemp-
tions to this type acceptance require-
ment are detailed, all requiring that
the equipment be used only at a li-
censed amateur radio station. Of par-
ticular interest should be Subpara-
graph (aX2) which states that any ex-
ternal amplifier originally purchased
before the effective date may continue
to be used without regard to the type
acceptance requirement. This would
also apply to any amplifier purchased
after the effective date from another
licensed amateur radio operator or
from a dealer who purchased the am-
plifier used from another licensed
amateur radio operator, as long as the
amplifier was originaily purchased
before the effective date. The sale of
this equipment is permitted under Sec-
tion 97.76. However, as previously
mentioned, this appiies only to those
ampiifiers in use at an amateur radio
station which, by definltion, is cur-
rently licensed. Any amplifier in use in
another radio service is not grandfath-
ered under this clause.

Also of interest in this section
should be Subparagraph (aX6) which
states that any amplifier originally
purchased after the effective date of
these regulations may also be - used
without regard to the type acceptance
requirement if the amplifier was mar-
keted under the marketing walver ex-
plained in Paragraph 16 of this order.
As before, this would also apply to any
amplifier marketed under this waiver
which was purchased after the effec-
tive from another licensed amateur
radio operator or from a dealer who
purchased the amplifier used from an-
other licensed amateur operator. How-
ever, this amplifier must still be for
use only at a licensed amateur radio
station.

While the rest of this Section is
fairly self-explanatory, it should be
noted that any amplifier purchased
from another licensed amateur opera-
tor or from a dealer is also exempted
from the type acceptance requirement
if the amplifier was: (1) modified by

another licensed amateur operator
who possessed a license of the appro-
priate type which allowed him to use
the equipment being modified, (2) con-
structed (not from an amplifier kit) by
another licensed amateur operator, or
(3) constructed by a licensed amateur
operator from a kit purchased before
the effective date of these regulations.
However, all of these exemptions re-
quire that the amplifier be used only
at a licensed amateur radio station.

It should also be noted that this sec-
tion limits the construction (not from
a kit) or modification of these amplifi-
ers to only one unit of a particular
model amplifier per calendar year.
Any amplifiers constructed or modi-
fied in excess of this limit must be
tyve accepted.

Finally, Paragraph (b) of this sec-
tion references the Commission’s
“Radio Equipment List, Equipment
Acceptable for Licensing.” Any ampli-
fier on this list as being approved for
use under Part 97 may be used in the
Amateur Radio Service.

Section 97.76. This section requires,
as of the effective date and for 3 years
following that date, that every exter-
nal radio frequency power amplifier
capable of operation below 144 MHz
which is marketed, manufactured, im-
ported or modified for use in the Ama-
teur Radio Service be of a type which
has received a grant of type accep-
tance for use under Part 97. The term
“modified for use” does not mean that
an amateur operator cannot modify an
amplifier that has not been type ac-
cepted for use under Part 97. Rather,
it means that any amplifier which is
modified to be used in the Amateur
Radio Service which is then manufac-
tured, marketed or imported for use in
that service must also have obtained a
grant of type acceptance.

Specific exemptions are listed in this
section for the individual amateur op-
erator. As long as the construction
(not from a kit) or modification is per-
formed by a licensed amateur opera-
tor, this equipment may be soid to an-
other licensed amateur operator for
use at his amateur radio station. Any
modifications must be performed by
an amateur licensee whose license af-
fords him the privileges of using the
equipment being modified. This equip-
ment may also be sold to a dealer who,
in turn, is required to sell the amplifi-
er to another licensed amateur radio
operator for at his amateur sta-
tion. While this may sound like requir-
ing the presentation of an amateur li-
cense for sale of this amplifier, this is
not the case. Sections 2.803 and 2.815
prohibit the marketing of those ampli-
fiers that do not possess a grant of
type acceptance. However, the individ-
ual amateur operator has essentially
been exempted from this requirement,
as detalled In this section and Section
97.75. Therefore, as long as the sale is
to an amateur radio operator for use
at his amateur, there is no violation of
our marketing rules. Any sale of this
equipment to any other person would
be in violation of Sections 2.803 and
2.815 in addition to any other applica-
ble sections of the FCC Regulations.
In this regard, it will be the responsi-
bility of the person making the sale,
either the dealer or the amateur oper-
ator, to determine that the purchaser
is qualified to use the amplifier.

As with Section 97.75, particular in-
terest should be given to Subpara-
graphs (aX2) and (aX8). These subpar-
agraphs are explained in the discus-
sion of Section 97.75 and would allow
the continued marketing of any ampli-
fier originally purchased before the ef-
fective date or purchased after the ef-
fective date, subject to the conditions
stated in that discussion and these
regulations. It should be noted that
the construction (not from a kit) or
modification of these amplifiers fis
limited to only one unit of a particular
model amplifier per calendar year.
Any amplifiers constructed or modi-
fled in excess of this limit must be
type accepted in order to be marketed.

This section, in combination with
Section 97.75 will still allow the ama-
teur operator to construct his own
equipment; to modify his equipment,
equipinent from any other radio ser-
vice or the equipment of another ama-
teur operator. to service the equip-
ment of another licensed amateur op-
erator; and to construct one unit of a
particular model amplifier per calen-
dar year without obtaining a grant of

type aceptance provided, in all cases,
that the amplifier meets the applica-
ble technical requirements after any
of the above changes and the amplifi-
er is for use only at a licensed amateur
radio station.

Section 97.77. This section provides
the technical standards which an ex-
ternal amplifier must meet before a
grant of type acceptance will be
issued. The emission limitations speci-
fied are those presently in Section
97.73. The decrease from the amount
of attenuation originally proposed was
done in an attempt to prevent legiti-
mate amateur manufacturers from
having to perform a major redesign of
their equipment. Rather, the Commis-
sion is of the opinion that the licensed
amateur operator is quite capable of
solving any interference problems
which may occur and should, there-
fore, not have to bear the economic
burden that would result if a tighter
standard was imposed. In addition, the
need for further attenuation has not
been demonstrated. While the require-
ment to attenuate spurious emissions
at least 40 decibeis below the mean
power of the fundamental for oper-
ation below 30 MHz will prevent the
manufacture of the majority of the
“broad-band linears,” any amplifier
submitted for type acceptance would
also have to meet this specification
when ted to a tr itter meet-
ing this requirement even if the ampli-
fier is turned off. Testing at our Labo-
ratory Division has shown that some
of the so-called “linears” are not capa-
ble of this.

Also included in this section are the
specifications to demonstrate that the
amplifier i3 not capable of operation
on any frequency in the range of 24 to
35 MHz, required by Section 2.815. In
order to comply with this requirement,
the amplifier shall not be capable of
amplifying any input signal in the fre-
quency range of 26 to 28 MHz. In addi-
tion, no more than 6 decibels of ampli-
fication (mean radio frequency input
power versus mean output power of
tlie amplifier) will be allowed in the
frequency ranges of 24 to 26 Mliz and
28 to 35 MHz.

A list is also given in this section for
a number of design features which
would normally preclude an amplifier
from obtaining a grant of type accep-
tance. These features are, currently,
the major design differences between
legitimate amateur equipment and the
illegal amplifiers. Amateur transmit-
ters designed for operation below 144
MHz (the 2 meter band) are provided
with an external relay contact for use
with the external amplifier. This relay
contact is used to place the amplifier
in the transmit mode; however, such &
contact is prohibited on CB transmit-
ters. The manufacturers of illegal am-
plifiers must therefore provide sensing
internal to the amplifier which detects
the input radio frequency signal and
places the amplifier in the transmit
mode. Such internal sensing on any
amplifier designed for operation below
144 MHz would disqualify that equip-
ment from receiving a grant of type
acceptance, as the sensing would serve
no purpose but to increase the initial
level of spurious emissions from tran-
sients when the amplifier is first
keyed.

In addition to the including of inter-
nal RF sensing, amplifiers designed
for use with a CB transmitter must
provide more gain in order to amplify
a 4-watt input signal as opposed to the
100-watt signal usually produced by an
amateur transmitter. The Commission
will then look for the provision of
more gain, not power supply limited
gain, designed into the amplifier than
necessary to operate in the amateur
service. While an input aignal below
which the amplifier would not operate
could have been specified, it was felt
that such a requirement would be too
easy to defeat to have much effect.
‘The requirement that the amplifier be
designed to a certain galn limitation
would generally require a total rede-
sign of the amplifier for modification.
In this regard, the Commission would
not accept an amplifier with an at-
tenuation in the input stage, especially
a variable attenuation, as this could be
used to defeat the purpose of this sec-
tion. We realize that there are a small
number of legitimate manufacturers
or QRP (low power) equipment which
needs to boost a low level signal of
about 4 or 5§ watts. The Commission is

67



aware of these manufacturers and, re-
alizing that they produce amplifiers
for this operation in very small quanti.
ties, would entertain a request for a
walver of this requirement with cer-
tain restrictions dependent on the re-
quest.

15. As these rule amendments will
become effective 30 days after their
date of publication in the FrpzraL
REGISTER, & number of marketing
problems are expected to develcp con-
cerning that equipment still in the
manufacturer's or dealer’s inventory.
As this Commission has no intention
of halting the marketing of those am-
plifiers manufactured prior to the ef-
fective date which appear to be de-
signed solely for operation in the Ama.
teur Radio Service, we are prepared to
issue a wajver for up to 1 year for this
marketing restriction, as specified in
Sections 2.815(b), 2.815(c), and 97.76,
for specific models of amplifiers. No
waiver of these requirements will be
issued to any individual or dealer.
Rather, the manufacture or importer
of this equipment will be required to
submit to the Commission’s Laborato-
ry Division a sample of each model
amplifier and all of the information
required for obtaining a grant of type
acceptance, as shown in Sections 2,983
and 97.77. The information required in
Section 97.77(c) need not be submitted
for this wajver request as Section
2.815(b) will not apply for this equip-
ment. In addition to this material, we
are also requiring the submission by
the manufacturer or importer of the
number of units of each model still in
inventory, or projected to be in inven-
tory, as of the effective date of these
regulations. After the Commission has
reviewed all of this material and in-
spected the amplifier, a waiver of the
marketing requirements, as specified
above, will be issued for any amplifier
which complies with all of the type ac-
ceptance requirements, exclusive of
Section 97.77(c), and appears to be de-
signed solely for operation in the Ama-
teur Radio Service. However, we wish
to emphasize that this waiver will
apply strictly to the marketing of
those amplifiers or amplifier kits man-
ufactured prior to the effective date of
these regulations and will not exempt
any equipment from the manufactur-
ing requirements contained in Sections
2.815(b), 2.815(c), and 97.77.

CoNCLUSIONS

16. In view of the foregoing, we are
of the opinion that the amended rules
as described above and in the attached
appendix are in the public interest,
convenience, and necessity. Authority
for these amendments is contained in
Sections 4({), 302, 303(e), 303(f), and
303(r) of the Communications Act of
1934, as amended. Accordingly, it is or-
dered, effective April 28, 1978, that
Parts 2 and 97 of the Commission's
Rules and Regulations are amended as
set out in the attached appendix. It is
further ordered that this proceeding is
continued.

(Secs. 4, 303, 48 Stat., a5 amended, 1068,
1082, Sec. 302, 82 Stat., 290; 47 U.S.C. 154,
302, 303.)

FEDERAL COMMUNICATIONS
CoMMISSION,*
WiLLIAM J. TRICARICO,
Secretary.

APPENDIX

A. Part 2 is amended as follows:

1. Section 2.815 is amended by delet-
ing Paragraphs (b), (¢), and (d) and by
adding new Paragraphs (b), (¢), (d),
and (e) to read as follows:

§2.815 External radio frequency pcwer
amplifiers.

(b) After April 27, 1978, no person
shall manufacture, sell or lease, offer
for sale or lease (including advertising
for sale or lease), or import, ship, or
distribute for the purpose of selling or
leasing or offering for sale or lease,
any external radio frequency power
amplifier or amplifier kit capable of
operation on any frequency or fre-
quencies between 24 and 35 MHz.

Nots.—For purposes of this part. the am-
plifier will be deemed Incapable of operation
between 24 and 35 MH2 if—

(1) The amplifier has n » more than 6 decl-
bels of gain between 24 and 28 MHz and be-
tween 28 and 35 MHz. (This galn is deter-

t of C

9 attached S
White.
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mined by the ratio of the Input RP driving
signal (mean power measurement) to the
mean RF output power of the amplifier.);
and

{2) The amplifier exhibits no amplifica.
tion (0 decibels of gain) between 28 and 28
MHz.

(c) After April 27, 1978, and until
April 28, 1981, no person shall manu-
facture, sell or lease, offer for sale or
lease (including advertising for sale or
lease), or import, ship, or distribute
for the purpose of selling or leasing or
offering for sale or lease, any external
radio frequency power amplifier or
amplifier kit capable of operation on
any fr y or freq ies below
144 MH2z unless the amplifier has re-
ceived a grant of type acceptance in
accordance with Subpart J of this part
and Subpart C of Part 97 or other rel-
evant Parts of this Chapter. No more
than 10 external radio frequency
power amplifiers or amplifier kits may
be constructed for evaluation purposes
in preparation for the submission of
an application for a grant of type ac-
ceptance.

(d) The proscription in Paragraph
(b) of this section shall not apply to
the marketing, as defined in that para-
graph, by a licensed amateur radio op-
erator to another Ili d t

Paragraph (b) of this section.

(§) The station licensee shall be re-
sponsible for insuring that modified
equipment used ‘at his station will
comply with the applicable technical
standards in Part 97 of this chapter.

4. A new §2.1005 is added to read as
follows:

§2.1008 Equipment for wse in the Ama-
teur Radio Service.

(a) The general provisions of Sec-
tions 2.981, 2.983, 2.991, 2.993, 2.997,
2.999, 2.1001, and 2.1003 shall apply to
appilcation for and grants of type ac-
ceptance for equipment operated
under the requirements of Part 97 of
this chapter, the Amateur Radio Ser-
vice.

- (b) When performing the tests speci-
fied in Sections 2.991 and 2.993 of this
part, the center of the transmitted
bandwidth shall be within the operat-
ing frequency band by an amount
equal to 50 percent of the bandwidth
utilized for the tests. In addition, said
tests shall be made on at least one fre-
quency in each of the bands within
which the equipment is capable of
tuning.

(¢) Any supplier of an external radio

radio operator of an external radio
frequency power amplifier fabricated
in not more than one unit of the same
model in a calendar year by that oper-
ator provided the amplifier is for the
amateur operator’s personal use at his
licensed amateur radio station and the
requirements of Sections 97.75 and
97.76 of this chapter are met.

(e) The proscription in Paragraph
(c) of this section shall not apply in
the marketing, as defined in that para-
graph, by a licensed amateur radio op-
erator to another licensed amateur
radio operator of an external radio
frequency power amplifier if the am-
plifier is for the amateur operator's
personal use at his licensed amateur
radio station and the requirements of
Sections 97.75 and 97.76 of this chap-
ter are met.

2. Section 2.983 is amended by
adding a new Paragraph (i) to read as
follows:

§2.983 Appli

for type ace

(i) The application for type accep-
tance of an external radio frequency
power amplifier under Part 97 of this
chapter need not be accompanied by
the data required by Paragraph (e) of
this section. In lieu thereof, measure-
ments shall be submitted to show com-
pliance with the technical specifica-
tions in Subpart C of Part 97 of this
chapter and such information as re-
quired by Section 2.1005 of this part.

3. Section 2.1001 is amended by re-
vising the text of Paragraph (e) and
adding a new Paragraph (f) to read as
follows:

§2.1001 Ch in type d equip-
ment,
. . L] . .

(e) Users shall not modify their own
equipment except as provided by Para-
graphs (b) and (f) of this section.

(f) Equipment type accepted for use
in the Amateur Radio Service pursu-
ant to the requirements of Part 97 of
this chapter may be modified without
regard to the conditions specified in
Paragraph (b) of this section, provided
the following conditions are met:

(1) Any person performing such
modifications on equipment used
under Part 97 of this chapter must
possess a valid amateur radio operator
license of the class required for the
use of the equipment being modified.

(2) Modifications must pursuant to
this paragraph be limited to equip-
ment used at licensed amateur radio
stations.

(3) Modifications specified or per-
formed by equipment manufacturers
or suppliers must be in accordance
with the requirements set forth in
Paragraph (b) of this section.

(4) Modifications specified or per-
formed by licensees in the Amateur
Radio Service on equipment other
than that at specific licensed amateur
radio stations must be in accordance
with the requirements set forth in

fr y power amplifier kit as de-
fined by Subsection 87.3(aa) of this
chapter shall comply with the follow-
ing requirements:

(1) Assembly of one unit of a specific
type shall be made in exact accor-
dance with the instructions being sup-
plied with the product being market-
ed. If all of the necessary components
are not normally furnished with the
kit, assembly shall be made using the
recommended components.

(2) The measurement data required
for type acceptance shall be obtained
for this unit and submitted with the
type acceptance application. Unless
otherwise requested, it is not neces-
sary to submit this unit with the appli-
cation.

(3) A copy of the exact instructions
which will be provided for assembly of
the equipment shall be provided in ad-
dition to other material required by
Section 2.983 of this part.

(4) The identification label required
by sections 2.925 and 2.1003 of this
part shall be permanently affixed to
the assembled unit and shall be of suf-
ficient size 80 as to be easily read. The
following information shall be shown
on the label:

(Name of Grantee of Type Acceptance)

FCC ID: (The number assigned to the
equipment by the Grantor)

This amplifier can be expected to comply
with part 97 of the FCC Regulations when
assembled and aligned in strict accordance
with the instruction manual using compo-
nents supplied with the kit or an exact
equivalent thereof,

(Title and signature of responsible
representative of Grantee)

STaTEMENT OF COMPLIANCE

1 state that I have constructed this equip-
ment in sccordance with the instruction
manual and using the parts furnished by
the supplier of this kit.

acceptance are contained in section
97.77 of this Chapter.

B. Part 97 is amended as follows:

1. In § 97.3, new definitions of exter-
nal radio frequency power amplifier
and external radio frequency power
amplifier kit are added as new para.
graphs (z) and (aa), as follows:

§97.3 Deflnitiona,

(2) External radio frequency power
amplifier. Any device which, (1) when
used in conjunction with a radio trans-
mitter as a signal source, is capable of
amplification of that signal, and (2) is
not an integral part of the transmitter
a8 manufactured.

(aa) External radio frequency power
amplifier kit. Any number of electron-
ic parts, usually provided with a ache-
matic diagram or printed circuit
board, which, when assembled in ac-
cordance with instructions, results in
an external radio frequency power am-
plifier, even if additional parts of any
type are required to complete assem-
bly.

§97.75 [Redesignated)

2. §97.75 is redesignated § 97.74.
3. A new §97.75 is added, as follows:

§97.75 Use of external radio frequency
(RF) power amplifiers.

(a) Until April 28, 1981, any external
radio frequency (RF) power amplifier
used or attached at any amateur radio
station shall be type accepted in accor-
dance with subpart J of part 2 of the
FCC’s Rules for operation in the Ama-
teur Radio Service, unless one or more
of the following conditions are met:

(1) The amplifier is not capable of
operation on any frequency or fre-
quencies below 144 MHz,

(2) The amplifier was originally pur-
chased before April 28, 1978;

(3) The amplifier was—

(i) Constructed by the licensee, not
from an external RF power amplifier
kit, for use at his amateur radio sta-
tion;

(i) Purchased by the license as an
external RF power amplifier kit
before April 28, 1978, for use at his
amateur radio station; or

(iil) ModiZied by the licensee for use
at his amateur radio station in accor-
dance with §2.1001 of the FCC's
Rules;

(4) The amplifier was purchased by
the lcensee from another amateur
radio operator who—

(i) Constructed the amplifier, but
not from an external RF power ampli-
tier kit;

(i) Purchased the amplifier as an
external RF power amplifier kit
before Aprl 28, 1978, for use at his
amateur radio station; cr

(i) Modified the ampitfier for use at
his amateur radio atation in accor-
dance with §2.1001 of the FCC's
Rules;

() The external Power amplifier
was purchased from a dealer who ob-
tained it from an amateur radio opera-
tor who—

(1) Constructed the amplifier, but
not from an external RF power ampli-
fier kit;

(i) Purchased the amplifier as an
external RF power amplifier kit
before April 28, 1978, for use at his

t. radio station: or

(iil) Modified the amplifier for use at
his amateur radio station in accor-
dance with §3.1001 of the FCC's

(6) The amplifier was originally pur-
hased after April 27, 1978, and has

(Bignature) (Date)
(Amateur call xign) (Claas of license) Rules; or
(¢ lon date of 1k

{To be signed by the person responsible for
proper assembly of kit.)

(5) If requested, an
unit shall be provided for assembly
and test by the Commission. Shipping
charges to and from the Commission’s
Laboratory shall be borne by the ap-
plicant for type acceptance.

(d) Type acceptance of external
radio frequency power amplifiers and
amplifier kits may be denied when
denial serves the public interest, con-
venience, and necessity by preventing
the use of these amplifiers in services
other than the Amateur Radio Ser-
vice. Other uses of these amplifiers,
such as in the Citizens Band Radio
Service, is prohibited (section 95.509 of
this Chapter). Examples of features
which may result in the denial of type

hlad

been issued a marketing waiver by the

(b) A list of type accepted equipment
may be Inspected at FCC headquarters
in Washington, D.C., or at any FCC
field office. Any external RF power
amplifier appearing on this list as type
accepted for use in the Amateur Radio
Bervice may be used in the Amateur
Radio Service.

Note.—No more than one unit of one
model of an external RF power amplifier
shall be constructed or modified during any
calendar year by an amateur radio operator
for use In the Amateur Radio Service with-
out a grant of type acceptance.

4. A new §97.76 is added, as follows:

§97.76 Requirements for type acceptance
of external radio frequency (RF) power
amplifiers and external radio frequen-
cy power amplifier kits.



(a) Until April 28, 1981, any external
radio frequency (RF) power amplifier
or external RF power amplifier kit
marketed (as defined in § 2.815), manu-
factured, imported, or modified for use
in the Amateur Radio Service shall be
type accepted for use in the Amateur
Radio Service in accordance with sub-
part J of part 2 of the FCC's Rules.
This requirement does not apply if one
or more of the following conditions
are met:

(1) The amplifier is not capable of
operation on any frequency or fre-
quencies below 144 MHz;

(2) The amplifier was originally pur-
chased before April 28, 1978, by an
amateur radio operator for use at his
amateur radio station;

(3) The amplifier was constructed or
modified by an amateur radio operator
for use at his amateur radio station in
accordance with § 2.1001 of the FCC’s
Rules;

(4) The amplifier was constructed or
modified by an amateur radio operator
in accordance with §2.1001 of the
FCC's Rules and s0ld to another ama-
teur radio operator or to s dealer;

(5) The amplifier was constructed or
modified by an amateur radio operator
in accordance with §2.1001 of the
FCC's Rules and sold by a dealer to an
amateur radio operator for use at his
amateur radio station; or

(6) The amplifier was manufactured
before and has been issued a market-
ing waiver by the FCC.

(b) No more than one unit of one
model of an external RF power ampli-
fier shall be constructed or modified
during any calendar year by an ama-
teur radio operator for use in the
Amateur Radio 8ervice without a
grant of type acceptance.

(c) A list of type accepted equipment
may be inspected at FCC headquarters
in Washington, D.C., or at any FCC
field office. Any external RF power
amplifier appearing on this list as type
accepted for use in the Amateur Radio
Service may be marketed for use in
the Amateur Radio Service.

§97.77 [Redesignated]

5. §97.77 in subpart D is redesignat
ed § 97.78.

6. A new §97.77 is added at the end
of subpart C, as follows:

$97.77 Standards for type P of
external radio frequency (RF) power
amplifiers and external radio frequen-
¢y power amplifier kita.

(a) An external radio frequency (RF)

power amplifier or external RF power
amplifier kit will receive a grant of
type acceptance under this part only if
a grant of type acceptance would serve
the public interest, convenlence, or ne-
cessity,

(b) To receive a grant of type accep-
tance under this part, an external RF
power amplifier shall meet the emis-
sion limitations of §97.73 when the
amplifier is—

(1) Operated at its full output
power,

(2) Placed in the “standby” or "off"
positions, but still connected to the
transmitter; and

(3) Driven with at least 50 watts
mean radio frequency input power
guexgeu a higher drive level is speci-

ied).

(c) To receive a grant of type accep-
tance under this part, an external RP
power amplifier shall not be capable
of operation on any frequency or fre-
quencies between 24.00 MHz and 35.00
MHz. The amplifler will be deemed in-
capable of operation between 24.00
MHz and 35.00 MHz i{—

(1) The amplifier has no more than
6 decibels of gain between 24.00 MHz
and 26.00 MHz and between 28.00 MHz
and 35.00 MHz. (This gain is deter-
mined by the ratio of the input RP
driving signal (mean power measure-
ment) to the mean RF output power
of the amplifier); and

(2) The amplifier exhibits no ampli-
fication (0 decibels of gain) between
26.00 MHz and 28.00 MHz.

(d) Type acceptance of external
radio frequency power amplifiers or
amplifier kits may be denied when
denial serves the public interest, con-
venjence, or necessity by preventing
the use of these amplifiers in services
other than the Amateur Radio Ser-
vice. Other uses of these amplifiers,
such as in the Citizens Band Radio
Service, is prohibited (section 95.509).
Examples of features which may
result in dismissal or denial of an ap-
plication for type acceptance of an ex-
ternal RF power amplifier include, but
are not limited to, the following:

(1) Any accessible wirlng which,
when altered, would permit operation
of the amplifier in a manner contrary
to the FCC's Rules;

(2) Circuit boards or similar circuitry
to facilitate the addition of compo-
nents to change the amplifier's operat-
ing characteristics in a manner con-
trary to the FCC's Rules.

(3) Instructions for operation or
modification of the amplifier in a

manner contrary to the FCC’s Rules;

(4) Any internal or external controls
or adjustments to facilitate operation
of the amplifier in a manner contrary
to the FCC’s Rules,

(5) Any internal radio frequency
sensing circuitry or any external
switch, the purpose of which is to
place the amplifier in the transmit
mode;

(6) The incorporation of more gain
in the amplifier than is necessary to
operate in the Amateur Radio Service.
For purposes of this paragraph, an
amplifer must meet the following re-
quirements:

(1) No amplifier shall be capable of
achieving designed output (or designed
d.c. input) power when driven with
less than 50 watts mean radio frequen-
¢y input power;

(i) No amplifier shall be capable of
amplifying the input RF driving signal
by more than 13 decibels. (This gain
limitation is determined by the ratio
of the input RF driving signal (mean
power) to the mean RF output power
of the amplifier.) If the amplifier has
a designed d.c. input power of less
than 1,000 watts, the gain allowance is
reduced acco! . For example, an
amplifier with a designed d.c. input
power of 500 watts shall not be capa-
ble of amplifying the input RP driving
signal (mean power ment) by

ation below 144 MHz and a ban of linear
power amplifiers capable of operation on
any frequency between 24 and 36 MHz. The

Unear amplifiers which are capable of being
used illegally with CB seta. The majority, by
imposing & ban in addition to type accep-
tance, which itaelf is in effect a ban on the
sale of fllegal power amplifiers, has institut-
ed additional regulations where none are
necessary, Le., the Commission is gullty of
regulatory overkill. Therefore, as a strong
pr of der I must dissent to
that part of the Commission’s decision
which imposes a ban on the sale of linear
power amplifiers.

The Commission by imposing a ban is
trying to help solve the problem of TV in-
terference. 1 too wish to see this problem
solved, but there is no evidence that the im-
position of a ban will solve the TV interfer-
ence problem. A study by the Field Oper-
stions Bureau showed that linear amplifiers

were with appi 45 per-
cent of all CB-TV interference cases.' But
the use of linear amplifiers with CB sets is
already illegal. There is ample evidence that
those who are intent upon breaking the law
will continue to do 80 and that those.who

more than 10 decibels, compared to
the mean RF output power of the am-
plifier);

(ili) The amplifier shall not exhibit
more gain than permitted by para-
graph (dX6Xli) of this section when
driven by a radio frequency input
signal of less than 50 watts mean
power; and

(iv) The amplifer shall be capable of

p the facture of linear amplifi-
ers ble of betng d to

The C by itz pr ban
would remove equipment from the market
which is available to amateurs and others
who are not the cause of the problem. In

sustained operation at its desi
power level.

(7) Any attenuation in the input of
the amplifer which, when removed or
modified, would permit the amplifier
to function at its designed output
power when driven by a radio frequen-
cy input signal of less than 50 watts
mean power.

or C Warrs Com-
CURRING IN PART AND D18SZNTINOG IN PART

IN RE THE COMMISSION'S DECISION TO PROHID-
IT THE SALE OF POWER AMPLIFIERS CAPARLE
OF OPERATION OR ANY FREQUENCY FROM 34
TO 36 MHE

The Commission in its Report and Order
has adopted rules which require both type
acceptance of amplifiers capable of oper-

have the C
tn 1ts enforcement problems both in po-

interference, proudly can say: “SBee what we
have done.”

'"The Extent and Nature of Television
R Diff! £ i with CB

jons,” FCC/FOB/PD&E
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Social Events

MEADVILLE PA

MAY 6
The 4th Annual North-
western Pennsylvania Hamfest
will be held on May 6th at the
Crawford County Fairgrounds,
Meadville PA. Gates open at
8:00. $2 prize ticket required for
admission—$1 to display.
Children free. Hourly door
prizes; refreshments; commer-
cial displays weicome. Indoors
if rain. Talk-in on 04/64 and 52.
Details: CARS, PO Box 653,

Meadville PA 16335.

JOHNSON CITY NY
MAY 6

The Southern Tier Amateur
Radio Clubs take pleasure in
announcing their 19th annual
hamfest and dinner. This gala
affair will occur on May 6, 1978,
at the Lutheran Fellowship
Recreation Center, Johnson
City, New York, 3.7 miles north
of NY Route 17, exit 71N on
Stella Ireland Road. There will
be 4 acres of flea market park-

ing, technical talks, prizes, dis-
plays, exhibits, refreshments,
etc. Tickets are $2 for general
admission, $7 for the banquet
(includes general admission).
No extra charge for flea market
parking. Inside tables are
available for $5 each by reser-
vation only. Additional infor-
mation or tickets can be ob-
tained by writing STARC, PO
Box 11, Endicott NY 13760.

HOWARD COUNTY MD
MAY 7

The Potomac Area VHF
Society will hold its seventh an-
nual hamfest on Sunday, May
7,1978, from 8 am to 5 pm at the
Howard County Fairgrounds
approximately 25 miles north of
Washington DC, and 15 miles
west of Baltimore, Maryland, at
the intersection of |-70 and
Maryland Route 32. Registra-
tion of $3 includes flea market
or tailgate sales. Professional
food and beverage catering and
unlimited parking will be

available. Talk-in on 146.52. For
further information, contact
Paul H. Rose WA3NZL, 25116
Oak Drive, Damascus MD
20750.

LOGANSPORT IN
MAY 7
The Cass County Amateur
Radio Club hamfest will be
held on Sunday, May 7, 1978,
from 7:00 am to 4:00 pm at the
4.H fairgrounds. Go north of
Logansport on Highway 25 ap-

proximately one mile, turn
right, and follow the QSY
signs. Advance tickets are

$1.50; tickets will be $2.00 at
the gate. Outside setup is free,
undercover $1.00. Bring your
own tables. Talk-in on 146.52
and the Logansport repeater
147.78/ 18. For information,
write to Dave Rothermel
KODVL, RFD 4, Box 146 G,
Logansport, Indiana 46947.

BROWNFIELD TX
MAY 7
The Terry County Amateur
Radio Club wili hold its annual
swapfest on May 7, 1978, in the
National Guard Armory, Brown-
field, Texas. For more informa-

tion, contact Vicla Simmons
W5FBM, 1603 East Tate,
Brownfield, Texas 79316.

LAS VEGAS NV
MAY 12-14

The 23rd Annual West Coast
VHF Conference will be held at
the Stardust Hotel, Las Vegas
Strip at Convention Center
Drive.

Conference highlights: tech-
nical program arranged by the
San Bernardino Microwave
Society, hospitality room, infor-
mal technical and operating
sessions, noise figure
measurements contest, anten-
na gain measurements con-
test, prize drawing, 24-hour
adult entertainment! World-
famous resort hotel with all
facilities. Look for the Stardust
sign east of |-15. Take the
Sahara Ave. or Dunes-Flamingo
exit. Advance registration fee is
$4.00 per person ($5.00 at the
door). Make checks payable to:
West Coast VHF Conference,
510 South Rose St., Las Vegas
NV 89106.

VANCOUVER WA
MAY 13.14

On May 13-14, the Clark
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County Amateur Radio Club
will hold its annual Ft. Van-
couver Hamfair, and everyone
is invited to join in the fun. It is
held at the Clark County Fair-
grounds right off Interstate 5,
just north of Vancouver, Wash-
ington. Registration is $3 per
person, and anyone who pre-
registers by May 5th will get an
extra drawing ticket. The prizes
are too many to list, but the
grand prize will be a Kenwood
TS-820S transceiver. Dinner
will be catered and will cost
$4.25 for aduit meal tickets and
$2.00 for children under 12
years. A pancake breakfast will
by served on Sunday for dona-
tions only. There will be ac-
tivities for hams and families
all weekend. Camping with
electricity is available for $2.50
per night. Everything from
technical seminars to women’s
and children’s activities to a
huge swap and shop will be go-
ing on all weekend. Make
checks payable to Ft. Van-
couver Hamfair for registration
and dinner tickets. Mail to Jack
Ellis K7SUQ at 9610 SE 6th St.,
Vancouver WA 98664.

DEERFIELD NH
MAY 13

The Hosstraders net will hold
its fifth annual tailgate
swapfest Saturday, May 13, at
the Deerfield, New Hampshire,
fairgrounds (covered building
in case of rain). Admission is
one dollar; no commission or
percentage. Commercial deal-
ers are welcome at the same
rate. Excess revenues benefit
Boston Burns Unit of the
Shriners' Hospital for Crippled
Children. Last year we donated
$430.80. Talk-in on .52,
146.40-147.00, 3940 kHz. If you
have questions, send SASE to
Joe Demasco K1ROG, Star Rt.,
Box 56, Bucksport ME 04416 or
Norm Blake WA1IVB, PO Box
32, Cornish ME 04020 or check
the Hosstraders net on Sun-
days at 4 pm on 3940 kHz.

EASTON MD
MAY 14

The fourth annual Easton
Amateur Radio Society ham-
fest will be held on May 14, rain
or shine, from 10 am to 4 pm.
The location will be 5 miles
north of Easton, on Rte. 50 at
the Talbot County Agricultural
Center. From the Baltimore or
Washington DC areas, go
across the Chesapeake Bay
Bridge and follow Rte. 50 east
for 21 miles from the bridge.
The exact location is between
mile markers 60 and 61. There
will be hamfest signs on Rte.
50, north and south. Talk-in on
52 and 146.445/147.045
repeater in Cambridge. There
will be some tables, both in-
side and outside, and fairly
priced refreshments. Lots of
room for tables and tailgaters.
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Donation is $2, with an addi-
tional $2 for tables or tail-
gaters. Write Robert L.
Roberts, Jr. K3ONU, PO Box
781, Easton MD 21601, or
phone (301)-822-0943 after 6
pm.

WAUKESHA WI
MAY 14

The spring swapfest of the
Milwaukee UHF Society will be
held on Sunday, May 14, 1978,
at the Waukesha County Expo
Center. Starting time is 7:00
am. Indoor space is available
on an advanced reservation
basis at $3.00 per table. Admis-
sion to the grounds is $1.50 in
advance, $2.00 at the gate.
There will be prizes, beer, and
brats! Directions: 1-94 to
Waukesha Co. F, south to FT,
west to Expo. For information,
write to Swapfest, PO Box 49,
North Prairie, Wisconsin 53153.

WEST LIBERTY OH
MAY 14

The Champaign Logan
Amateur Radio Club, Inc., will
hold its annual hamfest on Sun-
day, May 14, 1978, at the West
Liberty Lions Park, West Liber-
ty, Ohio. Free admission; trunk
sales; tables are $1.00. Door

prizes. Talk-in on 146.52.

WARMINSTER PA
MAY 14

The Warminster Amateur
Radio Club’s fourth annual
“HAMMART,"” flea market, and
auction will be held on Sunday,
May 14, from 9 am to 4 pm at
William Tennent Senior High
School, Street Road (Route
132), 2 miles east of York Road
(Route 263), Warminster, Bucks
County PA. Registration is
$1.00, tailgating $2.00 addi-
tional. No indoor selling; bring
your own tables. Talk-in on
146.16-76 and 146.52. For fur-
ther information, write: Horace
Carter K3KT, 38 Hickory Lane,
Doylestown PA 18901 or call
(215)-345-6816.

BENSENVILLE IL
MAY 20

The Radio Amateur Megacy-
cle Society of Chicago will
sponsor its second annual VHF
antenna gain measuring con-
test on Saturday, May 20. The
starting time is 1 pm. It will be
held on the grounds of the
Flick-Reedy Corporation, at
Thorndale and York Roads in
Bensenville, just northwest of
Chicago. Antenna categories
will include 2 meters, 1%
meters, and 430 and 446 MHz.
Antennas for higher bands may
be measured, but advance
notice must be given to assure
that proper equipment is pro-
vided. Certificates stating the
antenna’s gain will be awarded
for each entry, and prizes will
be awarded for the highest gain
antenna in each category. A

donation of 50 cents per anten-
na will be requested to help
defray costs of certificates,
etc. A detailed information
sheet, including directions, is
available from Joe LeKostaj
WB9GOJ, 2558 N. McVicker
Ave., Chicago, lllinois 60639.

CADILLAC MI
MAY 20

The Wexaukee ARA will hold
its 18th annual swap and shop
on Saturday, May 20th, from 9
am until 4 pm at the National
Guard Armory, 415 Haynes St.,
Cadillac, Michigan. Tickets will
be $2.00. Free parking will be
available, and there will be a
lunch counter. Talk-in on
146.37/97. Ham pilots can fly in
to our beautiful airport and
community. Transportation to
and from the armory provided
free.

DURHAM NC

MAY 20-21
The Durham FM Association
will hold the 5th annual
“Durhamfest” on Saturday,
May 20, and Sunday, May 21,
1978, at the South Square
Shopping Center in Durham,

North Carolina. Seminars have

been arranged to cover a broad
range of topics from micro-
processors and slow scan
television to TVI prevention,
along with getting started in
ham radio.

WABASH IN
MAY 21

The Wabash County
Amateur Radio Club’s 10th an-
nual hamfest will be held on
Sunday, May 21, 1978, rain or
shine, at the Wabash County
4-H fairgrounds in Wabash.
Large flea market (no table or
setup charge), technical
forums, bingo, free parking,
and lots of good food at
reasonable prices. Advance ad-
mission is $2.00; $2.50 at the
gate. Children under 12 free.
Write Dave Nagel WD9BDZ,
555 Valley Brook Lane,
Wabash IN 46992,

SANDUSKY OH
MAY 21

The Vacationland Hamfest
will be held Sunday, May 21,
1978, at the Erie County
Fairgrounds, Sandusky, Ohio.
Come rain or shine. There will
be tables indoors and 8 acres
for trunk sales. Talk-in on
146.52 simplex. Admission will
be $1.50 in advance, $2.00 at
the gate. Write to the Erie
Amateur Radio Society, PO
Box 2037, Sandusky OH 44870.

LAWRENCE KS
MAY 21
The Douglas County Ama-
teur Radio Club will hold its
third annual auction on Sun-

day, May 21, at the Douglas
County 4-H Fairgrounds, Build-
ing 21. Doors open at 9 am, with
the auction starting at 1 pm.
Door prizes and refreshments.
Talk-in on 16/76 and 52. For
more information, write to Joan
Soutar WBOYPW, 1919 Melhol-
land, Lawrence KS 66044.

TRENTON TN
MAY 21

The annual Humboldt
Amateur Radio Club hamfest
will be held on Sunday, May 21,
at Shady Acres City Park in
Trenton, Tennessee. There will
be a flea market, prizes, ladies’
activities, and light lunches.
Talk-in on 37/97. For further in-
formation, contact Ed Holmes
W4IGW, 501 N. 18th Ave., Hum-
boldt TN 38343.

PITTSBURGH PA
MAY 21

The 24th annual Breeze
Shooters’ hamfest will be held
Sunday, May 21, 1978, at White
Swan Park, Parkway West (Rt.
60), near the Greater Pittsburgh
International Airport. There will
be six main prizes, women's
prizes, a home brew contest,
refreshments, and an amuse-
ment park for the harmonics
(discount ride tickets available
at hamfest). It's western Penn-
sylvania’s largest ham event.
Admission, flea market, and
parking are free! Talk-in on 29.0
and 28/88. Contact Richard
Evanuik WA3LUM, 311 Ever-
green Ave., Pittsburgh PA
15209, for information.

EVANSVILLE IN

MAY 21
The Tri-State Amateur Radio
Society will hold its annual
hamfest on Sunday, May 21,
1978. The location is the
Vanderburgh County 4-H
Fairgrounds north of
Evansville, Indiana. Good food,
bingo, and a large flea market
for all. Two grand prizes to be
given away. No admission fee.
Come join the fun! For more in-
formation, write to Steve Harris
WBI0YD, R 2, Box 81G, Mt.
Vernon IN 47620. Talk-in on

75/15, 19/79, or 52.

IRVINGTON NJ
MAY 21

The Irvington Radio Amateur
Club—K2GQ—will hold its an-
nual hamfest on Sunday, May
21, 1978. It will be from 9 am till
4 pm at the P.A.L. Building, 285
Union Ave., Irvington NJ 07011,
located at exit 143 north and
143A south on the Garden State
Parkway. Talk-in on 146.34/94
and 52. Refreshments and
prizes. Table rental will be
$3.00. Contact Peter Kawon-
czyk WB2FAS at the above
address or Ed WA2MYZ at

(201)-687-3240 evenings.



ss- l | DD RANDOM WIRE ANTENNA TUNER

All band operation (160-10 meters)
with any random length of wire.
200 watt output power capa-
bility —will work with virtually any
transceiver. ldeal for portable or
home operation. Great for apart-
ments and hotel rooms—simply
run a wire inside, out a window, or
anyplace available. Toroid induct-
or for small size: 4-1/4” X 2-3/8”
X 3. Built-in neon tune-up indi-
cator. SO-239 connector. Attract-
ive bronze finished enclosure

only $29.95

THE ORICINAL Random Wire Antenna
Tuner. . . in use by amateurs for 6 years

sst t-2 ULTRA TUNER

Tunes out SWR on any coax fed antenna as well as random

wires. Works great on all bands (160-10 meters) with any

transceiver running up to 200 watts power output.

Increases usable bandwidth of any antenna. Tunes out SWR

on mobile whips from inside your car.

Uses toroid inductor and specially made capacitors for

small size: 5%” x 2%"” x 2A.” Rugged, yet compact.

Attractive bronze finished enclosure. SO-239 coax con- y

nectors are used for transmitter input and coax fed

antennas. Convenient binding posts are provided for ran- only $39_95

dom wire and ground connections.

- - ey e ——l

{

sst t-3
IMPEDANCE

TRANSFORMER e VHF AMPLIHER KIT

Only ; ) 1 watt input gives you 15 watts output
: across the entire 2 meter band without

u re-tuning. This easy to build kit (approx.
[ 1/2 hr. assembly) includes everything you
Y need for a complete amplifier. All top

quality components. Compatible with all
1-3 watt 2 meter transceivers

Matches 52 ohm coax to the lower impedance of a mobile Kit includes

whip or vertical. 12 position switch with taps spread ' i

between 3 and 52 ohms. Broadband from 1-30 MHz. Will ~ Eﬁg:‘:ﬁ biarzr'”ed G0 EPoimsaltay
work with virtually any transceiver— 300 wattoutput power e Heat sink & mounting hardware. All
capability. SO-239 connectors. Toroid inductor for small components including pre-wound
size: 2-3/4” X 2 X 2-1/4.” Attractive bronze finish. ‘ coils.

Top quality TRW RF power transistor.
_ —_— Complete assembly instructions with

GUARANTEE details on a carrier operated T/R switch

All SST products are guaranteed for 1 year. In addition, they may be returned Only $29.95
within 10 days for a full refund (less shipping) if you are not satisfied for any

reason. Piease add $2 for shipping and handling. Calif. residents, please add sales 1
tax. COD orders OK by phone. $4995 ered & teSted

ELECTRONICS
s - P.O.BOX 1 LAWNOALE, CALIF.
00260 (213) 376-5887 10
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Dave Ingram K4TWJ
Eastwood Village #1201 S.
Rt 11 Box 499
Birmingham AL 35210

What Happened To SSTV?

—is it dead or alive?

O ne of the most exciting
new areas of amateur
radio communication today is
the dimension of slow scan
television. No other mode can
offer such unique avenues to
enjoyment as this window on
the world for amateur radio.
As the science fiction-type
sounds of SSTV are heard on
the high-frequency bands,
hundreds of amateurs ex-
change pictures with other
slow scanners on a person-to-
person basis, view pictures of
Mars while they are trans-

mitted from mission control,
contact foreign amateurs and
get a video tour of their city,
or receive schematics of new
items directly from their
designer. The applications of
SSTV are, like its distance
limitations, endless.

Other

pictures rolling
down an SSTV monitor
screen can range from

weather satellite pictures that
are being retransmitted by a
slow scanner with satellite
equipment, scenes of an
African sunset, and views of

Classic SSTV picture of Phobos, the second moon of Mars.
This picture was received at et Propulsion Lab as Viking 6
passed within 500 miles of Phobos while en route to Mars. The
picture was then retransmitted on SSTV to amateurs around
the world by N6V. Picture aspect is approximately 8 miles
wide. The large crater on the left is .8 miles wide.
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wild parrots in Nicaragua to
pictures of historical places in
the west or scenes of an
exotic island in the Pacific.
Video capabilities definitely
expand horizons for today's
radio amateurs!

What SSTV Is — and Isn’t

As conventional television
uses fast scanning rates and
includes large quantities of
video information (called
picture clements, or pixels), it
must be transmitted on ultra-
high frequencies where the
necessary frequency spectrum
(approximately 4 MHz) is

available. Slow scan TV, how-
ever, is composed of simple
audio tones which can be
transmitted using conven-
tional single sideband gear.
This narrow bandwidth tele-
vision (approximately 1100
Hz) is accomplished by re-
ducing scanning rates approx-
imately 1,000 times and
lowering pixel counts.

As shown in Fig. 1, the
range of frequencies used in
SSTV are from 1200 Hz to
2300 Hz. 1200 Hz horizontal
and vertical sync pulses are
used to initiate the scanning
of each line and the start of
each picture. They are
separated according to their
time periods. Horizontal sync
pulses are five milliseconds
duration each 66 milli-
seconds, while vertical sync
pulses are 60 milliseconds
each 8 seconds. This com-
prising situation produces
120-line pictures which re-
quire 8 seconds for trans-
mission. The resultant
pictures, which are a series of
stills, are then viewed on an
extended readout cathode ray
tube (radar type). (One of
SSTV's latest innovations, the
digital scan converter, allows
SSTV pictures to be con
tinuously viewed on a regular
TV set. Newly developed
digital techniques also permit
these converters to store and

This scene of a neighborhood street was transmitted on 20
meters SSTV by XE2/SC in Mexico City. Late afternoon sun
shaded the right side of the picture. The bottom line is a 5-step
grey scale.



reconstruct consecutive
pictures, thus producing
limited motion SSTV.)

Although basic slow scan
TV isn’t an extremely high-
resolution full-motion
system, it serves an extremely
unique purpose. |t allows
amateurs to actually view the
people they contact, a capa-
bility that was previously
only a dream.

SSTV for the Existing Ama-
teur Setup

The interconnection of
slow scan gear to an amateur
station is quite simple, and
the necessary time from
carton to contact is a
leisurely evening’s activity. If
you know how to connect
the components of a stereo
system, then you can easily
wire an SSTV setup. The
SSTV monitor merely plugs
into a rig's speaker jack while
the camera connects to the
mike jack. Most SSTV units

incorporate a switching
arrangement which allows
either the microphone or

SSTV camera to drive the
transmitter’s audio input
Preliminary adjustments for
contrast and brightness take
only a few minutes, and
you're ready for video fun!
As several manufacturers

include their camera’s power

supply and video switching
inside their SSTV monitor, |
suggest you start with units
of the same brand. The same
goes for their fast scan view-
finders. Later, you can add
your own personal touches.
If you like to build your
own gear, you'll be glad to
learn that most of the
presently popular circuits are
available on printed circuit
boards from various SSTVers.
The best way to learn what’s
available and who's producing
boards is by inquiring during
the SSTV net which meets
each Saturday at 1800 GMT
on 14,230 kHz. The gang
welcomes newcomers and is
always anxious to help with
information or problems.

Understanding SSTV Gear

The popular misconcep-
tion that slow scan television
is complicated and expensive
is inaccurate. The cash outlay
for a commercially manufac-
tured setup is approximately
the same as that required for
a synthesized 2 meter rig.
Amateurs interested in a less
expensive method can home
brew their SSTV gear, and
the total investment will
range from 50 to 150 dollars.

There are presently three
common types of SSTV gear:
P7 cathode ray tube moni-

ONE LINE OF

ONE LINE OF

SNy . Y FIRST LINE OF
WHITE NEXT SSTV
2300 H1 —* ..\ Ilﬂlmmmm,llllll . '.,umnum,ll'II| . 7I|,l"_ly;"'CTURE
BLACK " . !
[
1200 Hz e o — [o— — =
5mS 5mS SO0mS
HORIZONTAL VERTICAL
PULSE PULSE
Fig. 1. Format of signals used in SST V.
tors, fast scan sampling During this same time, the

cameras, and digit scan con-
verters. As the basic opera-
tion associated with any of
these units employs similar
concepts, a brief description
of each one follows.
P7 Monitors

The functional diagram of
a typical P7 monitor is shown
in Fig. 2. Incoming SSTV
tones are initially applied to a
limiter famplifier, where they
are clipped of amplitude vari-
ations (noise pulses, etc.) and
amplified to a usable level.
This signal is then applied to
the sync and video detectors.
The video detector is simply a
tuned circuit which s
resonant at 2300 Hz, thus its
output level is determined by
the frequency of incoming
tones. This voltage is boosted
by 2 or 3 video amplifiers
(these are actually dc ampli-
fiers, similar to the type used
in a receiver's S-meter cir-
cuitry) and applied to the
picture tube as video modula-
tion.

sync selector (another tuned
circuit that’s resonant at
1200 Hz) passes sync pulses
to the 15 Hz amplifier and
vertical timing circuit. The 15
Hz amplifier boosts incoming
pulses so they can trigger the
horizontal sweep generator,
while the vertical's dc ampli-
fier boosts its pulses so they
can trigger the vertical sweep
generator. The vertical timing
circuit merely assures that
short, rapidly occurring
horizontal sync pulses aren’t
mistaken for long, slowly
occurring vertical sync pulses.
When the sweep generators
are triggered by sync pulses,
they produce sawtooth waves
which sweep the monitor’s
screen. The overall results are
that Dbrightness variations
modulating the picture tube’s
beam are placed at appro-
priate points on the screen by

deflection circuitry, thus
reproducing the SSTV
picture. Although specific

monitor designs may vary,

SSTV picture of a New England snowfall in the early months ,
of 1977. This picture was received on 20 meters during adverse  CQ as received from ON4DN in Belgium during a yearly SSTV
band conditions. contest.
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LIMITE

/IDEO MODULATION
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Fig. 2. Functional diagram of typical P7 monitor.
varying voltages which shift
- i : the voltage controlled oscil-
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> vorcon_} '[mpun:a I CIRCUIT I 'gggiatﬁ%o"gﬁxﬁm lator, thus generating SSTV.
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Fig. 3. Functional diagrams of sampling camera.

their functional concepts are

similar to the previous

description.

Sampling Cameras
Basically, sampling

cameras employ fast scan

circuitry to operate their

vidicon tube, and specific

parts of each vertical scan are
used to produce each hori-
zontal line of slow scan.
Approximately 128 of these
line-generating operations are
required to produce an SSTV
picture.

Referring to Fig. 3, the

vidicon, which is being oper-
ated by the fast scan sweep

circuitry, outputs to the
video amplifier. Next, the
sampling circuit selects

specific picture elements and
directs them to the SSTV
oscillator. Operation of the
sampler is being controlled by
a comparator circuit. This
comparator simply decides
when the fast and slow scan
sweeps are at the proper loca-
tions, and sends an enable
pulse to the sampler at that
time. Output samples are

level (output frequency), thus
inserting sync pulses. A full
SSTV picture is produced
after approximately 128 of
these operations. Sampling
techniques aren’t as complex
as they may seem. Integrated
circuits are used to perform
specific functions, and we
merely let them do their
thing. The previously dis-
cussed voltage controlled
oscillator, for example, may
be an inexpensive 1C (NE555)
which simply plugs in and
produces a tone, its exact
frequency being controlled
by the voltage applied to it
Digital Scan Converters

In the same manner that
two modes, transmit and re-
ceive, are used for radio com-

munications, there are also
two modes of digital scan
conversion: fast to slow and
slow to fast. Both of these
modes use the same basic
concept of converting in-
coming video to digitalized
equivalents and accelerating
or decelerating them approxi-

mately 1,000 times, then
converting them back to
analog equivalents at the

desired scan format. Precise
clocking controls all input/
output functions. Incoming
sync pulses usually initiate
specific clock functions. The
following is a simplified
description of slow-to-fast-
scan digital scan conversion.

See Fig. 4.
Incoming SSTV is ampli-
fied and limited, then

separated according to its
video/sync content. The sync
pulses are used to initiate
various clocking functions.
During this same time, video
information is converted to
digitalized equivalents and
moved into a time buffer
register. The digitalized video
information will wait in the
buffer until clocking directs it
to the main memory. After
the main memory has been
loaded, its input is closed,
and the data is accelerated
approximately 1,000 times.
Finally, the memory’s output

CQ received from CE6EZ in Chile during poor band con-
ditions. This audio fell into the noise level, although his S-3
pictures were still visible.
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ID of KH6DEH in Hawaii as received in Alabama. The missed

lines near the top of the picture were due to a brief burst of
noise.



is opened, and the data is
D/A converted. The resultant
voltages then modulate a
VHF oscillator which con-
nects to the antenna ter-
minals of a regular home TV.
Clocking also inserts specific
levels at the proper times for
generating fast scan sync
pulses. Since the information
is being read out of the
memory much faster than it's
being written into the
memory, clocking also recir-
culates the video data as
necessary. .

This discussion of SSTV
gear has become slightly com-
plex, so | would again like to
emphasize - that you don't
need to be an electronic
wizard to build or enjoy
SSTV gear. The advent of PC
boarding allows anyone to
construct even the most
complex gear and assures its
success.

On the Air With SSTV

Once the SSTV gear is
working closed-circuit fashion
{(camera output connected to
monitor input), you’re ready
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Fig. 4. Functional diagram of digital scan converter.

to connect the HF rig and
enjoy video communications.
Tune the popular SSTV fre-
quencies, and watch some
incoming pictures for a while
to get the knack of slow scan.
Notice how SSTV expands
QSOs rather than merely
generating them — how com-
plex pictures require explana-
tion, how they are affected
by QRM, etc. Although some
slow scanners call CQ exclu-
sively by video, | suggest you
use audio and occasionally
add a single SSTV picture.
This relaxed approach en-
courages more replies (espe-
cially from lightly-equipped
SSTVers) while giving your
rig a chance to breathe. The
duty cycle for SSTV is the
same as CW — 100%. Don’t

make lengthy picture trans-
missions before learning your
rig’s capabilities. Your finals
will thank you. Usually, the
SSTV level is adjusted to
equal half of your audio level.
If your rig produces 500
Watts output on SSB, for
example, set your SSTV level
so the rig produces 250 Watts
during picture transmissions.

Also, a group of previously
recorded pictures will prove
indispensable during those
awkward first QSO times.

Finally, | suggest you
begin your SSTV fun
casually. Don’t try to set the
world on fire overnight. Ama-
teurs who come on strong
with new modes tend to burn
out quickly, while the
smooth pacers last.

Conclusion

The challenging world of
SSTV is a constantly chang-
ing and progressive field.
Recent advancements include
motion SSTV, color SSTV,
3-D, computer processed
pictures, and much more. If
you're the type of person
who enjoys staying on top of
innovations and being a pace-
setter, I’'m sure you'll find the
world of SSTV a true haven.

SSTV activity can be
found daily on 3845, 7170,
14230, 21340, and 28680
kHz, with 14230 and 3845
kHz being the most popular.
Consider this a personal
invitation to join our gang.
We'll look forward to seeing
you. ®

L], u1=2000A
Hurch Electronics

transmitter

and rapid tuning

MODEL UT-2000A

THE ULTIMATE TRANSMATCH

!

:

'

MATE TRANSMATCN -

Similar to the one in Lew McCoy's article
July 1970 QST also 1976 Handbook

e Use with any coax or end fed random wire an-
tenna, ideal for apartment dwellers
e 2 kW P.E.P. (1 kW continuous) 1:1 SWR to

10-80 continuous, including MARS

Use with any wattmeter or SWR indicator
Heavy duty throughout (4000 volt capacitors)
Rotary Inductor with turns counter for precise

12" w 12" d x §% h, 12 |bs shipping weight

$139.95 + SHIPPING

FROM MURCH ELECTRONICS the UT2000A

MULTIBAND ANTENNA 10-80M

* Field Proven 4 years

e Sealed center insulator, 102 ft.
wire, 30 feet heavy duty twin |lead
e Coax fitting to connect twin lead to 52 ohm
transmission line (68 feet or more, not included)
o Ready to use. Great on all bands when used with the

Ultimate Transmatch

MODEL 68A, 2000 w P.E.P.

MURCH ELECTRONICS INC.

Box 35 Franklin Maine 04634

M43

Phone 207-565-3312

$44.50 p.p.
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Build This Excitingly

Simple Receiver

Ray Megirian K4DHC
606 SE 6th Avenue
Deerfield Beach FL 33441

ou may or may not be

familiar with the
various versions of minia-
turized communications re-
ceivers I’'ve presented over the
past 6 years as part of my
Minicom series. Although I’'m
up to an MK VI version at
this writing, circumstances
have arisen which prompted a
decision to revisit the MK 111,

The Original MK 11}

The original MK Il
Minicom! was an electroni-
cally tuned 80 meter receiver
designed around the Motorola
MVAM1 triple varactor. This
solid state device took the
place of the normal 3-gang
variable capacitor used to
tune the rf, mixer, and vfo
tank circuits. At $13.50 for
the MVAMI, | considered the
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receiver to be more of a
novelty than anything else. |
included it in my article
merely to show existing possi-
bilities to further shrink
receiver size, never dreaming
of the kind of interest it
would arouse.

As has been said about
most living things, they start
to die the moment they're
born. The MK |l may not
have been a living thing, but
it sure died in a hurry. While
the article was awaiting
publication, Motorola ceased
production of the MVAMI.
Although the MK Il was
only one of several ideas
covered in the original article,
almost everyone who wrote
to me was interested solely in
duplicating the MK 11} and
nothing else. The duestion of
whether or not they’d have
gone ahead after learning
what it would cost became
academic at that point, and
all | could do was pass along
the bad news and watch the

tears.
New Hope

After the demise of the
MVAMI1, Motorola intro-

duced the MVAMI115 single
varactor diode. It, too, was
designed for electronic tuning
of AM radios and had a high
capacitance ratio along with a
Q of 150 or better. To make
it even more worthwhile, 3 of
the new diodes would cost
only about a third the price
of the old MVAMI1. With all
this going for it, it was time
to bring the MK il back to
life. In short order, | obtained
some MVAM115s and got to
work.

The results were all | could
have hoped for during the
breadboard experiments, and,
as soon as all the variables
had been optimized, a PC was
laid out and a finished re-
ceiver built. Surprisingly, it
worked right off, and all |
could assume was that
Murphy was on vacation or

had passed on.

Why Diode Tuning?

Besides a considerable
saving in bulk, electronic
tuning raises some other

interesting possibilities. The
tuning pot is connected by
wire to the receiver assembly
and thus allows remote
tuning, if desired. The PC
portion of a receiver can be
tucked away in a corner of
the cabinet, while the tuning
pot can be panel mounted

without the worry of
mechanical linkage to turn
the shaft of a variable

capacitor. Preset voltages can
be switch selected for often
used frequencies. A second
pot controlling a fraction of a
volt can have its output
summed with the main tuning
voltage to allow band-
spreading over very small
portions of the dial. In the
modern vernacular, this is
known as ‘“‘incremental
tuning.”” Other ideas, such as
being able to reverse the volt-
age so as to reverse the direc-
tion of tuning, come to mind
when we are faced with this
problem in connection with
converters. You may think of
more as you get involved with
this method of tuning.

Circuit Description

Overall, the new MK |II
seems to work better than the
original did. Although no
diode selection was made,
tracking seems to be as good
as that using a conventional
3-gang variable capacitor. Dif-
ferent sets of diodes picked at
random were used in the
breadboard and the finished
PC board with equal results.

A few minor changes were
made in the updated version
of the receiver. A Motorola
MFES521 transistor is used in
the rf stage in place of the
40841. A 723 IC regulator is
also new, replacing the
MFC6030 formerly used. A
couple of resistors have also
been added to enhance
matching to the Murata filters
used for i-f selectivity. Every-
thing else is the same as the
original.

With the values shown, the
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tuning range of 3.5 to 4.0
MHz is covered in 180
degrees of rotation of the
tuning pot shaft. This makes
it easy to use conventional
dials.

Because the tuning voltage
must be very stable, a voltage
regulator is used in place of a
zener diode. A 3-volt input-
to-output differential s
required by the regulator, so,
with 7 volts out, the input
must be kept above 10 volts.
With a 723, the minimum
output with the configuration

shown is about 7 volts,
which, fortunately, is ade-
quate for our needs. The

regulator also powers the vfo.

Construction

There are 3 coils or trans-
formers to wind and one i-f
transformer to be modified
before construction begins. If
you've read other Minicom

articles, you know | use stan-
dard 3/8”-square 455 kHz
transistor i-f transformers for
a lot- of my construction
work. In this case, T1 and T2
are wound on stripped-down
i-f transformers using salvaged
wire. Refer to Fig. 3 for
winding instructions. The vfo
tank coil is pie-wound on a
slug-tuned form. The bfo
tank consists of a standard
transistor i-f transformer
whose secondary has been
modified to one turn. This
can be accomplished by
gently breaking the secondary
leads right close to the core
with tweezers and unsolder-
ing the remaining wire at cach
pin. Wind a new one-turn link
over the existing windings,
and solder the ends to the
same pins used by the original
winding.

Since it was all being
redone, | thought I'd make

this version smaller by
mounting the resistors and
diodes hairpin fashion. The
resulting layout is 2.1 wide
by 3.9" long, almost a half
inch narrower than the old
receiver.

All resistors are Y-Watt,
5% units with one lead bent
around a full 180 degrees so
that they can be mounted
vertically in closely spaced
holes. Diodes are mounted
similarly. All polarized
capacitors are dipped
tantalum. All other capacitors
are low-voltage discs, except
where silver micas are indi-
cated.

The two 5-30 pF trimmers
are very small 5 mm types.
These, as well as some of the
other parts, may give you
trouble when searching for
sources. If you send me an
SASE and a list of your
needs, I'll let you know what

spares | have and what they
cost.

After all parts have been
mounted, you’ll have quite a
few empty holes left over.
These are meant for con-
necting leads to external
controls and for dc power.
The PC layout shows where
everything goes. Some holes
will not necessarily be used,
such as all grounds located
around the copper border.
These are for convenience
and not specifically assigned.
You will also find spare pads
for +12 volts and +7 volts
regulated.

Testing and Operation

With a 12-volt supply, the
receiver should draw between
50 and 60 mA with no signal.
A meter in series with the
power lead or a metered
supply can be used for the
initial smoke test in order to
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determine that there are no
shorts or faulty parts. If drain
is normal, the following pro-
cedure should have you re-
ceiving signals in 15 minutes
or so.

Using a voltmeter, adjust
the trimmer resistor for an
output of 7 volts from the
regulator. Make sure the regu-
lator is working by varying
the voltage from the power
supply up to 14 volts and
down to 9 volts. You should

= ——
‘> —o
277

———
T2

lose regulation at about 10
volts.

Next, turn the rf and af
gain controls to maximum
and the bfo to mid position.
Slowly run the slug in the bfo
transformer out towards the
top of the can. When you hit
455 kHz, you’ll hear a rush-
ing noise with two peaks and
a null in between as the core
is rotated. Set the slug to the
null point which is zero beat.
Make sure turning the bfo

EDGE OF BOARD

IT®55T

VFO

(BOTTOM VIEWS)

Fig. 3. T1 and T2 are wound on stripped 455 kHz transistor i-f
transformers using salvaged wire. The vfo tank coil is pie-
wound with 7/44 litz wire on a Gowanda series 7 coil form
with carbonyl E core. The 1-turn link is wound over the pije.
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tuning control varies the fre-
quency on both sides of zero
beat.

The remaining alignment
steps should be done with the
180-degree operating range of
the tuning pot centered so
that the excess travel is
equally divided at both ends.
Some sort of vernier drive is a
necessity, and a scale should
be mated with the drive so
calibration points can be
marked off,

Set the tuning pot to the
low end starting point and
check the vfo frequency. It
should be at approximately
3.0 MHz. | use my scope, but
a counter can be used. If you
have no convenient way of
reading this frequency, use
brute force. Feed in a hefty
signal at 3.5 MHz and rotate
the slug in the vfo tank coil
until you pick up the signal.
The gain controls should still

be at maximum and the vfo
at zero beat. Adjust the slugs
in T1 and T2 for maximum
response. At this point, you
can turn down the af gain to
a comfortable level and
reduce the rf signal to prevent
overloading of the receiver
front end.

Once the low end has been
set, run the signal generator
up to 4.0 MHz, and rotate the
tuning pot up towards the
high end until you find the
signal. The two ceramic trim-
mers across T1 and T2 should
be peaked with the generator
ievel set at a low level. Repeat
these steps several times until
good tracking is achieved.

Finally, mark off inter-
mediate frequencies on your
dial with whatever spacing
you desire.

Conclusion

Using the LM373 in cir-
cuits such as this aids in
miniaturization, but it leaves
one major drawback. The agc
system internal to the LM373
is not compatible with the
rest of the receiver. | have, on
occasion, added supplemen-
tary agc circuitry to receivers
using the LM373, but, in
those cases, space was not a
problem. The only alternative
is a manual rf gain control, as
was used here.

Although the MK Il
makes a dandy little 80 meter
receiver all by itself, it is also
an exccllent tunable i-f
system for a multiband con-
verter. | used the converter
(since revised) shown in the
MK 1V? receiver article in
conjunction with this tuner
and achieved 5-band opera-
tion in a very small package.

The diode tuning was also
applied to a more elaborate
receiver similar to the MK |V
and resulted in more features
per cubic inch than any
Minicom to date. Who knows,
perhaps the variable capaci-
tor’s days are numbered. ®
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John M. Franke WA4WDL
1006 Westmoreland Ave., Apt. 225
Norfolk VA 23508

Can Hams

Counter Police Radar?

— electronic warfare: another step

here is a growing inter-
est among amateur radio
operators in the development
of a simple and inexpensive
method to jam or otherwise
defeat police radar units. This

article is written to discuss
the various methods | have
used and to offer some sug-
gestions for future work.
Electronic warfare is a
highly-developed military

science, the purpose of which
is to render useless the elec-
tronic sensor and communica-
tions equipment of the
encmy. This article will be
limited to the narrow realm

Note: Don’t let that complex synthesizer fake you out. All you need is a common audio oscillator, not a
laboratory generator like Fig. 2. 73 takes no stand in the developing warfare between police radar and hams
interested in countermeasures. The more we read about it, the more convinced we are that police radar
should be outlawed as an invasion of person by possibly damaging microwave radiation. — Ed.
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of CW Doppler
jamming.

radar

The best place to start is
to obtain an accurate descrip-
tion of the hostile unit, the
police radar. A block diagram
of typical police radar is
shown in Fig. 1. The radar
consists of an unmodulated
CW source, cither a klystron
or a solid state Gunn or
Impatt oscillator, a duplexer
to isolate the transmitter and
receiver, a common antenna,
a detector-mixer, and an
audio-frequency meter.
Typical transmitter output
power is in the neighborhood
of 10 to 100 milliwatts. The
transmitter frequency s
10,525 MHz, very close to
the 10,000 to 10,500 MHz
amateur band. Typical an-
tenna gain is between 10 and
20 dB.

In operation, radiation
from the oscillator passes
through the duplexer to the
antenna, where it is radiated
in a narrow beam. Energy
striking cars is Doppler-
shifted by an amount propor-
tionate to the car’s velocity.
The reflected energy is picked
up by the antenna and fed to
the detector-mixer. Some of
the transmitter output is
mixed with the reflected
signal. The detector-mixer,
usually a simple point-contact
diode of the 1N23 series or a
hot carrier diode in the newer
units, detects the difference
frequency, which is measured
by the audio-frequency meter
and displayed as mph on a
meter or LED display.

An audio-frequency meter
is used because the Doppler
shift is approximately 31.4
Hz per mile per hour velocity,
or a speed of 100 mph pro-
duces a Doppler shift of 3140
Hz.

Methods of Deception

1. CW Jamming

This is the first method
amateurs consider, but it is
actually one of the least ef-
fective and most expensive.
To use this method requires
operation outside the ama-
teur band. It also would be
necessary to use a scanning



receiver, i.e.,, a spectrum
analyzer, and a voltage-con-
trolled jammer oscillator. The

receiver is needed to lock
onto the exact radar fre-
quency, because the radar

transmitter is not of crystal
stability. Then the jammer
must be offset from the
radar’s frequency by an
amount equal to the desired
false Doppler shift. Again,
this method is expensive and
requires operation outside the
amateur band.

2. Noise famming

Noise jamming is a tech-
nique pioneered for use
against radars in the 1940s
and is still effective today,
but it’s not for amateurs who
wish to retain their licenses.
Noise jamming consists of
modulating a transmitter with
broadband noise. The band-
width of the noise spectrum
is made large enough to cover
the operating band of the
hostile radar. Covering the
police radar band would re-
quire a noise bandwidth of 10
MHz. The radar’s receiver has
a bandwidth of only 10 kHz.
The result is that, by having
to spread the jamming energy
over ten megahertz of which
only ten kilohertz is effective,
only one-thousandth of the
jammer power is being used.
Also, this method requires
operation outside the ama-
teur band.

3. Baseband famming

This method is the least
expensive and most reliable
method that | have tried. The
method is simple and does
not require operation outside
the amateur band. It involves
transmitting a tone-modu-
lated carrier within the ama-
teur band. Since police radars
have an untuned front end,
the detector-mixer will act as
a detector for frequencies
outside the police radar band.
If the jammer transmitter,
operating inside the 3 cm
amateur band, is amplitude-
modulated by, say, 3140 Hz,
the detector-mixer will detect
the 3140 Hz tone and display
a speed of 100 mph. Hence,
the radar can be deceived into

reading any desired speed by
merely modulating an oscil-
lator by a tone corresponding
to the equivalent Doppler
shift for that speed. | have
been able to deceive radar
units as far away as one mile
using this scheme with a
15-milliwatt Gunn oscillator
and a 15 dB gain horn an-
tenna. The schematic of the
unit is included in Figs. 2 and
3. Fig. 2 shows the phase
locked synthesizer used to
generate equivalent speeds of
1 to 99 mph with thumb-
wheel switches. The design is
a hybrid of CMOS and TTL
logic because the parts were
on hand. The design is not
optimum, but it does work.
Fig. 3 shows the modulator
which switches the Gunn
diode oscillator on and off.
The photographs show the
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Fig. 1. Simplified block diagram of police radar.

car used for the tests.
4. Passive Jamming

This area is most
interesting in that no trans-
mitter is used. In baseband
jamming, the deception is
accomplished by transmitting
a tone-modulated carrier
whose modulation frequency
corresponds with the desired
Doppler frequency. In passive
jamming, it is the reflected
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radar signal which is mod-
ulated to produce the decep-
tion. This is accomplished by
varying the apparent size or
radar cross section of your
car. Using an inflatable car
and varying the air pressure
would work, but a simpler
technique is to use an an-
tenna with a varying impe-
dance load. A test unit was
constructed with a small horn
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Fig. 2. Phase locked synthesizer.
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Fig. 3. Gunn diode modulator.

antenna, pin diode switch,
and dummy load. The switch
is used to alternately termi-
nate the antenna with the
matched dummy load or a
dead short. The net effect is
an amplitude-modulated
reflected wave that is capable
of deceiving the police radar
at ranges of only 20 yards.
However, the addition of
larger and more advanced
antenna designs Is expected
to increase this range signifi-
cantly.

Conclusion

Baseband jamming is the
most effective and economic
method for deceiving police
radars. The circuitry is within

amateur capabilities. A listing
of suggested literature is in-
cluded and is recommended
for potential designers. This
article has been limited in
scope and theory with the
intent that interested ama-
teurs will be able to build
workable equipment using
these simple guidelines. This
article does not cover the full
legal problems, and, for that
reason, it would be
interesting to hear from
lawyer amateurs. ®
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MOOEL CTR-2A

1 sec. - -

The New Model CTR-2A Serles Counters are designed and buiit to the highest standards
to fuifiil the needs of commercial communlications, engineering labs and serious experi-
mentors. With an accuracy of + .00005% (oven option) the CTR-2A can handie the most
critical measurements and is about half the cost of other commercial counters.

If you need a reliable counter at an affordable price, the CTR -2A is the answer

® Built-in Pre-Amp 10 mv @ 150 MHz
® 8 Digit .3"" LED Duisplay

® High Stability TCXO Time Base

® Built-in VHF-UHF Prescaler

® Period Measurement (Optional)

® |nput Diode Protected

® 12V-DC Operation (Optional)

® Oven Controlled Crystal (Optional)

e Automatic Dp Placement +.5 ppm
e TCXO Std. £ 2 ppm ® Selectable Gate Times-.1 & 1 sec.
500 MHz Kit CTR-2A-500K : $249.95
500 MHz Assembled CTR-2A-500A 349 95 PROBES
1GHz Kit CTR-2A-1000K 399.95
1GHz Assembled CTR-2A-1000A 549.95 Hi-Z
OPTIONS . . .. $15.00
02) Oven Crystal $49.95 05) 10 sec. Time Base $ 5.00 ®
03) .43 LED 10.00 06) Period 15.00
04) 12 V-DC 10.00 07) Handle 10.00 Low Pass
$15.00
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SURPLUS
TRANSFORMERS

ALL 115 VAC 60 Hz PRIMARIES

whi #SS-HW-201P;
» A", 2000 VCT 500 MA (700

MA intermittent); 7x5%:
x5, 32 lbs
Used $27.50

#SS-S-P243;
900 VCT 250 MA; 424V x
3%". 15 Ibs. Used. $9.95

#84103AD1;
500 VCT 250 MA; one side tapped 50. 75. 120. 175 V;
12.6 V 3 A; 4Y2x3Y2x4%2", 15 Ibs. Unused, $9.95

#25D84455DC1; 40 v 15 A, 5%x5%xa'%"
18 Ibs. Unused $9.95

#PV-175-9; 15V 3 A 13V 2 A 6.3V 7A; with
regulator capacitor; 4'2x3%x3%", 13 lbs
Unused $5.95

#P601719; 12V 9 A 44V 25A;129V32A
12.9V 2 A; 5%x4%xa%", 22 lbs. Unused, $12.95

WE ALSO STOCK
COMPUTER GRADE CAPACITORS,
STUD RECTIFIERS, and HEATSINKS.
WRITE FOR NEW ‘78 CATALOG.

All prices F.0.B. Lima, Ohio

Please allow for shipping charges F1
Use your B/A, VISA, or M/C Card.

Address Dept. 73 ° Phone: 419/227-6573

FAIR RADIO SALES
1016 E. EUREKA - Box 1105 « LIMA, OHIO - 45802




2-Meter FM Mobile...

PL.L. Synthesnzed...

Midland’s Model 13-510 Gives Full 2-Meter Band Coverag
with 800 Discret2 Channels, L.E.D. Readout, 25-'Vatt Power

Midland's 2-neter mobile has been designec around a precision PLL. taer that
delivers 400 frequencies in 10 KHz steps fromr 144.00 to 148.0- Mkz, witt a 3 KHz
shift-up giving 400 rrore. In addition, for repeater operation, 4 crystal con rolled
offsets are available with 600 Hz supplied.

The dual conversion receiver has a multiple FET front end with helical resormator,
monolithic and crystal filters in the IF stages. The transmitter, rated for 25-watt full
power, is swikchable to 1-watt

Fully modular construction includes automatic SWR and polarity protection, inter-
nal DC filtering and electronic switching. And there are connectors for optional tone
burst and discriminator meter, as well as external speaker.

It's rugged in its tough metal cabinet. It's reliable with extensive use of integrated
circuits in its all solid state design. High performance mobile microphone, latch-on
mobile bracket and desk stand are included. All you need to do is add an antenna
like Midland's Model 18-940 trunk mount or Model 18-941 magnet mount, hcok up
13.8-volt negative ground DC power, and get on the air with Midland.

L.E.D. CHANNEL SIMPLEX/REPEATER
FREQUENCY READOUT  SELECTOR
TRANSMIT p
INDICATOR

LIGHTED SIGNAL/
POWER METER

HIGH/LOW
POWER
SELECTCR

ON/OFF /VOLUME

-KHz SHIFT-UF \ DUPLEX
LIGHT R \ INDICX OR LIGHT

i

"_.«ﬁ'v,‘
193 rrenad

o
\’-!mimmm

FOUR-POSITION
TRANSMIT
OFFSET

SWITCH

FRONT-VENTED
SPEAKER HOUSING

VARIABLE MHz BAND
SQUELCH SELECTOR SWITCH

10 KHz SELECTCR DIAL

100 KHz SELECTOR DiAL

Want to know more? Write: Midland Amateur, P.O. Box 1903, Kansas City, Missourni 64141
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Why Not Go First Class?

—FM, RTTY, ID, PL, TT, etc.!

David J. Brown W9CGI
RRS, Box 39
Noblesville IN 46060

f you have ever gotten the

daylights knocked out of
you, blown up a touch-
toneTM pad with the micro-
phone dc on the mike-high
line of a Motorola trans-
mitter, been strangled on the
30-odd leads between the FM
and your Teletype®, or, like
me, all the above — read on.
If you would just like to have
the ultimate in pleasure in
FM (all types) and RTTY
operation, this article should
appeal to you. It brings to-
gether all the audio lines and
PTT circuits under one roof
(chassis), where it becomes
not only a joy to manage and
work on, but also, more im-
portantly, a pleasure to
operate.

at 146.40 MHz, it became a
natural to couple all the
audio and control circuits of
the RTTY and FM into one
box and include all the tone
control gear | have, to boot.
With these ideas in mind, the
ESP unit was begun. You’ll
sec why the ESP title really
fits if you build one, as you’ll
begin to think the little box is
reading your mind. The unit
includes:
1. Audio input controls for:

a. Hand microphone
(local) on FM rack (voice);

b. Handset (telephone) on
console desk (voice);

c. Auxiliary audio input
(repeat or tape) (voice);

d. Tone control (burst,
continuous, dial pulse)
(tone);

e. Touchtone control (TT
pads) (tone);

f. Teletype tones (mark-
space-shift ID) (tone);

h. CW tone on voice and

mark shift on TTY.
2. Keying control automati-
cally tied to modes of 1.
3. Indicators to tell what is
or is not happening and
enough controls to balance
audio levels on all inputs.

The circuit schematic is
pretty straightforward in the
area of the relay controls and
the relays themselves. They
merely switch the keying line
to ground, with the top set
shown, and place audio into a
common audio microphone
input audio line through the
bottom set. It is the control
of these relays and the tones,
voice, etc., that is the heart of
this equipment. | will try to
show here what goes on by
taking one function or mode
at a time, working from the
left of Fig. 1, the woice
circuits, through the right of
Fig. 2, the tone circuits.

Since the principle RTTY g. Automatic 1Der for Beginning with the left of
activity hereabouts is on FM  voice or TTY (tone); Fig. 1, | wanted a means of
TO INPUT
A KEY LINE
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playing back audio tape
recordings of earlier events
over the FM. Primarily, this
happened when | went to a
TVT-type RTTY arrangement
from my older and noisy
Model 19. My only way to
storc information became
audio tape, replacing the old
5-level paper tape. The audio
output of tape recorders is
about 4 to 8 Ohms, so |
included a small 4/8-Ohm
winding to 600-Ohm winding
audio transformer. This
allows any low-impedance
output (speaker) to be played
into the FM transmitter. This
later led to the use of another
radio output into the trans
former and on into the FM
transmitter input (repeater).
Since all my Motorola re-
ceivers are on the upstairs
back- porch and my shack is
in the basement, | had long
before added COR relays to
the 6m, 2m, and ¥m re-
ceivers. That way 1 could
detect activity on one band
while listening to another
band by lighting lights on a
5-button-type office phone |
use as a control head.

Pushing one of the push-
button lights chooses which
transmitter/receiver is in use
and has microphone/speaker
hooked to it. The red button
is used for a transmit button.
It was easy to route the COR
contacts into this new
system as well, and have the
facility of an emergency
repeater for our storm season
around here,

Next is the normal hand-
microphone circuit, which is
just like control head use
except for the pot for level
control. If you have a micro-
phone or handset that just
makes it for level, set the
modulation pot in the trans-
mitter up in the transmitter
for proper deviation with the
remote (mike location) pot
set at 50% to 75%. This will
lcave you range on all the
circuits at the ESP unit. The
audio and PTT button are
merely routed through the
microphone relay to allow
other audios into the same
line. The PTT button on the
microphone now keys the



relay rather than the trans-
mitter directly.

The handset needs little
more explanation than the
hand microphone. It is just a
second microphone in a tele-
phone style handset and is
used at the main radio con-
sole/desk.

This completes the voice
circuits — very simple — and
takes us to Fig. 2 — not so
simple. Skip over the circuit
marked TEC for a minute, as
it has rather broad implica-
tions over several of the tone
circuits. Follow the key line
to the right where diodes D1,
DS, and D6 are located. D1
allows any of the voice
circuits to close the key line
regardless of the tone relays
in or out (total voice con-
trol), but not the reverse.
You can talk over or with any
of the tones you care to. D5
keys the tone relay on when-
ever a voice circuit line closes
the key line to ground (i.e.,
cach time the microphone is
keyed). D6 feeds the tone

pulse set of contacts shorts to
ground the audio output
from the oscillator, except
when x number of pulses
(chosen by the number you
dial) allows the oscillator

function switch, S2, center
arm. For a continuous tone
always on while the micro-
phone is keyed, the switch is
put in C/T for continuous
tone (i.e., subaudible tone

used on tone access re- output through by opening x
peaters). For a burst tone times. That takes care of
(whistle-up repeaters, etc.), three of the single-tone func-
S2 is put in B/T for burst tions.

tone. | used a tone generator The fourth single-tone
described by WBSBAF, and function is a bit more

complex in routing but not
in use. Have you ever gone
too many minutes between
IDs during a particularly
interesting conversation? It is
easy to do and could get hard
to explain to the FCC. Why
chance it? With S2 in the 1D
position, every time the voice
circuits are keyed, a ground is
placed on the center wiper
arm of S2, as explained
above, via D6. Continue on
through D11 to the start
input of the ID block. Before
you go to Fig. 3 and the ID
unit, note D12 on this same
start line. For future refer-
ence, it performs D11’s func-

he states a burst tone of
about 0.4 seconds for the
values given in the base of the
transistor (10k, 35 uF). Set
the 10k pots for the fre-
quencies F1 to F5 desired. A
total resistance in the range
and one frequency pot for
1800 Hz is 28k Ohms, or 20k
Ohms for 2400 Hz. That will
get you started. The tone
oscillator is used for all the
single-tone functions. The
dial (telephone type) keys
this oscillator on via D7 for
the relay and D8 for the
oscillator. Use the close-and-
hold set of contacts when the
dial is rotated to stop. The

TEST-KEY:XMTR

tion when a ground is applied
from the RTTY console.

Going now to Fig. 3, the
right-hand block is an un-
modified TTL K20AW re-
peater 1D board from 73
Magazine, February, 1973.
This IDer has worked so well
for me in other applications
that | used it here. It requires
a positive pulse to start it and
gives out a high-to-low TTL
keying pulse train (K) and a
low-to-high TTL hold com-
mand to keep the transmitter
on for the fuli call even if you
let up on the mike button.
This combination of con-
trolling signals is not quite
enough to run the ESP unit,
thus the WICG! control unit
on the left and center of Fig.
3.

Entering the left side of
the control board at the
“start” pin, we’'ll do the easy
command first. The push-
button allows testing the call
loaded in the ID board and
the code speed over the audio
monitor, without keying up
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the transmitter (D11 and D12
prevent key-up). The other
two inputs are D11 and D12
mentioned earlier. The
ground command causes a
negative pulse at IC1, pin 2
(555 timer) and triggers its
output pin 3 high. This high
is present for 2.5 seconds to
9.2 minutes, depending on
where you set R1 (short time
to check operation and up to
9.2 minutes for your every-
10-minute ID). The high keys
on Q1 cause a negative pulse
at pin 2 of IC2. There is then
a positive-going pulse at pin 3
of 1C2 to send to the start
input of the K20AW 1D
board. If the microphone is
released during this period set
by R1 and pressed again in
that period, 1C1 stays trig-
gered and does not retrigger
1C2. Thus, you only ID at the

TRIAD FaIX
25.2V AT 2A

Fig. 3. ID unit.

beginning of the first trans-
mission and not every time
you key during the R1
chosen period. The next time
you key after the timer IC1
has reset will ID you again,
and all is well. A fact to
mention here is that only
your station is I1Ded, and that
is all the law requires
double IDs are unnecessary
and a time waste (especially
on repeaters). Let the other
guy ID himself as required —
your IDer will remind him.
Bear in mind, | am not for
regulation requiring auto ID
in the ham bands — we police
ourselves rather well. This is
just a handy device to keep
you legal and ease your oper-
ating, especially on RTTY.
Once the ID has been
triggered into operation by
1C2 (also a 555 timer), it
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Fig. 4. Power supply.

takes over control as follows.
IC4 of the ID board places a
TTL high hold output com-
mand on the hold input of
the control board (HI). This
is fed to Q3 of the control
board, where it is inverted
into a ground command. It
then goes back to the main
ESP unit, Fig 2, via the HO
pin to the center arm of S2b.
In the ID mode, it is used to
hold in the tone relay via D7
and the tone oscillator via
D8. In the TTY mode, it goes
to the TTY control board,
which will be discussed under
RTTY.

Keying of the tone on ID
function is accomplished by
using the low-going pulses
from IC1, pin 8 of the ID
board to turn off Q2. When
on, Q2 shorts out the tone
output via C1. C1 line (tone)
is connected in Fig. 2 as the
key-tone line out of the ID
unit block. Q2 has its emitter
returned to the Q3 collector
rather than ground, to avoid
the audio line being shorted
out in other functions than
ID. It goes through Dp to
protect the base-emitter junc-
tion whenever the collector
of Q3 (hold line) goes back
up to relay voltage (+R). The

direct TTL output, low-going,
marked TTY, will be covered
later.

That covers all but the off
position and TTY position of
S$2. Off is obvious no
single-tone gear is running
The TTY position is merely a
way to allow a separate use of
the ID unit hold and keying
lines when in TTY operation.
You do not want a pure CW
ID or the tone relay energized
in the TTY mode. I'll say
more on that when | cover
the TTY.

The next mode possible is
the ever-faithful touch-
tone used by so many control
functions these days. Of
course, | included it for some
of the EME control, but
one of our local machines in
Indianapolis (16/76) has a
very useful tape function that
is controlled by an incoming
TT 70 series number (except
77). It explains the repeater
and its use, mentions other
area repeaters, and gives road
info, weather info, etc.,
depending on the 7x you
punch. It’s very nice and very
handy, and, if the out-of-
town mobile does not have
touchtone in the car, | can
key it up for him. For those

of you passing our way,
please note audio (voice)
must immediately precede

the 7x touchtones, and there
is a 4550 second pause
between requests while the
8-track tape rewinds.

My pad is wired up as
described in one of the many
articles now out, so | did not
include that here. The tones
from it couple into the ESP
unit at the pins marked TT
tones on Fig. 2. The ground
on any key pushed goes to
the TT all on Fig. 2. Be sure
to use one that has a level
control and is ac coupled out
to the outside world. The pad
runs nicely off the +9 V dc
regulated from the supply

(see Fig 4).
Now we come to the part
that started the whole

project. If you have ever run
RTTY, you can understand
why. At the right of Fig. 2
are 6 terminals on the back of
the ESP unit. My tone unit is



included in this ESP unit and
only requires control signals
from the TVT to run it
Terminals 4 and 5 perform
this mark-space control from
the TVT. Line 2 is the ground
from the TVT to control the
transmitter. Pin 1, of course,
gives the two locations a com-
mon ground reference.

Il first discuss the TTY
unit’s tie-in and the reason
for its inclusion in the ESP
unit. The input marked ID on
the TTY unit block is the
hold-ground from the ID unit
via S2b when in TTY mode.
In this mode, it forces the
machine into a mark-hold
tone output. It does not
defeat the keyboard of the
Teletype in my case. My
reason for this is that | am
using a TVT and a keyboard
unit with 64 characters of
FIFO buffer memory which
will store up to that many
characters and hold them as
long as the FIFO output
clock is disabled. This disable
line is the same line as line 3
of the 6 terminals to the
TVT. It holds the FIFO
output clock off, thus
stopping the output of mark-
space commands, but still
storing the information in the
memory. The instant the hold
line goes high again (end of
D), the FIFO unloads and
transmits at full machine
speed until it catches up with
your typing again. Diode Dt
is used to get the ‘‘Here-is”
key of the keyboard over to
the tone and ID units of the
ESP unit. It keys the ID unit
just as the control unit of the
ID block, but it bypasses the
low minute timer for a ‘‘Here-
is” ID whenever you punch
the ‘“Here-is” key.

The key line from the
control to the TTY unit in
the TTY mode, as stated
earlier, is a low-going TTL
pulse train and is used in the
TTY unit to do a small mark-
shift for ID. This is common
practice, but it is usually
done with a hand key. It
keeps the other guy’s ma-
chine from running “open”
and chattering away or print-
ing garbage as does the usual
CW-A1, CW-A2, or voice ID.
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This way, his machine still
sees a mark-hold (or almost
mark-hold when ID shifting).

Here's a bit more on the
TTY console wiring before
we cover the TTY unit itself
(Fig. 6). Line 2 is a hard
ground from a transmit
switch in the RTTY console
(across lines 1 and 2). This
switch happens to be paral-

leled by a set of relay
contacts in my RTTY
console, controlled by the

keyboard via a 7400 R/S flip-
flop. | have two of the
unused ASCIl keys marked
XMIT and RCV that flip or
flop this R/S for very neat

Fig. 6. TTY control unit.

control, but that is of no
consequence to this article.
The ground enters the ESP
unit on line 2 of the 6
terminals. It starts the ID unit
via D12, immediately forcing
an ID buffer FIFO hold
condition. | can go right
ahead and type the beginning
of the message, as explained.
Line 2 turns on the TTY
relay directly. Diode D13 is
used as the TTY ID hold-in
for the TTY relay. This
allows for the fact that you
might go to transmit at the
TTY console and right back
to receive (pretty quickly in
my R/S type) in the middle

1T

AY!
77
Ay
77

T0 TTY
TONES INPUT

45V +5V +9
L]

FROM
sac

b

of the ID unit trying to ID.
The hold-ground via D13
prevents partial IDs from
occurring. Diodes D14 and
D15 in Fig 2 are field
collapse diodes across relays
to protect transistor keying
devices (transistors) from
being reverse pulsed. They
have nothing to do with any
of the diode steering and
control diodes.

Now on to the TTY unit
in Fig. 6. This is the control
and tone-generating unit for
TTY operation. The actual

tone generators are not
shown, but they are 556
oscillators just like the
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WBSBAF unit for single tone.
The F1 to FS pots are used to
set up various tones used for
wide or narrow shift and high

88

Fig. 7. PC board.

or low tone groups via a of the single-tone unit. This is
switch. The square wave out- because further TTL level
put from the 556s is used processing is going to be done
instead of the triangle wave on the waveform before it is

allowed to go out over the
air.

The mark and space tones
run all the time to avoid a



run-up error in frequencies
when S2 is in the TTY posi-
tion. The +5 V dc can be
switched around with a
fourth section of S2, if
desired, as it is only needed in
the ID and TTY modes. | run
the 1D all the time whenever
not in a tone mode, and mine
comes on with the ESP unit
onfoff switch. The first half

of the ICI, a 7403 quad
2-input  NAND gate with
open collector outputs, is

used to allow for mark-only
or space-only sending, should
you desire. By shutting off
the mark or space side
enabling circuitry, vou allow
only one tone out. A high on
the space input line (line 5
from the TVT) is TTL high
for a space tone output. For
the CW ID, a ground from the
ID control unit hold line
makes IC1, pins 9 and 10
low, IC1, pin 8 high, IC2, pin
2 high, and the mark tone is
held on for the duration of
the identification cycle. Dh
disables the first half of IC1
mark-space inputs by making
one input of each low. Thus
the output tries to go and
stay high and ignores the
other input of each gate. This
cffectively disables the TVT
inputs even if the FIFO
sneaks one or two through
(depends on your KB/TVT).

Mark and space normal
TTY tones are produced just
as the hold tone is generated.
Whenever pin 3 of IC1 for
mark or pin 6 of IC1 for
space is driven low by the
TVT inputs going high, the
proper tone is allowed
through the output pins 3
and 6 of IC2 and is sent to
the filter. This filter is just
like the one used by K20AW
in his IDer article. The filter
output feeds the TTY tone
terminals of Fig. 2.

The CW ID (TTY) from
the ID wunit is a low-going
TTL and drives % of IC2 as
an inverter. This is fed to
another % of 1C2 to give an
open collector for keying a
capacitor (Csh) in parallel
with the .005 uF tuning
capacitor on pin 7 of the
mark generator. This Csh,
when chosen properly, gives a

O)P%S
(o2 ¥ 0]

1
RS
<l T

OO DI0DES  O—A—O RESISTORS .:‘ PCPOTS O +—O CAPACITORS

oo o
GND@® +RO
(o] (o] (o]
o Yo o
(o] (o] (o]
o o o

small shift downward in fre-
quency from the mark tone.
The shift is not enough to
trigger the space decoding
network at the receiving end.
It is usually chosen for about
20% of the difference in the
shift used, i.e:, 34 to 40 Hz
down from mark on 170 Hz
shift and 150 to 170 Hz
down on 850 Hz shift.

That covers all the voice
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Fig. 8 Component layouts.

and tone circuits except the
one TEC | skipped over
carlier. TEC is my little joke
for “tail-end Charlie.” If you
date back to World War Il
surplus days, this was the tail
gunner in a bomber crew and
also the nickname of a piece
of equipment modified by
hams for 450 MHz work back
then. It is a ““tail end’’ for the
ESP unit as well. Whenever

the TEC switch is in TEC
position, it detects the keying
line going back up to the +R
voltage and triggers another
pulse circuit whose pulse
length is chosen by Rt, Ct for
about the same 0.4 sec-
onds as the burst-tone circuit.
The tone relay is held in by
D18, the transmitter relay is
held in by the keying line
path through D18 and D1,
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Fig. 8. Component layouts (continued).

and the continuous tone by
D19, for a 0.4-second burst
tone at the end of a trans
mission. This is especially
useful in rough copy simplex,
when it is often hard to
understand and know when it
is turned back over to you. If
you set up the tone for this at
about 800 Hz, it really comes
through in good fashion, even
when conditions are up and
down or just plain lousy.
There would be a path
through D18, D6, and D9 or
D10 if the unit were in B/T
or C/T tone mode, but this
way | can set up for ID front
end and B/T rear tonc.

Sidelights

Several cute side effects
have come out of the use of
the ESP unit, not the least of
which is the fact that | can
now go downstairs, set up a
couple of switches, and
operate, instead of cable
changing and going crazy.
Before, to go from voice to
TTY to voice meant plugging
and unplugging the micro-
phone 4-pin connector,
hooking up the key for CW
ID, and enough other junk to
keep me from running RTTY
half the time. | used a large
panel on the ESP unit and
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included 4 meters across the
top. | can read from the
receiver test octal socket the
limiter current (signal
strength) and discriminator
(deviation). With the help of
3 friends with frequency-
synthesis-type transmitters
(mean average of 3 for a
fairly accurate guess), | cali-
brated the discriminator
meter in kHz deviation and
can now help others get trans-
mitters on frequency and
deviation set right — or at
least closer! A third meter
from an older panel (also
Motorola) and the same
panel’s roll clock were also
added. The third meter reads
the audio in either the
common mike-audio high line
going to the transmitter or
the receiver audio coming
down to the shack. The meter
is a VU dBm/600-Ohm
model. Of course, a com-
mercial-quality mobile speak-
er was added to the panel.
The fourth meter was an
older Simpson that matched
the others in style and had a
100 mA full-scale movement.
| opened it up (carefully) and
added small red lines (press-
on) at the 20 and 60 mA
marks. | use it to monitor
RTTY loop current. | feed

the loop from a series-pass
supply like so many you have
seen. The exception is that |
bring out even lower base
current circuitry to the panel
and a pot, and, by controlling
the voltage on the base, | also
control the supply output
voltage and, thercfore, the
loop current over a small
range. Three older Motorola
control heads were gutted for
a 4-pin  microphone con-
nector on the back apron for
cach of the voice circuit
inputs. The volume and
squelch controls were panel

mounted also (remember, 3
bands 3 receivers — 6
controls). Power on/off

indication was replaced by a
neon on the ESP unit on/off
line, so the 3 green lights are
used like the phone lights
controlled by the COR relays
to show band activity. The
red lights were used normally
to show which transmitter is
operating. This is really neat
in the COR-repcat mode, as
you can tell at a glance the
audio from what is going to
where! The nice chromed
switches are used for several
of the functions where
possible. Panel space is also
needed for the TT unit pad
and the rotary phone dial

salvaged from an older
300-series phone. One of the
control head microphones is
used as the local microphone.
(Like most of you, 1 got all
the three bands’ equipment as
mobiles originally.) | built the
entire unit into an aluminum
chassis (inverted) that is 3”
high by 17" wide by 12”
deep. (Bud AC418 with
BPA1528 cover. This lcaves
lots of room for the ESP, ID
board, RTTY board, power
supplies, etc., and a lot of
back apron room for all the
cable connections to the FM

and TVT.) If you rack
mount, as | did, consider
modifying the rack for

drawer slides like you have on
your kitchen drawers. They
are inexpensive, available at
most hardware stores and
lumberyards, and plenty
heavy-duty for light equip-
ment. It’s great when ser-
vicing the gear or adding to it.
The only special parts are the
module used for the audio
monitor, which is an RCA
sound output module from
an XL-100 series chassis, and
its companion 12-pin socket.
The module is a MANOO2A.
The board is laid out for
relays by ECI Model 401
DPST, 12 V dc, 145-Ohm
coil. They are called tiny-T
relays, and | run them off the
+15 V dc (+R) through 33- or
36-Ohm, % W resistors. All
the NPN switching transistors
can be small signal/switching
types in the 100 mA cate-
gory, like 2N706 or HEP724,
except that, for the ones
driving relays, you may want
something a bit stronger, like
a 2N3643. All non-power
supply diodes are small
switching types of 50 V piv
and 100 mA or so. The relays
draw around 82 mA, so if
you have heavier diodes, use,
say, a 500 mA variety.

One small thought: For
those who want the sub-
audible part, too, see the
article by WB6GON in the
December, 1976, 73 Maga-
zine. | haven't completed
mine yet, or | would have
included it, too. Let’s see if
my ESP can read vyour
mind.



Lrandand, featunes on oll,
nepeaton
(Gt on Wined, & Teated.)

Baeriea.

Fourn pole helical nesonaton,
Tranafoumen (qives additionnl imoge

Highquatsy, 11OVAC/2Z0VAC 50/ 60HZ bandsignabejection)

_/ (fiods TOTB
adjacent channel

Not akous i photo-is new powen, aupply. Haa fold back curment, limiting (you can, shortaupply & will
not damage it), afao oven, voltage puotection, (o shont in, the, supply willahut it down 40 nepeaten, iy not
domaged.) Dont, forget oun, CWTD with in159 bit field, programable, memony. Bob

PRICES
RPT 144B Kit ....Repeater —2 meter —1Sw—complete (less crystals) ........... 499.95
RPT 220B Kit ....Repeater—220 MHz—15w—complete (less crystals) ........... 499.95
RPT 432B Kit ....Repeater—432MHz 10w —complete (less crystals) ........... 5§79.95
RPT 144B W/T .... Repeater—2 meter—15w—factory wired and tested ........... 799.95
RPT 220B.W/T ....Repeater—220 MHz—15w —factory wired and tested ........... 799.95
RPT 432B W/T .... Repeater—-432 MHz—10w —factory wired and tested ........... 849.95

(fg fMQ Wit ensincerine

DIVISION OF BROWNIAN ELECTRONICS CORP.
320 WATER ST. / BINGHAMTON, N.Y. 13901 / Phone 607-723-9574 V5




Kenneth S. Widelitz WA6PPZ
10960 Wilshire Blvd.
Los Angeles CA 90024

Diary Of A Survivor

—cyberosis victim tells all

remember the day well —

December 17, 1976. It
was a Friday evening, and |
was settled down in a big
comfortable chair in my ham
shack. With my feet propped
up on the desk, my mind
drifted into a favorite day-
dream — contemplation of
the ultimate amateur radio
contest station. Visions of a
computer-controlled station
and logging system danced in
my head ... no more dupe
sheets, no more hours of
recopying food- and drink-
stained scribbled log sheets,
no more writer's-cramped
hand. The possibilities were
endless, but, alas, it was only
a daydream.

The next day | was visiting
Ham Radio Outlet. My
mission was merely to buy a
balun. While doing the man-
datory browsing, | picked up
a copy of the Holiday, 1976,
issue of 73 Magazine. | hadn’t
read 73 in years. Imagine my
surprise, delight, and utter
amazement when | saw that it
contained an article about a

A o

computer-controlled amateur
radio station.

Beginner

I virtually inhaled that
article and the rest of the 1/O
section. | needed to know
more. | sent off for 73’s
Hobby Computers Are Here.
I felt like | had been living
under a rock for two years.
How could this have been
going on around me without
my knowing?

Feeling guilty about it for
the first time, | remembered
that | had refused to take a
computer class as an under-
graduate. Why? Well, | lived
in a fraternity on one side of
campus, and the computer
center was as far as you could
go on the other side. School!
It hit me — now I’d take that
course. The winter catalogue
for UCLA Extension had just
arrived in the mail. A course
was being offered called
““Introduction to Business
Information Systems.” That
was close enough! Tuition
was steep at $105, plusa $15

lab fee, plus $12 for a parking
permit. | ran to the bookstore
to get the text another
$18. The text read like,
“Everything | Always Wanted
to Know About Computers
but was Afraid to Ask.” |
finished it before the class
started. Unfortunately, the
best thing about the class was
the book.

After the third week, |
didn’t go to class. In fact, |
walked out in the middle of
the third class after the prof
explained binary numbers for
the third time. He had in-
sulted my intelligence the
week before by showing film
strips about computers
designed for fourth graders. |
had had it with him. Apart
from the text, the only other
valuable part of the class was
the lab, where | learned some
BASIC and got a program to
run.

Tip number one: Spend
your dollars on books and
magazines, not classes.

In the interim, Hobby

Computers Are Here arrived.
It’s an anthology of articles
and editorials from the 1/O
portion of 73 — great intro-
ductory material! | remember
it took me a half hour to
plow through the workings of
a multivibrator flip-flop. But
it came.

By then, | had been going
great guns for a month,
sponging up microcomputer
knowledge, reading furiously.
Then a curious phenomenon

overtook me — the classic
middle American over-
achiever syndrome. Where

was | going? What was my
goal? When | had gotten into
ham radio, the objective was
obvious: Get that ticket and
get on the air! The license
manual was my bible. What |
had to learn was clear.
Progress was easy to measure
(i.e., copying 100 percent at
10 words per minute, etc.).
With microcomputers, that
wasn’t the case. No license
was required. | didn’t know
what | didn’t know. Was |
frustrated!

| did the only thing |
could do — read more. By
now, it was magazine time.
Fortunately, | had access to
the Micropolis Library, which
contains almost every issue of
almost every hobby maga-
zine. | didn’t understand half
of what | read at first, but the
more | read, the more | in-
creased my knowledge base.
By the second or third time |
read an article or an advertise-
ment, | started to grasp what
was being discussed. It seems
funny now, but it took me
three weeks to learn what 1/O
stood for.

After reading magazines
for a while, | was ready for
Adam Osborne's /Introduction
to Microprocessors. Again, |
started out not understanding
much of what | read. | did
pick up some of the basic
concepts, which helped every-
thing fall into place. It was a
struggle to read, but very
wor thwhile.

While in my magazine
reading stage, | started visit-
ing computer stores. Being in
Los Angeles, | was blessed
with a handful within twenty



minutes driving time (every-
thing is a twenty-minute drive
in Los Angeles). For the first
couple visits, | looked over
shoulders. Usually they were
the shoulders of a twelve-
year-old who knew so much
more than | did it was fright-
ening. It took three visits to
get over “terminal fright’ and
actually sit down and try
some Star Trek.

| found that most clerks in
computer stores can’t help
but talk over beginners’
heads. It’s hard not to do.
Now, when | show a friend
my computer, | use terms
that are second nature to me,
like 1/O, port, address, etc.
It’s easy to forget how long it
took me to understand them.

Tip number two: Find a
mentor (or two or three).

A microcomputer mentor
is the equivalent of the ham’s
Elmer. Mentors must be
chosen carefully. Your
mentor must have the ability
to make complicated things
simple. He (or she) must have
the patience to run over
things a third time, when
you’ve forgotten the answer
to the question you asked last
week and the week before.
Your mentor must be able to
assure you that you will be
able to get up and running,
even though that board you
built won’'t work. Most
important, your mentor
needs to be an accomplished
troubleshooter with an
adequate test bench. Few
people can be all those things.
That’s why you probably
need more than one mentor.
Also, few people have the
time to do all those things
with you. | find | can ‘‘time-
share’’ my three main
mentors, get all of my ques
tions answered and problems
solved, and not alienate any
one of them by being a pain
in the neck.

I’'ve been very lucky in
finding mentors. In fact, |
have specialized mentors.
Mentor Ken is basically a
software man. Mentor Steve
is a self-proclaimed 1/O
expert, and mentor Phil is a
hardware man.

Where do you find a

mentor? The most obvious
place is at computer cluk
meetings. Computer shows
are also a geod place.

Tip number three: ]oin a
computer club.

Chances are some club
member will already have
solved the problems you are
facing. You will also make
new friends and probably
gain access to their computers
until you get your own. The
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odds are also that you'll be
exposed to a lot of different

computers. The hands-on
experience can help vyou
when the time comes to

choose which microcomputer
to buy.

Tip number four: Go to a
personal computing show.

Admission is a couple of
bucks, and it’s worth it just in
the literature you can pick
up. If you have any questions

Photos by Stefanie Felix
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about a specific piece of
equipment, you'll probably
find the designer in the manu-
facturer’s booth. There’s also
a chance that you can win a
door prize. The first com-
puter show | went to resulted
in my winning an eight-week
course in BASIC. If | had
paid the $100 they were
charging for the course, |
would have felt ripped off.
For free, it was decent. My
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Processor Technology 3P + S [/O board. Note the extra IC in the lower right cormer added to

buffer the keyboard.
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conclusion is that tip one still
applies.

Novice

In April, | attended the
first West Coast Computer
Faire. During dinner at one of
the banquets, | mentioned
that | had just graduated
myself from a beginner to a
novice as far as microcom-
puters were concerned. | was
asked the difference. It's
easy. A _beginner doesn’t
know what he doesn’t know,
while a novice knows what he
doesn’t know.

When you know what you
don’t know, you know
enough to start thinking
about buying your own
system. | decided | wanted to
build mine. | hadn’t built
anything since | was an ama
teur radio Novice, and what |
had built then often didn’t
work. That had made me an
appliance operator once |'d
gotten my General license. |
didn’t want to be afraid to
open up my computer and
pull it apart.

To get my feet wet with a
printed circuit board project,
I bought a twenty-four-hour
clock kit. What a shock that
turned out to be. | remember
using a huge 1,000-Watt
soldering gun to build my

Novice transmitter (that was
a project that worked). Now |
had to get a 25Watt iron.
When | bought it, my thought
was, “Can this melt solder?”
Well, | quickly found that the
key to working with a PC
board is the proper tools.
That clock was a disaster be-
cause | didn't have a vise, a
very small tip on the solder-
ing iron, or a solder sucker, |
was shocked when the clock
almost worked. | say almost
because one segment of each
digit was out. When | got the
fixed board back from the
supplier, | found that the
problem had been that |
didn’t know | was supposed
to clip the component leads
close to the board. Since it
was a sandwich construction,
the long leads had shorted
something out. After that
experience, | don’t know why
| decided to go ahead and
build my computer.

Tip number five. Get the
proper tools.

I’'m not going to go into
tools in depth. They've been
covered in other articles. Two
things | found that are man-
datory are a PC board holder
and a smock. PanaVise makes
a beautiful PC board holder.
Their whole setup is very
expensive (about $45). How-
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ever, you can use the PC
board holder (about $15)
squeezed in a cheap vise, and
it will do the job. There is
nothing more frustrating than
chasing a PC board around
the workbench when you've
got a soldering iron in one
hand, solder hanging out of
your mouth, and a needle-
nose pliers in the other hand.

Any smock that covers
you down to the knees will
do. | learned the hard way
after | burned a hole in a nice
pair of pants when some
solder flicked off the sponge |
was cleaning the iron on.

Also, get a very, very small
pointed tip for your iron.
You can’t believe how close
some of those pads are on the
PC boards.

Tip number six:
what you are buying.

Now let me tell you some
things | learned, much to my
dismay, after | bought my
Imsai. | bought the Imsai
because | wanted something
in kit form that had a front
panel. Mentor Steve had built
both the Imsai and the Altair,
and his recommendation of
the Imsai was good enough
for me.

After making the decision
to take the plunge, | phoned
half a dozen stores to get the

Know
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Solid State Music VBI1 video board in the mother board with the Tarbell cassette interface and
3P + S edge connectors to the rear.
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cheapest price. Prices varied
from $651 to $751. Some
gave lower prices but without
the 22slot mother board.
Since then, |'ve seen them for
as little as $599 with the
22slot mother board. The
price is deceiving. You can’t
do anything with what you
get for that price.

You don’t get any mem-
ory. With the 22-slot mother
board, you get only two edge
connectors. Surprise — edge
connectors list at $7 each.
Multiply that times the
twenty you need, plus card
guides at 25¢ a shot, and
you're looking at an addi-
tional $150. You don’t get a
fan (about $20). You don’t
get 1C sockets (about $12 for
the CPU and front panel
boards).

You have to buy the
sockets. If you know about
the problem in advance, you
can save some money by
going mail order. You can
wait on the fan. When you do
get one, spend the extra
money and get a whisper fan.
I didn’t, and | wish | had.
Anyone want a nonwhisper
fan, cheap?

Now for the edge con-
nectors. You must get them.
If you only get a few, you are
going to have to take the
whole computer apart some-
time in the future when you
want to expand (and you will
eventually). | wound up
buying twenty wire-wrap
edge connectors from Jade
Company for about $3.10
each. You may wish to spend
an extra buck per connector
and get solder tail connectors.
Putting in wire-wrap con-
nectors is a major chore. It
took me literally twelve hours
to insert, solder, clip the
posts, and check for shorts. It
took literally one half hour to
get the first connector in the
mother board. That’s not
counting the twenty minutes
| spent the first time | tried
the first one, before quitting
in a screaming fit. By the
time | got to the twentieth, |
had it down to a two-minute
job. The idea is start on one
side, place pressure on the
top of the edge connector



with one hand, and use the
needle-nose to pull the pins
into the holes with the other
hand. Use a continuity tester
after soldering each con-
nector. Check both adjacent
and opposite pins. That’s 150
checks per connector — very
time-consuming, but neces-
sary. If you don't check until
the end, and there’s a short
on the mother board, good
luck. You'll need it.

I ought to digress back to
the day toward the end of
April when | actually took
possession of my Imsai. When
1 got back to the office, |
opened the box. That was as
far as | got for two days. |
carefully extracted the
manual first and read it cover
to cover.

After reading the manual,
| got up enough nerve to dig
deeper in the box. Under a
large cardboard square were
three smaller boxes. The first
one | opened was empty!
Uh-oh! As it turned out, all
the parts were there, the
empty box was just filler, as
were thousands of those little
white plastic wormy-looking
things which filled an entire
wastepaper basket. For the
next two days, | opened up
the parts boxes and checked
against the parts list, warming
up for getting under way.
Soon | ran out of excuses. |t
was time to get down to
construction.

My Imsai went together
without a hitch {except for
the mother board). 1 found
the assembly instructions to
be adequate, although some-
times confusing on the first
reading. | took my time, and
it wound up taking about 50
hours, including mother
board. | was flattered when
my mentors Steve and Ken
complimented me on how
good a soldering job | did.

I might add that 1 built my
computer on my office desk.
That’s probably the only
benefit to starting a law prac-
tice without an established
clientele. | share office space
in a suite with my father,
and, on the first day that |
had tools and parts spread
out all over my desk, with a

Demonstrating the 4-handed soldering technique.

smock over my suit, his com-
ment was, ‘‘Ken, this building
isn’t zoned for manufactur-
ing.”

Tip number seven: |C pins
are numbered ina “U”.

| only made one error in
building the Imsai. That was
on the modification which
makes sure the board comes
up in wait after power-up. It
required a few jumpers. No
one told me that IC pins are
numbered in a ‘“‘U”, which
means that, on a sixteen-pin
IC, top left is pin 1, bottom
left is pin 8, bottom right is
pin 9, and top right is pin 16.
I had counted from top to
bottom and then jumped up
to the top again.

My Imsai didn’'t work,
even after correcting my
error. Even the mentors

couldn’t solve the problem,
notwithstanding a few mid-
night troubleshooting
sessions.

| knew the problem wasn’t
in the MPU board because it
had worked in Steve’s com-
puter, even though it didn’t
work at first. Steve removed
each chip, chip by chip,
puckered up and blew hard
into each socket, and then

replaced the chips. | laughed
when he did it, but, believe it
or not, the darn thing worked
in his computer then. Talk
about being finicky.

The front panel board
wouldn’t work, though, even
after Steve applied his magic
lungs. | even substituted
every chip from mentor Ken'’s
wor king I msai.

Fortunately, | had bought
my Imsai from a store with
expert technicians, the Byte
Shop of Tarzana. They found
the problem (traces shorted
because of defective etching)
and fixed it in two days.

After borrowing a 4K
memory board from mentor
Phil, | was, in a manner of
speaking, up and running
Unfortunately, all | could do
was play ‘‘chase the bit.”
That grows old very fast.

Intermediate

Having built a microcom-
puter, | considered myself no
longer a novice. Perhaps it is
presumptuous to consider
myself an intermediate. |
guess it’s that overachiever
syndrome in me. In any
event, once you get the basic
computer built, it's time to

enter the terminal stage in
your hobbyist career.

At first, the attraction of
an eighty-character line and
twenty-four lines plus the
“professional” look led me to
believe 1 wanted something
like the ADM-3. The cost
wound up leading me to
assemble a keyboard, mon-
itor, 1/O board, and video
board. It was funny how it all
came together for me. | spent
some time one morning
trying to find a black-and-
white twelve-inch Hitachi TV
because | had seen a good
article in Kilobaud on con-
verting it to a monitor. Be-
lieve it or not, in a city the
size of Los Angeles, |
couldn’t find what | wanted.
| was interrupted in the
middle of my quest by
mentor Steve, who told me to
start my clock running, as he
had a legal problem. It turns
out he also had a nine-inch
Sanyo monitor he didn’t
need.

The same day | heard of a
computer store going out of
business. | picked up a South-
west Tech keyboard and
enclosure for $60. Also the
same day, mentor Phil said he
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During the building phase. Note that the PanaVise PC board
holder js used with a cheap vise as a base. Also note the smock,
(Note, too, that the XYL is Jooking over the author’s shoulder,
as usual.)

had a video board he couldn’t
use. Add a Processor Tech 3P
+ S, and | was in business, |
got the 3P + S because that’s
what my mentors had. Con-
forming to your mentor’s
configuration is an important
consideration. It makes things
much easier.

Putting the 3P + S to
gether was a breeze. Under-
standing how to use it was
something else. There are so
many options and ways to
configure that board that it
can blow your mind. Fortu-
nately, my mentors rose to
the task.

To interface the keyboard
with the Imsai, | knew I had
to use a parallel port on the
3P + S for the seven data bits
and the parity bit. The key-
board needed plus five volts
and minus twelve volts dc. |
also had to hook up some
thing called KP. Plus five
volts was easy, as the 3P + S
pin connection diagram
showed it. Minus twelve volts
looked like a problem until

EQG

mentor Steve folded out the
schematic and pointed to
minus twelve volts clear as
day at pin D of connector 1
(and | have the audacity to
call myself an intermediate?).

The KP was something
else. | understood it meant
key press and that it was
there to tell the computer
that a key was pressed so it
could get the data from the
appropriate parallel port.
Mentor Steve explained that
most BASICs look at port 0,
bit 0 for status information
and port 1 for data. Like
magic, it fell into place. KP to
input port O, bit 0, data to
input port 1, bits O to 7. The
only option | had to worry
about was to make sure that
3P + S channel A was port 0
and channel B was port 1, so
as to conform to the soft-
ware.

Then mentor Steve gave
me a little routine so that
when | pressed a key, the
ASCII representation showed
up at the Imsai’s programmed

output port. The routine was
only fourteen bytes long
After some soldering on the
3P + S connectors, | toggled
the routine in, hit a key, and
lit some LEDs. But the wrong
ones came on. After a few
minutes, | realized that what
was happening was that
the ASCII representation was
inverted. Then | remembered
the same thing happened in
the system functional test
from the Imsai User’s Manual.
The programmed output
board requires a complement
instruction to correctly repre-
sent the data displayed.
Imagine my delight to have
found a bug in the routine
my mentor gave me and then
to have corrected it.

| had been given a Solid
State Music VB1 video board
by mentor Phil. The price
couldn’t be beaten, but,
unfortunately, it caused me
many problems. The video
board’s software had to be
patched into BASIC. | knew
virtually nothing about
assembly language program-
ming, and there was no way |
could do the patching.

While waiting to hear from
Solid State Music regarding
the patches, | loaded the
“Teletype® simulator” soft-
ware which comes with the
VB1. | found that, when | hit
a character on the keyboard,
about 250 of that character
appeared on the screen,
Mentor Steve to the rescue!
He found that an additional
IC was required on the 3P +S
in order to ‘‘condition” the
strobe. The keyboard and 3P
+ S manuals didn’t mention
this.

I got a two-page letter
from Solid State Music out-
lining the patches to BASIC.
That was all Steve needed to
get BASIC running with the
VB1. My terminal was com-
plete.

Before | got BASIC run-
ning, | built a Tarbell cassette
board. | planned to use it
with my second string stereo
cassette deck. With mentor
Ken’s help, | hooked up the
recorder to the cassette inter-
face and started the sync
stream. Nothing happened.

Tip number eight: You
really do need a cheap
cassette recorder.

The problem with the
stereo recorder was that it
had a 300-Ohm output
impedance. The Tarbell board
requires 100 Ohms, | traded
the stereo recorder to my
brother for a portable re-
corder, and | was in business.
Mentor Ken had given me a
music program. | toggied in
the cassette bootstrap, hit
run, and started the cassette.
The audio generated from
programs sounds terrible! |
hit reset, turned on an AM
portable radio, put it next to
the Imsai, and it emitted
nothing but a low-pitched
whine. | adjusted the volume
and tone control on the re-
corder and tried it again. This
time when | hit run, the
familiar notes of ““A Bicycle
Built for Two’” emanated
from the radio. My right fist
shot in the air as | shouted a
triumphant “yes!”’ The rest
of the office poured in.
“Listen,” | said, “it does
something.” | even called my
wife. When she picked up the
phone, the Imsai serenaded
her. When the tune finished
and 1 told her what it was,
she simply said, “Oh, |
thought it was a breather
call.” Sometimes | get no
respect.

It turned out that my
brother’s recorder didn’t
record. So | bought a Sears
$39.95 recorder on sale for
$29.95. 1t works fine. It
doesn’t require the mods the
J.C. Penney recorder does
(see ‘A Clean Cassette,” Kilo-
baud, June, 1977) because it
doesn’t have a tone control
and the built-in mike goes off
when a jack is plugged in
“aux.”

Tip number nine: Mem-
ory.

| should mention that 1
bought an 8K static RAM
board from Base 2, Inc., in
Marina Del Rey, California.
They sell a 450-nanosecond
kit version fully socketed for
$124. Because they were a
new company, | only bought
one board at first. It works
fine, and you can’t beat the



price. | now have three of
their boards. They run a little
warm, but, at that price, you
can buy 64K for a kilobuck.
Now do you see why you
want those edge connectors?

That’s where | am today.
Now | am dangerous. I'm in
the process of shopping for a
hard copy device. I'm also
just getting into the software
jungle.

It’s funny. When | built
the bare Imsai, Steve told me
the worst was behind me.
That was the only time he has
been dead wrong since I've
known him. To tel! you the
truth, every step of the way
was as much of a challenge as
the last. The 3P + S option
problem seemed insurmount-
able. Then it fell into place.
Then the problems using my
stereo cassette deck arose.
Those were mastered. Then
there were the VBI1/BASIC
software problems.

But I've learned a lot, and
now | have a fully functional
computer system. | also have
an excuse to throw an ‘‘up
and running”’ party and show

off my computer
friends.
name-the-computer

CALL TOLL FREE

Maybe

Fun time has arrived!

Il have a
contest. mate

to my By the
November,

way,

I'll have that ulti-
computer-controlled

by next

1-800-228-409°7

for Quality Ham Radio Products at Discount Prices

¢ETO ALPHA 76
List $1195 only $1050

eETO ALPHA 374
List $1995 only $1395

eCDE HAM |11l ROTOR
only $125

eCDETAIL TWISTER
only $249

*ASTRO 200A
List $1095 only $965

eDENTRON MLA -2500

List $899.50 only $799.50

eDRAKE R4c or Taxc
List $699 only $609
oDRAKE TR-4cw
List $799 only $699
eDRAKE L4B Linear
List S995 only $869

eHY-GAIN 3806 2 meter

hand-held with NI-CAD PAK,

charger, and service manual
Value $238.90 only $199

©|COM 22S Transceiver
List $299 only $249

*|COM 211 Transceiver
List $749 only $649
*|COM IC-701
List $1,499 only $1,350
e KENWOOD TS-520s
List $739 only $660
*MIDLAND 13-510
List $399 only $359
oTEN-TEC #544 digital
List $869 only $759

oKENWOOD TS-820s

Reg. $1098 only $980
oTEN-TEC#540 Triton

List $699 only $619
eYAESU FT-301 (dial)

with AC Power Supply and

CW Filter Value $966 only $769
eYAESU FT-301d (digital)

with AC Power Supply and

CW Filter Value $1,132 only $935
oYAESU FT-101E

Reg $799 only $709
oYAESU FRG-7 Receiver

Reg. $315 only $269
eYAESU FT-901 DM

Reg. $1,299 only $1,165

Communications Center

BANKAMERICARD

443 N. 48th, Lincoln, Nebraska 68504

The Radio Store

master

In Nebraska Call (402)466-8402

contest station that used to
be a daydream. Watch out for
me in the CW sweepstakes.



ELECTRONIC SYSTEMS

P.O.Box 9641 San Jose CA 95157
(408) 374-5984

RATE
GENERATOR

Part no. 101
o Converts serial to parallel and

parallel to serial

o Low cost on board baud rate

generator

® Baud rates: 110, 150,

300, 600, 1200, and 2100

® Low power drain +3 volts and
12 volts required

® TTL compatible

® All characters conlain a start

bit, 5 to 8 data hits, | or 2 stop

bits, and either odd or even

parity.

¢ All connections go to a 4 pin

gold plated edge connector

® Board only $12.00; with parts

$35.00

RS-232/TTL
INTERFACE

@ &
-
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Part no. 232

e Converts TTL 1o RS-232, and
converts RS-232 to TTL

e Two separate circuits

e Requires -12 and +12 volts

e All connections go to a 10 pin
gold plated edge connector

e Board only $4.50; with parts
$7.00

8K N
STATIC 3
RAM

Part no. 300

® 8K Altair bus memory

o Uses 2102 Static memory chips
® Memory protect

® Gold contacts

® Wail states

® On board regulator

© 5-100 bus compatible

e Vector input oplion

o TRI state buffered

® Board only $22.50; with parts
$160.00

To Order:
&

L ]
VISA
L

DC

POWER

SUPPLY ggg

® Board supplies a regulated +5
volts at 3 amps., +12,-12, and -5

volts at 1 amp.

e Circuit has filters. rectifiers,
and regulators.

® Power required is 8 volts AC at
3 amps., and 24 volts AC C.T. at
1.5 amps.

® Board only $12.50

Part no. 111

TAPE |
INTERFACE

¢ Play and record Kansas City
Standard tapes

e Converts a low cost tape
recorder to a digital recorder

® Works up to 1200 baud

® Digital in and out are TTL-serial
¢ Output of board connects to
mic. in of recorder

e Earphone of recorder connects
to input on hoard

® Requires +5 volts, low power
drain

® Board $7.60; with parts $27.50

® No coils I

MODULATOR

e Converts video to AM modu-
lated RF, Channels 2 or 3

® Power required is 12 volts AC
C.T., or +5 volts DC

® Board $7.60; with parts $13.50

TELEVISION
TYPEWRITER

— TN v s
P-‘“‘-'“ =Y Y% -]

Part no. 106

e Stand alone TVT

® 32 char/line, 16 lines, modifi
cations for 64 char/line included
e Parallel ASCII(TTL) input

¢ Video output

e |k on board memory

o ()ulpul for computer con-
trolled curser

e Auto scroll

o Non-distructive curser

® Curser inputs: up, down, left,
right, home, EOL, EOS

® Scroll up, down

® Requires +5 volts al 1.5 amps,
and -12 volis at 30 mA

® Board only $39.00: with parts
$145.00

TIDMA

Part no. L12
® Tape Interface Direct Memory
Access

® Record and play programs with-

out I)(x)lslmp loader (no prom)
has FSK encoder/decoder for
direct connections lo low cost
recorder al 625 baud rate, and
direct connections for inputs and
outputs to a digital recorder at
any baud rate.

® S-100 bus compatible

e Board only $35.00;

with parts $110.00

Apple 11 —
Serial I\NO [« 2 mm |

Interface ™

Part No. 2

* Baud rates up to 30,000

® Plugs into Apple Peripheral

connector

® Low current drain

e R8-232 Input and Output
SOFTWARE

® Input and Output routine from

monitor or BASIC to teletype or

other serial printer.

® Program for using an Apple 11

tor a video or an intelligent ter-

minal. Board only — $15.00;

with parts — $42.00; assembled

$62.00.

and tested

MODEM

Part no. 109 f

e Type 103 “h

e Full or half duplex

® Works up to 300 baud

¢ Originate or Answer

® No coils, only low cost com

ponenls

e TTL input and output-serial

¢ Connect 8 ohm speaker and
ervstal mic. directiy to board

o Uses XR FSK demodulator

® Requires +5 volts

¢ Board $7.60: with parts $27.50

Mention part number and description. For parts kits add “A™ to part number. Shipping paid for orders
accompanied by check, money order, or Master Charge. Bank Americard, or VISA number, expiration
date and signature. Shipping charges added to C.O.D. orders. California residents add 6.5% for tax.
Parts kits inchide sockets for all 1Cs, components, and circuit board. Documentation is included with

all products. Dealer inquiries invited. 24 Hour Order Line: (408) 374-5984.
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NOW AND GET THIS $5_
BOOK FREE!

HOBBY COMPUTERS ARE HERE!

HERE’S YOUR CHANCE 10 get the best selling book in
the hobby computer field . . . for free .. . our gift when vou

try Kilobaud Magazine on a trial subscription. If the
magazine isn’t all we sayv and a lor more . . . if vou are willing
ro be without it . . . just ask for a refund and keep the book.

4

Hobby Computers Are Here is for the beginner .. . it starts out with the
fundamentals of microcomputers . .. shows how all of the basic parts of a
computer system work ... gates, flip-flops, TTL logic, keyboards, video
generators, /O systems, CPUs ... it is a whole basic education in
microcomputers. That's why more copies of this book have been sold than
any other in the field.

Okay, so the book is great, what
about Kilobaud? |f you know anyone
who is getting Kilobaud just ask them

. i” not, take a peek at a copy (if
there are any left) in your local
computer store. . and you’ll find out
why Kilobaud is the fastest growing
magazine in the hobby computer
field. It's written by the readers and in
simple language . .. you'll find your-
self getting many hours of enjoyment
out of each issue.

SUBSCRIBE. Never mind the $2
per copy ... which comes out to $24
a year. The subscription rate is only
$15 for a year and WE'LL THROW [N
THE $5 BOOK FREE. Charge it to
your Master Charge, BankAmericard
or American Express. If you are in a
hurry, you can call it in on our toll
free 800 number and your book will
be on its way to you, along with the
current issue of Kifobaud.

HOBBY
COMPLTERS
ARE HERE! ..
o #

Edited by Wayne Green W2NSD1

Toll free subscription number 800-258-5473

KBS-1-73-5-7

bk peterborough nh O3458

(SUBSCRIBE TO KILOBAUD
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R. J. Bosen
Box 93
Magna UT 84044

How Good Is
the North Star Disk?

—and why is it getting so popular?

ow would you like to

be able to turn your
system off at night, come
back the next morning, flip 2
or 3 switches, and be running
complex BASIC programs in
15 seconds? There are several
ways of accomplishing this,
ranging from keeping a
BASIC interpreter in PROM
and files on tape to buying a

powerful disk drive and
controller.
Commercial computers

have used a number of inter-

Photo A. If you are familiar with full-sized floppy systems, this photo will give you an idea of
the new size of things. Both diskettes have been pulled halfway out of the drives for

comparison.
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Photos by Guy Malmborg

esting schemes to accomplish
an “‘autoload” — Eniac used a
large switch panel organized
as memory words. Early
Control Data computers used
spinning cams to close
switches and load data words
into memory. Recent modern
minicomputers have made

good use of direct storage
access disk systems to take
over the memory system and
stuff a bootstrap program
from the first sector of a disk
to the first few memory loca-

tions.

Most of these methods,
however, have been too
complicated and expensive

for home use. But there is at
least one happy exception to
this trend the North Star
Micro-Disk System. For
about $700 (the cost of 3
disk packs on a large main-
frame system), you can have
the kind of performance de-
scribed above.

The North Star Micro-Disk
System is similar to other

floppy disk systems in many
respects, but the price was
kept at a minimum by elim-
inating some of the frills
without making major
sacrifices in performance.
Incidentally, some of these
frills have also been
eliminated by other manufac-
turers without comparable
price reductions.

One of the differences
between the North Star
system and more conven-
tional floppy systems is the
use of a minifloppy drive
instead of a full-sized drive.
This decreases the total
amount of data that can be
saved on a disk. The mini-
floppy drive can store 89.6
kilobytes of information as
formatted by the North Star
controller. Also, this is not a
direct storage access device. it
uses a memory-mapped 1/O
system similar to the kind of
input/output commonly used
in a 6800 microprocessor
system. This is, however, still
much faster than most tape
systems that could be pur-
chased on a hobbyist’s
budget. The North Star mini-
floppy format is somewhat
less capable of storing large
amounts of data than other
minifloppy systems which
utilize double or quad density
data packing. Still, 89.6
kilobytes leave sufficient
room for a great many pro-
grams on a single diskette,
and swapping diskettes takes
just 5 or 10 seconds. Also,
lower data density may result
in higher data integrity.

There are 4 main com-
ponents in the North Star
disk system: the drive, the
controller, the disk operating
software, and the BASIC
interpreter. Let’s examine
them one at a time.

The Disk Drive

North Star wuses the
Shugart SA400 minifloppy
diskette storage drive. This is
good news for the hobbyist
because Shugart is one of the
major names in floppy disk
technology, and many of the
parts (notably the rcad/write
head) have similar or identical
counterparts with the very



successful SA800 drive. The
drive is solidly built and
appears very rugged. Most of
my disk drive experience has
been with huge capacity rigid
disks, and 1 was surprised to
notice that there are no pro-
visions for alignment of the
minifloppy. | was assured by
the technicians at North Star
that there have been no prob-
lems with diskette inter-
changeablility since one of
the recent modifications to
their controller board, but |
had a great deal of trouble
reading the diskette originally
shipped to me (containing the
disk operating system and

BASIC). | took it to my
distributor, and he had
similar troubles reading it.

Autoloading from it took
about 20 minutes because so
many repeats were necessary
due to errors detected with
the cyclic redundancy check-
ing software. As it turned
out, | can reliably read the
diskettes | write, my dis
tributor can read the
diskettes he writes, but we
can't rcad each other’s
diskettes very well, and
neither of us had much luck
recading the stuff | got from
North Star.

The diskette is hard
sectored for 10 sectors per
track and 35 tracks per disk,
with the first 4 sectors dedi-
cated to the file directory.
Two hundred fifty-six bytes
of data storage are available
on cach sector, and a
preamble of 16 bytes of zeros
and a special sync character
precedes the data. The data is
followed by one check byte.
This format differs somewhat
from that used by large
capacity rigid disk drive
manufacturers in that it does
not allow address verification.
This is an interesting area of
sacrifice. Many largedisk
systems verify the disk ad-
dress after every seek to make
sure the drive has gone to the
correct track and sector.
Floppy systems do not do
this. 1t has caused no problem
in my system and is an cx-
ample of eliminating the icing
while preserving the cake. |
think it is worth it for a

hobbyist or small business,
but, for a big business whose
file entries represent thou-
sands or millions of dollars, it
may be a serious drawback.

The diskette may be write
protected with a picce of
masking tape folded over a
cutout in the cardboard
carrier — very clever. When
protected, the drive will not
write even if (erroneously)
told to do so by the disk
controller.

The drive comes without a
cabinet, but my distributor
didn’t charge me for one of
the pretty (blue) jobs you see
in the photographs. Inciden-
tally, there is room inside
that little box for a smalt
power supply, too, and, even
though | didn’t pay the $40
they wanted for it, they
shipped me the PC board and
regulators, anyway, so | could
tap into the unregulated
power from my computer. |
was pleasantly surprised at
that, but it got me¢ into some
trouble later. The +12-volt

supply draws a lot of current
when the motor starts up,
and | had to beef it up before
the drive would run reliably.

I was also impressed by
the head-seeking mechanism.

They have used a stepper
motor to spin a disk in small
increments. The disk has a
spiral groove in it, and what
looks like a ball bearing rides
this spiral in and out, pushing
the head carriage mechanism
toward or away from the
center of the disk. On long
sceks, you can hear the
stepper motor make a flutter-
ing sound at each track.
Track-to-track access is ad
vertised at 40 milliseconds,
which means a 35-track seek
will take about 1.4 seconds.

North Star charges about
$400 for this disk drive, but,
if you order directly from the
factory, you can get it for
about $355.

The Disk Controller

The disk controller s
implemented on a single
S-100 compatible PC board
which has been silk-screened
and solder-masked to increase
case of assembly. Sockets are
included for every IC, and, if
my experience is typical, itis
a good idea. Even though |
never had to replace parts, |
swapped a lot of them around
in order to test them because
of timing problems | had.

They used a lot of clever

unorthodox hardware tricks
on this board. For example,
their use of memory-mapped
1/0, rather than standard
8080 I/O ports, surprised me.
The disk controller looks like
a 1K block of variable speed
read only memory to the
system software, with each
disk command decoded not
from data sent out from the
accumulator, but from the
contents of the address bus.
Status and disk data are given
to the CPU on the memory
data in lines as if the data
were retricved from system
ROM, and, when data is not
available as fast as the CPU
wants it, ‘‘wait’’ states are
introduced exactly as if the
CPU were waiting for slow
memory. This scheme does
not tic up any of the 256
input or output ports of the
8080, but it does use 1K of
address space starting at ad
dress EQO0O in the standard
version. North Star may have
saved a little money with this
method because they don’t
have to decode the data out
lines, but | think there were
other reasons for their choice
of memory-mapped 1/O. It
may be possible to use the
North Star controller with a

Photo B. It is interesting to compare the minidrive with a giant rigid disk system. This photo
illustrates the relative sizes. Ball-park ratios for data capacity are 300 to 1. For price, the ratio is
1 to 18, and the large drive transfers data about 20 times as fast as the mini.
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minimum of modifications in
a 6800 or similar system
because of this choice.

Incidentally, | was able to
use the North Star controller
concurrently with a Godbout
8K PROM board with both
addressed at EQ00, but with
the PROMs of the Godbout
board removed from EOQO to
EFFF. Software package 1
owners, take note.

Note a few other inter-
esting hardware tricks. There
are 3 PROMs on the board;
two are conventional program
storage devices for bootstrap
and low-level disk routines,
and the third sits on the
upper 8 address lines to de-
code board selection, boot-
strap PROM selection, status
requests, or the availability of
a byte of data to be written
on the disk. There is also an
on-board clock instead of an
attempt to use the 8080
system clock. This may be
due to the current trend of
using the Z-80 and other
microprocessors with  dif-
ferent clock speeds. Also, the
engineers at North Star have
allowed the option of using
XRDY instead of PRDY to
synchronize CPU speed with
memory speed.

The other functions imple-
mented by hardware are:
Sync byte detection s
directly decoded from the
disk and presented as a status
flag to the CPU, and a power-
on clear eliminates the
necessity of resetting the

board at turn-on time. (I wish
my memory boards had this
feature; most of the 15 sec-
onds it takes to autoload are
spent unprotecting RAM.)

A function not imple
mented by hardware is error
checking. Most disk systems
use hardware to do a cyclic
redundancy check or an error
correction code. North Star
does a CRC in software. Also,
address marks are conven-
tionally written on a disk by
the controlling hardware and
verified at seek time. This is
not done in the North Star
system, as previously men-
tioned.

| found a couple of prob-
lems with the disk controller.
First, current-model PC
boards (#MDC A-2) need a
modification which requires
cutting a run and adding a
jumper. This is documented
in an errata sheet included
with the kit. Unfortunately
for me, this didn’t solve all
my problems. | found my
board was sometimes unabie
to set a flip-flop used to
inform the CPU of “write”
status, and the software
would just hang in a loop
waiting for it. | spent many
hours with a scope trying to
make this problem go away
and finally succeeded by
making a minor modification
to the PC board. | discussed
this with North Star and they
were very alarmed, claiming
that no one else has ever had
a similar problem and that !

is returned: file names,

probably have a bad chip.

The Disk Operating System

1 think this is one of the
real strengths of the North
Star system. It provides the
ability to load, save, execute,
or access files by name or
disk location. Names may be
up to 8 characters fong. Up to
256 different file types may
be defined, and 4 are pre
defined with the system.
They are:

Type O: Decfault type. All
files are type O until ex-
plicitly changed.

Type 1: Machine language
(exccutable) program.

Type 2: BASIC program. Can
be loaded or saved from
BASIC.

Type 3: BASIC data file. Can
be read or written by BASIC.

Interfacing with system
hardware is provided by a
good documentation package
and memory space for the
user to write his or her own
I/O and initialization rou-
tines. The guidelines provided
are thorough, and | have seen
the DOS successfully inter-
faced to a POLY-88, a 3P+S,
and a line printer with rela-
tive ease.

There are 16 commands
available from the CRT. Most
of them specify the file name,
and some also specify drive
number (1 to 3), disk ad
dresses, RAM addresses, and
number of sectors to be oper-
ated upon. These commands
are shown in Table 1.

I am so pleased with the
DOS that it is hard to specify
a weakness of any kind. But
it would be very nice to have

the ability to flag and skip
over bad tracks on a diskette.
I really don’t know if this
should be called a weakness
of the DOS or of the con-
troller hardware, but it would
certainly be helpful.

North Star BASIC

| am also quite pleased
with North Star’s implemen-
tation of BASIC, It is much
better than the 5K version |
had been using, even though
it uses 10K of RAM to do it.

| have noticed that it is
much slower at number
crunching than | had ex-
pected, but it calculates 8
significant digits instcad of
the more common six, and
the slower speed is probably a
good marketing strategy for
North Star, whose second
major product is a hardware
floating point board designed
to spced up number crunch-
ing

As shipped from the fac-
tory, North Star BASIC
expects to find 16K of RAM
starting at address 2000 hex.
It does not overwrite the disk
operating system, aithough
some commands of the DOS
bomb BASIC. (it's a small
loss when it only takes 5
seconds to reload.) BASIC
uses the upper 4K (approxi-
mately) for program storage,
and documentation is pro-
vided for expanding or
moving the program storage
space.

Major strengths of the
BASIC package are shown in
Table 2. Additionally, ail of
the standard features you’d
expect to find in a good

1. A line editor which has several commands for copying or changing

portions of old lines.

Formatted output similar to FORTRAN.,

. Multiple-line user-defined functions.
. String and substring manipulation.

1. (W] List the disk directory of the optionally specified drive.
The following information
lengths, starting addresses, and types.
2 CR Create a new file. CRT specifies name, length, and
optional starting disk address.
3. DE Delete a file.
4. CO Compact file space, eliminating blank areas.
5. TvY Change the type of a file.
6. GO Load and execute a type 1 file.
7.  GA  Set the “’go address” of a type 1 file.
8. Jp Jump to the address specified in HEX from the CRT.
9. LF Load a file to RAM,
10. SF Save a file from RAM.
11. CF Copy a file (same or different disk, dif ferent names).
12.  CD Copy an entire diskette (multiple drive systems).
13. RD Read a #of blocks from disk to RAM.
14. WR  Write a #qf blocks from RAM to disk.
15. I'N Initialize a new diskette.
16. DT

Drive test: writes a changing pattern all over the diskette,

then reads and checks it. This is useful for checking a

diskette for bad spots.

Table 1.
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. Memory examine and fill (decimal memory values).

. 8080 in and out capabilities.

2,
3
4
5. Boolean operators: and, or, not.
6
7
8.

Machine language subroutine cailing with interface to DE and HL

register pairs.

9. #of bytes of program storage remaining can be calculated.

10. Natural logs and antilogs.

11. Random and sequential disk file accessing.
12. Trigonometry (sine and cosine only).

13. Muitiple dimensioned arrays.
14. Renumber.

Table 2.



BASIC package are available
with North Star BASIC.

As for its weaknesses, once
again, it is hard to criticize a
software package as sophisti-
cated as this one, especially at
this price. Less capable
BASIC interpreters have been
sold for thousands of dollars
with no hardware and very
little documentation pro-
vided.

For a price which | con-
sidered very reasonable, |
recently received from the
factory a software update on

John Rheinstein WAIPTZ
10 Gould Road
Lexington MA 02173

ost versions of BASIC

have a built-in func-
tion RND(X), which is used
to obtain pseudorandom
numbers. These numbers are
called pseudorandom because
a deterministic algorithm is
utilized to generate the
desired numbers. While not
truly a random sequence, the
output from a goocd random
number generator is a
sequence of numbers which
passes various statistical tests

for randomness. Unfortu-
nately, not all random num-
ber generators’ output

sequences may reasonably be
considered to be random.

The Z-80 has a 7-bit re-
fresh register, the R-register,
which may be used to gener-
ate truly random numbers. In
this article, | shall indicate
how | accomplished this on a
Digital Group Z-80 system
using Maxi-BASIC. Minor
variations should allow the
technique to be used with

other versions of BASIC
running on Z-80 micro
computers.

Maxi-BASIC has a built-in
function CALL (argument).
This function calls a machine
language subroutine which
starts at the location given by
the argument (in decimal).
The CALL function returns
to the calling program the
integer which is in the HL

a diskette. This time | was
able to read the diskette
perfectly. Included are ARC-
TANGENT and “CHAIN,”
the latter allowing one BASIC
program to call and execute
another BASIC program from
the disk. | consider this an
indication that they intend to
give good support to this
product.

Condusions

Overail, | am very pleased
with the North Star disk
system. | am convinced that,

dollar for dollar, it is the best
investment to be had in the
area of mass storage for com-
puters today. Extra bonuses
are the great disk operating
system and the good imple
mentation of BASIC.
Nevertheless, it is a big
project. | have built each part
of my system from the
ground up, and this has been,
by a big margin, the most
difficult of all, including
home brewing my own CPU
from Altair PC boards and
home brew components,

cabinet, power supply, back
plane, etc.

I recommend to those of
you interested in buying this
product that, if you don’t
have a solid background in
hardware and access to a
good dual-channel oscil-
loscope, buy it assembled and
tested. It may have been just
bad luck on my part, but,
even though | never had to
replace a bad component or
redo a connection, it still
took me almost 2 weeks to
get it running flawlessly. ®

Pseudorandomness Is
Just Not Good Enough

—true random happiness with a Z-80

register when the machine
language subroutine returns.

The simple program listed
below serves the purpose of
zeroing the H-register and
loading the R-register into the
L-register.

046 000g LD H,0
355 1373 LD AR
157g LD LA
311g RET

This subroutine uses 6

memory locations and may
be placed wherever con-

venient. | use 005 3508
(151219) as the starting
location. A sample calling

sequence in BASIC is given
below.

10 INPUT X
200 LET Z = CALL{1512)
210 LET Zz=2/128

In this calling sequence,
statement 200 returns an
integer between (and in-

cluding) 0 and 127. State-
ment 210 normalizes this to
the range O to 1. Statement
10 is, perhaps, a surprise.
However, if it is not used,
then you cannot be assured
of obtaining a truly random
sequence of numbers. There
should be an INPUT state-
ment in the program, whether
needed or not, prior to each

call for arandom number.
The R-register is a counter
which is incremented every
time an instruction is fetched
several hundred thousand
times per second, usually.
The current contents of the
counter are sampled by the
LD A,R instruction. We ran-
domize the intervals at which
the R-register is sampled by
means of the INPUT state-
ment. This statement requires
a response, a keyboard input.
It is the random length of
time required for this re
sponse that is responsible for
the truly random sequence of
numbers produced. ®
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wire wrapping
center

WIRE-WRAPPING KITS

Contains: Hobby Wrap Tool WSU-30,
(50 ft.) Roll of wire

Prestripped wire 1" to 4

lengths (50 wires per package)
stripped 1" both ends

wrapping

Wire Wrapping Kit (Blue

Wire Wrapping Kit 1 Yell W
Wire Wrapping Kit (White

WIRE-WRAPPING KIT

Contains: Hobby Wrap Tool WSU-30,
Roll of wire R-30B-0050, (2) 14
DIP's, (2) 16 DIP's and Hobby Board
H-PCB-1

[ wirewrapping Kt w38 (Blue)[$16.95)

WIRE-WRAPPING KIT

Contains: Hobby Wrap Tool WSU-30 M

Wire Dispenser WD-30-B, (2) 14 DIP's,
(2) 16 DIP's, Hobby Board H-PCB-1

DIP/IC Insertion Tool INS-1416 and
DIP/IC Extractor Tool EX-1

([ wire-Wrapping kit [wK 4B (Blue)[$25.99]

STRIP WRAP UNWRAP

\
\ p o
.\ - . 1\ - waap '€°
’ 3 i

Wire-wrapping, stripping, unwrapping tool for
HOBBY WRAP AWG 30 on.025 (0,63mm) Square Post

TOOL = Regular Wrap [ WSU-30 _ g $6.95
Modified Wrap WSU-30M $7.95

REGULAR
WRAP

WIRE-WRAPPING TOOL
HORRY WRAP
Model BW-63Q
For .025" (0,63mm) sq. post
\\ “*“MODIFIED" wrap, positive
indexing. anti-overwrapping
device.

Battery K ForAWG30 | BW-630 | $34.95°
wire

[ ForawG 2628 | BW 26281 $39.95*

tool
COMPLETE
WITH BIT
AND SI_EEVI

Bitfor AWG30 | BT-30 | $395
Bit for AWG 26-28] BT-2628 | $7.95 |

USE “"C” SI2E NI-CAD BATTERIES

NOT INCLUDED)

ROLLS OF WIRE
Wire for wire-wrapping AWG-30
(0.25mm) KYNAR® wire, 50 ft. roll
silver plated. solid conductor,
easy stripping .
AW(, W tt
[ AW o 1t Rol
W SOt ,"n-

1, Fod W,

———

WIRE DISPENSER

= With 50 ft. Roll of AWG 30
KYNAR® wire-wrapping wire

= Cuts the wire to length

a Strips 17 of insulation

[ ] Reflllable (For refllls see above)
wD-30-8
WD-30-Y uss
WD-30W | $3.95

WD-30R_[$39

T
'»
ng

PRE CUT
PRE STRIPPED WIRE

Wire for wire
wrapping AWG-30
(0.25mm) KYNAR"
wire. 50 wires per
package stripped
1" both ends

Z

2

lu-au-

=3 ENEN

l

N o o

¥ -3

e

|l

oK MACHINE & TOOL CORPORATION

3455 Conner St.. Bronx. NY 10475 B(212) 994-6600 @ Telex 125091
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DIP SOCKET

Dual-in-line package, 3 level wire-

wrapping, phosphor bronze contact,
DIP/IC INSERTION TOOL wm» PIN STRAIGHTENER g gold plated pins .025 (0,63mm) sq

o 0 ) 100 (2,54mm) center spacing.
. \ 14 Pin Dip Socket 14 Dip | $0.79
16 Pin Dip Socket 16 Dip | $0.89
RIBBON CABLE ASSEMBLY
SINGLE ENDED

[ With 14 Pin Dip Plug

With 16 Pin Dip PI
(1416 Pin Dip IC inserter | iNs-1a16 [$3.49] D Long, (b8 51624

DIP/IC EXTRACTOR TOOL
The EX 1 Extractor 1s ideally suited for hobbyist or
lab engineer Featuring one piece spring steel ] DIP PLUG WITH COVER

struction. It wili extract all LS) MSI and SSI devices

»f from 8 to 24 pins . - FOR USE WITH RIBBON CABLE
N r -
L BN etorEel j EX1 [51.49] L 14 Pin Plug & Cover 14-PLG | $1.45
L

16 Pin Plug & Cover 16-PLG [ $1.59
QUANTITY 2 PLUGS. 2 COVERS

P.C. BOARD The 4x4.5x1/16 inch board is made of glass coated EPOXY Laminate
and features solder coated | 0z copper pads. The board has provision

1 22/44 two sided edge connector, with contacts on standard .156
sop'a:ms Eds:con‘ucls av: d tor y R|BBON CABLE ASSEMBLY

The board contains 3 matrix of .040 in. diameter holes on .100 inch DOUBLE ENDED
centers. The component side contains 76 two-hole pads that can accorn
modate any DIP size from 640 pins, as well as discrete components
Typical density Is 18 of 14.Pin or 16.Pin DIP's. Components may be [with 14 Pin Dip Plug -2 LongIDE 14-2
soldered directly to the bosrd or intermediate sockets may be used for 'W.(h 14 pm D,p Plug -4 Long DE 14 4
soldering or wire- wrapplng 4 J;_

' s With 14 Pin Dip Plug -8" Long | DE 14-8
Two | are p for voltage and ground on - =
both sides of the boud In addition, the component side contains 14 wnh 16P Pin D pPlug -2” Long DE 157
individual busses runming the full length of the board for complete wir. P TN -3

ing flexibility. These busses enable access from edge contacts to distant With 16 P"_D',&“g_d Lc '"Mﬁ 164];

TITRTIVATE

components. These busses can also serve to augment the voltage or With 16 Pin Dip Plug -8” Long | DE 16-8|
ground busses. and may be cut to length for particular applications.

[ ~ Hobby Board | Hece-1 [s4.99

E

’ TERMINALS
PC CARD GU!DES - : = 025 (0,63mm) Square Post

unique spring finger a "‘e' h ) h ¢ ¢ = 3 Level KSR
wtm\(l"" 1 ; ) or extr: , s Gold Plated

ide: )
from 040 1 e - [ stotted Terminal __ [wwr-1]s2.98

: : Single Sided
QUANTITY — ONE PAIR (2pcs) L CordGuides [ TR [s1a0] Sl wwr 2| 52.98

IC Socket Terminal | WWT-3 $3.98
Double Sid:
PC CARD GUIDES & BRACKETS Temial wwTa 5198

25 PER PACKAGE

kit
bracket

cant ! TG rew TERMINAL INSERTING TOOL

For inserting WWT-1, WWT-2, WWT-3,
= | [ Ouidesa Brackets | TRS-2 |$3.79] and WWT-4 Terminals into .040
QUANTITY — ONE SET (4 pcs.) QUANTITY — ONE SET (4 pcs) (1,01mm) Dia. Holes.

PC EDGE CONNECTOR

44 Pin, dual read out, .156" (3.96 WIRE CUT AND STRIP TOOL
mm) Contact Spacing, .025" (0,63

mm) square wire-wrapping pins. Easy 10 operate  place wores (up 10 4) in stpping siot with
ends estending beyond cutter blaces  press tool and pu
wire 1S cut and stripped 10 proper “wire-wrapping  length

- - = The hardened steel cutting blades and sturdy construction of
P.C.. Edge Connector I CON 1 - ) the tool insure long life

Strip length easily adjustabie 1or your apphcations

ADJUSTABLE
MODEL 'SHINER” LENGTH

P.C.B. TERMINAL STRIPS CESSURIION NUMBER 0F STRIPPED WIRE

The TS strips provide positive screw activated clamp INCHES  TO  INCHES

1 a dat r es 14 30 AWG (1, B
Zamm ;":nna‘;'::‘(’:l‘:l’fvauel:(l:'(;c‘ﬁ;:tu‘dr 042 ek () mm 249a Wire Cut and Strip Tool | sT-100.24 e —— a8, 4

diamete 280 wicn (Smm) centers [26 4_Vy_|1e Cut and Smp Tool | s7-100-26 1 —— 1'%, J
__4-Pole ,1 18- 4 B, 26 ga. Wire Cut and Strip Tool |§ . —— 14

- 7-100-26875| s~
8Pole 75- 8 [S1 ‘2 ga. Wire Cutand Strip Tool | s7.100-28 | 76 —— 1% |
__12:Pole i - 4 |30 ga. Wire Cut and Strip Tool | sT7-100-30 > =

THE ABOVE LIST OF CUT AN vnpvy S8 NOT 4PPLICABLE F0W M1 LENE ON TEFLOR IRSULATION

OK MACHINE & TOOL CORPORATION 05

3455 Conner St., Bronx. NY 104758(212) 994-6600 @ Telex 125091
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Beethoven Need Not Fear

—a little night music on the micro

Mike K. Cook GBHBR
71 Thatch Leach Lane
Whitefield, Manchester
England M2S 6EN
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here it is,”’ | said to my
girlfriend, while point-
ing at a maze of wires,

switches and LEDs mounted
on a piece of 1’6” x 6" wood.
“It’s a microprocessor, a com-
puter,” | added in an attempt
to prevent

her face from

dropping any more.

“Is that why you couldn’t
take me out this last fort-
night?”’ She scowled, and |
could hear the inevitable
question forming, ‘‘What does
it do?”

“Well ... er ... anything

and everything it makes
conventional electronics
totally obsolete.” That
secemed to stall her for a
second.

“Why isn’t it doing any-
thing?”

“Well, that’s because |
haven’t learned to drive it
yet. I'll have to find out how
to play it.”

“Play it?” She sounded
more enthusiastic. “Will it
play tunes?”

“No, what | meant was . ..
but wait a minute, that’s not
a bad idea. | could, yes, per-
haps a loop, raise flag ... " |
muttered to myself in totally
technical terminology, leaving
her even more bemused.

“So will it?” she inter-
rupted.

“Yes, it'll even compose
its own tunes — a little elec-
tronic Beethoven.” She
smiled, and | was more than a
little relieved that this forty-
legged beast was not going to
ruffle the course of true love.

And that's how | started
playing tunes on my micro-
processor system.

I'll briefly describe the
system. Hobby computers are
unknown in England.
Nothing (at the time of this
writing) is available com-
mercially in this country, so,
if you want anything, you
have to make it yourself.
Being a student, | couldn't
afford anything fancy. After
a brief look around the
stockist's, | decided to buy a
Signetics 2650 microproces-
sor. It had a single voltage
rail, a single-phase clock (you
can stop the clock), separate
sense, and flag input/output.
The whole unit was TTL
compatible, so it required no
expensive data bus buffering.
The outputs were latched and
brought to eight LEDs. | used
256 x 8 bits of memory, and
| programmed it by switching
the inputs to the RAM,
writing up the word on the
switches, and pressing a
“write in memory’ button.
When the program is entered,
the memory is switched over
to the microprocessor, and
the program runs. When an
input is required, the micro-



processor stops until a “con-
tinue’’ button is pressed, indi-
cating valid data on the input
switches. It’s not the most
sophisticated of setups, but it
will do for a start!

So, armed with this
system, | set to work. | will
not detail the listings of my
program here, as 2650
machine code is not every-
body’s idea of a barrel of
laughs. The flow diagrams
and description should enable
anyone to program the
machine, and, if you are
running BASIC, they will be
very short when compared
with the machine language.
As | mentioned before, the
Signetics 2650 has a flag out-
put, which is a single-bit
latched output, and this was
used for early experiments,
although one of the data bus
outputs could do.

The Fundamental Techniques

To produce a single tone, a
software delay loop is used.
When completed, the flag is
raised (a “1” is put on the
output), and the delay loop is
entered again; when com-
pleted, the flag is lowered.
The delay is caused by
loading a number into a
register and de-incrementing
the register until it is empty.
The length of the delay and,
hence, the frequency of the
note produced are dependent
upon the number loaded and
the clock frequency of the
microprocessor. The Signetics
2650 is a static device, that is,
the clock will work down to
dc. This gives great flexibility
in producing a variety of
outputs. In the delay loop,
dummy operations can be
placed to take more time,
thus making longer delays; in
my case, there is a ““‘no opera-
tion” instruction which takes
up two machine cycles or six
clock cycles. With a crystal-
controlled clock, the number
of clock cycles in the loop
can be calculated to give an
exact frequency.

Well, a single tone is not
going to satisfy anybody for
very long. So the next step
was to make the number
loaded into the delay loop

programmable from the input
switches. You now have 356
tones to play with. As they
are not on any chromatic
scale, some of them don't
sound all that good. Also,
some will be spaced so close
together that there will be
little audible difference be-
tween them. But it’s a start,
and you can work out what
number loaded into the delay
will give what note. Once you
have a feel for this, you can
start working on your first
computer tune. The problem
is that the number fed into
the delay loop must be
changed every few seconds.
This can be done by using the
interrupt. An external oscil-
lator is used to fire the inter-
rupt. When interrupted, the
microprocessor will select a
number from a pre
programmed ‘‘lookup” table
and use it to make a tone
until it is next interrupted. If
the interrupt oscillator is set
at about 1 Hz, simple tunes
can be produced.

If a long note is needed,
the same note is put in the
lookup table several times.
The way to implement a
lookup table will vary de-
pending upon the language
you are going to use, but they
are all simple and follow the
basic form of code-conversion
routines used in most sys-
tems. A number can be used
that is decoded by the pro-
gram as a blank. When the
number is taken out of the
lookup store, it is tested, and,
if it is the specified one, the

MAIN PRXOGRAM
LOAD REGISTER R2
(Wi TH START ADDRESS
OF LOOK UP TABLE
RAISE FLAG T

-

] CALL DELAY
SUBROUYlNE |

LOWER FLAG
—_—

—

CALL DELAY
UBROUTINE

T 7YEST RZ FoR
I MAXIMUM OF LOOK
L _Up TAB

DELAY SUBROUTINE

LOAD DELAY
NUMBER INTO
FEGISTER Ri

NO
OPERATION

|
NO
OPERATION

T
DE INCREMENT
FEGISTER Ri

| : - :

S

NOT

THE LONGER
DELAY REQUIRED
THE MORE NOP
INSTRUCTIONS
REQUIRED

n';o/

Iv[s
N

Cﬁ[ TU"N/

Fig. 1. Delay subroutine.

program will halt or go into a
loop with no raising or lower-
ing of the flag. The lookup
table can be set to scan once
and stop or to scan con-
tinuously, thus producing a
repetitive tone. | reckon |
have the first microprocessor
that plays “God Save the
Queen.” Who will be the first
to produce ‘‘The Star-
Spangled Banner?”’

A Different Approach

Having given my girl this
toy to olay with, | was hard
put to get time on my own
machine. (Have you ever
heard a piano and micro-
processor duet?) But, in the
times | could get on it, | had
another idea: Dispense with
the interrupter (for the time
being), and get the micro-
processor to produce its own
tune. | could take the
numbers for conversion into
tones not from a lookup

INTERRUPT ROUTINE

LE

e
[LOAD DELAY NO
FROM ADDRESS GIVEN ‘
BY REGISTER R2
3 ‘
' 1
oruav

70 BLANK LOAD

» BLANK LOAD

(:E VU“N)

READ DELAY

Lnoweer |

— |

RAISE
FLAG OUTPU

CALL DELAY
SUBROUTINE
LOWER FLAG |
‘ — 1
‘ CALL DELAY
SUBROU TINE
T

Fig. 2. Simple tone-producing
program. The tone produced
by any number read in will be
continually produced until
the sense input is switched to
“0". The program will then
accept another number. In
this way, you can see which
numbers produce which
notes.

5

=]

table, but from the program
that generates the tones itself.
This means that the micro-
processor is playing its owr
instructions — a sort of auto-
biography! | also said dis-
pense with the interrupt oscil-
lator, so what do you replace
it with? If the output is
counted and a new number
put in the delay loop every
256 cycles, then low notes
will appear to last a long time
and the high notes for a very
short time. The program was
worked out and loaded by
hand (about forty instruc-
tions) and run. The results
were rather surprising. It
sounded like a computer. The
low notes, on for a longer

OoPTION

)
{ LOAD REGISTER R2
p————lvg;mo%nn; el‘)gngss

LOOK U L
! L ‘
1

-

1

ROUTINE |

Fig. 3. Program to produce a simple tune. The option in the interrupt routine will produce a

single or a repetitive tune.
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SELF-PLAYING PROGRAM

l LOAD
REGISTER R2
WiTH Q00

[o

LOAD DELAY NO
FROM ADDRESS GIVEN
BY REGISTER R2

LOAD ﬂEGI;TER l

WITH 2

2360 |
—

RAISE FLAG 1

==

g

—

i

{

=

/|

CALL DELAY —1
SUBROUTINE ]

i LOWER FLAG
B CALL DELAY

SUBROUTINE
| S —
"
megew |
|__RecisTer

R AGAINST

INCREMENT
- ﬁEGlSYER R2

|

Fig. 4. Self-playing program.

time, sounded like a rhythmic
base accompaniment, while
the shorter high notes
sounded like virtuoso impro-
vising. The interesting thing
was that, although 1 knew
there was only one note being
produced at a time (only one
output), it sounded as if two
instruments were playing to-
gether. The base-fike rhythm
seemed to be ‘‘continued.”
This program universally met
with the reaction, “Well, it
sounds like a computer, even
though it doesn’t look like
one!” Since most of these
critics had never seen or
heard a computer, | don’t
know how they knew.

BUFFERED |~
AND

CATcHED § 7404
DATA BUS

SOuF

—
. . Low PASS AUDIO |
i He—Trarer ] ame '_CU
12K RS
e AAA— — |
R4
D 5600
AN

LOUD
SPEAKER

[ — L

Fig. 5. Circuit of DJ/A converter for producing different audio
waveforms. The low-pass filter may not be required in certain
applications or if a constant frequency whine is tolerable.

By now I'd really gotten
the bug, and | was asking all
sorts of questions: “Can a
computer sing the blues?”
Not content with a single flag
output, | turned to the data
bus. Here | could have up to
eight different square waves
generated at once, but, by
then, | was beginning to
think, “‘Can we get a different
noise out of this machine?”
So | made a simple digital-to-
analog converter and brought
back the interrupt oscillator.

The Hardware

The digital-to-analog con-
verter is very simple. | chose
to have a 4-bit one, since |
could make it out of junk
box resistors and have two on
the data bus. It works quite
simply. The output of the
data bus is latched and buf-
fered. Then it is passed
through resistors R1-4 to a
summing resistor, RS. The
voltage on RS depends on the
logic levels on R1-4. With the
values shown, a different volt-
age will be produced for each
combination of inputs, that
is, 16 different levels. The
idea is to change the output
every 0.1 ms or so. Here
again, the delay program is

used to produce an output at
regular intervals. The time of
the delay will determine what
frequency whine will be pro-
duced, as well as the note.
The frequency of the whine
will be the same as the delay
time. This can sound quite
alright when the micropro-
cessor is playing one of its
own compositions, but it can
be a bit annoying if it is
playing a tune. This can be
eliminated by placing a low-
pass filter between the output
on R5 and the audio ampli-
fier. This will cut off the
whine and let the notes you
are creating come through.

If the register that is out-
putted is incremented, a saw-
tooth waveform will be pro-
duced as the counter ramps
up to a maximum and then,
on the next count, is zero. If
a software instruction detects
the presence of a maximum
number and then causes it to
de-increment, a triangle wave-
form can be produced. The
frequency can be altered by
not incrementing every time,
but every other time. You
can now produce even a sine
wave, if you have trig func-
tion subroutines on your
machine. However, produc-

INCREMENT

REGISTER RI
‘ CALL DELAY
| SUBROUTINE

‘
WRITE Rl
L 7
Fig. 6. Simple program to
produce a sawtooth wave-
form. The sawtooth fre-
quency will be given from 16
times the delay time.

tion of tunes by this method
is more difficult than in the
earlier case. | found that each
note required its own subrou-
tine to produce it, which
means that you need seven
subroutines for a scale. How-
ever, it also means that you
can have different sounds of
notes, as well as frequencies,
in a tune.

Where this method scored
was in computer composi-
tions. They really were quite
good! To gain even more
flexibility, an 8bit D/A con-
verter would be ideal, and |
am saving up for one of
those.

Finale

Having now gained ap-
proval for my little pet,
whenever it is not singing to
me, | try to do some work
with it on what | originally
intended it for — applications
around my ham shack. But
what is this? “Yes, dear, it
can do most things. Yes, it
can play games on TV, not
just Ping-PongTM: no, other
games, too. Well, perhaps |
could just ... ” Oh no, here
we go again! ®

»
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Irwin Doliner
P.O. Box 290
Owings Mills MD 21117

Hex Converter
For True-Blue Octalists
— BASIC program

here are many good pro-
grams around to do an
exhaustive memory test or
other utility-type function. |
am usually anxious to try all

More often than not, these
programs are listed in hexa-
decimal. This causes a small
delay while 1 manually con-
vert them to octal, since mine

variably, the first time | key
in the program, it does not
work.

My first reaction (refusing
to accept my own fallibility)

zine must have printed it in-
correctly. On the off chance
that | might have made an
error, | next check to see that
| keyed it in correctly. Alas! |
find an error, correct it, and
run it again. You guessed it!
It still doesn’t work. As a last
resort, | check my conversion
to octal (a tedious process at
best). Normally, this also
turns up at least one error.

Frequently, an hour or
more may have passed before
the first successful execution.
Sometimes, at this point, | no
longer care.

| can think of no way to
avoid errors in keying in the
octal data, other than taking
greater care. However, | have
written a program to do the
conversion from hexadecimal
to octal. This reduces the
probability of error in one
area, at least.

The program to do the
conversion is shown in Fig. 1.
The operation of the program
is very simple: You will first
be asked the starting address
and base in which it is given.
Any base from 2 to 16 may
be specified, but you will
probably want to use 8 or 16.

of them. is an octal
0o FROGRAM HEXOCTAL
WRITTENS MAYy» 1977

WRITTEN BY: IRWIN DOLINER

‘xx INITIALIZE SYSTEM X

10 CLEAR(2000)

20 HY=INT((FRE(0)-400)/4)

30 DIMH$(H?),C$(15)

40 FORI=OTO15:REALCS(I) INEXTI

‘%% GET ADDRESS AND DATA TO RE CONVERTED

100 FRINT*STARTING ADIRESS+EASE " i INFUTNS» B9
110 D=E%:GOSUE2000

120 A=N

130 FRINT®INPUT HEX DATA®

140 FOR H=0TOH?

150 INPUTHS$:IFLEFT$(H$,1)="5°60T0300

160 IF LEN(HS$)=2XINT(LEN(H$)/2) GOTO 190

170 PRINT®NOT VALID HEX BYTES®

180 GOTO 150

190 GOSUE3000

200 NEXTH

‘3%  FRINT HEXADECIMAL AND OCTAL LISTING
300 PRINTSFRINTIPRINT®---HEX-~-- --0CTAL-—-*
310 PRINT®ADIIR  INST ANDR  INST®
320 FRINT *==== === = ====*
330 FRINT

340 Fe=°\ \ AN AN AN
350 D=16:E=8

360 FOR C=0TQOH-1

370 N$=H$(C):!GOSUE2000:!GOSUEK1000
380 Os=Ps

390 E=16

400 N=A:GOSUK1000

410 Qs=Fs

420 B=8

430 GOSUK1000

440 A=A+l

450 IFLEN(P$)<3THENF$=°0°"+F$:{60T0450

z 110

machine.

xx

xx

In- is to

conclude that the maga-

460 IFLEN(O$)<3THENO$=°0"+0%:60T0460
470 FRINTUSINGF$;Q$,N$,P$,0%

480 NEXTC

490 GOT04010

1000
1010
1020
1030
1040
1050
1060
1070
1080

2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100

3000
3010
3020
3030
3040

4000
4010
(0].§

Fig. 1.

‘x%x CONVERT FROM DECIMAL TO EBASE E

Fs
I=
J=

Zon

K=INT(J/R)
I=J-B3XK
P$=C$(I)+F$
J=K
IFJ>060T01030
RE TURN

‘%¥% CONVERT FROM EASE E TO DECIMAL

L=LEN(NS) IM=1IN=0
FORI=1TOL
R$=MIDS(NS,L-I+1+1)
FORJ=0TOD-1
IFR$=C$(J)G0OT02070
NEXTJ

FRINT®INVALID CHARACTER IN °iN$:ISTOF
N=N+JxM

M=MXD

NEXTI

RETURN

‘¥%X  SPLIT HEX DATA INTO TWO CHARACTER LONG STRINGS

HS (H)=LEFT$(HS$,2)
IFLEN(HS) <3THENRETURN
H=H+1
H$=RIGHTS (H$ s LEN(HS)-2)
60703000

‘%% RESTORE SYSTEM X

DATA 091+2+3+495969798999ArEvsCrDrESF
CLEAR(200) :END

xx

XX

Next, you input the hexa-

xx



RUN

STARTING ADDRESS»BASE? 10,16
INPUT HEX DATA

? 1455FF123456ABCDEFAAL1234ACIF 11
-}

~~-HEX-~-- ~--0CTAL--~
ADDR INST ALDR  INSIT
===z ==== ==== ==z==
10 14 020 024
11 55 021 125

Fig.

decimal data. You may enter
it as a single string (up to 254
characters long) or in several
smaller strings. The only limi-
tation is that the length of
the string be even {repre-

12 FF 022 377
13 12 023 022
14 34 024 064
15 56 025 126
16 Ak 026 253
17 co 027 315
18 EF 030 357
19 AA 031 252
1A 12 032 022
1R 34 033 064
1C AC 034 254
1D DF 035 337
1E 11 036 021
Ok

2.

senting whole bytes). When
done, you enter S” on the
next prompt. Figs. 2 and 3
show two ways of entering
the same hex data, and the
resultant output.

RUN
STARTING ADLRESS»HASE? 20,8
INPUT HEX DATA

? 1455

FF

1234

S6AK

co

EF

AA1234
ACDF

11

S
-~-HEX--~~
ADDR  INST

NN NN N NN NN

--0ClAL~~~
ADDR  INSI

Fig. 3.

The program will print the
address and data in both
hexadecimal and octal, in one
byte increments. This allows

10 14 020 024

11 55 021 125

12 FF 022 377

13 12 023 022

14 34 024 064

15 S6 025 126

16 AR 026 253

17 CDh 027 315

18 EF 030 357

19 AR 031 252

1A 12 032 022

1R 34 033 064

1C AC 034 254

i DF 035 337

1E 11 036 021

Ok
double-checking the hexa-
decimal data before the

tedious job of keying in the
octal. ®

I n the August, 1977, issue
of Kilobaud, there was a
short article on a tone genera-
tor for a microprocessor.
While the idea is g-eat and the
circuit is simple, $7.95 for
the DIP-alarm seems a bit
steep. While it is probably
best for the softwarc freaks,
it can be done less ex-
pensively by using junk box
parts. See Fig. 1. While it isn’t
all that original, it is different
from a lot of keyed 555 tone
generators. | have often no-
ticed with distress that people
enable a 555 by grounding
pin 1. Pin 4 is actually labeled
‘“‘cnable,” and this circuit
makes use of it. The transis-
tor acts as an inverter to
make things compatible with
the information in the article
mentioned above.

Perhaps the easiest method
of construction would be to
find a junked trarsistor radio
and use the speaker and case
from it. This would save you
having to go to the trouble of
mounting the speaker in some
other box along with the ¢x-
tra trouble of drilling holes
for the sound. None of the
component values are critical.
By changing either R1 or Ci,
the frequency can be
changed. With the values
shown, the frequency s
about 600 Hz. For the tran-
sistor, | used an unmarked
type off a computer circuit
board, and just about any-
thing will work.

If you want a tone when a
“high’ is applied to the tone
generator, just disconnect the
transistor and apply the signal

Michael Black VE2BVW
16 Anwoth Road
Montreal, Quebec
Canada H3Y 2E7

The Cheaper Beeper

— “Bell” for your CRT RTTY or uP

from the uP directly to pin 4.
For those of you interested in
using the gencrator as a code
practice oscillator, connect
the side of the 100k resistor
marked ‘‘from computer
port” to the 5-volt supply,
and connect your key from
point “ X’ to ground.

Also, note that this circuit
does not have to be run off 5
volts. It will work on any-
thing from about 5 volts to
15 volts. As a CPO, it would
probably be easier to use a
9-volt battery. If you're using
CMOS in your uP and don’t
have a 5-volt supply, this cir-

cuit is particularly nice.
Well, | hope that this little
article has helped some of

*8v
—

18

you to save some moncy, and
just remember that simplest is |
not always checapest. ®

885

IuF

3 .
_4(_4'_[& 80 SPEAKER

100K
FROMe—AA-
COMPUTER X
PORT

Fig. 1.
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Semi-Instant
Program Loading

— bauding up the SWT 6800

Jack G. Starr WB4GXE
8221 Halprin Dr.
Norfolk VA 23518

he truth is out the
SWTPC 6800 can be
made to run at 1200 baud. A
number of other micro-
computers will also operate at
1200 baud and faster. That’s
great, but what good does it
do the hobbyist on a limited
budget?
if money is no problem
and an adventurous spirit
doesn't exist, then there is no
question. You can run right
out and purchase a digital
data recorder, such as one of
those produced by National

Multiplex Corporation,
Compucorp, and others.
DATA . j\;
V SIA

ISK
ICIb
t 3'( ﬂ u .
*oz s.a 2006
D4
ln 1
[L$
“47;( .‘qu |
AN ] —D
pe A
TO RECORD/
PLAY HEAD
SEE FIGURE | ‘” 12v
FOR POINT t2ov <l

OF CONNECTING
| |2v

B

1
fsooo;r

Q0

Photos by Roger W. Starr

These machines will do a
bang-up job of storing data
digitally on magnetic tape at
speeds well in excess of the
recently broken speed barrier
of the SWTPC 6800. They
will work at 9600 baud and
rarely skip a byte.

No exception is taken to
the obvious advantages of
audio recording using the
Kansas City Standard, except
that it's too slow for my
personal needs. I'm not inter-
ested in establishing any new
standards. My only aim in
what | have done is to speed
up my system to utilize the
maximum save and load baud
rates available to me, thereby
reducing record and load
time. As a matter of fact, |

7 22k

]

5

OUT A=
INV IN A
NV IN A -

A

8

g«

7

—OuT B

6

S

B

jan -5v

SLVALK]
>INV IN 8

am using the author’s fee
from this article to purchase
an SWTPC AC 30 to comple-
ment my system and to pro-
vide me with the capability to
exchange programs with
other hobbyists — an advan-
tage that | do not have with

the reel-to-reel digital data
configuration.
The Problem

For the underfunded

(average) hobbyist, the an-
swer can be found using a
system similar to those built
by some of the guys in Nor-
folk, Virginia. | found an old
reel-to-reel Sony Model 464
tape recorder stuffed away in
the corner gathering dust, and
it served as the guinea pig for

4IBK/)7

PIN OUT OF 1458

Fig. 1. Cussette interface schematic.
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the experiments. | quickly
decided that, as long as a TV
terminal was to be used in
conjunction with a computer,
there was no reason to pro-
vide a separate clock circuit
in the digital recording
scheme. The fact that the
terminal and the computer
were  compatible indicated
that it would serve no pur-
pose to record the clock data.
This decision, which later
proved to be correct, reduced
the amount of circuitry to
half what | might have
needed. Then it was only
necessary to obtain a circuit
that would key the RS-232
line to the extent necessary
to record digital data on the
magnetic tape. To accomplish
this with the minimum of
effort and to keep from
“reinventing the wheel,” |
researched the circuitry used
by digital data recorder
manufacturers with the intent
of finding as simple a circuit
as possible that would do the
job.

What Was Done

The first item of business
was to check out the condi-
tion of the old reel-to-reel
tape recorder. The existing
electronics worked, so it was
a simple matter to make sure
that an audio tape could be
recorded and played back.
This gave me certain assur-
ances that the record/
playback head was operable
and that the machine worked
in its original configuration.
Next, the existing electronics
were stripped out of the re-
corder, including the power
supply. Because the recorder
was of ancient vintage and a
hybrid design, no effort was
made to reuse or salvage any-
thing. The power to the
motor and the switch and
fuse arrangements were re-
worked, as shown in Fig. 1.
The mechanical operation
came under attack next. All
parts, pulleys, shafts, rollers,
wheels, gears, and the turns
counter were cleaned and lu-
bricated to assure optimum
operation in the recorder’s
new life as a peripheral to a
microcomputer system.



Meanwhile, circuits that had
been used by digital tape re-
corder manufacturers were
breadboarded and tested. The
circuit decided upon was a
takeoff of that used by Na-
tional Multiplex Corporation
in their Model CC-7 digital
cassette recorder. It had the
advantages of simplicity,
economy, and parts avail-
ability. The circuit finally
used in the conversion s
shown in Fig. 1 and in the
photographs. It was built on a
Radio Shack plugin perf-
board and installed in a plug
in socket that was mounted
in the tape recorder where
the original electronics were
removed (any plugin board
could be used).

How It Works

Remember now that you
aren’t dealing with audio in
the sense of mark and space
tones. The only purpose for
the speaker circuit is to give
an audible indication that
data is being transmitted in
the load mode. No audio sig
nal is available in the save
mode.

In essence, what you are
doing is recording and playing
back a full dc saturation of
the magnetic tape. This
method is also referred to as
“no return to zero”’ (NRZ)
because, unlike audio tones
where you rest between the
transmitted mark and space
tones, there is no stop