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Discover the ease and
excitement of learning
Electronics with
programmed equipment

When you train at home with NRI, you train

e n s you with your hands as well as your head. You

learn the WHY of Electronics, Communica-

tions, TV-Radio the NRI pioneering ‘‘3-Dimensional’’ way. NR! training is the result of more than

half a century of simplifying, organizing, dramatizing subject matter, and providing

personal services unique for a home study school. You get the kind of technical

training that gives you priceless confidence as you gain experience equal to many,
many months of training on the job.

NRI—The Leader in Electronics Training for more than Fifty Years
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NEw GI BlLL if you served

since January 31, 1955, or are in ser-
vice, check Gl line in postage-free card.
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Zarn $5 to $7 an hour
spare or full time in

TV-RADIO
SERVICING

Color television sales are soaring.
And so is the demand for trained
repairmen. if you can service TV
sets, portable radios, tape recorders,
hi-fi sets, phonographs and auto
radios, you'll always be in demand.
It's one of your best routes to spare-
time earnings, a good paying job or
a business of your own. NR! trains
you quickly and expertly, showing
you how to get started in servicing
soon after you enroll, earning as you
learn. NR! trains you in today’s
method of installing and repairing all
electronic equipment for the home
—including solid state Color TV. You
even build, experiment with and
keep to enjoy your own solid-state
radio plus yaur choice of black-and-
white or the new 25" diagonal solid
state Color TV receiver NR! devel-
oped from the chassis up for train-
ing. Like thousands of others, you
can soon be earning good money in
your spare time...the easy NRiway.

There's money and
success awaliting you in

COMMUNIGATIONS

MOBILE RADIO &
BROADGASTING

NRI training in Complete Communi-
cations equals as much as two years
of training on the job. With NRI, you
can train for a choice of careers
ranging from mobile, marine and
aviation radio to TV broadcasting
and space communications. You
learn how to install, maintain and
operate today's remarkable trans.
mitting and receiving equipment by
actually doing it. You build and ex-
periment with test equipment, like
a TVOM you keep. You build and
operate amplifier circuits, transmis-
sion line and antenna systems, even
build and use a phone-cw trans-
mitter suitable for transmission on
the 80-meter amateur band. Which-
ever of these five intensely practical
NRI Communications courses you
choose, you prepare for your FCC
License exams, and you must pass
your FCC exams or NRI refunds your
tuition in full.

Move ahead in America’s
fast growing industry as

COMPUTER
TECHINGIAN

Ours is rapidly becoming the age of
the computer . .. and NR! can train
you to cash in on the opportunities
in this field. Only NRI trains you at
home on a real computer—not a
simple logic trainer, buta complete,
stored program digital computer
using over 50 integrated circuits. As
you build the NR! Computer, you
explore all fundamental logic cir-
cuits, then how to combine them in
a complete, stored program com-
puter. You observe the *'heart” of a
real computer. You solve typical
problems and learn how to locate
faults with diagnestic programs.
Bite-size texts make studying easier.
Prove to yourself what nearly a mil-
lion NRI students could tell you—
that you get more for your money
from NRI. Check the card and mail it
today for your free NR| Color Cata-
log. NO SALESMAN WILL CALL. NRI
Training, 3939 Wisconsin Ave.,
Washington, D.C. 20016.

YOU GET MORE FOR YOUR MONEY FROM NRI

AUGUST 1973

NRI Kits
and Equipment

Dollar for dollar, you get more value
from NRI training kits, because they
are designed as educational tools.
In the TV-Radio Servicing Course,
for instance, the end product is a
superb 25" diagonal color TV your
whole family will enjoy. The set is
designed so that, while building it,
you can introduce and correct de-
fects . . . for trouble-shooting and
hands-on experience in circuitry and
servicing. The kits include, at no
additional cost, a wide-band service
type oscilloscope and color cross-
hatch generator, and other valuable
equipment that will let you start
earning money in your spare time
making repairs . . . even before the
course is completed.
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Editorial )

By Milton S. Snitzer, Editor

TRADE SHOWS FOR THE INDUSTRY

We've just returned from Las Vegas where we attended the NEW/COM
(National Electronics Week, Components) Show. Manufacturers at the
show all have one thing in common; they sell their products through
electronic parts distributors throughout the country.

The show is important because it gives us a pretty good idea of
the products we will be able to get at our local distributors. Antennas,
test equipment, tools, speakers, turntables, R and C components,
semiconductors, CB equipment, and fuses are just a small number
of the large quantity of products that were on display.

This year’'s show was the biggest since the Electronic Industry
Show Corp. has been producing them yearly since 1937. Some
227 companies exhibited their wares to the 7500 who attended or exhibited
in the show. The Convention Center, where the show was held,
was ideal for the product exhibits. The aisles were wide enough for
comfort and everyone we talked to about the physical facilities was
unreservedly satisfied with the hall and with the personnel that helped
set up their exhibits.

We met quite a few oid friends there and almost without exception
they were happy and enthusiastic about the way the show went.

Most were talking about a 20-percent increase in business written at
the show as well as overall business throughout the year. What all

this means to our readers is that they will find greater variety of better
quality products on their local distributors’ shelves.

Another show of interest is the June Consumer Electronics Show
(CES) held June 10-13 at McCormick Place in Chicago. On the basis
of our present information (this is being written before the show opens),
there is expected to be more than 20,000 pre-registrants by
the opening, and total show attendance is expected to be over 35,000,
which would be a new record. About 375 exhibitors are expected to
show more than 25,000 products on display, many of them for the first
time. These will inciude radios, TV's, phonographs, audio components,
tape equipment, electronic calculators and allied electronic products.
All in all this will be a spectacular preview of the consumer
products the public will be buying in the 1973-74 year.

Attendees to the show will include retailers, mass merchandisers,
independent representatives, distributors, importers, manufacturers,
and guests from allied industries. The Electronics Industries Association
will hold its annual summer meeting during the show, and this will
bring in more than 400 of the world’s leading electronics manufacturers.

Still another show that our service technician readers will be
interested in is the annual joint convention of NEA and NATESA. These
national associations of service technicians (mostly radio and TV)
will be meeting in Kansas City at the Crown Center Hotel on August 21-26,

POPULAR ELECTRONICS including Electronics World




In past articles we have discussed the research and
the technology behind the Bose Direct/Reflecting®
speakers. It would indeed be misleading for us to
imply that the unprecedented series of rave reviews'
and the worldwide acceptance of these speakers is
the result of only the research and technology that
gave birth to their new design’ While these factors
are absolutely necessary, they are far from suffi-
cient to provide the performance for which these
speakers are famous.

The more accurate the performance of any
instrument or loudspeaker, the more apparent
are small imperfections. Variation in the re-
sponses of individual speaker drivers,that might
be masked by performance limitations inherent
in the basic design of conventional speakers,can
become annoyingly apparent with the accuracy
of music reproduction associated with Direct/Re-
flecting speakers. The realization of this fact has
led us to develop quality control measures that
we think have no close second anywhere in our
industry.

Here are some of the items we check:

. Acoustical properties of the cone material

. Annulus material and doping

. Thickness and bond of the critical glue joints
where the cone joins the voice coil bobbin.
Errors in either direction can cause audible
coloration

. Density of voice coil winding

. Flux density in the magnetic circuit

. Sixteen mechanical parameters are checked
ranging from the length of the flexible voice
coil leads to the centering tolerance of the
voice coil

. Power tests to check for possible thermal
problems

. Accelerated humidity tests

. Power sweeps after complete assembly in
cabinet to check for any extraneous noises

. Extensive computer checking of all
parameters in the 901 active equalizer

Wi —

w b

“If music be

the food of lové,

play'on”

TWELFTH NIGHT, Act I, Scene i, Line 1

Some of the items in this list cannot be directly
tested after the speaker is assembled. For ex-
ample. we can’t see the glue joints or the voice
coil. These tests and many others are made by our
newly developed Syncom™speaker testing comput-
er. In addition. this computer selects matched
drivers for each 901 and it matches the woofers
and tweeters in each 501. One of the significant
achievements of this computer is that its measure-
ments are directly related to audible effects rather
than to typical specifications whose correlation

to audible performance has not been established.
When the Syncom computer rejects a speaker, it
means that a critical listener could hear the dif-
ference between that particular speaker and our
standard of quality — more on this in a later issue.

When you couple this unique quality control
system with all the technology behind the Direct/
Reflecting speaker systems. you can appreciate
our confidence in asking you to A-B the 901 with
any speaker regardless of size or price. And while
you’re at it, audition the 501 against direct
radiating speakers costing several times as much.

Photograph of Shakespeare First Folio
courtesy of Harvard College Library

'For copies of the reviews,
circle our number(s) on
your reader service card.
1Copies of the Audio Engi-
neering Society paper, ON
THE DESIGN, MEASURE-
MENT AND EVALUATION OF
LOUDSPEAKERS, by Dr. A. G.
Bose, are available from the
Bose Corporation for fifty
cents.
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You can hear the difference now.

_MOSE

Framingham, Massachusetts 01701

CIRCLE NO.2 ON READER SERVICE CARD
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. .. TEST

NEW CIRCUIT IDEAS,

I.C.’s, DISCRETE COMPONENTS
WITH NO SOLDERING!

Only $1 7. 75 The E&L SK-10 SOCKET

Just plug in % watt resistors, ceramic ca-
pacitors, diodes, 1.C.’s, transistors and more,
and your circuit is built! No soldering! No
special patch cords needed. All compon-
ents reuseable! Interconnect with any solid
#22 gage wire.
B Nickel/silver terminals — low contact
resistance
Low insertion force
Initial contact characteristics beyond
10M insertions
Vertical and horizontal interconnecting
matrices
Handles wide range of wire leads from
.015” to .032”

MONEY-BACK GUARANTEE

Try it with absolutely no risk for 5 days. If
not satisfied, return your SK-10 socket and
get a full refund. Trying is believing. How
can you go wrong? Send check or M.O.
today!

W Add 50¢ for postage and handling

B 25% deposit for C.0.D.'s

Ask for FREE IDEA-PACKED,
ILLUSTRATED CIRCUIT DESIGN
CATALOG.

BEL

E&L INSTRUMENTS,INCORPORATED

61 First Street, Derby, Conn. 06418

CIRCLE NO. 7 ON READER SERVICE CARD

COLOR ORGAN THAT ISN'T

I've designed a system (see schematic) that
delivers a lot better performance and reliability
than the one presented in “Design Your Own
Color Organ” (May 1973). My design can op-
erate any number of channels, providing tlge

HEP 30,

power capacity of the components is not ex-
ceeded. My overall cost for all three channels
was about $15.

Naxe WITHELD

You haven’t designed a color organ. What
you show is a singfe-channel/multi-it‘zmp, vari-
able-intensity lighting system. It could be made
into @ multi-channel system if frequency-
selective elements were included to make each
“channel” respond to a different band of fre-
quencies. As things now stand, your circuit
will respond to all frequencies in all channels.
We also question the use of 8-ohm-primary
transformers connected in parallel across the
driving amplifier. This arrangement can have
disastrous effects on the amplifier's output
stages.

FEEDBACK ON ELECTRONIC ORGANS

As an electronics technician and a profes-
sional musician, I was surprised to find no men-
tion of the Hammond brand name in “How To
Select An Electronic Organ” (June 1973). The
Hammond Model B-3 is considered the organ
by most professionals. Hammond organs have
superior sound qualities, and the company’s

POPULAR ELECTRONICS Including Electronics World



method of tone generation never goes out of
tune.

[ suggest in future articles of this nature that
vou consult with some musicians to determine
what practical and musical values to look for as
well as the electronics used. It is interesting to
note that in most electric, or amplified, music,
the electronically simpler equipment usually
produces the most satistactory sound.

BiLL KENNEDY
Albany, Ore.
P.S. I'm not a Hammond salesman or employee.

Qur regrets to Hammond, Mr. Kennedy, and
musicians ecerywhere for our oversight.

As an electronic organ serviceman [ was very
much interested in “How To Select An Elec-
tronic Organ” (June 1973). In this article it
was stated that any knowledgeable electronic
serviceman with a few tools could cope with
these instruments. To that you had better add—
providing he has a schematic and has studied
the principles behind these organs.

For the past 10 years, I have attended organ
servicing seminars on the average of one every
10 months. Without the help of these factory
schools, T could not begin to cope with some of
the problems that crop up. For example, the
Wurlitzer 4037 has some of the most involved
circuitry vou can imagine. It would put a color
TV receiver to shame in complexity.

I don't think that just a knowledge of elec-
tronics qualifies a man to cope with electronic
organs. I have worked on some organs where
such men have tried and failed.

VERN SMITH
Terre Haute, Ind,

HOW ABOUT . . .

“Light-Acti\'uted Slave Strobe Trigger” in the
June 1973 issue of PoOPULAR ELECTRONICS was
very interesting. But how about such a strobe
light triggered by a Signetics 535 timer IC with
a variable and a calibrated flash rate? I think
many of your readers would find many uses for
such a device; I know that [ have. ’

Epwarp L. ToTTLE
Baltimore, Md.

Sounds like a good idea. We have nothing in
the works right now, but stay with us and
you're likely to find what you're looking for.

BUYER LOOKING FOR A SELLER

I would like to buy any issues of the Elec-
tronic Experimenter’s Handbook ( published
by PopuLAR ELecTroNics ) from 1966 to 1970
at a reasonable price.

PeTER TSE
61 Henry St.
New York, NY 10002

Interested readers please write to Peler.

AUGUST 1973

If You Work In Electronics:

Earn Your Electronics

DEGREE
by studying
at home.

Your technical experience can be
a valuable asset in advancing
your electronics career tothe
engineering level. By adding |
college-level home training i
and a college degree to your
experience, you can move
up to greater opportunities.

GRANTHAM

School of Engineering

1505 N. Western Avenue
Hollywood, CA 90027

is a college-level insti-
tution, specializing in
teaching electronics and
supporting subjects. main- ¥
ly by correspondence. Grantham
can prepare you to take advan-
tage of advancement opportunities.

Grantham offers a correspondence program
leading tothe A.S.E.T.degree. After earning this
degree, you may continue with additional corre-
spondence plus a one-week residential seminar
and certain transfer credits, to earn the B.S.E.T.
degree. Then, the B.S.E.E. degree is available

through further residential attendance.

The School was established in 1951 and is au-
thorized under the laws of the State of California
to grant academic degrees. G.1. Bill approved.

Mail the coupon below for free bulletin.

Grantham School of Engineering
1505 N. Western Ave., Hollywood, CA 90027
I have been in electronics for years. Please

mail me your free bulletin which gives details con-
cerning your electronics degree programs.

Name —_Age
Address
City State Zip
e e e e e o o ST 4




Stereo Scene ,

\

I AM SORRY that time doesn’t allow me

to answer readers’ questions on an in-
dividual basis, but letters of general inter-
est are answered from time to time in this
column. This is one of those times.

Alignment Tapes
In your May 73 “Stereo Scene,” descril-
ing the alignment of tape decks, you refer
to the use of a standard alignment tape for
adjusting head azimuth and “zero” playback
level. T've been unable to locate a source
of such a tape. Can you recommend one?
Edwin R. Shambaugh
Brooklyn Heights, N.Y.

North American Phillips (Norelco) and
Nortronics both make alignment cassettes.
Ampex Corporation makes alignment tapes
for open-reel machines. A Norelco or Nor-
tronics cassette can be ordered through any
dealer who carries either brand. Ampex
alignment tapes can often be purchased
from stock from a dealer in professional re-
cording equipment, or can be ordered
through him. There is not, to my knowledge,
anyone making alignment tapes for cartridge
machines, but if I hear of one, I'll list it in a
subsequent column.

Incidentally, open-reel alignment tapes
should be purchased in the track configura-
tion that matches that of your recorder (2
or 4 track), and for that running speed at
which you do most of your important tap-
ings.

If you have no reason to suspect that

From the
Mail Bag

By J. Gordon Holt

your play head is out of alignment, you can
save considerable money here by purchas-
ing a Dolby level tape rather than a com-
plete alignment tape. These tapes have only
a single mid-frequency tone recorded on
them, at standard zero VU level for open-
reel machines and Dolby level for cassettes,
and this can be used in lieu of the zero-level
tone on an a]ignment tape for setting up
your recorder.

Fragile Ribbons?

Who's kidding whom? I've read, in arti-
cles you authored as well as in several other
places, that ribbon microphones can be
“very good,” but are fragile devices that
can be damaged or destroyed by dropping,
blowing into them, and other harsh but con-
ceivable mishaps. Yet at least one micro-
phone manufacturer is claiming for their
line of ribbons the kind of durability that I
(through reading) associate only with mov-
ing-coil types. What’s the story? Are all rib-
bons fragile? Or are some not so fragile?

Frank Sommer
Tallahassee, Fla.

Revox Corp. took me to task for writing
about the fragility of ribbon mikes, and sent
me three of their Beyer ribbons to prove
their point. They proved it; these mikes
were indeed as rugged as moving-coil types,
and also sounded Detter than most moving-
coil designs I've tried. So there is a new
breed of ribbon mikes, from Beyer at least.
Doubtless there are others, which I shall
probably hear from after having mentioned
Beyer’s line. All will be dutifully reported in
a future column, too.

High-Powered Damping

You have mentioned on occasion that
some loudspeakers seem to perform better
with amplifiers having extremely high damp-

POPULAR ELECTRONICS Including Electronics World




MITS Presents
The New 150 Series
Handheld Calculator

...8 Functions Mean a Handful of Features!

100% American Made
Chain & Mixed Operations

Special Readouts:

eEntry Overflow

eNegative Result

eResult Overflow

el ow Battery

*8 Digit Readout
(Always the most significant digits)

eBright Led Display

Plus: *Floating &
Fixed Decimal
*Algebraic Logic

PRICES $149.95 Assembled

$119.95 Kit

SIZE: 5-3/4" x 3-1/4" x 1-1/2" Full 1 Year Warranty
Hi-Impact ABS Case AC Adapter for 110VAC Operation $6.95
6 AA Batteries Carrying Case (very leatherette) $5.95
r-----------------------------I
J. 1 [ Enclosed is a Check for $ |
® 1 or O BankAmericard # wl
m I's s B or O Master Charge # oq
¢ I or O Purchase Order # 1
. i . : . Include $5.00 for Postage and Handling :
Micro Instrumentotion & | 2Xt Ofserdes !
1 O Please Send Information on Entire MITS Line. i
Telemetry Systems, Inc. ; wave i
6324 Linn, N.E., Ribuquerque, New Mexico 87108 : é:?ISRESS :
505/266-2330 ¢ oo '
e T,

-
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ing factors, while others do Fest w'th “mod-
erate” amounts of damping. I have done
some simple computations involving the
rated damping factor of some of the ampli-
fiers you cite as examples, and must con-
clude that what yon are speaking of is not
damping factor but something else.

The source impedance of the amplifiers
vou mentioned as having “moderate” damp-
ing is such a small fraction of an ohm that
it would have to be completelv swamped
by the dc resistance of the wires running to
the speakers. If there is in fact a difference
in how amplifiers damp speakers (as you
claim), it would have to be due to some-
thing other than damping factors alone. But
what else?

Patrick R. Mullin
Natick, Mass.

There is a difference, and since it in-
volves the degree to which a given speaker
tends to resonate at its normal bass reso-
nance, it has to he related to amplifier damp-
lllg.

I see your reasoning. I've heard that ar-
gument before, and I agree that there is no
rebutting it. But how else to explain what

the ears hear? Dynaco founder Dave Hafler

{now head of Ortofon) has sugeested that
this is due, not to damping per se, but to the
fact that by coincidence (?) most high-
damping-factor amplifiers also happen to be
high-powered amplifiers, and that the ob-
served differences in low-end performance
from a given speaker system are due to dif-
ferences in available power at the low end.
His idea is that, while damping factor de-
termines how much corrective information
is fed back from an amplifier’s output to its
input, available power determines how ef-
fectively the amplifier is able to apply the
corrections (in this case, anti-resonant sig-
nals) to the speaker’s motions.

I find it hard to see how an amplifier,
working at far below its maximum-output
level. could run out of speaker controlling
power at the low end, but it is possible that
the momentary current demands might be
higher than anyone has ever guessed. This
is just another one of those areas in audio
where the need for additicnal speculation on
the subject is far exceeded by the need for
some basic resarch.

Four-Channel Stand
You have been running off at the mouth
for over a year now on the subject of four-
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channel sound without ever having stated

wnequivocally whether you are for it or
against it. Where do you stand?

Jimmy Paul

Quebec, Canada

No one who claims commitment to the
holy grail of realism can be against 4-chan-
nel sound, becanse it has the potential of
providing greater realism in reproduced
sound than anything that has come along to
date. If I have seemed unenthusiastic on
the subject thus far, it is only because the
hi-fi industry as a whole has shown little
interest in using 4-channel reproduction to
enhance realism, and is instead treating it
like an entirely new creative medium, which
can be great fun but is hardly “realistic.”

Of course, this is exactly what happened
when mono went stereo. Evervthing was
ping-pong. and the hole-in-the-middle
proved to cvervone that stereo was different
from mono. Today, we fill the hole when
reproducing sounds that are normally (that
is, when heard “live”) spread across a stage,
and we reserve the ping-pong “creativity”
for program material where realism is un-
impm'tunt or irrelevant.

I believe—or at least, I hope—the 4-chan-
nel situaton will eventually stabilize in the
same way, with realism the goal for music
that sounds best when heard live, and the
hi-jinks reserved for material where realism
has no bearing on the matter. Then 1 shall
become enthusiastic.

Supertracking Pickups

I noted with interest the recent introduc-
tion of two new “super-tracking” pickups.
from Shure and Ortofon, both of which at-
tributed their improved trackability to re-
duced tip mass. and I suddenly had a
thought: if tip mass is what determines the
high-frequency resonance, and the higher
the frequency of this, the better the high-
end trackability, why wouldn’t some of the
new CD-4 pickups outtrack them all?

The pickups designed for RCA/JVC’s
CD-4 quadradises must respond out to
around 40,000 Hz in order to receive the
ultrasonic carrier that has the rear-channel
information. That means their high-end res-
onance must be at a much higher frequency
than even the best of the non-CD-4 types.
Doesu’t this give even better trackability?

Ralph D. Doyle
White Plains, N.Y.
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Big 3 in SSB

New from Midland! Two great mobiles
plus a deluxe base station—giving you more
“big power” features for your SSB dollars

Tune in top performance with maximum legal “talk power.” Mid-
land’s big 3 include: Model 13-898, a new deluxe base station with
automatic digital clock, twin meters, AC/DC power. Model 13-896,
a compact base/mobile with built-in AC power supply. Mode!
13-894, a full-power lightweight mobile that's 40% smaller than
last year's equivalent modei.

All are fully equipped for 23 channel operation on AM, plus upper
and lower sidebands. All deliver full 15-watt P.E.P. input on S5B
plus 5-watt RF input on AM. All have integrated circuits, dual de-
tectors, SSB clarifier and AM delta tuning. And all are loaded with
the extra value features you're looking for in popular-priced SSB
transceivers. See your dealer now.

Freet Wrie for new CB brochure: MibLAND

Kansas City, Missouri 64141 ELECTRONICS COMPANY

CIRCLE NO. 15 ON READER SERVICE CARD

AUGUST 1973



Yes, and no. While tracking ability at low
and middle frequencies is almost entirely a
finction of compliance (the flexibility of the
clastic suspension), high-frequency track-
abilitv is a function of both compliance and
tip mass. And while the currently available
CD-4 pickups have extremely 1w tip mass,
thev have considerably less compliance than
the conventional “supertrack” tvpes of pick-
ups.

Comparisens nsing Shure’s three tracka-
bilitv test records indicate that. despite the
extended high end of the CD-4 pickups,
they are less able to cope with extreme
modulation levels at the frequencies where
these are most likelv to occur on conven-
tional stereo discs. On the other hand. n-ne
of the non-CD-4 pickups I checked had
anite adequate high-end range for use with
CD-4 discs.

The word from the grapevine. though, is
that designers are at work on both super-
tracking CD-4 pickups and supertrack pick-
ups with CD-4 high-end range. Soon, the
twain shall meet.

To Move or Not to Move
I have been reading a number of reports
about new components that look much bet-
ter than the ones I have now. and am won-
dering if now is the time I should make my
move to trade in my pickup (or turntable or
arm or amplifier or whatever) for a better
one. Would the improvement in sound be

worth the money?

Typical Reader
Everywhere, USA

Dear Typical:

Your question is one T received with un-
flagging regularitv from audiophiles all over
the countrv (world, in fact), and the an-
swer must alwavs be the same: If you are
dissatisfied with any aspect of the sound
vou get from your system, now is the time
to upgrade it. If vou upgrade the right
component (that distortion could be your
pickup or vour preamp), the improvement
will be well worth the cost to you. If vou
just have the feeling that maybe vou’d bet-
ter upgrade something because it’s a cou-
ple of years old, my advice to you is:
“Don’t.”

If vou don’t hear anything from vour
sonnd now that you either want to reduce
(like distortion or flutter or honkiness) or
improve (like bass range or treble detail),
vou will probably not even notice whatever
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improvement is effected by replacing a com-
pouent unless ene of your present ones is
actually defective and will be replaced by a
properly functioning one. The most com-
mon cause of the sick-svstem syndrome these
days is a dried-up stylus suspension in a
pickup cartridge. If vou care about money,
change vour stylus before considering any-
thing else. Then figure out what, if any-
thing, you wish to improve.

On the other hand, mavbe you like “new-
ness,” and find that justification enough
for upgrading things. That’s okay; it’s your
checkbook!

Mono A4-B
The instructions for my stereo preamp ad-
vise me to set the mode switch to “A + B”
when playing old monophonic discs, but
when I do this there seems to be some loss
of treble response in the sound. Is this nor-
mal. or do I have a problem? And what does
that A + B setting do anyway?
: R. Hagerty
New York, N.Y.

The A 4 B setting on your mode switch
simply blends the two channels together,
eliminating all stereo channel separation.

On a stereo disc, sounds that are sup-
posed to appear midway between the speak-
ers are represented as lateral groove modu-
lations, while directional (i.e., off-center)
information is represented as modulations of
the groove in a vertical direction. Obviously,
for stereo. both the lateral and vertical out-
put signals from the pickup must be pre-
served.

A mono disc, though, is modulated in a
lateral direction only. The only vertical
“modulations” in a mono groove are those
caused inadvertently by embedded dust par-
ticles and by any tendency for the stylus to
mis-track. Thus, mono discs are best repro-
duced with the vertical pickup output sup-
pressed. and this is what is accomplished
by setting the mode switch to A + B.

This should not however cause any loss
of highs. There may well be an apparent
treble loss because of the suppression of
surface noise (which we usually associate
with extended high end), but the only thing
that could cause an actual treble loss when
you blend the channels is very poor high-
end response in one channel of the cartridge
{which would pull down the combined high
ends when blended). And if this is the case,
you will notice a marked difference in the
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Sldeklckl[s
S gain

Turner's new amplified Super
Sidekick has two gain controls:
one on the top for normal
volume adjustments and
another on the bottom for
matching the Super Sidekick
microphone to your particular
transceiver.

If you operate AM on a tube
Ly set, you might need all the

e o gain you can get. On a
"\\ "'af’/ transistorized SSB rig, you

- probably need just a little.
That's what's so super about the
new Super Sidekick. You get a
modulation-boosting match for
any set and a dynamic cartridge
for clarity.

Talk it up. The new Super
Sidekick amplified microphone
lists for $80, and it does make
"an understandable difference.
ee a Turner dealer for details,
"or write to Turner, 909 17th St.
SQ\I E , Cedar Rapids, la. 52402.

TURNER

MICROPHONES

T

CONRAC

CORPORATION
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" surface noise levels from the two channels
when vou plav a mono disc with the blend
switch in the Stereo mode. (I assume, of
course, that both speakers are identical. For
proper stereo, they must be.)

Output Mismatch
As an old-timer in high fidelitv, I am
concerned about what must be an impedance
mismatch between my solid-state power amp
and my English-made loudspeakers. With
tubed amplifiers, 1 was always careful to see
that the rated impedance of the loudspeaker
was matched by the amplifier output taps.
Now T have 16-ohm speakers, an amplifier
whose output power is rated in the specs
oulv at 8 and 4 ohms, and no taps to fool
with. Is this probable mismatch doing any
damace. to the amplifier or the sound® And
if so, how can 1 correct the problem?
John B. Shuster
St. Paul, Minn.

I doubt that it is doing any damage to
the amplifier, but it could be impairing the
sound somewhat.

One of the contributing factors in the im-
provement of sound with solid-state ampli-
fiers was the elimination of the output trans-
formers. Unfortunately, this also eliminated
the abilitv to include output taps for selec-
tion of the proper cutput impedance to
match the loudspeakers. Consequently, sol-
id-state amplifiers have had to be designed
to match a range of loudspeaker loads
around and about a central design value that
is typical of what most loudspeakers pro-
vide. In the U.S., designers generally aim at
6 ohms as their design value, figuring this
is half way between 4 and 8 ohms, which
are the impedances of the vast majority of
American speakers. (In England, where 4-
ohm speakers are subject to the same excise
tax as are radios and TV sets, speaker de-
signers aim for 8 or 16 ohms impedance,
and usnally 8.) The result is a compromise,
and usually an acceptable one.

Generally, a solid-state amplifier will de-
liver somewhat more than its “rated” power
output into a 4-ohm speaker, but at slightly
increased distortion at low power levels.
Using a US-designed solid-state amp with a
16-ohm speaker may in some cases reduce
distortion at low levels, but it will slice a
considerable percentage off the amplifier’s
maximum power output capabilitv. Some in
fact will deliver less than half their rated
power into a 16-ohm load; and if it is your
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habit to listen at rather high levels, vou may
actually be overloading an amplifier that
should by all accounts have some margin of
safety.

There are several solutions. The most ob-
vious one is to replace your speakers with
4- or 8-ohm tvpes. If you'd rather not part
with them, do some perusing of amplifier
spec sheets. Some are designed to work well
with 16-ohm speakers. A third alternative
is to get an amplifier with about twice the
rated power (at 8 ohms) that vou should
need, and just resign yourself to living with
it at half-power output. The other half won’t
be wasted, though; it just won't be elicited
from the amplifier. Clipping will occur first.

Bias Compensation
A test record that T own has a grooveless
section on it that is supposed to be used for
setting a tonearm’s bias or skating force ad-
justment, but I can’t seem to use it proper-
lv. If T set the bias adjust so the stvlus
doesn’t swing inwards when plaving that
test, T still get much more distortion in one
channel of the svstem than in the other. And
that is supposed to be the sign that bias
adjustment is needed. Most of the distortion
is in the left channel, if that’s any help to

you.

John Semerenko
Altoona, Pa.

That is a help to me. More distortion in
the right channel than in the left indicates
excessive bias compensation, which is what
vou will alwavs get if you try to adjust it
using one of those ungrooved “test” bands.

The forces acting on a stylus that makes
contact with a flat surface at one point only
(as when riding an uncut disc surface) cause
considerably more skating force than when
it is tracking a normal groove. The un-
grooved “test” is irrelevant, and should not
be included on any test record. To adjust
bias compensation, play some loudly record-
ed monophonic discs with your mode se-
lector set for stereo (rather than for A +B ),
and note in which channel breakup is most
severe. If neither breaks up, start reducing
tracking force uutil one does. If the worst
breakup is in the right channel, increase
the bias compensation. If it is in the left,
decrease it. When it is the same in both
channels, and tracking force is high enough
either to meet the manufacturer’s recom-
mended maximum or to eliminate distortion
from most discs, all is set properly. @®
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Check these Heathkit Plus-Values
in electronic equipment...

for every interest,
every budget.

Your dollars buy more in Heathkit
electronics, hand-crafted by you.
More quality. More features.
Better performance. Added
self-service savings. Plus
the personal pride and sat-
isfaction you get from
creating something of
value with your own
hands. it all adds up to

the “plus-value” inher-

ent in every Heathkit
product. Check the

new Heathkit products

shown at right. They're

just a few of the world’s
largest selection of efec-
tronic kits described in

the new FREE Heathkit
catalog.

NEW Heathkit
8-digit desktop
Calculator. $79.95*

Heathkit 21/ Digit
YOM, $79.95°

See them all at your nearest Heathkit Electronic Center..

HEATHKIT ELECTRONIC CENTERS — ARIZ: Phoenix;
CALIF - Ansheim. El Cenno. Los Angeles, Pomona, Red-
wood Clly, San Diego (La Maesa), Woodland Hitls: COLO..
Denver; CONN.: Hantford (Avon); FLA.: Miami (Hialeah):
GA.: Atlanta; ILL.: Chicage. Downors Grove, IND.: ingian-
apolls; KANSAS. Kanaas City (Mission); MD.: Baltimore,
Rockwille; MASS : Boston (Wallesley): MICH.: Detroit:
MINN : Minnoapolis (Hopk:ns); MOt St Louis: N J.: Falr
Lawn; N.Y.o Bu".nlo (Amheist), New York City. Jericho:

L.1.: Roch OHIO"‘ {(Wooglawn), Cleveland;
PA burgh; R.I.: id (Warwick);
TEXAS Daltas. Houston; WASH : Seallln WIS.: Milwaukee

Heathkit VHF/FM Band-
Scanning 8 channel
Receiver. $119.95"

P "
NEW Heathiit &7 22

Acoustic Caupled
Telephone Amp.
14.95°

NEW Meamkll
Ultrasonic Intrusion
Alarm. $49.95*

Heathkit Deluxe
tetal Locator.
$89.95*

Heathkit 6-Digit Electmmc
Clock-Alarm. $54

Heathkit
Cassette Deck, with
Dolby Circuit. $249.95*

NEW Heathkit Small-

engine Tune-up Meter

for 2- and 4-cycles,

all ignitions.
39.95°

.or fill out the coupon betow

| HEATH COMPANY, Dept. 10-8
Benton Harbor, Michlgan 49022

] [ Please send FREE Heathkit Catalog.

| Name.
Address._
City_ .

State

NEW Heathkit
8-digit pocket
Calcutator.
$92.50"

Heathkit 50-watt
Stereo Receiver. $169.95°

NEW Heathkit 2-Meter Amateur
Transceiver. $179.95*

Heathkit 25Y Solid-state
Color TV with detent
power tuning, $599.95°

NEW Heathkit 8-transistor
AM Radio for first-time
kit-builders. $14.95¢

g
i
1
J

*Mail arder prices; F.OLB. factory. CL-475R
________ _|
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yrogram which gives you

n electronic circuit design

only CREI offers you a complete
college-level Electronic Design
Lahoratory to speed your learning

Electronic circuit design—source of all new development
in the application of electronics to new products and
services. Without this skill, we would be unable to monitor
the heartbeat of men in space. Without it, the computer
revolution would never have occurred. And we would have
yet to see our first TV show. Yet, only CREI teaches
electronic circuit design at home.

ELECTRONIC CIRCUIT DESIGN

A key skill which paces our nation's progress in count-
less fields—from pollution control to satellite tracking
to modern medicine to exploring the ocean’s depths.
And beyond. A skill which you must have to move to
the top in advanced electronics.

CREI programs open up
new worlds af opportunity for you.

In addition to electronic circuit design, CREI provides
you with a full advanced electronics education in any of
thirteen fields of specialization you choose. Communica-
tions, computers, space operations, television, nuclear
power, industrial electronics—to mention just a few of
the career fields for which CREI training is qualifying.
With such preparation, you will have the background for a
career which can take you to the frontiers of the nation's
most exciting new developments. And around the world

CREI Dept. E1208D
3939 Wisconsin Avenue
Washington, D.C. 20016

graduate.
Name
Address
City _

Employed by

State _

If you have previous tralning in electronics, check here 1

This free book can change your life.
Send for it.

If you are a high-school graduate (or
equivalent) and have previous training or
experience in electronics, then you are
qualified to enroll in a CREI program to
move you ahead in advanced electronics.

Send now for our full-color, eighty page book on
careers in advanced electronics. In it, you will find full
facts on the exciting kinds of work which CREI pro-
grams open up to you. And full facts on the compre-
hensive courses of instructicn, the strong personal
help, and the professional laboratary equipment which
CRE| makes available to you. All at a surprisingly

low tuition cost.

And when you have it, talk with your employer about it.
Tell him you’re considering enrolling with CREI. He’ll
undoubtedly be happy to know you are planning to
increase your value to him. Anc he may offer to pay all or
part of your tuition cost. Hundreds of employers and
government agencies do. Large and small. Including some
of the giants in electronics. If they are willing to pay for
CRE! training for their employees, you know it must

be good.

Send for Advanced Electronics today. You'll be glad
you did.

Rush me your FREE book describing my opportu-
nities in advanced electronics. | am a high school

_____ o
GROI

CAPITOL
__ Age R
2P INSTITUTE

WASHINGTON, D.C. 20016

Type of Present Work _

Veterans and servicemen, check here for G. I. Bill intormation (J

|
|
| RADIO
— | ENGINEERING
|
|
|
|



S icAU9500:
L,Lelw‘;%ss‘gselling

power aniplifier in

the field.

Here's the power amplifier that not only boasts 85 hefty wats per
channel, but also boasts a host of other fantastic features. It's
designed and made for people who want only the best—and are
willing to pay for it. And, judging by the way the AU9500 is selling,
there must be a lot of those folks around.

The new Sansui AU9500 is the most advanced stereo product
we make. It's superior performance characteristics include total
harmonic distortion and intermodulation distortion below 0.1%
throughout the entire audio spectrum and well beyond. Power
bandwidth is extremely wide (5-40,000Hz) and RMS true power,
conservatively rated, is 85 watts per channel into 8 ohms.

Among the many exciting features of the AU9500 are a wide
variety of conveniences, such as a 4-channel adaptor switch, for
QS, SQ, or CD-4 add-on units, the ability to handle up to four tape
decks, and provision for tape-to-tape dubbing. Triple tone controls
allow even the fussiest listener to adjust the AU9500’s response
to his taste.

As eye-catching as it is functional, the AU9500’s elegant
front-panel styling is a standout in any audio display. And it has
two counterparts, the AU7500 and AU6500, which offer many of
the same features, the same quality engineering and manufacturing,
but slightly less power. All three are powerful, quality units that
are unequalled for fine high fidelity reproduction.

SANSUI ELECTRONICS CORP.

a’m Woodside, New York 11377 « Gardena, California 90247
SANSU! ELECTRIC CO., LTD.. Tokyo, Japan * Sansui Audio Europe S. A, Antwerp, Belgium

Circle No. 24 on Reader Service Card
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News Highlights

A New ““Spec-less’ Power Amplifier

You won't find speciﬁcations accompanying the new Bose 1801
stereo power umpliﬁer. except for its power rating of 250 watts rms
per channel into 8 ohms. Bose’s philosophy is to note only the mini-
mum specifications necessary “to achieve audible perf‘ecti(m.” For ex-
ample, the company indicates that harmenic distortion of less than 0.5
percent below 5 kHz and less than 1 percent between 5 and 10 kllz
will be completely inaudible on music and speech. Though its am-
plifiers are said to achieve substantially better specs than t‘he fore-
going, Bose feels that a specifications race is not meaningful since
reliability and stability, which are not normally listed specifications,
are directly related to the amount of distortion. damping factor, ete.,
exhibited by an amplifier. As an example. a trim pot on the new
amplifier can be adjusted to lower distortion further, but the trade-off

is running output transistors “hotter.”

Video Recorder Freezes TV Images

A video recorder has been developed that sequentially records and
reproduces up to 15 still pictures of action from either a color or
black-and-white TV screen. The video recorder, developed by Hi-
tachi, can also record separate pictures not in sequence. The still pic-
tures are recorded on a magnetic disc memory until they are called for
by the operator. Reproduction time can be varied from 3 to 65 seconds,
and the mterval between stills in sequence can be adjusted by setting
the recording time from a minimum of 1.5 seconds to a maximum of
255 seconds.

Computerized Auto Emission Tester

One of the largest single vehicle emission testing computer systems
ever built has been purchased by Tovota Motor Co. of Japan. The
system was designed by Process Computer Svstems, Inc. of Flint,
Michigan, and uses hardware made by PCS and Hewlett-Packard. The
new computer will automatically check auto emissions to see if they
cenform with both the Japanese and the U.S. standards. This sale fol-
lows the signing of an agreement hetween the two C()mpzmies to the
effect that HP will sell, integrate, and service the systems throughout
Europe and Japan.

Golden Anniversary of WWV

AUGUST 1973

For over 50 vears, one of the country’s most popular radio stations
has been the National Bureau of Standards station WAV Its program
consists of time ticks, voice announcements, and highly accurate
standard frequency signals. The first broadeasts, early in 1923, origi-
nated from the laboratory radio station located in the NBS radio
building in Washington, D.C. The broadcasts bronght order to a
burgeoning radio industry that was threatening to strangle itself on
self interference. Today, the staticn occupies a 380-acre site near Fort
Collins, Colo., with its own building, emergency power plant, and
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antenna field. The original transmitter broadcast a number of standard
frequencies from 200 to 545 kHz with an accuracy of 1 part in 10,000
and a transmitter power of 1 kW. Today’s broadcasts include fre-
quencies from 100 Hz to 25 MHz with an accuracy of a few parts
in 10,000 billion at up to 10 kW of power.

Sylvania Produces Three-Billionth Receiving Tube

The Electronic Components Group of GTE Sylvania has announced
the production of its three-billionth electronic receiving tube. Such
tubes were first produced by the company in 1924. Today, the Elec-
tronic Components Group operates eight manufacturing plants and
four laboratories. In addition to receiving tubes, the group manufac-
tures color and monochrome TV picture tubes, circuit assemblies, PC
boards, and broadband communications equipment for cable TV.

New Quick-Heat TV Picture Tube

A new 12-in monochrome picture tube that warms up so rapidly it
can present a clear picture within five seconds of being connected to a
heater supply was demonstrated recently by Mullard of England. The
tube has a deflection angle of 110 degrees and operates with an anode
voltage of 12 kV. It requires a heater supply of 11 volts at 140 mA
and has been designed mainly for portable TV use.

Ten-Year Pacemaker Runs Off Body-Generated Power

A cardiac pacemaker powered with electricity generated by the
recipient’s own body has been successfully implanted in a dog by
Drexel University biomedical engineers. The power supply is expected
to last ten years rather than two years as for a battery supply. The
power unit is part biogalvanic cell, which consumes itself while pro-
ducing current, and part fuel cell, which promotes the chemical action.
The fuel cell uses oxygen present in the body fluid.

Motorola to Make Semiconductors in Japan

A joint venture between Motorola’s Semiconductor Products Div.
and Alps Electric Co., Tokyo, has been set up to manufacture semi-
conductors in Japan. In 1972 Japanese semiconductor consumption has
been estimated at $900 million, compared to over $1.3 billion in the
U.S. By 1980, it is expected that the Asia/Pacific semiconductor mar-
ket, of which Japan is the largest part, should equal the U.S.market.

RCA to Enter Cable TV Receiver Market

The industry’s first line of color TV sets with built-in capacity for
cable TV will be offered by RCA. The receivers will have the ability
to receive 24 cable channels in addition to conventional vhf and uhf
chamnels. These sets eliminate the need for separate converter or
selector devices to provide cable TV reception. The models also provide
for wireless remote control, automatic fine tuning, and instant picture
—features not available when converters are used.

Sony Wins Emmy for Trinitron

24

The Sony Corp., Tokyo, has been awarded the Emmy by the Na-
tional Association of Television Arts and Sciences for its development
of the Trinitron color TV picture tube. The tube was introduced in
1968 and since then it has been employed in Sony TV sets marketed
throughout the world. It is available in various sizes and employs a
one-gun/one-lens system along with a vertically slitted shadow mask.
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AS WE pointed out in “Comparison of
Quadraphonic Matrix Decorders” (May
1973), the 4-channel stereo market is cur-
rently dominated by the CBS-developed
SQ and the Sansui QS systems. It appears
bkely that both systems will continue to
share the growing demand for 4-channel
recordings for some time to come.

Meanmvhile, the so-called “discrete” disc
—'he CD-4 system developed in Japan by
JVC—has been carried to a point of com-
mercial feasibility. With RCA supplying the
discs  (and other companies expected to
follow in the near future), a number of
phono cartridges have been developed in
Japan by JVC and Panasonic. At this writ-
ing, a number of RCA “Quadradisc™ 4-chan-
nel releases are on the market, although the
hardware items are still not widely dis-
tributed.

Unlike the matrix systems, the CD-4
technique allows four essentially independ-
ent signals, or chamnels. to be recorded on
a standard 2-channel stereo dise. Although
the separuti(m between  channels is  not
equal to that offered on 4-channel tapes
(figures of 20 dB are claimed), it is more
than adequate for a fully satisfying quad-
raphonic effect. Furthermore, the 4-channel
dise is not subject o the side-cffects of the
“logic” sustens employed in some matrix
decoders

The two walls of the reerd groove carry
the left front plus lefr--ear (L, + L,) and
right-front plus right-rear (R, + R,) pro-
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Phono discs

with four separate
channels are

available. Here’s what
you need to play them.

BY JULIAN D. HIRSCH
Hirsch-Houck Laboratories

grams so that the listener will be able to
hear all four channels. Full frequency re-
sponse up to 15,000 Hz is retained, and the
recorded level is only about 2 dB lower than
the current standards for 2-channel stereo
records.

Also recorded on each chammel is a
30,000-Hz frequency-modulated (FM) car-
rier. The left-channel FM signal carries the
L, — L, program, while the right channel
carries the R, — R, program. These signals
are not heard by the listener with only 2-
channel stereo equipment. His two stereo
channels carry all tour program channels,
mixed in a manner that provides a normal
2-channel stereo effect.

Special Equipment. A special demodu-
lator is required for recovery of the 4-chan-
nel information contained on a 4-channel
disc. Low-pass filters separate the sum sig-
nals from the frequency-modulated differ-
ence signals. The latter signals, after limit-
ing and amplification, are processed by FM
detectors whose outputs are the L, — L,
and R, — R, signals. These signals are then
combined in matrices with the sum signals
to recover the original L,, L., R,, and R,
programs.

The above is a considerably simplified
description of how a 4-channel demodulator
works. The CD-4 system employs special
pre-emphasis and de-emphasis characteris-
tics in its difference channels, plus a noise
reducing system whose action is akin to
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that of the well-known Dolby Noise Reduc-
tion Systeni. These techniques are necessary
to counteract the effects of record noise on
the very low signal levels extracted from
the record in the 20,000-40,000-Hz range.

A phono cartridge with a 45,000-11z fre-
quency response is required when using
the 4-channel disc¢/demodulator arrange-
ment. With the help of a specially shaped
(Shibata) stylus, developed as part of the
CD-4 program, a number of Japanese car-
tridges for discrete 4-channel discs are now
available. Other cartridges will certainly
be forthcoming from U.S. companies.

Demodulators & Cartridges. We recently
evaluated the first two CD-4 demodulators
and cartridges to reach the U.S. market. In
our evaluation we used the initial RCA
“Quadradisc” and a few Japanese CD-4
discs because there are no test records suit-
able for objective measurements of CD-4
demodulators at this time. Consequently,
we depended almost entirely on extensive
listening tests. Fortunately, the results were
quite conclusive, even if they failed to yield
back-up numerical measurements.

Panasonic SE-405. This was the first
CD-4 demodulator to reach us. Its front
panel has only two controls: a pushbutton
power switch and a three-position function
switch. When the function switch is placed
in the sTEREO position the demodulator
circuits are bypassed for playing stereo discs
(or CD-4 discs through a 2-channel sys-
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tem). The 4 cH auto position sets up
the system for either 2- or 4-channel listen-
ing, the mode depending upon whether or
not the 30,000-Hz pilot carrier is present in
the cartridge outputs. When the carrier is
present, it triggers on a 4 CH RADAR
indicator lamp. This is similar to the auto-
matic stereo/mono switching found in al-
most all FM tuners. The 4 cH AUX posi-
tion replaces the demodulated cartridge out-

4-CHANNEL DISC

puts with an externally supplied discrete
4-chamnel program, such as from a cartridge
or open-reel tape player.

The SE-405 is supplied with a special
cartridge, the Technics 460-C. It uses semi-
conductor strain-gauge elements which act
as signal-variable resistors, modulating a
direct current supplied from the demodu-
lator through the tonearm’s wiring. The
cartridge uses a Shibata stylus and is de-
signed to track at 2 grams. (The demodu-
lator can also be used with a suitable mag-
netic cartridge, in which case, the dc from
the demodulator must be shut off via a
switch located on the rear of the SE-405.)

The internal circuits of the demodulator
provide all necessary equalization for 2- and
4-channel recordings and deliver a high-
level output that is capable of driving the
auxiliary inputs of a 4-channel amplifier
or receiver. On the rear apron of the SE-405
are four aux inputs, two phono inputs,
four high-level outputs, and
an unswitched
ac outlet.




Panasonic Model SE-405 Demodulator

Each demodulator and cartridge must be
adjusted as a pair for optimum front-to-back
separation and carrier sensing threshold. A
special test record is supplied for this pro-
cedure. The alignment, which is simple and
rapid and is done entirely by ear, is re-
quired only when a new cartridge or stylus
is installed.

The Panasonic Model SE-405 demodu-
lator and Technics Model 460-C cartridge
combination retail for $135.

JVC 4DD-5. This demodulator is meant
to be used only with magnetic cartridges
and has no provision for switching into the
system external high-level 4-channel pro-
gram sources. In addition to the power
switch and 4-channel rabar indicator light
(similar in function to that on Panasonic’s
SE-405), its only other switch on the front
panel is a switch marked 4 cu auto and
2 cn. A 2-channel disc played with the
switch in the auto mode produces identical
front and rear outputs on either side of the
room. If a 30.000-Hz carrie- i« present, the
outnut jacks carrv the separaled programs,
eqnalized and amplified to drive the aux
or high-level inputs of a 4-channel ampli-
fier or receiver.

The 2 ¢ mode can be used in two ways,
selected by a slide switch located on the
decoder’s rear apron. With the switch in
the oFF 'position, the stereo program ap-
pears at the demodulator’s outputs just as
it would in the 4 cu auto mode with a
standard stereo record. Moving the switch
to oN bypasses the 4DD-5’s circuits, con-
necting the cartridge outputs to a pair of
jacks in the rear of the demodulator. The
ontputs from these jacks can be fed into
the phono inputs of an external amplifier,
utilizing the amplifier’s existing equalizing
circuits instead of depending on those in
the 4DD-5.
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Controls in the rear and on the bottom
of the demodulator are provided for adjust-
ing the carrier threshold sensitivity and
separation (a test record is provided for
this procedure). As with the Panasonic de-
modulator, no instruments are required for
setting the sensitivity or separation, and
these adjustments are required only during
initial installation or when changing a car-
tridge or stylus.

The JVC model 4DD-5 demodulator re-
tails for $100. The high-quality JVC Model
4MD-20X magnetic cartridge equipped
with a Shibata stylus tracking at 1.5 grams
with which we tested the demodulator sells
for $70.

How They Performed. The demodulators
were tested with the cartridges installed
in a high-quality tumtable operated at
recommended tracking forces. A 4-channel
preamplifier and power amplifier were used
with several types of speaker systems. The
records available at the time were the first
three “Quadradisc” releases from RCA and
three JVC discs; the latter (not available to
consumers) were specially obtained for our
tests.

Subjectively, we heard no differences be-
tween the two demodulators and cartridges
so the following comments apply equally to
both setups. The much-criticized low re-
cording levels of CD-4 discs (to accommo-

JNT U oo s Sieo Bemedlaes o
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JVC Model 4DD-5 Demodulator

date the 30,000-Hz carrier) were not par-
ticularly obvious, especially with the Quad-
radiscs which sounded almost as loud as
most stereo records. The early JVC demon-
stration discs were cut at a lower level (by
comparison to the newer releases), but in
all cases the background noise was as low
as we have come to expect from modem
stereo records.

Another criticism of the CD-4 system
has been a short playing time from the re-
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cordings. However, RCA’s “Fantastic Phila-
delphians, Vol. II” was 25 minutes long on
each side. This is comparable to most stereo
recordings.

The differences between individual re-
cordings are often much greater than those
between competing systems. To a great ex-
ient, this was true of the CD-4 discs. Some
of the selections did not seem to exploit
fully the capabilities of the system and
lacked the impact of the better matrixed
records in our collection. On the other hand,
the best CD-4 recordings were truly out-
standing, with a positive localization of sound
that one rarely—if ever—experiences with
matrixed recordings. This could be appreci-
ated when moving about the listening area,
since a CD-4 program sounds “discrete” from
any position, even outside the area enclosed
by the speakers. Matrixed programs, on the
other hand, are best heard within the speak-
er area, and preferably not too close to any
one speaker.

Cleanliness of discs and styli is more im-
portant with the CD-4 system than with
other records. A buildup of dust or dirt on
the stylus can cause temporary drop-outs
of the carrier, producing disturbing sounds.
However, with even moderate attention to
stylus and disc cleanliness, this problem
will not arise.

Some critics of the CD-4 system contend
that record life will be limited by erasure
of the ultrasonic content during repeated
plays. We were concerned about this pos-
sibility, especially in view of the 2-gram
tracking force required by the Technics
cartridge. We monitored the change in car-
rier level at the output from the cartridge
during 100 successive plays of a portion of
one of the Quadradiscs. After 100 plays,
the level of the carrier was fluctuating
slightly, down by 3 dB at times. But since
the demodulator limiters are able to handle
far larger variations, this had no effect on
program quality. In fact, when playing the
“worn” portion of the disc, it was impossible
to hear the transition to a section that had
been played only a couple of times. Obvi-
ously, wear is no more a problem with CD-4
pressings than it is with any other current
type of disc.

Conclusions. Although the CD-4 de-
modulators are not exactly inexpensive at
this time, they cost no more than a typical
“partial-logic” SQ decoder and far less than
a “full-logic” SQ decoder. Also, RCA has
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Shortly after this report was prepared,
Pioneer Electronic Corp. announced their
Model QD-240 demodulator for use with
CD-4 discs. According to the published
specifications, the complex circuit yields
a frequency range of 20-15,000 Hz, a
greater than 70-dB signal-to-noise ratio,
and left-to-right and front-to-rear separa-
tion figures of 50 dB and 30 dB, respéec-
tively. Pioneer recommends the use of
their Model PC-Q1 phono cartridge with
the QD-240 to obtain the full benefit of
discrete 4-channe! sound.

kept the price of their Quadradiscs at the
standard LP price, while SQ discs are
priced a dollar higher. The quality of the
discs we tested was first-rate, and we have
no doubt that future releases will be even
better as a result of improved “mix-down”
techniques.

Most of the feared weaknesses of the CD-4
system have not materialized. The only
serious disadvantage, as we see it, is the
inability of the CD-4 format to be br-ad-
cast from a single station over FAl radiy.
Perhaps there will eventuully be a discrete
quadraphonic FM system of which the FCC
will approve, but until then, the only way
to enjoy the 4-channel sonnd of the CD-4
discs will be through your own record play-
ing system.

Our feeling is that discrete and matrixed
recordings (perhaps more than one type of
the latter) will coexist for an indefinite
period. As lower-priced demodulators and
logic decoders hecome available through
the development of new integrated circuits,
we can expect to see amplifiers and receiv-
ers with the built-in capability to process
any type of quadraphonic material, giving
the listener the option of choosing any re-
cording that satisfies his personal tastes—
and enjoying it in four channels. @®
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ELECTRONICS &

INSECT CONTROL

Exotic methods use high-frequency sound and lasers.
BY L. GEORGE LAWRENCE

E\'ER since the scholar Plinius recom-

mended the use of arsenic for chemical
insect control back in 70 A.D., insecticides
have assumed vital roles in world-wide
agriculture. Today, however, it is becoming
alarmingly apparent that these heretofore
beneficial pesticides and chemical fertilizers
have polluted our planet’s biosphere and
are in the process of contaminating our
food, the soil, wild-life, and even ourselves.

Because of widespread public concern,
research has been initiated to develop ef-
fective alternatives to chemistry-based in-
sect controls. Particular attention is I)eing
directed at electronics, with the ultimate
hope that electromagnetic fields can effici-
ently and effectively be combined with in-
sect sex attractants—the so-called phero-
mones—which species readily seek out,

Currently, a good part of the work in
the search for insecticide alternatives is con-
ducted under the authority of Section 301
of the Public Health Service Act. Other con-
cepls and ideas are being forwarded Dy
electronics-oriented gardeners, farmers, and
others. Let’s look at some of the problems in
this critical area of human survival.

SHIELDED
CHAMBER

RADIOACTIVE
SAMPLE

ANTENNAE —=

Fig. 1. Diagram of a dual-
function electro-nuclear
trap for killing insects.

FEMALE
INSECT
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Insects at Large. Roughly 90 percent
of all non-vegetable land life forms on this
plunet are insects. In one way or another,
a great many of them are heneficial to man,
yielding such items as silk and honey and
providing services such as soil aeration and
pollination. Of the 500,000 or so species
known to science, only a few hundred are
really harmful (to man, that is). Because
of their enormous mortality rates, insects
reproduce rapidly, establishing extremely
large populations in a very short time.

We have come to realize that possibil-
ities for effective insect control reside in
the areas of sex and feeding habits. We
must consider the overall index of survival
of each species: how they communicate,
how they develop resistance to DDT and
other chemical inhibitors, and how they
function in electromagnetic and ultrasonic
fields.

Chemicals are discriminatory, attacking
one species without aﬂecting other species
of insects. But electromagnetic and ultra-
sonic waves are non-discriminatory. Insects
cannot develop resistance to them. Dr.
Thomas J. [leadlee studied the effect of

ANTENNAE

HIGH-VOLTAGE
KILLING. GRID

MALE
INSECT
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Fig. 2. (A) Laser-type field generator is one of latest methods of insect control.
(B) Plasma phenomenon produced at varying focal points. (C) Setup of laser gun.

high-frequency currents on insects as long
ago as 1928, He placed test tubes contain-
ing insects between the plates of a capaci-
tor for predetermined time periods, feed-
ing energy ranging from 750 kHz to 14 MHz
to the plates. The insects were warm to
the touch after they had been killed. This
led to the knowledge that r-f energy has a
thermal effect on tissue.

Another researcher, Dr. G.AL MceKinley,
worked with parasitic wasps of different
age, sex, and conditions of feeding at a
wavelength of 3.5 meters and with 1.8 am-
peres in the exposure circuit. The wasps
were killed in an average time of 11.41
seconds. Dr. J. Hadjinicolau contributed to
this work by experimenting with adults,
larvae, and pupae of insects feeding on
stored products. Iis frequency was 1.09
MHz, while exposure time ranged from 2 to
2.5 minutes. e found that there is no uni-
formity in wavelengths and exposure times
needed to produce lethal effects. Mites, for
example, scemed to he more resistant than
were bean weevils.

The above approaches are “brute force.”
Their obvious disadvantage when consider-
ing their use in the field is that large power
densities and long exposure times are re-
quired. This prompted research into ultra-
sonic insect killers.

Sound and ultrasound are used by many
insect species for a variety of purposes,
including communication and predator de-
tection. Their sounds frequently range from
andible frequencies to as high as 150 kHz
(250 kHz in the case of tympanate m~ths).

Killing insects with direct use of high-
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intensity saund has inheremt restrictions,
especially in the way of safety for both
man and domestic animals. However, it can
be used to induce changes in behavior, per-
haps moving insects to flight, disorient-
ing them, or prompting them to enter de-
structive trapping devices. As reported by
Drs. Kahn and Offenhauser, success was
obtained in recording the flight sounds of
female mosquitoes and playing the sounds
back in the field to lure males into traps
where they were destroyed by electric grids.

A dual-function electro-nnclear trap is
illustrated in Fig. 1. This device is fur-
nished with a chemical and/or an electron-
ic sex attractant. A high-voltage grid can
kill outright; for even more effective con-
trol, a strong dose of radiation might ster-
ilize the insects. Insect females frequent-
ly mate only once. If this mating is with
a sterilized male, there will be no off-
spring. The classical success of this tech-
nique has been with the screw-worm fly,
formerly a serious cattle pest in the U.S.
Two other insects, the melon fly on the
Pacific island of Rota and the Oriental
fruit fly on Guam, were also eradicated by
the sterilization method.

Certain pests—such as face, blow, and
house flies—respond to very slight Tocal-
ized pressure waves and can be compared
with ultra-sensitive electronic transducers.
Pressure-wave fuctuations are apparently
sensed by an organ located in the second
antenna segment. If microelectrodes were
implanted there for electrophysiological
studies, it is easy to detect irregular series
of electronic pulse trains—typically large,

3




spike-like patentials when the antennae are
subjected to a gentle stream of air. An en-
coding  phenomenon occurs in  airhorne
sounds at up to 500 Iz, with maximum
response (in the case of blow flies) occuring
in the 120-180-Hz range.

Again, these responses are not uniform.
Each group of species is geared to emit and
receive distinet pulse trains that are cor-
related in the central nervous svstem. Un-
fortunately, because fields may be inhabit-
ed by many different insect species, clec-
tronics-based control schemes must be se-
lective and wide ranging.

The laser-type field generator shown in
Fig. 2 is one of the very latest develop-
ment concepts in insect control. The appar-
atus is intended to produce, for diagnos-
tic purposes, discrete sound patterns over
the ra(&ius of a given agricultural area.
Electronically, the system is made up of
a continuous-wave helium-neon laser with
power supply, a Kerr-cell shutter, and a
multi-focus  piezoelectric lens. Its purpose
is to create a train of sonic or ultrason-
ic (r-f) waves at a considerable distance
from the laser by focusing the beam into
frec air. High-energy lasers produce plas-
ma phenomena at focal points, giving rise
to the possibility of generating sound pulses
of discrete frequency and magnitude at giv-
en points above an insect-infested plant
prpulation. Designers hope that this effect
will trigger flight or behavioral changes.
Current problems associated with the laser
project reside in the areas of precise long-
range focus control of the emitted mono-
chromatic laser beam.

Long-ranging control devices have the
advantage of being able to place energy
at specific points in a field, perhaps in a
scanning mode. Techniques of this type
climinate the dangerous necessity of hav-
ing to radiate powerful blasts of ultrasonic
energy.

Sex Attractants. The judicious combin-
ation of chemical sex attractants, elec-
tronics, nuclear forces, and carefully se-
lected insecticides bears excellent prospects
of long-range insect control. Most encourag-
ing work has been done in developing
strictly biological pesticides that depend on
the dissemination of spores of pathological
microorganisms. These however, have the
innate hazard of possibly being able to
attack organisms—insect or animal—other
than the pest for which they are formulated.
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In short. practical insect control imp]ies
many complexities and drawbacks.

Sex attractants are safe. Let us review
some possible refinements.

First off. organic brains, whether ani-
mal or insect. cannot feel, see. or smell
by themselves. They rely on biological sen-
sors that feed electrical stimuli to them.
What the brain actually “sees” are elec-
trical pulse trains, for which the brain
tricgers motor activities that make an or-
ganism execute a given act. A modus oper-
andi is easily discerned for evasive and
other survival patterns of behavior, but
electrophvsiological profiles of behavior are
much more difficult to discern when it comes
to mating, hunger, and the like.

A compound of 2-methylheptadecane is
excellent as a sex illusion maker, leading
the tiger moth quickly to his doom. Typic-
ally, a box contains a wick wetted with the
attractant chemical and a lethal insecti-
cide, the latter being what kills the tiger
moth. A large inventorv of electronics-based
machines is needed to develop the chemicals
that other species of insects will find attrac-
tive.

For example, when Dr. M. Beroza con-
ducted his pioneering work, some 500,000
abdominal tips of the female silkworm werc
needed to obtain 12 milligrams of attractive
devivative, from which the structure was
deduced. It is in the analytical area where
mass, infrared, ultraviolet, and nuclear-
magnetic resonance spectrometers are found.
Equipment like this permits researchers to
use some 1000-fold less sample materials
thun previonsly required. Such apparatus
frequently allows work to be conducted
with less than one microgram of sample
substance.

Summing it up. We have seen that the
best possibilities of effective insect con-
trol emerge in the form of combinations.
Electromagnetic forces alone cannot yield
the desired results, nor can ultrasonics. But
if either of these is combined with harmless
sex attractants and carefully applied in-
secticides, good results can be achieved.

We must bear in mind that many of the
insects that are the object of control at-
tempts are not reallv plant-damaging pests.
We must not annihilate all species of pests,
or even all of one species, else the eco-
logical balance of the biosphere will be up-
set, in which case, predator enemies that
are not pests will become extinet. ®
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CONSTRUCTION PROJECT

HIGH-QUALITY
BENCH

BY MICHAEL S. ROBBINS

F YOU are convinced that the op amp is

here to stay and that two power supplies
(positive and negative) are one too many,
you need the compact single power supply
described here. It uses a sophisticated 1C
to provide both positive and negative out-
puts which remain within 300 millivolts of
each other; and it has line and load regula-
tions of better than 0.06%. To keep the sup-
ply compact and casy to use, five pairs of
switch-selected output voltages (%9, =10,
+12 %15 and =*=20) and two current
limits (10 mA and 100 mA) are provided

mstead of a control and a meter.

Circuit Operation. The 1C used here is
unique in that it contains two voltage reg-
ulators—one for positive and one for nega-
tive output. The portion that is the negative
regulator is the key to the provision for
variable-voltage outputs from hoth supplies.
By varying the value of a single external
resistor, the output can be changed over a
wide range. Since the positive regulator
“tracks” the negative regulator, the two
outputs are the same—with opposite polari-
ties.

Since the small pass transistors in the IC
can dissipate only 0.68 watt, their outputs
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'POWER
- SUPPLY

Single positive/negative
supply has
regulation better than 0.06%

are used to drive external high-power pass
transistors, QI and (2, as shown in Fig. 1.
Current-limiting circuits in both sides of
the IC regulator sense the voltage devel-
oped across R4, RS, R6, and R7. If this
voltage exceeds 0.6 V, the output voltage

drops.

Construction. Layout of the supply is
straightforward and many variations are
possible. The use of the printed circuit
board shown in Fig. 2 is suggested. to avoid
oscillations. Leads between the panel and
the circuit board can be bundled, for neat-
ness, as shown in the photograph.

The cabinet can be fabricated from two
pieces of 0.050-in. thick aluminum, although
a standard utility box can be used. The two
pass transistors (Q1 and 02) must be heat
sinked to the cabinet, insulated with a mica
washer coated with heat sink compound,
and fastened with screw, nut, and lock
washer.

If the Triad F-90X trausformer is used,
cut off or tape the blue, black, black/white,
and black/green leads. The red and green
are the ends of the secondarv while the
yellow is the center tap. The black/red and
black/yellow leads are the primary.
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Fig. 1. One IC contains both positive and
negative regulators, each feeding its own
pass transistor. Voltage output is preset
by S$3, while S2 determines 10- or 100-mA
current limit. Power on is indicated by LED.

PARTS LIST
C1,02—500-uF, 25.V electrolytic capacitor

C3—0.1-uF, 25-V disc ceramic capacitor

C4,08,9—1-uF, 25.V PC-type electrolytic
capacitor

C5-C7—0.01-uF, 25-V disc ceramic capacitor

D1-D4—Silicon rectifier (1N4001, HEP151,
or similar)

IC!—Dual regulator (Silicon General
SG3501T)

J1-J3—Binding post (red, black, and blue)

LEDI—Light-emitting diode with mounting
clip (Monsanto MV-5020)

QI—Transistor (pnp) (Motorola MJE710)

()2—Transistor (npn) (Motorola MJE720)

RI1—15,000-0hm, 10%, Ys-watt resistor

R2,R3—100-0hm, 10%, Ye-watt resistor

R4.R7—3.9-0hm, 5%, Yo-watt resistor

R5.R6—62-0hm, 5%, Yo-watt resistor

R8—6200-0hm, 5. Ya-watt resistor

R9—10.000-0hm, 5%, Ya-watt resistor

R10—=27.000-0hm, 5%, Ya-watt resistor

RI1I—15.000-0hm, 5%, VYo-watt resistor

S1,S2—Dpdt switch

S$3—One-pole, 5-position shorting-type rotary
switch (Oak 399-418K or Centralab PA.
1000)

T1—Power transformer (40 VCT @ 0.14)
(Triad F-90X or similar)

Misc.—Suitable cabinet, ac cord, mounting
hardwire, wire, solder, etc.

Note—The following are available from
Caringella Electronics, Inc., Box 327, Up-
land. CA 91786: PC board, drilled and
etched, No. TPS-IPC, at $5.95, postpaid
in USA: set of all semiconductors at
§14.00, postpaid in USA; complete kit in-
cluding cabinet, wire, etc., No. TPS-1K.
at $49.95 plus 1.50 handling and shipping.
California residents add 6% sales tax on
all items.
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Prototype photo shows how two transistors
are mounted using back wall as heat sink.
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Fig. 2. Actual-size foil pattern and com-
ponent installation for the power supply.

Care should be taken when mounting the
electrolytic capacitors, diodes, transistors,
and IC. The leads on QI and Q2 should be
left full length so that the transistor body
can be mounted on the metal chassis.

Output voltages other than the five pro-
vided are made possible by changing the
values of R8, R9, R10, and R11. Note that
RS, R9, and RI0 connect between S3 and
the negative supply, while the 15-volt posi-
tion does not have a resistor and RI1 con-
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C1

D4

nects the 20-volt position to ground. A re-
sistor is not needed at the 13-volt “cross-
over” point, while outpnts above 15 volts
require a resistor to gr.;uud As the maxi-
mum output of this supply is uppr()xinmte]y
20 volts, the minimum value of resistor is
used for R11.

The PC board is laid out so that it can
be used independently of the switches. It
can be used as the internal power supply
in any piece of equipment and can regulate
currents up to about 1 ampere with suitable
resistors.

Operation. The supply is ideal fw use
with IC’s and hybrid circuits requiring reg-
ulated positive and negative voltages. It
can alsn he used single-ended, since bal-
anced loads are not required. @®
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Credit towards a Certified Electronic Technician
(C.ET) rating will be granted by the National
Electronics Association to ICS students upon
completion of the ICS Career Program in TV
Service/Repair.
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Practice on a new 25"
MOTOROLA QUASAR II®° chassis.

TV Servicing is a satisfying
career...andthe pay is great. Qualified
men are needed now to maintain the
93 million sets in U.S. homes. And
prospects for the future are even.
brighter.

Now . .. here’s an opportunity for you to prove to yourself
that you can learn TV Servicing ... at home, in your spare time. ICS,
the world’s most experienced home-study school, will send you a
FREE Demonstration Lesson (complete with sample questions) if you
will merely fill out the coupon below and mail it to us.

In addition to your free demonstration lesson, we’ll send you.

_..also FREE...abrochure that describes the 25” (diagonally
measured screen) MOTOROLA QUASAR II® Color TV chassis that
we include in our TV Service Training Program.

This chassis with automatic fine tuning control is ideal for
training purposes because it combines solid state devices with
vacuum tubes to give you both kinds of practical experience. All.
parts carry Motorola’s two year replacement guarantee!

The QUASAR Il chassis comes to you in three basic sub-
assemblies... NOT AS AKIT ... because we want you to learn how"
to repair TV sets, not build them.

Our free literature also describes the fully assembled test
equipment you receive such as the Deluxe 5” Solid State
Oscilloscope, the tools and the learn-by-doing kits, all of the finest
quality.

And we're going to tell you about eight other career
opportunities in Electronics and the ICS Career Programs that can
help prepare you for them.
Allyou’ve got to do is mail
the attached postpaid
card or coupon—today!

ICS School of Electronics
International Correspondence Schools
Scranton, Pa. 18515

YES, | want you to mail to me without obligation, the FREE
DEMONSTRATION LESSON and complete literature on the
career program checked below. (Please check one.)

[ Color TV Servicing & Repair ] FCC Licensing

O Computer Maintenance O (:ommunic_alions/
Internati O CATV/MATV Technician Broadcasting
ternational COrresponden%einizhrBoglg O Telephony O Hi-Fi Sound Systems
[0 Electrician O Industrial Electronics

School of Electronics
Scranton, Pa. 18515

AAG84V

L et |

Name — Age

Approved for Veterans' Training, Eligible

Institution under the Guaranteed Student Address

Loan Program. Accredited Member Na- Cit
tdional Home Study C%uncil. Canadian resi- 1y

ents use coupon address for service from .

ICS Canadian, Ltd. In Hawaii: 931 Uni- State Zip
versity Ave., Honolulu, Hawaii 96814 S ————— s L e
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They have practical

reasons for

being in the circuit.
NS

o FOR

BY JIM HUFFMAN

TUDENTS of electronics are often

confused by how much more complex
a practical circuit often turns out to he when
it is compared to the classical circuit from
which it was derived. Under such circum-
stances, the most often asked question is:
“What are all those extra components for?”

Let us first assume that. in practical
manufacturer circuits, everv component
used is there for very good reasons, specifi-
cally to obtain proper operation from the
circuit. Tt then remains only to understand
the function of each component and how it
aids in the operation of the circuit.

I proper understanding of classical and
typical circuits is achieved, little difficulty
should be encountered in analyzing the
operation of practical circuits.  Knowing
the function and/or mode of operation of
the circuit can provide the key to why a
particular component or components are
used in any given circuit.

Classical vs. Practical. In Fig. 1 is shown
a typical common-emitter amplifier stage.
The thing to remember with “classical”
circuits used in texthook theory—and this
circuit is such an example—is that an ab-
solute minimum of components is ever
shown.
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Transistor Q1 serves as a current ampli-
fier. A small current applied to the base
initiates and controls a much larger current
flow in the collector circuit. The current
applied through biasing resistor Rl to the
base of Q1 is supplied by Eb. In the absence
of an input si%nal at CI, the bias current
is a function of the voltage level of Eb and
the resistance value of RI.

Capacitors C1 and C2 couple the signal
into and out of the circuit, respectively,
while blocking de to prevent upset of the
bias on this stage and the next. Resistor R2
is the collector load that allows the ouput
signal to be developed between the col-
lector of Q1 and ground.

While the functions of the components
in Fig. 1 are easy to see, a different frame
of reterence must be used when you are

2 .

c2

_|

Cl
RI R2

Ep B+

Fig. 1. Classical common-emitter cir-
cuit with basic, essential components.
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confronted with the practical circuit in Fig.
9. The key here is that this is an r-f ampli-
fier stage of a type commonly used in radio
receivers.

Once this is known, it is fairly easy to
explain the existence of L1, T1, and T2
as having something to do with providing

i

-——— =y

AGC = 8+

Fig. 2. Practical r-f amplifier has much
more complexity when compared to
the circuit from which it was derived.

proper operation at radio frequencies. But
what about the extra capacitors and re-
sistors?

By using some logic, vou can see that
the RI/R2 combination performs essentially
the sume function as that performed by R!
in Fig. 1. Note also that R2 is grounded
at one end and that RI is a special input
for an automatic gain control (age) signal.
The uge is a voltage, the value of which
depends on the level of the input signal at
TI. When the age voltage increases, bias
on QI increases and stage gain decreases.
Consequentlv, the age voltage is similar to
biasing voltage Eb in the classical circuit.

Capacitor CI1 in Fig. 2 functions in a
manner similar to CI in Fig. 1. That is,
it blocks de bias voltages. Also, it places
one side of TI's secondary at r-f ground,
allowing the full output from the trans-
former to be impressed on the base of QL.
If C1 were not in the Fig. 2 circuit, Rl and
R2 would reduce signal level and diminish
stage gain,

Although it is more complex, the output
section of Fig. 2 corresponds in perform-
ance to the two-component output section
of Fig. 1. Transformer T2 provides dc iso-
lation and matches the output impedance
of QI to the input impedance of the next
stage. So, the primary of T2 functions as
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the collector load for QI. The tap on the
primary of T2 is for matching the low out-
put impedance of QI to the higher imped-
ance of the transformer’s primary. This is
done so that a practical value for C3
(which forms a tuned circuit with the
primary of T2) can be selected to provide
a reasonable Q for the tuned circuit.

Capacitor C4 is used to connect the
lower end of T2's primary to r-f ground and
block de. Coil L1 has a large reactance to
r-f and “chokes” anv v-f that might get past
C4 into the power supply. A large value
of capacitance for C5 insures against vari-
ations in the output signal caused by age
action. These are low-frequenc_v variations
which, if thev got into sensitive stages via
the power supply leads, can really mess up
the sound from the receiver.

There is one more circuit to call atten-
tion to—the emitter vircuit of QI. Here
we see components that do not even exist
in the classical circuit in which the emitter
goes directly to ground. The differences in
bias wrrangements account for the extra
components  in the pructical circuit. The
classical circuit emplovs a separate biasing
supplv (Eb), but our practical circuit i
self-biused. Resistors R3 and R4 should be
treated as a single emitter resistor. Capacitor
C2 is there to bv-pass r-f around R3 so
that it does not affect the circuit during
biasing.

Resistor R4 carries both de and r-f. This
is done to introduce negative feedback to
the r-f signal. Some of the current flowing
between the emitter and collector of QI
causes a voltage to be dropped across R4.
This drop is wasted; so the presence of R4
in the circuit decreases stage gain, a form
of negative feedback. The obvious reason

B+
L2
Qr [o
[
gy |
Ll | b I(CS
c2 2

I :ER|

Fig. 3. Typical textbook VFO circuit
has little practical use as it stands.
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for R4 being where it is. then, is to provide
the circuit with a measure of overload pro-
tection. Enough gain can be obtained from
later stages to cancel the losses introduced

by R4.

Rules of the Thumb. From the f(n‘cgoing,
we can establish some “rules of the thuinly”
that can help us in analyzing any eircuit
and clear up doubts about extra compo-
nents. The first of these is that coupling
capacitors are usuallv in series with the
signal path. Also, in connection with capa-
citors, bypuss capacitors route signals around
a component or circnit. Next, coils without
parallel capacitors are usually just chokes.
Transformers represent cutput loads and
perform the de blocking function of capaci-
tors. There are other rules you can add to
this list as you become more proficient in
analyzing circuits.

Let us take one more example of classical-
versus-practical circuits. In F ig. 3, you see
the classical representation of a FET vari-
able-frequency oscillator (VFO). It is fairly

OUTPUT

é_:.)

N
}'QT\

|

»

Fig. 4. Practical VFO uses an extra
stage (Q2) for buffering and ex-
tra components to give stability.

casy to understand the function of each
component in this circuit. The drain and
gate signals of FET QI are 180° out of
phase with each other. Coil L1 is center-
tapped by the C1/C2 arrangement. Since
L1 is tapped, the signal from the drain of
QI undergoes another inversion in the coil,
and actual feedback to the gate of QI is
in-phase with the output signal. The in-
phase condition causes the output to rein-
force the input and oscillation occurs at a
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frequency determined by the values of
Cl, C2, and LI.

Coil L2 serves as the drain load for QI
and its high reactance prevents the output
signal from the FET from feeding into the
power supply. Resistor RI provides source
bias. Capacitor C3 is a signal coupler that
passes the output signal into the next stage
while blocking de.

The practical VFO circuit shown in Fig.
4 bears little resemblance to the classical
circuit. Probably the most confusing part of
this circuit is the addition of an extra tran-
sistor stage. Obviously, to obtain good re-
sults, the Fig. 3 circuit needs some isola-
tion; not to mention extra drive. For this
reason, the buffer stage (Q2 and its asso-
ciated components) were added to the cir-
cuit in Fig. 4.

Now, let us analyze the rest of the circuit
as we did in the previous example. Variable
capacitor CI provides a means for accurate-
ly adjusting the output frequency of the
oscillator. Resistor RI connects the gate to
the source of QI providing both bias and
a means for developing a signal voltage.
Capacitor C4 and resistor Rl keep dc out
of the toned circuit, thus aiding in opera-
tional stability.

Capacitor C5 serves as a bypass that
routes the signal on the drain of QI to
ground. Note that Q1 is set up in a com-
mon-drain configuration. The gate is used
for an input and the source for an output.
Thinking of the oscillator in this light, you
can see that the ground connection is the
same as the connection in the classical cir-
cuit that led from the drain to the gate.
Alternatively, C5 can be viewed as a cou-
pler in series with the signal flow.

One more point on the circuit. There is
no coupling eapacitor hetween the source
of QI and the base of Q2. In this case, Q2
obtains bias from QI and R2 with both
components serving as the bias resistance.
Hence QI and RI in Fig. 4 correspond to
RI and R2 in Fig. 2.

As we have demonstrated, classical or
typical circuits are not :1]ways—and, m
fact, rarely are—the same as the practical
working circuits. But if vou work on the as-
sumption that every extra component used
is there to aid in circuit performance in
some way and vou apply a few rules of
thumb, you will be able to interpret a cir-
cuit’s diagram quickly and be bhetter pre-
pared when it comes to tmubleshooting

and repair. ®
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THE MOVE up to single sideband opera-

tion represents a maj()r step forward for
the user of the Citizens Band—especially
one who is looking for relief from over-
crowded channels in heavy-traffic areas. In
terms of useful output power and utiliza-
tion of available spectrum space, SSB gear
provides a highly efficient means of com-
municating.

a great deal more powerful than AM trans-
mitters.

The FCC has set aside 23 frequencies for
the Citizens Band. This translates cut to 23
channels on AM. But on S5B, the number
doubles to 23 on upper sideband and 23
on lower sideband. For a full-facility AM/
SSB rig then, a total of 69 channels can be
available. This alone is a great incentive for

CITIZENS RADIO

027% Stbobrrecd

FEATURES AND CHARACTERISTICS THAT WILL HELP
YOU MAKE A GOOD SELECTION

BY GLADDEN B. HOUCK. JR.

To appreciate fully the advantages gained
by switching to SSB, one must compare
SSB  equipment with conventional AN
equipment. AM transmitters are limited to
a maximum of 5 watts of power into the
final amplifier. Most of the power transmit-
ted from the antenna is concentrated in the
carrier, while very little goes into the infor-
mation signal. By contrast, SSB trausmitters
produce up to 13 watts (peak envelope
power) into the final, and most of the radi-
ated power is concentrated in the informa-
tion sideband (very little wasted in a car-
rier). The result is that watt for-watt (in-
put power to the final), SSB tr.asniitters are
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the harried CBer in a heavily trafficked area
to switch to SSB.

Now that vou know seme of the ad-
vantages of switching. let us take a look at
what is available in the SSB CB equipment
market. To do this, we refer vou to the
directory given in the Table. (Note: Be-
cause of space limitations, we have omit-
ted the features that describe the AM func-
tion of the equipment. In every case, AM
perfermance is as good as—or better than—
that obtainable from the better mobile AM
units from the same manufacturer or sun-
plier.) All information provided was ob-
tained from manufacturers’ literatuve.
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Linear System SBE-16CB

LarAvETTE
TeLsar ara-zo
( 53 \

errirerpREef T

Olson RA-510

Interpreting the Table. The first four col-
umns are self-explanatory, with two excep-
tions. But for the Browning “Golden Eagle
Mark IIL” which consists of a separate
transmitter and receiver, all models listed
are transceivers. And the Fieldmaster Mod-
el 2000 has a built-in scan feature. (See
the notes at the bottom of the Table.)

In general, de-powered units are mobile
rigs, ac-powered units are base stations,
and ac/dc units can be used in either serv-
ice. So, by looking under the column headed
Power Supply and reading across to the
Size column, you can determine just what
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Teaberry Twin T

Palomar Skipper 73

K0
Midland 13-898

Siltronix SSB-23

rig you want for a given power require-
ment based on whether it will be used in
mobile or base station service.

All transceivers feature meter movements,
the great majority indicating relative re-
ceived signal strength in S units and power
output in percentage. Some meter setups
are designed to indicate standing wave ratio
(SWR) or percent modulation (M) or both.
In the case of the Golden Eagle, the re-
ceiver indicates S units and the transmitter
meter indicates P and SWR. This informa-
tion is supplied under the column headed
Meter Indicates.
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Robyn SS-747

Courier Gladiator

Pace CB-1023

Moviug on to the next column, we come
to Output Power. The figures listed in this
column can be either one of two things:
peak envelope power (PEP) into the fi-
nal, in which case it would be 15 watts, or
actual output power, presumably all figures
not 15 watts.

SSB Carrier Suppression is determined for
the most part by how well the modulator
is balanced. The crystal filter might also
contribute to carrier suppression. The fig-
ures given in this column indicate how many
dB (decibels) below the transmitted side-
band is the carrier.
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Tram Titan IV

TRUALINIT \vb AM Y a8

AR

Under Opposite Sideband Suppression,
the figures tell how many dB below the
transmitted sideband the unwanted side-
band is. This is a function of the crystal
filter design. The purpose of the attenua-
tion of the carrier and opposite sideband is
to concentrate the energy into the desired
sideband. This also is a feature that re-
duces the interference presented to other
CB units on the opposite sideband.

Sensitivity is given in microvolts (uV)
for a 10-dB (S + N)/N. With SSB, the
sensitivity is about one-half that for AM.
This is because the bandwidth is also about
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SSB CITIZENS BAND

Manufacturer Model List Size (in.) Power Meter Output Power
or Distributor or Name Price LxHxD Supply Indicates (W PEP)
Browning LTD $360 6%2 x 212 x 10% DC P/S 75

Golden Eagle $650* 15% x 7% x 9% AC S (Rx) 15

MARK 1I* (Tx & Rx Same Size)  (each) SWR/P (Tx)  (Tx Only)
Dynascan Cobra 132 $340 7% x 2% x 10Y% DC P/S 15
Cobra 135 $450 12 x 5% x 13% AC P/S/SWR 15
Fanon-Courier Gladijator $400 10%2 x 2% x 11% DC P/S 10
Centurion $500 15% x 7% x 16% AC/DC P/S 10
Fieldmaster 2000** $400 18x8x14 AC P/S/SWR/M 15
MF1001 $400 82 x 2% x 11 DC P/S/M 15
Lafayette SSB-25A $250 9% x 3% x 11% AC/DC P/S 15
$SB-50A $290 7% x 3 x 9% DC P/S 15
Linear Systems SBE-12CB $360 %2 x 2% x 9% DC P/S 15

SBE-16CB $400 12 x5 x 10 AC/DC  P/S/SWR 15 .

SBE-18CB*** $290 5% x 2% x 8% DC P/S 15
Midland 13-894 NA 7x2%x9 DC P/S 15
13-896 NA 7x 2% x 10 DC P/S 15
13-898 NA 15 x 5% x 10 AC/DC  P/S/SWR 15
Olson RA-510 $350 11 x 2% x 124 DC P/S 8
Pace Sidetalk 23 $330 8%2 x 2% x 10%; DC P/S 15
CB-1023 $330 %2 x 1% x 9% DC P/S 15
Pearce-Simpson Panther $300 %2 x 22 x 9% DC P 8
Simba $490 16 x 6% x 11% AC/DC P/SIM 8
Cheetah $380 812 x 212 x 10 DC P/S 8
Palomar Skipper 73 $395 15% x 5% x 10 AC P/S 15
Radio Shack TRC-46 $330 9x 2% x 1012 DC P/S 15
Robyn $S-747 $440 11% x 4 x 9 AC P/S/SWR 8
Siltronix $SB-23 $395 8%2 x 212 x 10% DC P/S 15
Teaberry Twin T $400 13 x 5% x 9% AC/DC  P/S/SWR 15
Tram Diamond 60 $389 7x2% x 9% i AC P/S 15
Titan IV $627 18% x 8 x 113 AC/DC P/S 8

*Consists of separate transmitter and receiver. Price quoted is for both units.
**Built-in scan feature in receiver section. Transmit section is standard,
***Features SSB only on transmit, SSB and AM on receive.
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TRANSCEIVER DIRECTORY

SSB Carrier Opp. Sideband  Sensitivity Selectivity Image Noise Clarifier
Suppression  Suppression (Microvolts) (dB @ kHz) Rejection Limiters Range (Hz)
60 dB 55 dB 0.25 70 @ 55 55 dB B 600
70 dB 70 dB 0.3 65 @ 10 55 dB G 600
(Tx Only) (Tx Onty) (Rx Only) (Rx Only) (Rx Only) (Rx Only) {(Rx Only)
40 dB 40 dB 0.25 60 @ 5 50 dB B 600
40 dB 40 dB 0.25 60 @ 5 50 dB B 600
NA NA 0.15 60 @ 5.5 60 dB G 600
NA NA 0.15 80 @ 10 60 dB G 600
45 dB 45 dB 0.25 55 @ 5.5 70 dB B 600
45 dB 45 dB 0.25 55 @ 55 70 dB B 600
60 dB 40 dB 0.2 NA 65 dB B 1300
60 dB 40 dB 0.2 NA 65 dB B 1300
55 dB 50 dB 0.5 50 @ 35 60 dB G(B} 600
55 dB 50 dB 0.5 50 @ 35 60 d8 G(BI 600
55 dB 50 dB 0.5 5 @ 35 60 dB G(B} 600
60 dB 64 dB 0.25 6 @ 24 NA B 600
60 dB 64 dB 0.25 6 @ 24 NA B 600
35 dB 40 dB 0.25 6 @ 24 NA B 600
40 dB 40 dB 0.2 60 @ 5.5 60 dB B 600
40 dB 40 dB 0.25 5 @ 5.5 60 dB G 690
40 dB 40 dB 0.3 5 @ 5.5 50 dB G 650
40 dB 40 dB 0.18 60 @ 5.5 102 dB B 600
40 dB 40 dB 0.1 60 @ 5.5 50 dB B 600
40 dB 40 dB 0.1 60 @ 5.5 50 dB B 600
55 dB 55 dB 0.2 70 @ 10 60 dB G 1000
NA 50 dB 0.2 100 @ 10 50 dB B 400
40 dB 40 dB 0.25 60 @ 2.2 60 dB G 800
50 dB 40 dB 0.2 80 @ 10 90 dB B 500
NA NA 0.7 60 @ 10 70 dB B 300
55 dB 60 dB 0.2 75 @ 10 70 dB B 600
40 dB 55 dB 0.1 75 @ 10 65 dB G 600

Abbreviations: B—Blanker; G—Series Gate; G(B}—Series Gate standard, Blanker available as an option; M—
Modulation; NA—information Not Available at press time; P—Power; Rx—Receiver; S—Signal Strength in §
Units; SWR—Standing Wave Ratio; Tx—Transmitter
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Dynascan Cobra 135

one-half that of AM. For SSB operation,
many rigs have an r-f gain control that can
be used to reduce the incoming signal level
for clearer reception. In some rigs the agc
action is strong.

The various manufacturers and suppliers
use different bases for rating selectivity. Be
that as it may, we have listed the attenua-
tion in dB for a given bandwidth in kHz
(thousands of hertz). These figures are re-
lated to those in the Opposite Sideband Sup-
pression column because, in most cases, the
same crvstal filter is used for both pur-
poses.

The ability of the receiver to reject a
signal outside of the Citizens Band, such as
the image frequency, i-f frequenc_v, etc., is
known as Image Rejection. Such signals if
present, limit the usable sensitivity. The fig-
ures given in this column can be related di-
rectlv to how well a receiver’s image rejec-
tion circuitry performs. For example, a 60-
dB entrv means that the unwanted signal
can be up to 1000 times as strong as the
desired signal before it becomes a problem.

Noise Limiters are most important for
mobile operations but can also be useful in
a base station. These can be one of two
tvpes—the series or shunt gate or the r-f or
i-f noise blanker. Of course, noise is best
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Pearce-Simpson Panther

eliminated at the source if at all possible.

The clarifier is a fine tuning control that
is needed to correct for slight changes in
the oscillators in the transmitter and receiv-
er. The tolerance for CB transmitters by
FCC Regulation is 1.35 kHz, which is the
maximum that this control should be able to
shift. Note that most clarifiers shift 600 Hz;
a few go higher, but none goes to the limit.

Moving Up. There is little doubt that SSB
operation provides superior communication
capability when compared with traditional
AM operation. With SSB equipment, the
CBer gets greater signal  punch to get
through interference and a doubling of the
channels available to him. Most SSB rigs
also include facilities for AM operation as
well, which is fertunate because the great
majority of the rigs now in use operate on
AM only.

For the advantages gained by making the
switch to SSB (or SSB/AM), vou can ex-
pect to make a rather sizeable investment
in equipment. In general, your investment
will be several times more than that re-
quired for AM-only equipment. However,
this money buys a lot, not the least of which
is more reliable communication. And, real-
ly. that is all that counts. @
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Coast-to-coast tests show how it works.
BY RICHARD HUMPHRE

HE ARRIVAL of slow-scan television (SSTV) to the amateur

radio bands is making incentive licensing a workable prop-
osition for the first time since its inception. Since SSTV can be
used only on the portions of 80 through 15 meters set aside for
Extra and Advanced ticket holders (see Table I). books are being
cracked and rusty fists are practicing CW as General and Tech-
nician licensees bone up for the FCC exams to upgrade their
tickets.

In this article we will be discussing some of the technical as-
pacts of SSTV. We conducted some SSTV tests, the results of
which, along with our observations. will be presented. Finally.
non-ham applications of SSTV will be discussed. as will the pos-
sible role the ham will play in perfecting the system.
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CONVENTIONAL TV CHANNEL

}-—1.25 MHz

0.25
MHz

Fig. 1. The diagram shows
the frequency ranges for
signals on conventional TV.

6 MHz

VIDEO
(4.5 MHz)

AUDIO
(50 kHz)

Technical Data. Narrow bandwidth is
the key to slow-scan TV. As a comparison,
commercial, or home-type, TV chamnels are
each 6 MHz wide (see Fig. 1), while SSTV
is a mere 1100 Hz wide. The 525-line, 30-
frame/second commercial system used in
the U.S. requires a video span of roughly
4.5 Mz, even with the suppression of one

extras is that only “still” pictures can be
transmitted and extra-fine (femil is not pos-
sible. An example of an SSTV picture is
shown in Fig. 3. Going back to Fig. 2 for
the moment, sync pulses are on a 1200-Hz
subcarrier; “black” rides on a 1500-Hz car-
rier (this means the sync signal is blacker-
than-black, thns blanking out the retrace

“BLACK”

SYNC

Fig. 2. The modulating frequency
spread for slow-scan TV is about
1100 Hz with black at 1500 Hz
and shades of gray in steps up
to the white signal at 2300 Hz.

sideband, a 50-kHz audio bandwidth, and
guard bands between the audio and video
and at each end of the channel to prevent
interference. By contrast, SSTV employs
audio-frequency subcarriers for sync and
black-and-white, 8-second/frame picture
rate, and only 120-128 lines/frame (see Ta-
ble II for more complete details). This re-
sults in a modulating frequency spread of
1100 Hz as shown in Fig. 2.

The width of the modulating frequency
is dependent primarily on the number of
lines per frame and the number of pictures
per frame. By reducing both (via audio sync
and black-and-white subcarriers), SSTV can
be transmitted via SSB, it can be sent over
conventional telephone lines without the
need for special coaxial TV-quality cable,
and it can be recorded on an audio tape re-
corder. With respect to the last, an inexpen-
sive cassette recorder will do if the tape
speed is constant.

The trade-off in SSTV for not being held
to line-of-sight transmission and all other

50

Fig. 3. An 8-second time exposure of
an SSTV picture shows good lineraity.
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The Robot Research, Inc., Model 80 SloScan camera is shown at
left with the companion monitor and receiver Model 70 at right.

as the beam returns to the left of the CRT),
and “white” is transmitted at 2300 Hz.

An SSTV signal, when heard on the air,
sounds like a science-fiction movie sound-
track. A black-and-white line drawing or
black letters on a white background (or
vice versa) yields an audio signal that alter-
nates between 1500 Hz and 2300 Hz, while
the 1200-Hz sync subcarrier remains con-
stantly on. When pictures with various
shades of gray are transmitted, black,
white, and audio will vary in step with the
shades of gray at intermediate steps be-
tween 1500 Hz and 2300 Hz.

SSTV Tests. Our tests of the SSTV sys-
tem were conducted coast-to-coast between
Watsonville, Califomia and Governor’s
Istand, New York. The hookup was a com-
bination of land-line (telephone) and micro-
wave relay. The test was primarily intended
to determine whether or not SSTV could be

a workable tool in inland and maritime
search and rescue work.
Using Linear Systems’ “Scanvision”

equipment on both ends and Lincar Sys-

tems’ Manager of Amatenr Factory Ser-
vices, Stuart E. Till, in California and an offi-
cer class of the National Search & Rescue
School (including representatives of West
Germany, Denmark, Canada, the U.S. Air
Force, and U.S. Coast Guard) on the East
Coast, test patterns, typescript text, and pic-
tures of live subjects were exchanged. Here
is some of the feedback from those tests:

Inevitably, there is an unconscious urge
to compare SSTV picture quality with that
of commercial broadcast pictures. How-
ever, one soon realizes that SSTV was
never intended to provide commercial qual-
ity pictures, nor is such quality necessary.
The 25-mm lens supplied with the camera
provided the best picture quality. Subse-
quent tests with other lenses ranked a 35-
mm unit high and a 180-mm one marginal.
(This last lens was a “cheapie;” so, we can-
not fault SBE’s gear for the poor reproduc-
tion.)

The best lighting setup for three-dimen-
sional subjects was, two 300-watt bulbs with
reflectors set at 45° on either side of the
camera. For two-dimensional subjects (QSL

The SBE Scanvision, made by Linear Systems, Inc., features a
built-in cassette tape recorder and 25-mm C-mount camera lens.
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TABLE |—FCC SSTV AUTHORIZATIONS
Band Frequency Allocations (MHz)
Meters Extra Advanced General Technician
80 3.800-3.900 3.825-3.900
40 7.200-7.250 7.200-7.250
20 14.200-14.275 14.200-14.275
15 21.250-21.350 21.275-21.350
10 28.500-29.700 28.500-29.700 28.5-29.7
50.100-54.000 50.100-54.000 50.1-54.0 50.1-54.0
2 144.100-148.000 144.100-148.000 144.1-148.0 144.1-148.0

Note: SSB on all amateur frequencies; DSB (AM) on 6, 2, and up only. Novices have no
SSTV rights. Simultaneous (SSTV on one sideband, voice on other sideband) transmission

permitted on all listed amateur frequencies.

cards, numbers and letters, and the like),
one 500-watt bulb in a reflector, positioned
directly above the camera, vielded the hest
results. It might be argued that this is a lot
of light with the camera between 2 and 3
teet trom the subject, but it did let us stop
the lens down to £/22, cut the camera
brightness down, and come up with the best
pictm‘e on the monitor.

The Bell System’s fantastic space-age ser-
vice made it necessary to spend more than
three hours getting a connection that was
free enough of line noise, distortion, and
with high enough audio level to transmit a
suitable picture. This is not to say that
SSTV is more critical of line quality than
is the human ear; we could not hear each

SBE Scanvision camera with 25-mm

lens is priced at around $500.
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other over the same lines. We did deter-
mine that while line noise could wipe out
the picture completely, low audio could be
countered by simply cranking up the bright-
ness and contrast on the monitor/receiver.

Finding the proper connections inside the
telephone is best done with headphones
(when you hear a dial tone, you have it). Tt
is important to monitor the signal level on
both the telephone line and the radio trans-
mission to prevent cross-modulation in the
first case and “splatter” in the second.

Whether a cassette recorder (such as
SBE’s built-in unit) or an open-reel recorder
is used is acadewmic. Tests with an outboard
recorder operated at 3% and 7% ips re-
vealed little, if any, improvement over the
built-in 1% ips recorder with reference to
picture quality. Good motor speed regula-
tion with no “wow” is the key to recording
slow-scan TV signals. Since SSTV operates
at between 1200 and 2300 Hg, frequency re-
sponse is l‘e]uti\'ely unimportant.

Other Uses For SSTV. Presently, the main
user of SSTV is the radio amateur operator.
The staff and class at the National Search
& Rescue School came up with some non-
ham applications. One was the transmission
of search patterns to quasi-military groups
not familiar with the international search
and rescue terminology as taught by the
SAR School. This could include the Civil
Air Patrol which performs more than 75 per-
cent of U.S. inland searches on a routine
basis, as well as sheriffs offices and others.
To a certain extent, it could include the
U.S. Coast Guard Auxiliary.

POPULAR ELECTRONICS Including Electronics World



Using SSTV to transmit schematic dia-
grams and other technical data to remote
installations, such as Loran sites, to provide
engineering aid to technicians was another
suggestion. Uses by law enforcement agen-
cies. banks, and other security organizations
in need of gunick transmission of identifica-
tion were yet other possible applications for
SSTV.

In connection with search and rescne, we
found that maps and nautical charts did not

TABLE 11—SSTV SPECIFICATIONS
Lines/frame* 128
Vertical scan time 85 s
Horizontal sync 5 ms
Vertical sync** 66 ms
Sync frequency 1200 Hz
Black frequency 1500 Hz
White frequency 2300 Hz
Bandwidth 1100 Hz

*Up to introduction of commercial equipment,
was usually 120.

##Up to introduction of commercial equip-
ment, pulses were usually 30 ms.

come thraugh very well because of their
lack of contrast and masses of small de-
tails. Typewritten text also suffered.

The Ham’'s Role. Slow-scan TV is at a
stage where in-field operational experimen-
tation is needed. This is onre job at which
the radio amateur is superlative. A body of
literatnre on the use of different lenses
(what about the feasability of a three- or
fonr-lens tnrret, for instance?) for different
jobs is needed. The same applies to lighting
arrangements. Too, the possibility of nsing
the interlacing technique to obtain better
pictnre  detail—at a reasonable price, of
course—can  be investigated, A host  of
other questions nmst bhe answered, and the
ham is in the best position to do the neces-
sary investigation and experimentation.

The fascination of sitting in a dark room
looking at the face of the SSTV receiver’s
CRT camnot be denied. Whether it is worth
from $600 to $1000 to do it, not to men-
tion the sknll-cracking to get your Extra or
Advanced ticket, is np to von Of course, if
yon do not mind putting together your own
system from basic compoments, you can
probably reduce the cost considerably. ®

SURVEY ANALYZES CARTRIDGE AND CASSETTE
BUYER HABITS AND PREFERENCES

EISURE Time Research, a division of

Audits & Swrveys Inc., recently con-
ducted a nationwide tape buying and musi-
cal preferences survey among male owners
of cassette and cartridge tape player/re-
corders. Based on a national probability of
6000 males over 15 vears of age, the survey
—the first of its kind—analyzes tape cus-
tomers by age, education, region, income,
marital status, buying habits, and extent of
involvement in the market.

More than 60 percent of tape units are
owned by families with annual incomes of
$15,000 or more. Fully 26% of cassette and
20% of cartridge customers bonght no tape
at all during 1972. Discount stores attracted
29% of all blank cassette purchasers, depart-
ment stores 25%, and hi-fi stores 20%. Among
heavy tape users who bought at least seven
times, 39% preferred department stores, 21%
discount stores, and 16% hi-fi stores.

Some 24% of blank cartridge customers
patronized hi-fi stores, 22% discount stores,
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and 14% department stores. Ieavy users
bought from hi-fi outlets {43%), with dis-
count stores and department stores coming
in second (11% each).

About 3.6 million owners of cassette units
bought both blank and prerecorded tapes.
Another 2.4 million bought blank tape only,
while 1.2 million limited purchases to pre-
recorded tape. About 20% preferred ch()-
mium dioxide coating, and 64% bought 60-
minute cassettes. There are more than twice
as many cartridge units in homes than in
cars. Of the 6.7 million potential customers
for cartridge tape last vear, 2.1 million
bought both prerecorded and blank tape,
2.8 million only prerecorded tape, and 500,-
000 only blank tape.

Popular music was the favorite with 30%
of cassette customers, rock with 29%, classi-
cal with 20%, country/westem with 13%,
and show tunes with 3%. For cartridge buy-
ers, the figures were 26%, 34%, 13%, 20%,
and 4% respectively. @®
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USE IT ALL
AS YOU GET READY
FOR A NEW CAREER...

$1,500.00 worth of two-way radio
elecironic communications equipment!
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Bell & Howell Schools announces a new
learn-at-home program that gives you
*hands on’’ experience with commercial-
grade equipment—as you prepare for a
business of your own in two-way radio
electronic communications servicing

You need ‘‘hands on'' experience
with a real, commercial-band FM transceiver
and actual commercial-grade test equipment
—to take full advantage of growing oppor-
tunities in electronic communications.

Two-way radio communications is a
healthy growth area in electronics. And it's
lucrative. Almost two million commercial.
two-way radio systems now serve as vital
communications links for trucks, planes,
boats and taxis. And the FCC requires each
system to have its equipment serviced
regularly by a licensed technician. That's
where you come in. But you need career-
oriented training—plus your
FCC license.

Knowing how
to put an amateur
radio Kit together
won't help

when

you're

‘on the

job"'—

servicing

two-way

radio

systems for 3 P Aaf

aircraft or advising s =

trucking companies about Q;

their land-mobile communications _

system. For that, you need ‘“hands on"

experience with the real thing. This unique is convenient, you can have the equipment
new Bell & Howell Schools learn-at-home shipped to your home in return for a $100
program gives you just that. You can work deposit, which is refundable when you
with the equipment by attending one return the equipment.

of our special “‘help sessions'’ or by Find out more about this exciting
dropping by one of the Bell & Howell new Bell & Howell Schools program. There's
resident schools. If neither of these plans no obligation.

For free facts, mail attached card today!
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Let Bell & Howell Schools help you get ready for an exciting career
or business of your own in two-way radio electronic communications!

Bell & Howell Schools has helped thousands of peopie
prepare for careers—and businesses of their own—in
electronics. You can have absolute confidence in the
thorough training you get.

Expert instructors at Bell & Howell Schools
plan each program to answer a single question: “What
qualifications will you need to take advantage of actual
career opportunities in electronics?” They then build
each program to give you those exact qualifications.

To get ready for a business of your own in two-
way radio, you need: 1) career-oriented training; 2) FCC
License: 3) “hands on'* experience with commercial-
grade equipment. Bell & Howell Schools now offers this
new at-home training program that gives you all three.
(See FCC License Warranty on attached card.)

JUST LOOK AT ALL THE EQUIPMENT
YOU'LL WORK WITH
DURING YOUR TRAINING PROGRAM
WITH BELL & HOWELL SCHOOLS!
Commercial-Band FM Transceiver . . . exaclly
the kind of two-way radio you'll service throughout
your career

Deviation Meter
. .. model favored by many
working technicians to check
modulation of transmitted signal.

Frequency Meter . . .
highly sensitive instrument used to
check signal frequency within precise
tolerances established by government
standards.

Power Output Meter . , . meter
used almost universally by trained and
licensed technicians to check power output—
or wattage—of signal.

Alignment Generator
... a custom-designed unit
you use to generate test
signals for transceiver
alighment.
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FCC REGULATIONS GIVE YOU THE OPPOR-

TUNITY TO START YOUR OWN BUSINESS!

The Federal Communications Commission re-
quires that all commercial two-way communications
systems be checked and serviced by a licensed tech-
nician at regular intervals.

As a Bell & Howell Schools graduate, you'll
have the technical know-how you need. With your FCC
license, you can go out and eventually build your own
business—signing contracts with companies that use
two-way radio. FCC regulations could mean security
and regular income for you!

BELL & HOWELL SCHOOLS OFFERS YOU

THESE SPECIAL ADVANTAGES:

Help Sessions Scheduled regularly every few
Saturdays at the Bell & Howell Schools and in many
other cities throughout the U.S. and Canada. Top in-
structors give you personal help and guidance.

Transfer Privileges After completion, you can
transfer to any of the resident schools for more ad-
vanced study, if you wish.

Lifetime National Placement Assistance Helps
you locate a job after you complete your program — and
throughout your career

veterans’ Benefits We are approved by the
state approval agency for Veterans' Benefits.

Student Financial Aid We are an eligible in-
stitution under the Federally insured Student Loan
Program.

EXCLUSIVE ELECTRO-LAB®—
YOURS TO KEEP!
To make sure you get prac-
tical experience with instru-
ments used daily by
professionals, we've
integrated into your
program three pre-
cision instruments
ycu assemble yourself
and keep:

Design Console Use this
to rapidly ""breadboard”
circuits without soldering.

Oscilloscope Offers bright,

sharp screen images, 3-way
jacks for leads, plugs.

Transistorized Meter Registers

current, voitage and resistance.

DETACH AND MAIL
POSTAGE-FREE CARD
TODAY! OR WRITE:

An Elsctronics Homa Study Schoo!
DeVRY INSTITUTE OF TECHNOLOGY

¥ BELL & HOWELL SCHOOLS

4141 Belmont, Chicago. lllinots 60641

406R3




n
L
o
L
7p
L
)
<
L
o
u.|
T
L
o
L
o

DO YOU KNOW
YOUR BIPOLAR
TRANSISTORS?

PART 1 OF A 3-PART SERIES ON
BASIC TRANSISTOR THEORY

BY LOTHAR STERN, Motorola Semiconductor Products Inc.

HE TRANSISTOR is the most ver-

satile component of the semicon-
ductor family. Its most important char-
acteristic is current and/or voltage
amplification. Because of this capability,
it is the heart of most solid-state elec-
tronic circuits involving signal amplifi-
cation and switching.

Transistor Types. There are two va-
rieties of transistors: unipolar transistors,
usually referred to as field-effect tran-
sistors (FET’s), and bipolar transistors.
The FET was invented circa 1930 but
was not exploited commercially at the
time. The bipolar transistor was in-
vented around 1948 and rapidly became
a practical product. The FET was
finally developed as a commercial prod-
uct by the early 1960s, many years
after the bipolar transistor had already
established itself. FETs, especially
MOSFET’s, are now used widely in
low-noise front ends for TV and FM
and are gaining importance in digital
elements. However, in this article, we
will discuss only bipolars.

Transistor Basics. The hasic element
of any bipolar transistor is the pn junc-
tion, or diode, formed by chemically
uniting a layer of p-doped semicon-
ductor material with a layer of n-doped
material. When the junction is forward
biased (p layer positive, n laver nega-
tive), the current through the device
increases rapidly as the voltage is in-
creased. When the junction is reverse
biased, an increase in voltage causes
only a very small amount of leakage
current, until the reverse voltage be-

comes high enough to cause “break-
down” of the junction. (See Fig. 1.)

A transistor is formed by sandwiching
a very thin layer of n-doped material
between two layers of p-doped material
(pnp transistor) or a thin layer of p-
doped material between two lavers of
n-doped material (npn transistor). The
characteristics of this 3-layer, 2-junc-
tion structure are achieved by varying
the thickness and the resistivities und
geometries of the three layers.

Theoretically, an npn transistor should
operate at higher frequencies than does
a pnp device because electrons (the
principal current carriers of an npn
unit) are move mobile than holes (the
principal current carriers of pnp de-
vices). In practice, however, both types
have similar characteristics. The main
difference is that pnp transistors oper-
ate with a negative voltage on the col-
lector element while npn transistors
operate with a positive collector voltage.
This makes it possible to have com-
plementary circuits that often provide

+
IF |- - - Forward-Bias
Region
J
by ]
i .
BV IR !
1 i
’ VT VF
REVERSE-BIAS| VT = Threshold Voltage
REGION =0.2 to 0.4 for germanium
= 0.5 to 0.7 for silicon
VF = Forward Voltage
BV = Breakdown Voltage
IR = Reverse Leakage = 10-9-10-6

I = Farward Current

Fig. 1. Forward and reverse charac-
teristics of typical junction diode.
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Fig. 2. Current flow in a transistor.

improved performance over the single-
polarity circuits that can be imple-
mented with only one type of transistor.

The three layers of a bipolar tran-
sistor (Fig. 2) are the emitter, the base
and the collector. The emitter repre-
sents the current source, where the cur-
rent carriers originate. The base is the
control element, and the collector is
the element through which the current
carriers are transferred to an external
circuit.

In operation, the collector-base junc-
tion is always reverse biased. If the
emitter-base junction is forward biased,
the emitter-base current is high, as in
any forward biased diode junction. In-
stead of flowing out, however, most of
this current diffuses through the very
thin base region and crosses the col-
lector-base junction, with only a small
fraction flowing out the base lead. This
action gives rise to the two commonly
used expressions for current gain in a

+Vee

-VEE *VCC

VEE
Commoan Emitter (a}

Cammon Base {b)

transistor. The first, «, is the ratio of
1./1. when the base-emitter junction is
forward biased and is normally called
the common-base current gain. It is
always slightly less than unity (usually
0.95 to 0.998). The second gain ex-
pression is f3, the ratio of I/I,, called
the common-emitter current gain. It
can be quite high, depending on the
value of a, since 8 = a/{1—a). Thus,

if @ = 0.95, 8 = 20; and if « = 0.99,
B ~ 100.
Circuit Configurations. There are

three basic transistor circuit configura-
tions: common emitter, common base,
and common collector. They differ prin-
cipally in the manner in which the sig-
nal is applied to the transistor and
where the load is attached. Figure 3
shows these basic circuits. Since the
common-emitter circuit is by far the
most prevalent, most data sheets char-
acterize the transistor in terms of this
circuit.

Figure 4 shows the characteristics of
a typical transistor in a common-emitter
circuit. The input circuit curve in quad-
rant III shows that a base-emitter volt-
age (V) of less than approximately
0.5 volt (for silicon; for germanium,
about 0.2 volt) causes virtually no base
or collector current to flow, thereby
keeping the transistor cut off. Above
0.5V, I, rises sharply, limited only by
the ohmic resistance of the hase region.
Since the latter is very small, a very
small rise in Vax (beyond the threshold
voltage) causes a large rise in I, and

+Vee

Comman Collector {c}

Vee=Vee-IcRe VBe =07V (forsilican)
Circuit | Current Gain | Voltage Gain | Input Rest Output Resi Fig. 3. Three basic tran-
(@) High High Low High sistor circuits and their
_ _ characteristic parameters.
(b} <1 High Very Law Very High
{c) High <1 High Low
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I, as seen in quadrant 1I. From such a
p]()t, the transistor current gain, I./1,,
can be established. It is also evident
that considerable nonlinearity exists in
the [./I, curves. This indicates that
distortion for large output signals can
be quite high.

The collector curves in quadrant I
are the most significant. They show,
for example, that the maximum re-
verse-hias collector voltage that can be
applied, before breakdown of the col-
lector-base junction, is BV..,. The
minimum  collector voltage needed to
keep the collector junction reverse
biased, thereby sustaining transistor
action, is Vip..ry. The maximum volt-
age excursion, therefore, is BV, —
Vl'l;lxul)-

When the transistor is cut off (I, =
0), a residual current, I, flows in
the collector circuit. This leakage cur-
rent can be reduced somewhat (but not
to zero) by applying reverse bias to
the emitter junction. The limiting value,
with reverse bias applied to the emit-
ter-base junction, is 4. This is equiva-
lent to the collector-base leakage cur-
rent when the emitter is open-circuited.

Collector current increases rapidly as
the base is energized. The maximum I,
is that which would damage the in-
ternal transistor structure. This value
of collector current is given as a maxi-
mum rating on data sheets. Thus, the

[92] Ic (mA)}
I.l.l PD(max)
E VeEn | 49 2
125 ®
Ll : 6d
! o>
n 1004 53
3 »
L Q n.“m
LZ) 75 45 ™ \-~VC50(sus)
\
~
w S
z I
Lul.-l 25 g =1mA B i c8o0
oc 18 {mA) 18=0= ICEQ X
m LI T T T T T T .80' VCE
7 6 5 4 3 2 1 40 50 160+
5 et
Q. vee BVCEQ BVeso
0.4
==y n Eat .
/———J‘-U-G 2 Fig. 4. Characteristics of a common-emit-
vee 08 ter circuit showing the input and output.
BE

output current could range from Ic/mes)
to Icxo (Or Icue in the event of reverse
bias), but usually I, is limited to a
value far less than I;.,..).

Power dissipation, Py, is the product
of Ve, and I and it causes the collector
junction to heat up. Beyond a critical
junction temperature, T, the de-
vice could be damaged. Thus the
Poian rating of a transistor limits the
maximum V., and I. that can be ap-
plied simultaneously. The locus of a
Pyiuasy vating is a parabolic corve on
the V.x/1. plot. A load line, XQY, must
be chosen to prevent steady-state op-
eration to the right of the locus.

From the above it is evident that,
when the voltage applied between base
and emitter is less than approximately
0.5 V, theie is only a very small cur-
rent flow through the transistor. Be-
tween collector and emitter, therefore,
the transistor represents a very high
resistance, or open switch. When V,,.
is raised above the threshold voltage,
the internal resistance of the transistor
drops to a very small value so that the
device approximates a closed switch.
As shown in Fig. 4, it takes a change
of only 7 mA of I, along loadline XQY
to cause Vo to change from V.. to
Vieaan, that is, from an open switch
to a closed switch. This switch action
is accomplished by a Va, of only a few
tenths of a volt.

(To be continued.)
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CONSTRUCTION PROJECT

LOW-COST

' CONVERGENCE.
- GENERATOR

Produces a clear pattern, dots, crosshatch, or
vertical and horizontal lines, using RTL logic.

CONVERCENCE is that wonderful pro-
cess by which the TV technician makes
your color TV picture look like new again.
It is actually a relatively simple set of checks
and adjustments that are first made when
the set is built and, of course, whenever
the picture tube is replaced. However, com-
ponent aging and mechanical shocks,
particularly in portables, result in a gradual
loss of the original adjustments. The change
often takes place so slowly that many peo-
ple don’t notice the symptoms—color
splotches, color fading, color fringes around
figures on black and white, etc.

These problems can be easily detected
and possibly corrected when you use the

PE
TESTED
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BY MICHAEL S. CHING

convergence generator described here. (Note
that the generator is intended primarily as
an aid in keeping the purity and convergence
adjusted in an otherwise normally operating
set. It is not meant to replace more complex
color test equipment required to repair a
malfunctioning set.) The generator is used
simply by connecting it to the set’s antenna
terminals. The required adjustments can be
made without removing the chassis from the
cabinet.

How It Works. The generator circuitry
can be divided into four major sections
which use a combination of digital and
linear techniques: svnc oscillators, video,
video/syne mixer, and r-f. An overall block
diagram is shown in Fig 1.

The sync oscillator section consists of two
UJT oscillators and their respective mono-
stable multivibrators (one-shots). The cir-
cuit containing QI, IC1A and ICIB (Fig. 2)
produces horizontal svne pulses 6 to 9
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Bl—3.volt battery (see text)

Capacitors: Unless otherwise noted, all ca-
pacitors are 10% polyester types. such as
Sprague 225 or similar high-grade cquiva-
lent,

C1,C10,624--0.0047-uF
€2,05,07,016—0.01-uF
C3.023—0.0022-4F
C4—0.47-uF
C6—0.22.uF
€8,C9—0.033-iuF

C11,C19,628--0.001-uF 3

C12,C13,C14—100-pF mica (no substitute)

C15—10-pF micu (no substitute) !

C17-=200-F (minimum), 6-V electrolytic

18 —68-pF disc ceramic

C20--2.4-24.5-pF miniature variable (J Jinson:
Type U, #189-569-1, or similar)

€C21—33-pF disc ceramic

22—10-pF disc ceramic

C25—7.45-pF  ceramic trininier
Type 825 or similar)

C26.C27—0.1-uF

D1-D1—Silicon diode (1N914 or similar)

1CLIC3—Integrated circuit (HEP570,
MC724P)

1C2—Integrated circuit (HEP573, U(C789P)

L1—5 turns of #20 bare wire, 4" diam. by
" long. Tap 4 turns from collector end as
described in text.

01,02--UJT (HEP310)

03-05—Transistor (2N3904, 2N4124, HEP55)

Resistors: Unless otherwise noted. all re-
sistors are 10% carbon. Y or Yo watt.

R1,R2—50,000-0hm potentiometer

R3,R4--500,000-0hm trimpot. horizontal
mounting
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R3,R6—25.000-0hm trimpot, horizantal 1aotnt-

in

d £
R?--500-0hm trimpot, vertical mounting
R8,R14-—1000-0hnm : :
R9,R15—100-0hm
RIORI2,RI7—4700-0hm
R11-—5100-0hm

R13—

-15.000-0hm

R16—3900-0hmn
R18—6800-0hm
R19,R34—39.000-0hm
R20.R24—22 000-0hm
R21—10,000-0im

R22

47-0hm

R23,R25,R30--330-0hm
R26.R29—1500-0hmn
R27.R28—680-0hm
R31—470.0hmn
R32--27.000.0hm

R33—33,000-0hm
S1—t-pole,

e g

6-position non-shorting rotary

switch (Centralab PA-2011 or similar)
Misc—Suitable chassis (7" x §” x 3" will do
hut will not hold optional size D cvlls):
14-pin DIP sockets (3); TO-18 or TO.5
sacket (5) (PC board is designed ior
0.280” pin.): battery holder (2} for 3 pen.
lite (AA) cells (Keystone #171) or option-

al

holder for 2 size D cells (Keystone

#176).

Fig. 1. This is the logic flow diagram of the convergence generator. The boxes
in dashed lines show the four major sections: at left, the sync oscillators; upper
right, horizontal drive; below that, the vertical drive; and, lower right, the r-f
section. Some typical waveshapes are also shown to indicate circuit operation.
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Six AA cells, wired to provide three volts, were used in the prototype.

microseconds wide at a pulse repetition fre-
quency of 15.750 kllz. Capacitor CI charges
through resistors Rl and RI0. When the
voltage across Cl reaches the peak point
voltage of the UJT (about 2.4 volts), the
UJT makes a rapid transition into the nega-
tive resistance region, resulting in the dis-
charge of C1 through the emitter-Bl
junction. The positive spike appearing at
base one is coupled to the IC dual-NOR
gate one-shot for shaping into a pseudo-
horizontal sync pulse. The output of a NOR
gate is high (about 2.9 V) only if both in-
puts are low (less than 0.4V). For all other
input conditions, the output is low (less
than 0.3 V). When two NOR gates are
connected as shown in Fig. 2, gate ICIA is
biased on (output low) and gate ICIB is
biased off (output high). A positive pulse
from the UJT causes the output of ICIB to
switch to the low state, pulling terminal 13
of ICIA down through capacitor C3. With
both inputs of ICIA now low, its output is
high. The one-shot remains in this state
until C3 has charged to above 0.4 V (6 to
9 microseconds), at which time the one-shot
returns to its original state. This sequence
is repeated for each triggering spike from
the UJT, 15,750 times per second.

The vertical sync oscillator is similar to
the horizontal except that the output pulses
are about 0.5 milliseconds wide with a pulse
repetition frequency of 60 Hz.

The video section consists of horizontal
and  vertical astable multivibrators, RC
differentiators, and logic gates. The horizon-
tal astable (IC2A and IC2B in Fig. 3) is

Fig 2. Horizontal and vertical os-
cillators feed one-shot multivibrators.
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synchronized to the horizontal frequency
through C1I, R3, and CI2. Its output is
thus fixed at an integral multiple of the
horizontal line frequency of 15.750 kHz.
Potentiometer R3 and resistor R32 set the
output frequency by controlling the charging
current to CI4. For the component values
shown in Fig. 3, the nominal frequency is

AMAAA

10 .
= » p——>T0D2,C7
FiG 4
1| —~f1—5n

60Hz

< <
3RIS 3R
ATpF 3io0on 34
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TO R7,C16
(FIG 4) SIC

JL
|4znr;zmom
CI5
10pF

Fig. 3. Horizontal astable output determines width of vertical lines.

42 kHz (nine cycles between horizontal
syne  pulses). The 142kl rectangular
pulses are differentiated by C15 and R34.
The resulting spikes are shaped and inverted
by IC2C. The width of the output sp'kes
from 1C2C determines the width of the
vertical lines on the TV screen.

A second inversion for the dot
is performed by I1C2D.

The vertical astable (Fig. 4) is similar
except that it is svneed to nine times the
frequency (540 Hz) of the vertical oscilla-
tor. The rectangular, 540-11z pulse train is
differentiated by C10 and R20 before shap-
ing and inversion by IC2E. The width of the
pulse from IC2E determines the width of
the horizontal lines on the TV screen.

Generation of the actual video waveform
associated with ecach of the five display
modes is accomplished by sections of S1
and NOR gates IC3C and TC3D. The video
output waveform is then combined with the
sync pulses at the common-collector junc-
tion of Q3 and Q4 (Fig. 4).

The sync pulses are added to the video
waveform to produce a composite wave with
negativé-goini sync pulses and positive-go-
ing video spikes. Diodes DI and D2 com-
prise a diode gate so that either horizontal or
vertical sync pulses can turn on Q3. With
Q3 saturated, its collector is at a potential
less than 0.3 V. In the absence of either
horizontal or vertical sync pulses, Q3 is cut
off and the collectors of Q3 and Q4 rise to
a voltage determined by the setting of R7.
(Thus Q4 is biased in its linear region.)

pattern

64

When the video logic signal is high, Q4 is
biased to produce approximately 1.5 V at its
collector. When the logic signal is low, Q4
is cut off and its collector rises to 3.0 V. If
the resulting composite video waveform
were applied to the appropriate stage in the
receiver’s video amplifier section, the gener-
ator’s test pattern would appear on the
screen. However, to preclude the need to
make internal comections to your set, the
generator contains an r-f section.

The r-f section consists of an oscillator
and a diode modulator (Fig. 5). Oscillator
Q5 is operated in the tapped Hartley config-
uration. The frequency is adjusted by €20
and trimmed by C23. The rf ontput s
conpled by C19 to the diode modulator.

With a high signal (3 volts) applied
through R31, the output terminal has a low
ac impedance to ground throngh D4 (for-
ward biased) and C22 and a high imped-
ance to the r-f oscillator due to diode D3
(which is reverse biased).

When the modulating waveform goes low
(less than 1.5 volts), diode D4 is cut off
and diode D3 conducts. This allows the
flow of radio-frequency current from the
oscillator to the output terminal. The nega-
tive modulation convention used in Amer-
can TV hroadeasting translates an increase
in the r-f amplitude into a decrease in bright-
ness of the trace. In this way, the complex
modulating signal is converted into a black-
and white pattern on the TV screen.

Construction. A printed circuit board us-
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FROM ICI,
PIN 14
(FI6 2)

IC2=HEP573,MC789P
IC3 HEP570,MC724P

16
uF  TO ROTOR OF
p—>SIC (FIG 3)

L B VERT
| HORIZ LINES |
- | LINES |
lcross_ w5 e |

}HATCH\.

! poTs —
! 2

R42 |—4
500K H :

c23
.0022yF

TO IC3,PIN13,FIG 3 =

Fig. 4. A 540-Hz oscillator driven by vertical determines horizontal line width.

ing the pattern shown in Fig. 6 is recom-
mended. The dots for diodes DI to D4
designate the cathode ends. Diode cathodes
can be identified by the end marked with
a line or a dot. Be sure to observe polarities,
especially on CI7. Sockets should be used
for all the semiconductors and IC’s. Use
heat sinks for DI1-D4 when soldering.

Note that RI and R2 are wired so that
resistance decreases in the clockwise di-

+
TO OTHER CIRCUITS

rection. Use minimum-length leads of about
#22 solid wire. Use short lengths of strand-
ed wire to connect the battery holder.
In the prototype, two triple penlite-cell
holders were used. These are OK for light
usage of the generator (about % hr each
time). If you expect heavier usage, two
D cells will be needed—in an optional holder.

To wind LI, use any l-watt carbon re-
sistor as a form and five turns of #20 hare

(FI16.4)

Fig. 5. Output of r-f oscillator and dual-diode modulator circuit drives the TV set.
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wire (close-wound, with one turn touching
the other). Then carefully spread the coil
until the ends are %-inch apart. Bend the
end leads to the proper angle and remove
the resistor before mounting the coil. Be-
fore the coil is soldered to the board, solder
one lead of CI8 to the coil, four turns from
the end connected to the collector of Q3.
Note that this lead of CI8 does not go
through the board, but directly to the coil.

The stationary plates of C20 are con-
nected to the collector of 5; and the ro-
tating plates to the ground bus on the
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board. These two points are marked “CAP”
in Fig. 6. Capacitor C25 is soldered directly
across C20.

Operation. Before turing on the gen-
erator, check the batterv polarity and volt-
age. There should be 3.0 V between the
positive side of the battery and ground on
the board. To check the completed gener-
ator, connect it to either a black-and-white
or a color TV set. (Because of the very low
1-f power output and the de blocking capaci-
tor C21, the generator cannot damage the

POPULAR ELECTRONICS Including Electronics World
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Fig. 6. The actual-size foil pattern (at
left) and component installation (above).

TV set, even if the generator is not prop('r]y
adjusted.)

Before gelting into the operation of the
generator, let’s summarize the front panel
controls and their functions. First, there is
the szopE switch (S1). Besides turning the
power on and off, it is used to sclect one of
five displays: clear white screen (crr), dot
array  (pot), crosshatch (en), horizontal
lines (n.). and vertical lines (vi). The
cuxL control varies the r-f carrier frequency
over the range of three vhi channels (18
MHz). The noriz control varies the fre-
quency of the horizontal syne oscillator
about a nominal 15.750 kllz. The verT
control varies the frequency of the gener-
ator's vertical synce oscillator abont a nom-
inal 60 Hz. When adjusting cither the noriz
or vERT control, you may find more than
one setting which results in synce of the
pattern. Use the setting that results in the
most stable displav.

Make the following preliminary poten-
tiometer adjustments:

1. Set R7 about % up from the grounded
end. This potentiometer sets the black level
of the composite TV signal.

2. Set R4 fully connterclockwise.

3. Set R3 fullv clockwise.

1. Set R3 and R6 to midrange.
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5. Disconnect the vhf antenna from the
set and attach the generator 1o the antenna
terminals on the set.

6. Tum on the TV sct and put it on
either channel 2 or 3, whichever is unused
in vour area. Tumm the generator Mobe
switch to cLR.

7. With the plates of €20 {cune control)
fully meshed, adjust trimmer C25 until the
test signal from the generator appears on
the screen with little or no buzzing from the
set. This should be a clear raster—a com-
pletely white screen. Whether it is or not,
continue to the next step.

8. Turn the ronE switch to the nL posi-
tion. Adjust the vert contiol to stop any
vertical motion of the test pattern. Adijust
the HORIZ control to eliminate any diagonal
lines or “tearing” of the pattern. You should
now see horizontal lines.

9. Touch up the adjustment of the e~
contro! to eliminate any noise and to pro-
vide the clearest display. You may now
prefer to decrease the TV's brightness con-
trol and increase the contrast to get white
horizontal lines on a black background.

10. Trimpots R4 and R6 are used to set
the stability and number of horizontal lines,
respectively, though there will be some
interaction between them. Adjust them for
9 or 10 horizontal lines and the best sta-
bility. Use the vErT and noriz controls to
maintain vertical and horizontal sync as
necessary.,

11. Tum the yopE switch to the VL
position. If vertical lines Jdo not appear,
touch up the noriz control.

12. Trimpots R3 and R5 are nsed to set
the stability and number of vertical lines.
Adjust them for 9 or 10 vertical lines and
the best stability.

13. Turning the MopE switch to the cn
position should now produce a 9 by 9 or
10 by 10 crosshatch pattern. Touch up the
adjustment of the cHxL, HORIZ, and VERT
controls as necessary. Trimpot R7 may be
reset slightly to provide the best balance
between sync stability and pattern contrast.

14. Tuming the aropE switch to poT or
cLr should produce a 9 by 9 (or 10 by 10)
array of dots or a clear raster, respectively.

Alwavs turn the MODE switch off when
not using the generator.

Once the potentiometers on the bhoard
and C25 have been set, the cabinet can be
closed. Mark the positions of *h~ Horiz
and verT dials where sync was obta'ned for
future use. ®
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ELECTRONIC COUPLING QUIZ

BY ROBERT P. BALIN

ANY TYPES of coupling circuits are em- 1. Balun
ployed in electronics to meet matching 2. Direct coupling

requirements in feedback networks and be- 3. Emitter coupling
tween amplifier stages. Others are used be- 4. Gamma coupling
tween amplifiers and speakers, transmission 5. Gimmick, or capacitive, coupling
lines, or antennas. Test your knowledge of 6. Impedance coupling
coupling circuits and devices by matching 7. Link coupling
those shown in A-J with their names num- 8. RC coupling
bered 1 to 10 at the right. The answers are 9. “Tickler,” or inductive, coupling
below. 10. Transtormer coupling

6T S 3

’—|(—1 rAN 9 'a
1 H €0

K L™ 8 'd

;é K v 4 01 v
1 I ZINO 9NITdNOD 0L SHIMSNY
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THIS MONTH we will take a look at a
number of diverse devices which can be
applied to a variety of uses. The first is a
series of digital-to-analog (D/A) converters,
elements which may not be familiar to all,
so some explanation may be in order.

Among those who practice the art of
electronics, there are two distinct camps:
the “analogs” and the “digitals.” Generally,
circuit designs fall in one of these two do-
mains. In their natural forms, these domains
cannot communicate with one another—they
require an interpreter. This role is played
by the D/A converter, a device or circuit
which bridges the communications gap be-
tween the two worlds of digital and analog.
A D/A converter is neither an analog nor a
digital circuit, but a hybrid of the two. It
takes in digital information on one side and
delivers the analog equivalent at the other
side.

For the purposes of illustration, a simple
D/A converter which uses an R-2R ladder
(a typical technique, as will be seen) is
shown in Fig. 1A. Switches S1-53 represent
3 bits of digital control, each capable of an
ON (1) or OFF (0) state. Current I is ap-
plied to the R-2R ladder, which is con-
structed so that, at each junction, the cur-
reut divides in half. At the top it splits into
1/2 to SI and 1/2 to R. Going down the
ladder, 1/2 further splits into 1/4 to S2 and
I/4 to the next R. Finally, 1/4 splits into
1/8 to 83 and 1/8 through 2R to ground.
Although only 3 bits are shown, the R-2R
ladder can be extended further as required.

D/A
Converters
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By Walter G. Jung

Since this is a current ladder, the switches
nust be followed by very low resistances—
either ground or low R,.

I —

]

1 . 148T
0 " 1/4T
| A/8T
o 121
| "5/81
0 341
I W8I

~-—006--00

(8)

Fig. 1. Functional diagram of a D/A
converter using R-2R current ladder.

If this D/A’s truth table is followed
through as shown in Fig. 1B, it can be seen
that the smallest increment is I/8, which is
determined by /23 where 3 equals the
number of bits. In general, the smallest in-
crement of output change is 1/2¥, where N
is the number of bits. The full-scale (high-
est) output current is I — I/2¥, since one
increment of current is wasted in the shunt
to ground at the ladder’s end.

Transistor Digital Switches. The descrip-
tion above, while simplistic, is the basic
concept used in a family of monolithic IC
D/A converters now being supplied by
Motorola Semiconductor. These devices are
of two basic designs: 6-bit (MCI1506L/
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Fig. 2. Basic block diagram of
a 6-bit multiplying D/A converter.
The 8-bit converter is the same
but has 2 more ladder steps.

(4}

Ms8
Al A2 Al Al A3

A A

LS8

-—

CURRENT SWITCHES ——-=Clg

A-2R LADDER

Veef O- L 4

)
Viet O—

REFERENCE
CURRENT
AMPLIFIER

—1 BIAS CIRCUIT

MCI1406L) and 8-bit (MC1508L/MC-
1408L). The MC1500 series is for operation
at a temperature range of —55 to +125°C,
while the MC1400 series is for 0 to +75°C.
In the 8-hit models, there are further part
number suffixes which indicate the accur-
acy. For instance MC1408L-8, MC1408L-7
and MCI1408L-6 have accuracies of 8, 7
and 6 bits, respectively.

These chips use transistors to perform
the swjtching functions and the current
switched can be externally programmed.
This introduces another term to this par-
ticular breed of D/A—multiplication. With
the current being variable (either by dc or
ac signals), this type of circuit multiplies
the analog current by the digital number
represented by the states of the logic
switches. In this manuer, the input can be
a dc or ac signal, controlled by digital logic
signals.

A basic block diagram applicable to any
of these new devices is shown in Fig. 2.
Although 6 bits are shown in Fig. 2, the
8-bit version is similar, with the ladder and
switches increased by 2 bits.

Digital Word From Counter or Register
Msg " 58

1111141

MC1508L-8 4
MC1408L Series

Vee

(LVEE

NPN CURRENT
SOURCE PAIR

The list of possible applications that
Motorola suggests for these devices is indeed
impressive: programmable gain/attenuation,
audio digitizing, programmable power sup-
plies, analog/digital multiplication and di-
vision, digital addition and subtraction, pro-
grammed pulse and signal generation, and
many more. As an example, Fig. 3 is a
digitally driven analog panel meter which
can be used to read out the status of a
digital system in analog form. To calibrate,
RI14 is trimmed for full-scale deflection with
all “ones” as a digital input. The variable
full-scale output current provided allows
different meters to be used (up to 2 mA
max). The comprehensive data sheets for
these devices list a number of other possible
applications.

The MC1506/1406 devices come in 14-
pin dual inline packages, while the MC1508/
1408 models are in 16-pin versions. Prices
begin with $5.90 each for the MC1406L.

The D/A converter is an important cir-
cuit building block; and now that mono-
lithic circuitry has made it available at low
cost, it will no doubt find many new uses

Fig. 3. Digitally driven panel
meter readout using D/A units.

voltage swing}.

= 1] 2l18 3 13 N
c Observe internal meter
resistance {for pin 4
= VEE
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in vour electronic projects. We expect this
device to gain acceptance as a standard
circuit building block—comparable to the
op amp and logic gate in the experimenter’s
kit of electronic devices.

New UHF/VHF Performance. The signifi-
cant development made by Signetics in FET
technology, the D-MOST (double diffused
MOS transistor), is now available in several
forms which provide new performance hori-
zons in the uhf and low-microwave region.
Since the D-MOST process is simple and in-
expensive, it can be expected that devices
using this technologv will be very popular.

Four devices are currently available:
SD200 and SD201 are single gate devices,
the latter having protection diodes; SD300
and SD301 are dual gates (allowing gain
control) and the latter has protection diodes.

SOURCE GATE DRAIN

wh

N/

| CHANNEL

Photomicrograph of a cross section of
a typical DMOS transistor. Diffusion
technique is simple and inexpensive.

The unique thing about these devices is
to be found in their specifications. For in-
stance, an SD200 has a transconductance
of 15 millimhos and a feedback capacitance
of 0.13 pF; and it operates at voltages as
high as 30 V. At 1 GHz, it has a gain of 10
dB while its noise figure is 4.5 dB. The dual-
gate SD300 has a transconductance of 10
millimhos, with a feedback capacitance of
only 0.02 pF. Tt can achieve 13 dB of gain
at 1 GHz with a noise figure of 6 dB.

While the figures above apply to the
present devices, which come in TO-46 4-
lead packages, they don’t provide the whole
story on D-MOST capability. Signetics has
also indicated that these transistors will soon
be available in strip-line form (a trne mi-
crowave package), which allows perform-
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ance figures similar to these above to be
realized at 2 GHz! Initial pricing (expected
to be lower with volume production) for the
devices in single quantities is: SD200 and
SD201, $7.00; SD300, $5.00; SN301, $6.00.

Front-End Improvement. Several FET
developments from Texas Instruments also
offer improved performance—in this case,
in the vhf region. Recently announced are
the 3N211, 3N212, and IN213 n-channel
depletion-mode dual-gate MOS transistors.
These devices all have high gain, low noise,
and low feedback capacitance. They are
designed primarily for TV r-f and i-f usc at
frequencies up to 200 MHz. A look at some
of the performance figures is indicative of
what these devices might do for that TV or
FM front end you'd like to perk np.

As an r-f amplifier, the 3N211 can achieve
(typically) 28 dB of gain np to 200 MHz.
with a neise figure of 2 to 3 dB. The dual
gate construction allows simplified voltage
controlled gain (agc), while the low feed-
back capacitance of 0.05 pF eliminates the
need for neutralization. The 3N212 is simi-
lar to the 3N211, but is better suited for
mixer applications. It has low cross modula-
tion and a low noise figure. In a 200-to-45-
MHz mixer, it can achieve a conversion gain
of 24 dB. The 3N313 is intended to be used
as an i-f amplifier so it has a higher break-
down voltage to suit this application.

All three of these devices achieve their
high performance figures by virtue of a
transconductance figure which is truly re-
markable: 25 to 30 millimhos! They also
have built-in gate protection diodes for
transient clipping to eliminate handling pre-
cautions. As an aid in the use of these
devices, T1 has prepared Bulletin CA-173,
which discusses their use in TV tuner and
i-f circuits.

The 3N211 and 3N212 cost $1.30, while
the 3N213 is $1.35, each.

For Further Information. Write:
Motorola Semiconductor Products
Technical Information Center

Box 20924
Phoenix, AZ 85036
Signetics Corporation
811 E. Arques Ave.
Sunnyvale, CA 94086
Texas Instruments
Inquiry Answering Service
Box 5012, M/S 308
Dallas, TX 75222 ®
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Home-Training in EIecironics was the

Slar' o1 Somefhing big for James Gupton

An NTS Graduate

James A. Gupton Jr. gradu-
ated from National Technical
Schools with a diplomain TV &
Radio Servicing. Today, he's a
mighty important man in the
world of Electronics?

Research associate with a
major electronics corporation;
author of numerous articles
in electronics magazines; an in-
ventor with five patent applica-
tions to his credit. In the
field of electro-optics, he has
perfected a revolutionary
phosphor deposition technique
far cathode ray tubes.

Quite a list of accomplish-
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ments for a man who began his
career with an NTS diploma
and a job in TV & Radio servicing.

Any student can succeed

James Gupton is certainly an
exceptional NTS graduate.
He proves there’s nothing to keep
a determined man from becom-
ing a success in Electronics.
As he himself says, “Any student,
properly motivated, can
succeed in Electronics through
home-training.”

Every NTS Electronics Course
is specially designed to keep
you motivated from the time you

start building your first test
instrument until you're ready to
plug-in your solid-state Color TV
or other advanced electronics
equipment.

Exciting “Project Method"’
Training

NTS Project Method Training
is the best way to learn
electronics.

You build advanced equip-
ment while you leatn Electronics
principles and applications.

Each week brings new
excitement when you actually
see the progress you've made.
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NTS buids Seil-confidence.

For a man to become successful,
like James Gupton, he must have
confidence in himself.

As an NTS graduate you have
this confidence. Your training
is practical and thorough. You know
Electronics from the bottom up.

You enter a world of Electronics
you're familiar with.

And if you have the drive and
determination of a man like James
Gupton, there are no limits on
your success!

(James Gupton's address
available upon request).

NTS COLOR TV SERVICING

Solid-state
315 sq. in.
Heath Color TV

Build and keep the largest, most
advanced color TV made! Over-al
solid-state design, ultra-rectangular
screen, matrix picture tube,

built-in self-servicing features,
“Instant On,” A.F.T., solid-state,
24-channel detent UHF/VHF power
tuning, and much more! Also

build and keep AM-SW Radio, solid-
state Radio, FET Volt-Ohmmeter,
and Electronic Tube Tester. Learn
trouble-shooting, hi-fi, stereo,
multiplex systems, radio, color and
B&W TV servicing.

NTS B&W TV SERVICING

Learn sophisticated solid-state
circuitry as you build this B&W TV
Receiver, Lo-Silho “Superhet”
Radio, FET Volt-Ohmmeter, solid- .
state Radio, Electronic Tube

Solid-state
B&W TV,
74 sq. in.
picture
(cabinet
included)

Checker. and Signal Generator.
TV and all other equipment are
yours to keep.

NTS ELECTRONIC &
COMPUTER TECHNOLOGY

Solid-state
Compu-Trainer
14 integrated
circuits
replace 198
Transistors!

Build
and keep
this exclusive NTS
Compu-Trainer. It teaches

you the same principles used in
million-dollar systems. Contains 14
integrated circuits! All solid-state!
You perform all wiring and
patchcording. No shortcuts. No
pre-wired circuit boards. Your train-
ing is complete! Also receive a

FET Volt-Ohmmeter and a 5" wide-
band solid-state Oscilloscope.

NTS ELECTRONIC

COMMUNICATIONS

Gain the prestige and earning power
of owning and F.C.C. First Class
Radio-Telephone license. Two com-
prehensive NTS Courses cover

the big opportunity field of trans-
mitting and receiving.

e —i—

AR, _ 5yt AM
et seereae mveriees | Transmitter/
- Receiver

e E.J

You build and keep 14 kits, including
this amateur phone 6-meter VHF
Transceiver, NTS's exclusive
6-transistor solid-state Radio, and a
fully transistorized Volt-Ohmmeter.

Also, learn 2-way radio, Citizens
Band Microwaves, and radar.

NTS INDUSTRIAL &
AUTOMATION ELECTRONICS
Automation is the future of industry,
and you can play an important part!
Learn industrial controls by

training on the NTS Electro-Lab

(a complete workshop). You also
build and operate this 5 solid-state
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MARANTZ MODEL 500 POWER AMPLIFIER
(A Hirsch-Houck Labs Report)
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MANY of the newer multi-driver, low-
efficiency speaker systems are capable
of astonishing lifelike reproduction—when
sufficient clean audio power is available to
drive them. Although the majority of hi-f
enthusiasts will undoubtedly continue to be
satisfied with amplifiers rated at up to 60
watts/channel, several times that level can
easily be handled by the better speakers
without damage to the cones or producing
significant distortion. In fact, the reproduc-
tion of a solo piano at a natural volume
level, using high-quality acoustic-suspension
speaker systems, can easily require ampli-
fier peak powers of several hundred watts.

Marantz has recently introduced a “su-
per power” basic stereo amplifier that will
drive just about any speaker systems you
care to mention. The power ratings of their
Model 500 amplifier, all based on continu-
ous power output with both channels driven
(between 20 and 20,000 Hz) are: 500 watts/
chamnel into 4 ohms, 250 watts/channel
into 8 ohms, and 125 watts/channel into 16
ohms. The rated harmonic and IM distor-
tion at these power levels is less than 0.1
percent.

Although the Model 500 is a “basic”
amplifier, it employs 58 transistors and 14
diodes, many of which are used in its exten-
sive protective circuitry. The output transis-
tors are current-limited and feature instant
overload recovery. In addition, relay circuits
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provide time delayed turn-on, eliminating
transient “thumps” and “pops” (that could
be fatal to many speaker systems at these
power levels), while also protecting both
amplifier and speakers against excessive
subsonic (less than 8 Hz) drive levels. The
amplifier is designed for continuous opera-
tion at high power levels. It is cooled by a
combination of massive heat sinks and in-
ternal forced-air ccoling.

Each channel has its own front-panel
gain control, output meter, and power lim-
iter switch. This last can be set for max-
imum outputs of 100, 60, or 20 percent of
the rated power; it simultaneously changes
the output nieter range. The input and out-
put connectors are located behind a remov-
able section of the front panel and are dupli-
cated on the rear apron.

The amplifier measures 17% in. wide by
16 in. deep by 7 in. high and weighs 78
pounds. At full power, it draws 2000 watts
from a 117-volt ac line. (Underrnormal op-
erating conditions, the power drain is a
small fraction of this figure.)

The retail price of the Marantz Model
500 power amplifier is $1200.

Laboratory Measurements. We measured
the clipping power into 8-ohm loads to be
310 watts/channel at 1000 Hz. Into 16
ohms, it was 205 watts/channel. We could
not measure the maximum power into 4
ohms since the output fuses blew bhefore
the clipping level was reached. However, it
was well over the rated 500 watts/channel.
An input signal of 0.42 volt drove the am-
plifier to 10 watts output, while about 1.75
volts was needed to drive it to full power.
Hum and noise were inaudible, measuring
77 dB below 10 watts, or 91 dB below rated
output power.

The distorticn was relatively independent
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of frequency and power level. At either full
or half power, it was less than 0.02 percent
from 20 Hz to 20,000 Hz and was typically
less than 0.007 at most frequencies. At one-
tenth power, a healthy 25 watts, the distor-
tion was 0.006 percent over most of the
audio frequency range. With a 1000-1z in-
put, the harmonic distortion  dropped
smoothly from less than 0.01 percent at 1
watt to 0.004 percent between 100 and 200
watts. It rose to 0.006 percent at the rated
250 watts/channel and was about 0.08 per-
cent between 300 and 350 watts. The IM
distortion was virtually constant over a wide
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power range; from 8 mW to over 250 W, it
measured between 0.05 and 0.08 percent.

On the three selectable power ranges,
the steady-state output corresponding to a
0-dB meter reading was 24.5, 75, and 125
watts, respectively. The clipping power
outputs were 75, 215, and 310 watts—a re-
serve of only 3-4 dB over the average levels.
If the meters read consistently higher than
about —6 dB, the next higher range should
be used to prevent peak clipping.

The low-level frequency response, with
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the gai controls at maximum, was within
+0.1 dB from 10 Hz to 20,000 Hz, falling to
—1dB at 70,000 Hz and —3 dB at 135,000
Hz. At a —6-dB volume setting (the worst
case for internal capacitive loading of the
gain potentiometers), the output fell to —0.7
dB at 20,000 Hz and —3 dB at 40,000 Hz.

User Comments. The measured perform-
ance of the Model 500 amplifier literally
speaks for itself. No amplifier we have seen
is any better—few can even compare to it.
The excitement and “open” quality it ex-
hibits in reproduced music, made possible
by a virtually unlimited and undistorted
power reserve, must be heard to be appreci-
ated. The amplifier certainly justifies its de-
signers’ expectations in full measure.

Any amplifier cf this power rating must
have forced-air cooling for prolonged oper-
ation at greater than home listening levels.
Generally, the user is expected to supply
the fan and install it (hopefully) in such a
mamner as to provide proper cooling.
Marantz has done the engineering of the
cooling system as part of the amplifier de-
sign, a fact that should be appreciated by
anyone investing so much money in an am-
plifier that could be extensively damaged by
an incorrect installation. The fan, though
quiet, can be heard during standby periods
when the amplifier is located in the listening
area. We measured its acoustic output at
43-45 dB (ANSI “A” weighting) at a dis-
tance of 3 ft.—not a troublesome level un-
der normal listening conditions.

Circle No. 65 on Reader Service Card

DUAL MODEL 1229 AUTOMATIC TURNTABLE
(A Hirsch-Houck Labs Report)

THE HIGHEST priced automatic tumta-

ble in the Dual line is now the Model
1229, replacing the former Model 1219.
When a product has reached the stage of
refinement attained by the 1219, it is diffi-
cult to make major improvements; but
small operating refinements are always
possible, such as what has been done with
the new Model 1229.

Like the former model, the 1229 has a
massive 7-pound aluminum platter driven
bv a synchronous continuous-pole motor.
Each of the three speeds (33%, 45, and
78 rpm) can be adjusted over a nominal
range of *£3 percent by a knoby that is con-
centric with the speed selector lever. The
8%-in. low-mass tubular aluminum tone-
arm is pivoted on low-friction gimbals, and
the entire arm moves up and down to pro-
vide the optimum vertical tracking angle
when playing either a single record or a stack
of up to six discs. The cueing lever gently
raises and lowers the pickup with damped
control in both directions.

In the 1229. the ve ner speed adjustment
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has been made more useful by the provision
of stroboscope markings underneath the
platter. These are illuminated by a neon
lamp and can be viewed through a window
in the motorboard while the system is in
operation. The 1219 had cartridge tracking
force calibration markings of from 0 to 5.5
grams and a corresponding range on the
scales of the separate anti-skating force
control.  Since cartridges requiring the
higher tracking forces would not be com-
patible (in quality) with such a refined tone
arm and turntable. Dual has reduced the
range of force in the 1229 to 0-3 grams.
Recognizing  the importance of accurate
force settings with highly compliant car-
tridges tracking at 1 gram or less, they have
also provided calibration marks at 0.1-gram
intervals between 0.2 and 1.5 grams and at
0.25-gram intervals between 1.5 and 3
grams.

The calibrations of the antiskating force
dial have been altered to match those of the
tracking force dial. Finally, the counter-
weight, formerly adjustable in click-stop in-
tervals of 0.01 gram, now rotates smoothly
for arm balancing.

The retail price of the Model 1229 auto-
matic turntable, minus optional base and
dust cover, is $200.

Laboratory Measurements. The tracking
force calibrations proved to be extremely
accurate, exhibiting an error of less than
0.1 gram. Unlike practically every other
automatic record ployer we have tested, the
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1229’s tonearm exerts the same force at the
top of a stack of records as it does with a
single disc. (Most arms exhibit a change of
several tenths of a gram.)

The arm tracking error was essentially
zero over most of the record surface (be-
tween radii of 3 in. and 5 in.), a negligible
0.25°/in. at a 6-in. radius and a very ac-
ceptable 0.6°/in. at the inner radius of 2!
in. The antiskuting compensation was neurl_\'
optimum, although we found that, by set-
ting it about 0.5 gram higher than the
tracking force, we obtained a slightly bet-
ter correction.

Wow and flutter were each 0.05 percent
at 33% rpm and were even lower at 45
rpm. At 78 rpm, the wow was 0.025 per-
cent and the flutter was 0.055 percent. The
unweighted lateral rumble was —38 dB.
With CBS RRLL weighting (more indica-
tive of the audibility of the different ram-

ble frequency components), it was —56 dB.
These are among the lowest rumble figures
we have measured on any type of tumtable.
The speed adjustment covered a range of
+2.8 percent and —3.4 percent about the
correct speed. In automatic operation, the
change cvcle required a relatively short 12
seconds.

User Comments. After vears of using and
testing Dual automatic turntables, we arc
no longer surprised by their superb perform-
ance. We have come to expect it, and the
Model 1229 carries on the tradition. With
wow, flutter, and rumble levels already De-
low those present on most records and an
arm as nearly ideal as is possible with its
dimensions, the Dual 1229 automatic turn-
table is, for all practical purposes, the equal
of any combination of record playing com-
ponents known to us.

Circle No. 66 on Reader Service Card

FISHER MODEL PL-6 SOUND PANEL SPEAKER
(A Hirsch-Houck Labs Report)

ELDOMI is it claimed that a simple “box”

loudspeaker is an attractive piece of
furniture. Even the compact “hookshelf”
speaker system can sometimes be difficult to
fit into a given room’s decor. The problem
is more severe in a quadruphonic setup
where four speaker systems are required—
a situation that has deterred many people
from converting to 4-channel stereo.

Fisher Radio is now marketing a new
loudspeaker that is specifically directed to-
ward solving the speaker—versus-decor di-
lemma. Externally, their Model PL-6 Sound
Panel resembles a picture, framed in ma-
hogany, and measuring 29% in. by 23A
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in. bv 2% in. Covering the driver elements
is a fabric “grille” that is available in u
choice of four abstract and four rustic
scenes. The overall effect is that of a paint-
ing or lithograph. And because the Sound
Panel weighs only 21 pounds, it can eusily
be wall hung. Alternatively, it can be built
into a room divider or custom cabinet or
used as a free-standing floor speaker system
on the wood feet supplied with each unit.

Most “thin-profile” speakers in the past
have consisted of arrays of small cone driv-
ers housed in a shallow enclosure. The PL-6.
on the other hand, has a large polystyrene
radiating surface that measures roughly 22
in. by 17 in. Most of this area is the
“woofer,” driven at its center by a l-in.
voice coil in the field of a 2.64-pound fer-
rite magnet. The voice coil is coupled to the
diaphragm through a compliant cement, the
one driving the other by what Fisher terms
“hammering” action.

In one corner of the PL-6 is a separate
high-frequency driver whose voice coil and
magnet are the same size as those used for
the woofer. This “tweeter” drives a smaller
section of the flat diaphragm, the dia-
phragm being elastically decoupled from
the main area that makes up the woofer
surface. The thickness of the polystyrene
diaphragm tapers from maximum at the
center to very thin around the edges. The
tweeter voice coil is driven through a capac-
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itor that isolates it from the low-frequency
signals, but the acoustic crossover is essen-
tially due to the mechanical design of the
structure.

Nominally rated at 8 ohms, the speaker
system is much more efficient than acoustic-
suspension speakers and can be driven to
loud listening levels by amplifiers rated at
from 5 watts to 10 watts output. It can
handle maximum power inputs of 25 watts
continuous or 50 watts of program mate-
rial.

Fisher claims omnidirectional perform-
ance from the PL-6. A portion of the rear
of the speaker is open behind each driver so
that in a free-standing installation, the radi-
ation pattern is roughly the figure-eight
shape of a dipole source. Although there is
no radiation at 90° to the speaker plane,
the reflection of the rear radiation from the
walls gives the PL-6 better overall disper-
sion than most conventional speaker sys-
tems. Of course, hanging the PL-6 on a
wall eliminates most of the rear radiation
and results in a more usual polar response
with a reduction in bass output.

The retail price of the Fisher Model PL-6
Sound Panel speaker system is $138.

Laboratory Measurements. We tested the
PL-6 in a free-standing floor-positioned
mode where it was several feet from a wall.
Except for a 5-dB peak centered at 450
11z, the low-fr@quency output was quite uni-

form (=2 db) from 60 Hz to 1000 Hz. The
average level of the higher frequencies was
about 3 dB lewer, with minor irregularities
and overall response of =3 dB from 1000
Hz to 13,000 Hz.

The low-frequency distortion was less
than 3 percent down to 50 Hz. It rose to 5
percent at 45 Hz and to 10 percent at 40
Hz. There was little difference in distortion
whether we used a constant l-watt drive
level or a constant 90-dB SPL output at a
3-ft distance from the speaker.

The impedance averaged 8 ohms, varying
from 7 ohms to 10 ohms over most of the
audio range (except for a rise to 30 ohms
at the bass resonance of 66 Hz). Unlike
most other speaker impedance curves, which
are smooth except for one or two
major resonance peaks, that of the PL-6
had many small irregularities at low and
middle frequencies and a couple at the high
end. These suggest the existence of a num-
ber of minor resonances, a situation not un-
expected in a large flat radiator such as that
used in this speaker system.

The tone-burst response was good at low
frequencies but was irregular at middle
and high frequencies. As claimed, the PL-6
efficiency was high, requiring only 30 mw
to drive the ontput to a 90-dB SPL. This is
about 6-12 dB more efficient than most
speaker systems we have tested.

User Comments. Our first impression on
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hearing the PL-6 was of a pro‘ected sound
in the midrange and a mode.ate deficiency
of highs. To a considerable extent, the
response of the system can be “tailored”
with tone controls (or even better, by a
multi-band equalizer) to have a more bal-
anced character. A moderate treble boost
and a Lttle bass cut make a worthwhile
improvement.

After onlv a short listen'ng period, the
coloration of the system became much less
obvious, to the point where we were able

to ignore it and simply listen to the total
effect. It is a very pleasant and l.stenable
speaker system that merely requires some
getting used to since it sounds quite differ-
ent from most comparably priced speaker
systems.

The PL-6 has two very big p'usses: Cne
is that it is very efficient when compared
with conventional speaker svstems. The
other is its very compact shape and decora-
tor styling—a decided advautage in both 2-
and {-channel systems.

Circle No. 67 on Reader Service Card

REALISTIC MODEL TRC-49 CB TRANSCEIVER

[HE NUMBER of CB transceivers with

the capability to monitor Channel 9
while normal operation is being conducted
on other channels is on the rise. One of the
newer rigs providing this feature is the Real-
istic  Model TRC-49 Navaho Pro-Niner.
Other than containing a special Channel-9
priority feature, it is normal in all respects.

The Navaho Pro-Niner is a 23-channel,
crystal-synthesized transceiver that operates
at 5 watts input power to the final ampli-
fier. It contains a noise limiter and blanker
with on/off switch, delta tune, and adjust-
able squelch (operates on both main and
Channel-9 receivers). Other features include
a meter that indicates S units, relative r-f
output, and SWR; public-address facility;
function indicator lamps; front-facing speak-
er; and a detachable dynamic microphone.
There is also a jack for an external speaker
and another for headphones.

Measuring 124”7 wide by 9” deep by 5”7
high, the transceiver appears to be designed
primarily for base station use. However. it
has built-in provisions for operation from a
12-volt dc negative-ground source, and mo-
bile mounting hardware is provided with
the rig.

The Realistic Model TRC-49 Navaho
Pro-Niner CB transceiver’s retail price is
$200. For this price, the buyer also receives
the microphone, ac and dc power cables,
spare fuse, and mounting hardware.
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Main Receiver. The main receiver. with
a tested sensitivity of 0.4 pV for 10 dB (S
+ N)/N (30 percent modulation at 1000
1z), is a double-conversion one, employing
a FET r-f amplifier. The first i-f is nom-
inally 10.6 MHz; the second i-f is at 455
kHz, emploving a mechanical filter and
transformer-coupled  eircuits to provide a
bandpass of 6 kHz at 6 dB. Adjacent-
channel rejection measured 40 dB on the
low side and 50 dB on the high side.

The age, applied to the r-f and mixer
stages, maintains an a-f output within 4 dB
with an r-f input change of 60 dB (10-
10,000 pV) and 9 dB at 1-10 pV (20 dB).
The squelch threshold was adjustable for
signals of 0.4-1000 pV.

An IC and a push-pull class-B a-f output
amplifier delivers 3.25 and 4.5 watts at
1000 Hz with 6 and 10 percent distortion,
respectively. This is more power than is usu-
ally available in rigs of this type. The PA
level can be adjusted with the volume con-
trol.

The anl is a conventional series-gate type
that follows the detector. The degree of
noise limiting is varied by a front panel
control. The noise blanker is a bit unusual.
Instead of a diode-switched gate for inter-
rupting uwoise pulses, the gating pulses mo-
mentarily shut off the second mixer. The anl
and  blanker can  be  simultaneously
switched on or off. Their paired perform-
ance provided 20 dB attenuation on im-
pulse-noise peaks.

Channel-9 Receiver. Also containing a
FET rf amplifier, the Channel-9 receiver
had a tested sensitivitv of 0.6 pV for 10 dB
(S + N)/N. Employing single conversion,
its i-f is at 455 kHz, where the adjacent-
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channel selectivity checked out at 40 dB.
Image rejection, as expected with single-
conversion at this low i-f, was only 10 dB,
compared with 55 dB for the main re-
ceiver. [Towever, the likelihood of the ap-
pearance of an interfering signal at the
26,555-kHz image frequency is slim.

Frequency Synthesizer. The frequency
synthesizer uses various combinations of
crystal groups as the need requires. The
Delta tune varies the frequency of the re-
ceiving crystals in a fixed amount of rough-
ly =700 Hz around the center trequency.
For the Channel-9 receiver, heterodyning
at the mixer is obtained with a separate
26.81-MHz crystal. The transmitting  fre-
quency on anv channel was within 0.002
percent at 78° F.

Transmitter. Signals from the synthesizer
go to a transmitter mixer, huffer and driver
amplifiers, and the p-a. that has a triple-
section output network designed for a 50-
ohm load. On line power, the carrier out-
put measured 3.25 watts; using a 13.8-volt
de source, it was 3.5 watts.

Modulation, obtained from the receiver’s
power amplifier, was excellent, with a clean
sine wave up to 100 percent modulation
with only 7 percent distortion at 1000 Hz.
The positive peaks limited at 100 percent
without deteriorating the waveform. But
with increased speech levels, the negative
peaks “crossed over,” making splatter pos-
sible. However, observations on a spec-
trum analvzer indicated that with voice fre-
quencies helow 3000 Hz no significant spill-
over was observed on the adjacent channel.

Negative carrier shift also was noted,
particularly  with 117-volt ac power and
with loads presenting an SWR greater than
I.1:1, indicating that performance is quite
sensitive to the load impedance. Tt is best

to hold the SWR as near as possible to 1:1.
The panel meter can be used for determin-
ing the S\WR into which the transmitter
“looks.” Unfortunately, with our test unit, a
50-ohm load with an actual SWR of 1:1
showed up on the meter as 1.5:1, while a
load with 2:1 SWR showed up as 1:1.
This may have heen a peculiarity unique to
our test unit.

During transmit, an o~x The air indi-
cator and a MopuLaTION indicator come
on, the latter glowing with varying intensity
accm‘ding to the modulation.

Channel-9 Operation. Setting up the
Channel-9 priority arrangement is handled
by controls grouped at one comer of the
front panel. At the orr position of one
control, this feature is disabled. When
placed at LIGHT, the system is in operation
and a light comes on when a signal appears
on Channel 9. When the control is at RE-
CEIVE, a signal on Channel-9 disables the
main receiver so that the signul automatic-
ally is heard. Then, if it is desired to trans-
mit on Channel 9, without having to shift
the synthesizer dial, the TRANsMIT button
must be depressed. A third control is an
individual squeleh for the Channel-9 re-
ceiver.

Other Data. The receiver section is ex-
ceptionally quiet. Even when unsquelched,
very little backgronmd noise could be heard
in the absence of a signal. Both the receiver
and the transmitter have a low-frequency
roll-off helow 750 Hz, amounting to 6 dB
at 450 Hz, and dropping faster below this
point. With a response at the high end up to
3000 Hz, the result is crisp quality and fine
voice intelligibility. On receive, intelligibility
is enhanced by the front-facing speaker.
The squelch action is exceptionally smooth,
with no hard attack or release.

Circle No. 68 on Reader Service Card

MITS 4- AND 6-DIGIT ELECTRONIC CLOCKS

EVER SINCE the advent of digital inte-

grated circnits, the staid old world of
timekeeping has been undergoing a major
revolution that is threatening to put forever
to rest the old mechanical clockwork mech-
anism, Unless you have been keeping on
top of the latest developments in IC tech-
nology, you might he surprised to leam that
there is on the market a new crop of
consmmer-type all-electronic clocks that em:
play a sne'e LSI chip to perform all the
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functions that, in an earlier day, demanded
no less than 14 ICs. The single-chip clock
offers the consumer many advantages, not
the least of which are compact size, low
power drain, and low cost.

MITS, Inc., was among the first of the
companies to come out with clocks that
capitalize on the new LSI chips. They offer
two versions: one has a 6-digit readont sys-
tem (hours, minutes, and seconds). and the
other has a 4-digit readout (hours and min-
utes). The 6-digit Model DC6 factory-
wired clock sells for $98.50, while the kit
version DCBK is $58.50. The factorv-wired
4-digit Model DC4 lists for $89.50, the kit
version DC4K for $48.50.

The two versions have some common
features. Each utilizes extralarge 7-

segment LED readouts. While different
types of LSI chips are used in cach version.
both chips feature 50/60-Hz operation and
the choice of 12- or 24-hour display for-
mats. (In the 12-hour mode. the leading
tens-of-hours zero is blanked. but no lead-
ing-zero blanking is used in the 24-hour
mode.) Separate double-sided PC hoards
are used for the readout display and the
rest of the clectronics (the power trans-
former mounts on the rear wall of the chas-
sis). Momentary-action pushbutton switches
provide a means for rast and sLow time
setting and a noLp function for precise time
starting.

While different LST chips are used for the
4- and 6-digit MITS clocks, cach is the
clectronic analog of the basic mechanical
clzckwork mechanism. Each chip contains
a divider chain that delivers a 1-pulse/sec
{1-pps) output from either a 50- or a 60-
Hz line frequency, depending on whether or
not a certain IC pin is connected to ground.
In the DCB, the l-pps output feeds the
units-seconds counter, but in the DC4, it
pulses the colon between the hours and min-
utes readouts once a second while a further
division takes place to deliver a l-pulse/
min (1-ppm) signal to the units-minutes
decade.

Additional circuits on the LSI chips count
and decode the 1l-pps or 1l-ppm “clock”
pulses to ultimately provide either a 4- or a
6-digit readout driving signal. Additionally,
multiplexing circuits “strobe” the decoder
outputs at a flicker-free high frequency,
thus saving on outboard circuit complexity.
The outputs from the chips are designed for
driving low-power readouts, but the LED
displays demand more power than these
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outputs can safely deliver. So, outboard
driver transistors are used between the two
to provide proper interfacing.

Upon first opening the carton in which
our DC6K arrived and laying out the com-
ponents in preparation for getting to work,
we were highly impressed by the quality of
the items arrayed. One would expect the
LSI chip, LED readouts, and transistors to
be of the highest quality available, and this
kit contained only 5-percent tolerance resis-
tors  where 10-  and  20-percenters
would clearly have sufficed. Equally im-
pressive was the ¥4”-thick machined alumi-
num chassis/case assembly. Actually, every-
thing about this kit impressed us to some
degree or another.

Assembling the clock is a bit of a let-
down for the avid kit builder. It goes to-
gether too quickly. For the economy-
minded buyer, however, the fast assembly
time (our kit went together in a little over
three hours), aided by one of the best writ-
ten and best illustrated assembly manuals,
is a strong argument in favor of investing in
the kit.

Our DC4 clock arrived factory-wired (a
pity; we could have had so much fun as-
sembling it after having whetted our appe-
tites on the DC6K). Yielding to our strong
senses of curiositv, we opened the case for
a look-see. True to form, its quality was
every bit as impressive as the kit we had
just assembled.

Circle No. 69 on Reader Service Card

L= = T

‘“We should have read the instructions.
Step two was to unfold the antenna.”
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gg MAC’S SERVICE SHOP

Being an Amateur

Pays Off

OG-DAY doldrums had finallv reached
Mac’s Service Shop. Customers were so
busy enjoving their vacations and all kinds
of outdoor activities that they simply ig-
nored malfunctioning radios and TV sets.
After all, a tired summer rerun on the TV
screen was poor competition for a cookout
in the back vard or just chatting quietly in
lawn chairs heneath the stars on a balmy
summer evening.

As a result, there was not an unrepaired
set in the shop nor an unanswered service
call on Matilda’s pad. Service benches were
almost  painfully clean and uncluttered;
service instruments had been polished and
recalibrated; reference books and replace-
ments parts had been carefully and neatly
reurrunged. Mac and his assistant, Baruey,
were sitting side by side on the service
beneh swinging their legs and chatting.

“Mac,” Barey said, “I seldom hear you
talking about working your ham rig any
more. How come?”

“Just don’t have the time,” Mac ex-
pLuned loading his pipe. “You have to keep
ruming hard ]u.st to stand still in electronics
these davs. As my wife will quickly and
tartly tell vou, when I'm home T usually
have my nose stuck in a magazine or hook.
Sometimes I have the ham receiver go'ng
while I read, but I seldom flip on the trans-
mitter. T know if T do T'll probably shnot
several hours, for hamming is just as fasci-
nating to me as it ever was.”

“As long as you've been hamiing, T'l
bet you've had some weird experiences.”

The FBI-Dillinger Caper. “That I have.
One of the first was what I call the FBI-
John l)|"1nge1 Caper You probably kuow
that back in the "30’s John Dillinger, Baby
FFace Nelson, and the Brady Gang—not to
be confused with the sweetness-and- light
TV show called the Bradvy Bunch—all
operated  right through these parts. The
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By John T. Frye, WOEGV, KHD4167

Bradv Gang ambushed and killed a state
trooper by the name of Minneman and shot
up our deputy sheriff, Craig, at the Caley
Church just north of town. Dillinger himselt
is buried only sixty-five miles south of here
at the Crown Iill Cemetery at Indianapolis.

“While my rig was only a breadhoarded
self-excited TNT rig using a pair of 45 re-
ceiving tubes and inputting a sizzling
thirty-five watts, 1 was quite active in the
traffic CW nets. One day I was sitting out
in the lawn swing in the front vard “with
some girls—wipe that unbehevm(r grin off
vour face—when a long black car pulled
up and a couple of serious looking men got
out. They said thev would like to talk to me
in private. While T was excusing myself, I
noticed something odd about their car: it
had a very thick windshield with about a
two-inch round hole cut neatly through the
glass on the passenger side. a hole. 1
learned later, for recieving the barrel of a
rifle or machine gun.

“As soon as we were inside, one intro-
duced himself as an FBI agent and showed
me his identification. He introduced the
other man as a law officer from one of the
northern counties. Maybe vou think I
wasn't hastilv reviewing my most receut
sins as we sat down! Thev wanted to know
if T held the ham call, WOEGV. and if T had
handled a radio message in the past three
days. I cautiously pleaded guilty on both
counts. Then they wanted to know if they
could see the message.

“T gulped and said, ‘No, not without a
court order.” It’'s not easy to say no to an
FBI agent, but I knew showing mv mes-
sage log would be in violation of the Secrecy
of Communication portion of the Radio Act.
They wanted to see my license, which
showed them, and we s'p'm’ed around for a
few minutes, Finally I said, ‘Look, vou fel-
lows want to know something. I'm \Vlllmg to
help if T can; so why don’t you just ask me?”
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Everything you need to know to service

practically everything electronic

1-2-3-4 SERVICING STEREO AMPS
by Forest H. Bell

A complete guide to servicing the latest tran.
sistor audio circuits. It follows the logical
1.2-3-4 step-by-step procedure that avoids false
starts and “blind alleys'* in searching out de-
tecls in performance. 240 pages.

No. 20912 ... ..ot $4.95

1-2-3-4 SERVICING TRANSISTOR COLOR TV
by Forest H. Bell

Follow the 1-2-3-4 method outhined in this
guide and get the repair job done easily and
right the first time. Covers latest color-tv cir-
cuitry from problem diagnosis to repair. 264
pages.

No. 20777 ... .ot $4.95

1-2-3-4 SERVICING AUTOMOBILE STEREQ
by Forest H. Belt

Explains and shows how to apply the easy
1-2-3-4 method to auto stereo equipmeni. Use
it to locate and sclve aulo slereo problems and
troubles with minimum waste effor, 192 pages

No. 20737 ............. 0o

1-2-3-4 SERVICING CASSETTES
by Forest H. Belt

The 1-2-3-4 system makes it a simple matter to
trace, pinpoint and correctly service casselte

CB RADIO SERVICING GUIDE
(Secand Edition)
by Leo G. Sands

I and i i for trouble-
shooling, servicing, tuming, and tesling all
types of Citizens Band radio equipment. In-
cludes FCC regulations on equipmeni perform-
ance and maintenance. 160 pages.
No. 20722 ..

COLOR-TV SERVICING GUIDE

by Robert G. Middleton

Using full color tube-face iliusirallons of color-
tv trouble symptoms as clues, it details possi-
ble causes ol the problems, analyzes them,
and gives procedures necessary 1o elfect a
cure. A quick, effeclive servicing guide. 112
pages.

No. 20358 ..

AUTOMOBILE ELECTRONICS

SERVICING GUIDE

by Joseph J. Carr

Auto electronics equipment has come far since
the push-button a-m auto radio, and lhis new
guide covers every advance in detail. Nl ex-
plains how to lroubleshool and service a m
and Im car radios. casseltes, and eight-rack
cartridges. 123 pages.

No. 20827 ..
SOLID-STATE SERVICING

by William Sloot

Explains semiconductor theory as it applies to

$4.95

servicing solid-siate elrclronics, and covers
the functions of circuits used in home enter-

electronic d This format al-
lows development of techniques that apply to
all solid-stale servicing problems. 160 pages.

No. 20888 ..... .........coiiuiinunnn $4.95

TAPE RECORBER SERMICING GUIDE

by Robert G. Middleion

Gives full covarage and explanation of servic.
ing lechniques and prablems encountered in
ihe fast-growing field of tape cartridges, tape
casselles and stereo tape players. Covers both
electronic circuitry and mechanical aspects.
96 pages.

No. 20748 ........ .-

HI-FI STEREO SERVICING GUIDE

by Robert G. Middieton

Shows how to localize roubles and repair a-m
tuners, {m tuners, stereo-multiplex units, and
audio amplifiers. Explains use of audio test
and measurement equipmenl 1o achieve best
resulls. 112 pages.

No. 20785 ..$3.95

RECORD CHANGER SEAVICING GUIDE

by Robert G. Middleton

Fully analyzes the working parts of record
changer mechanisms, poinis up possible de-
fects, adj and i b
Many illusirations and exploded views to make
1he service technician lamiliar with all working
parts. 96 pages.

No. 20730 ...........

The Sams Technical Library contains many other helptul books
in the electronics servicing field. Send for our free catalog.

p This newest addi to r:he 1-2-3-4 | PE-083 i
library is a “must’” for service technicians in 20812 [J 20358
- i 1 . 24 § | ( i HOWARD W. SAMS & CO., INC. a

(heltactigroninolcasseislmerie NiZa0RRcss | ® 4300 Wesl| 62nd Street, Indllnap’olls, Indiana 46268 0 20777 [ 20927 I
No. 20822 ...........coinnunn 00060000 $5.25

°© | Qrder from your EIe(c:lronics Parts Distributor, or mail 10 [ 20737 [J 20888 |

| Howard W Sams & Co., Inc. 0 20922 [ 20748 |
Send books checked at right. $. enclosed.

AUTO RADIO SERVICING MAOE EASY l Please include sales tax where applicable. 0 20719 [ 20785 |
(Second Editian) | O Send FREE 1973 Sams Book Catalog. 020722 O 20730 i
by Wayne Lemons | |
A clear detailing of auto-radio circuits, from | Name
antenna o speaker. Shows how to eliminate (Please print) |
noise and interference, determine the correct | |
bias, handle avc trouble. Also covers im aulo i Add
radio, mulliplex, and siereo tape players. |
168 pages. ] City. State. Zip. |
No. 20719 ........... [ETOTI saes L e EE—
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“‘0.K.; the FBI man said, ‘we have a
message with your call as the station of
origin, making a date for John Dillinger to
meet Baby Face Nelson at a little town to
the north of here. On the strength of this,
we've had fifty men lying in wait up there
for two nights. As you might guess, we
checked you out pretty thoroughly before
we came, and we think the radiogram is
probably a hoax, but we still have to make
sure. That's why we'd like to inspect your
log.”

““In that case, be mv guest,” I answered,
heading for the ham shack. Was [ ever
glad my log was right up to date! I was
dead sure all my transmissions had heen
monitored around the clock for the past
few days. The only message [ hud handled
recently was one I had picked up from
Kentucky and had relayed into Chicago
that very morning. It was one of those in-
nocuous arrived-safely-will-write-soon  tvpe.
Satisfied I was not a Dillinger henchman,
they asked me not to say anything about
the affair. I pointed out that if someone
were using my call I wanted to report it to
the FCC before he got me into more trouble.
Thev said to go ahead and report the
suspected hootlegging of my call and refer
the FCC to the FBI for further details. I
did, and six months later I got a notice
from the FCC that everything had been
cleared up to their satisfaction. T never
learned any more. The FBI, understand-
ably, is much better at collecting informa-
tion than at putting it out.”

“Wow!” exclaimed.

Barnev “Got any
more wild stories?”
R-F Burn Treatment. “Lots of them.

Here's one a little more amusing. My six-
teen-vear-old cousin had a wart on her
hand and asked if I could take it off. I had
discovered I could tune up the pi-network
coupler of my transmitter so that it would
develop a very high r-f voltage, enough to
leap a quarter of an inch, at the end of a
short antenna. I discovered this by burning
myself with it on several occasions. I came
up with the stupid and dangerous idea that
I could burn the wart with this r-f the wav a
doctor would do with an electric needle.
Remember I was only twenty and had no
idea of the possible grave consequences.
“She was all for it; so, really hamming it
up. I rigged up a wooden-handled ice pick
for my ‘need'e’ and got ready to operate.
We were both laughing and giggling, and
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when the little blue flame leaped to the
surface of the wart she let out a bloodcur-
dling scream. Our voices vibrated the 45
tubes in the transmitter, and at least one
of them must have been microphonic. A
fellow ham a few blocks away tuned in to
my carrier, and he could hear us langhing
and gigeling and her screaming, and he
actually recognized my voice. Ile came
pounding over to see what was going on
and to find out how I made my CW trans-
mitter put out a radiotelephone signal. I'm
sure he was disappointed all the way around
at what he found.”

“Did the wart go away?”

“Strangely enough it did, although the r-f
only bumed a tiny white spot on the top
of it. Probably rubbing it with stump water
or castor oil or tying a horsehair around it
would have achieved the same results.

The Telephone Company. “Another time
the telephone company called and asked if
they could run a loop from one of their
long distance lines into my house so that
I might decipher some high speed code
that mvsteriously appeared on that line ev-
ery afternoon at precisely four o’clock.
Naturally T was all for this, and they ran
the loop into my ham shack just shortly be-
fore Christmas.

“At four o'clock, right on cue, the CW
started. It was only about twenty words per
minute, and I had no trouble getting it
down on paper. Apparently it was con-
cerned with hootlegging—remember  this
was in the prohibition era—and was placing
orders for case lots of whiskey and gin and
wine. It only lasted two or three minutes
and seemed to be a one-way transmission.
The telephone people told me there was no
change in resistance on their lines to in-
dicate a direct tap and that they had
patrolled everv foot of that line withoul
finding anything wrong. They decided the
freeloaders were using inductive coupling
to put the message on the line and to pick
it off, probably by simultaneously raising in-
ductive couplers to the line at remote spots.
Theyv thanked me and teok the message 1
had scribbled down for them. Two weeks
later they called to sav the code had d's-
appeared. I don’t think it ever reappeared.”

“Ham radio really involved you in some
interesting things.”

International Events. “Yes, and on at
least two occasions it gave e a front seat
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on events of international interest. On that
October morning, 1957, after the Russians
put up Sputnik I, I hooked up with a Ger-
man station. The operator had just come
home after working twelve hours at a track-
ing station, and he was tremendously ex-
cited. He gave me almost the precise orbit
of the little satellite, told me its operating
frequencies, and described when it would
be passing over the U.S. Armed with this
information, I was able to tune in and re-
cord the lonely little beep-heep-beep close
to WWV’s frequency, and I still prize that
recording. It was at least thirty-six hours
before the news services published most of
this information. I offered my information to
our local newspaper, but they were afraid
to print it because they had not received it
over their news service wires.

“On the morning after the Anchorage,
Alaska, earthquake of 1964 I contacted a
station operating on emergency power at
the hard-hit airport at Anchorage. The
operator told me, ‘Mac, I'm listening to
what vour radio stations are saving about
the fatalities here, and they are grossly
exaggerated. We have some people killed,
but not thousands as they are saying. Be-

lieve me, I know what I'm talking about.’
Again I relayed this to our local newspapers,
but they were afraid to print it.

“When deadly tornadoes raked this state
on Palm Sunday, 19653, I sat at the ham rig
for thirty-six hours straight because one of
the hardest hit areas was just twenty miles
south of here. I've also worked in Ohio and
Mississippi  River floods, in Florida and
Gulf Coast hurricanes, m blizzards, ice
storms, and forest fires. Many times, unless
I was sure I could help, I just listened; but
always I felt as though I was there, right in
the midst of the action, ready to help if
needed. As vou well know, it is often bet-
ter for an emergency net to be controlled by
a station entirely outside a disaster area. He
has reliable power and good landline com-
munications; he is not subjected to the
hectic and emotion-charged conditions pre-
vailing in the area; and, quite often, skip
conditions enable him to copy clearly weak
stations in the disaster area that cannot read
cach other.

“The point I'm trying to make is that ham
radio is a hobby that has all the elements of
romance, plus, as a big bonus, a chance
to improve vour electronics prowess.” @

SAVE MONEY!

A Delta Mark Ten Capacitive Discharge Ignition
(CD1) System On Your Car Slashes Maintenance
Costs And Increases Performance.

Put a Mark Ten on your car and save by elimi-
nating 3 out of 4 tune-ups. Save as gasoline mileage
increases (up to 20%). The Mark Ten CDI system
also extends spark plug life, promotes more com-
plete combustion and assures instant starts in all
weather. It operates on any 6 or 12 volt negative or
positive ground system.

The Mark Ten B affords additional money sav-
ing advantages by drastically reducing combustion
contaminants and restoring power lost by the use
of smog control devices. Equipped with handy
switch for instant return to standard ignition, the
Mark Ten B works with ANY 12 volit negative ground
engine. Both systems instail in ten minutes with-
out rewiring.

Order your Mark Ten or Mark Ten B today. Save
money while you enjoy low maintenace and in-
creased performance.

Mark Ten (Assembled) $44.95 ppd.

Mark Ten (Deltakit) $29.95 ppd. Mark Ten B $59.95 ppd.
{Kits available in 12 volt only, (12 volt negative ground only)
positive or negative ground)

Superior Products at Sensible Prices
Mfg. in US.A.

| DELTA PRODUCTS, INC.

|

|

| PO BOX 1147 + GRAND JUNCTION, COLDRADO 81501
I PHONE: (303) 242-9D00

| Please send me literature immediately:

l Enclosed is $

l O Ship ppd. 0O Ship CG.O.D.

| Pleasesend:

— Standard Mark Ten {Assembled) @ $44.95 ppd.
| — 6 Volt: Neg. Ground Only __ Positive Ground
| — 12 Volt: Specify —— Negative Ground
| __ Standard Mark Ten (Deltakit*) @ $29.95 ppd.

l {12 Voit Positive Or Megative Ground Only)

Car Year Make
I Name
l Address
| citysstate

Zip
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BUILD AN Ic
LIGHT MODULATOR

CONTROL UP TO 1 KW OF LAMPS WITH A MINIMUM OF PARTS

BY EDWARD M. YANDEK

IGHT modulators are becoming increas-
inglv popular with college students, hi-fi
buffs, electric guitarists, and other musicians.
Such devices expand the auditory sensations
of music into a pleasing visual experience as
well. Usually, however, to buy a good com-
mercial light modulator is fairly expensive;
less costly models are generally low on sen-
sitivity and must be used at high listening
levels. The single-channel modulator de-
scribed herve is inexpensive, simple to con-
struct, and very sensitive. It should be pos-
sible to buy the parts for this modulator
(with a 1000-watt controlling capability)
for about five dollars.

Theory of Operation. The input imped-
ance of the primary of T1 is in series with
R1 to insure that there is no adverse loading
ou the andio amplifier. The stepped-up sec-
ondary voltage is controlled by sensitivity
potentiometer R2 and applied to the IC in-
put. The key to the sensitivity and simplicity
of this circuit is the use of operational am-
plifier 1C1, a 741. The gain of this stage is
determined by the setting of feedback con-
trol R6, with respect to R4; while the input
is protected against overvoltage by diodes
D1 and D2. The output of the op amp drives
the gate of the triac through D3, which pre-
vents the triac input from going negative.

The triac, which operates on both halves
of the line power cycles, is connected in
series with the lamp load across the power
line. Protection is provided by F1. Each
time the gate of the triac goes positive, the
triac fires and remains conducting until the
voltage crosses through zero. Then the triac
cuts off. The triac, therefore, is turned on
only during the positive peaks of the audio.
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Construction. Parts layout is not critical,
and either a PC or perf hoard can be used.
A socket can be used for the IC, and a heat
sink is needed for the triac. Select a triac
and fuse whose ratings are compatible with
the lump load being used. Keep in mind
that the “common” circuit may be at power
line voltage level, so do not use a chassis
ground for this circuit. Terminal strips are
used to make power connections. Also be
sure that switch S1 will carry the required
current. For low-power operation, a line-
isolation transformer is suggested. Both the
op amp and the triac are available at low
prices from advertisers in this magazine.

Mount the completed assembly in a plas-
tic container with only the audio input jack,
the shafts of R2 and R6, and the two
switches on the front panel. (SI can be pait
of R2 or R6.) Do not connect the shield of
J1 to the common ground in the circuit.

Adjustment. Connect a short circuit across
input jack JI and set gain control R6 to the
center of its travel. Connect a suitable lamp
load to SOI, and turn on the modulator.
The lamp should not glow. If it does, check
the wiring of the circuit. If it is OK, then
the op amp may require a slight offset to
bring its positive-going output below that re-
quired to fire the triac. This is accomplished
by the use of the optional offset circuit
shown in dotted lines in the schematic. With
the potentiometer connected between the
offset terminals of the op amp and with its
rotor connected to —9 volts, the potentiom-
eter can be adjusted until the light goes out.
You can also use a low-voltage dc voltmeter
(positive connected to the op amp output
and negative to the common) to measure
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The gain of the op amp stage is de-

termined by the setting of R6, with ~°V—= |
respect to R4. The triac is turned i =
on only during positive peaks of the b+
audio output from the original signal. : —p2
S0
TI
A
iK 200 B2
g K selreég o, 4
R
5o i e
FI
I
AUDIO
QXA DO NOT CONNECT TO CHASSIS S)

DO NOT CONNECT
TO COMMON

B1,B2—9-volt battery
D1-D3—Silicon rectifier diode
Fl—Fuse and holder

1C1—741 op amp

J1—Phono jack

Q1—Suitable triac

R1—150-0hm, Ys-watt resistor
R2—10,000-0hm potentiometer
R3-R5—1000-0hm, Ya-watt resistor

PARTS LIST

®OPTIONAL OFFSET, SEE TEXT

R6—100,000-0hm potentiometer

SOI—Power socket

S1—Spst switch (may be part of R2 or R6)

S2—Dpdt or dpst switch

T1—Audio transformer; primary: 1000 ohms;
secondary: 200,000 ohms {Lajayette AR-
100 or similar)

Misc.—Battery holders, terminal strips. mouni-
ing hardware, heat sink for QI, line cord.

the op amp output voltage. It should be less
than that required to fire the triac.

Using the Modulator. Connect the audio
input to JI. (Use two modulators for a
stereo system if desired.) Set R2 to mini-
mum and adjust the speaker volume as de-
sired. Tarn on the ac power to the modu-
lator; then turm on the op amp battery
power. With R6 set at mid-position, slowly

turn up R2 until the lamp begins to pulsate
with the audio level.

For increased sensitivity, rotate R6 to-
ward its maximum resistance. If vou make
the circuit too sensitive, it will be “touchy”
so use less feedback and more R2.

Due to the high gain of the op amp, in-
teraction may result if there is an SCR light
dimmer on the same ac circuit. Turn such
devices off before using light modulator. ®

| ADDRESS

rree [[[C]nfosh cATALOG and Fm DIRECTORY

Mcintosh Laboratory, Inc. SE" D l

East Side Station P.O. Box 96
Binghamton, N.Y. 13904

TODAY!

Get all the news and latest information on the new
Mcintosh Solid State egquipment in the Mclntosh
catalog. In addition you will receive an FM station
directory that covers all of North America.

Dept. 16-5.

NAME

ZIP
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This important job (and its big inlcomeJ
is reserved for a qualified
electronics technician. It can be you!

it's a fact. There are thousands of jobs like this one
available right now for skilled electronics technicians.
What's more, these men are going to be in even greater
demand in the years ahead. But how about you ? Where
do you fit into the picture ? Your opportunity will never
be greater...so act now to take advantage of it. The
first step ? Learn electronics fundamentals . . . develop a
practical understanding of transistors, trouble-shooting
techniques, pulse circuitry, micro-electronics, computers
and many other exciting new developments in this
growth field. Prepare yourself now for a job with a
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bright future . . . unlimited opportunity with lasting
security .. . prestige and a steadily growing paycheck.
Cleveland Institute of Electronics courses have been
stepping stonesto good jobs in electronics for thousands
of ambitious men. Why not join them? You can learn ar
home, in your spare time, and tuition is remarkably low.
Read the impartant information on the facing page.
Then fill out and mail the reply card or coupon today
We'll send you all the details and for your convenience,
we will try to have a representative call. Act now
and get your high-paying job just that much sooner.
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How You Can Succeed In Electronics
...Select Your Future From Seven Career Programs

The “right” course for your career

Cleveland Institute offers not one, but seven different and
up-to-date Electronics Home-Study Programs. Look them
over. Pick the one that is “right” for you. Then mark your
selection on the reply card or coupon and maill today In a
few days. you will have the complete detalls.

1A. Electronics Technology

A comprehensive program covering
Automation, Communications,
Computers, Industrial Controls,
Solid-State Devices, and prepara-
tion for a 1st Class FCC License.

1B. Electronics Technology

with Laboratory

Includes all areas of Course 1A
including 1st Class FCC License
preparation. In addition, student
receives 161-piece Electronics
Laboratory and 17 “lab” lessons for
“hands-on’ experience.

2. Broadcast Engineering

Here's an excellent studio engineer-
ing program which will get you a 1st
Class FCC License. Now includes
Video Systems, Monitors, FM Stereo
Muttiplex, Color Transmitter Opera-
tion and Remote Control.

3. First Class FCC License

1f a 1st Class FCC ticket is your goal,
this streamlined program will do the
trick and enable you to maintain
and service all types of transmitting
equipment,

4. Electronic Communications

Mobile Radio, Microwave and 2nd
Class FCC preparation are just a few
of the topics covered in this “com-
pact” program. Highly recommended
for jobs with telephone companies.

5. Industrial Electronics

& Automation

Thisexciting programincludes many
important subjects such as Instru-
mentation, Solid- State Devices used
in Pulse, Digital and power controls.

6. Electronics Engineering
A college-level course for men
already working in Electronics ...
covers Steady-State and Transient
Network Theory, Solid-State Physics
Circuitry, Pulse Techniques.
Computer Logic and Mathematics
through Calculus.

An FCC License...or your money back!

The CIE courses described here will prepare you for the FCC
License specified. In fact, we are so certain of their effec-
tiveness we offer this Money-Back Warranty: when you
complete any CIE licensing course. you'll be able to pass
your FCC exam or be entitled to a full refund of all tuition
paid. This warranty is valid during the completion time
allowed for your course. You get your FCC License — or
your money back

cie's AUTO-PROGRAMMED® Lessons help

you learn faster and easier

Cleveland Institute uses the new programmed learning ap-
proach. Our Auto-Programmed Lessons present facts and
concepts in small, easy-to-understand bits . . . reinforce them
with clear explanations and examples. Students learn more
thoroughly and faster through this modern, simplified
method. You, too, will absorb . .. retain . . . advance at
your own pace.

Employment Assistance available for
all CIE students . . . at no extra cost

Once enrolled with CIE, you will get a bimonthly listing of
high-paying, interesting jobs available with top companies
throughout the country. Many CIE graduates hold such jobs
with leading companies like American Airlines, AT&T,
General Electric, General Telephone and Electronics, IBM,
Motorola, Penn Central Railroad. Raytheon, RCA, Westing-
house and Xerox . . . to name a few.

CIE Lessons are continually up-dated

All lesson books and materials from CIE are continually
revised or replaced according to the current needs of indus-
try and the rapidly advancing and changing state of the art.

Approved Under G.I. Bill

All CIE career courses are approved for educational
benefits under the G.1. Bill. If you are a Veteran or in

service now, check box for G.I. Bill information.
CI Cleveland Institute
of Electronics, Inc.

1776 East 17th Street, Cleveland, Ohio 44114
Accredited Member National Home Study Council

Cleveland Institute of Electronics, Inc.

1776 East 17th Street. Cleveland, Ohio 44114
Please send me your two FREE books:

1. Your school catalog, ““Succeed in Electronics.”

2. Your book on "How T2 Get a Commercial FCC License.”
1 am especially interested in:

|
] |
| |
| |
| |
! I
: [ Electronics [ Broadcast O FElectronic |
Technology Engineering " i |
I Electronics First Class O industrial Electronics |
|
| Technology FCC License & Automation |
| with Laboratory [ Electronics Engineering |
| Name Age :
i (please pnnt) [
| Address i
|
| City__ State___ Zip__ :
| Veterans and Servicemen: 1
| [ Check here for G.1. Bill information. PE-49,

CIRCLE NO. 3 ON READER SERVICE CARD
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COMMUNICATIONS

the

Getting

Most

from your

‘Iransmitter

SOME HELPFUL HINTS FOR THE HAM OR CB’ER

BY WILLARD R. MOODY, WA3NFU

HE POWER rating of your transmitter is

one thing; but the amount of r-f that gets
off the antenna is what counts. The rest is
actually wasted.

The easiest way, in many cases, to make
r-f power measurements, is to connect a
calibrated r-f wattimeter to the transmitter
output. The commercial r-f power meter is
pretty expensive, however, for the occasion-
al user, so it helps to have an inexpensive,
easilv usable device for making r-f power
measurements. Once the output is measured,
steps can be taken to improve efficiency.

The circuit shown in Fig. 1 is that of a
commercial wattmeter, which is essentiallv
a de voltmeter connected across an appro-
priate dummy load whose resistance is the
same as that required to terminate the trans-
mitter properly. You can make your own
wattmeter using the circuit shown in Fig. 2.
The dummy load, R., should be a nonin-
ductive resistor of the correct resistance and
of sufficient wattage to withstand the ex-
pected transmitter power. Since the dum-
my load must be noninductive (no react-
ance at r-f), a wirewound resistor won’t do.

The complete package should be shielded
to reduce r-f radiation to a minimum while
tests are being made. The diode rectifier
can be any high-frequency tvpe, while the
two resistors (one a potentiometer) are used
to set the meter scale.

For meter calibration, assume an expect-
ed r-f power of 3.5 watts into a 50-ohm
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dummy load (antenna). The measured volt-
age is equal to the square root of the power
times the resistance, which, in this case
would be 13.2 volts. Other voltage values
for other r-f power and/or terminating re-
sistors can be calculated and the meter (volt-
age calibrated) re-calibrated in watts.

If you have a VTVM which is accurate at
low trequencies and fairly accurate at high
frequencies, vou can measure the power in-
directly by measuring the r-f veltage and
using the equation P = E2/R, where E is the
measwred voltage and R is the terminating
resistance. For the example given above,

P = 13.32/50 = 3.5 watts.

The R-F Ammeter. One of the handiest
tools to have in making r-f power measure-
ments and trimming up transmitting anten-
nas is the r-f ammeter (usually a thermo-
couple type). Again assuming a 3.5-watt
output into a 30-ohm load, the current is
the square root of the power divided by the
terminating resistance. The square root of
3.5 divided by 50 is about 0.26 ampere.

To use the r-f ammeter, connect it in se-
ries with the required dummy load as shown
in Fig. 3. This will enable you to determine
just how to tune the transmitter (and an-
tenna network) to maximize the r-f output
—the more current, the better. A table, or
curve, can be plotted to relate antenna cur-
rent to r-f power ontput.

Obviously, in the preceeding caleulations,
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Fig. 1. A commercnal power meter is a dc voltmeter measuring
drop across a dummy load resistor. (Filter represents coax.)

A

Fig. 2. In the homemade power
meter, the potentiometer is ad-
justed to calibrate the meter.

between light levels to closelv approximate
the power output.

Tuning the Antenna. After testing with a
dummy load, it is important to make sure
that the maximum power is transferred to
the antenua. This entails a proper impedance
match for maximum power transfer.

you can vse 52 ohms, 72 ohms, 300 ohms or
other values in place of the one used in the
example. Use the value suggested by the
manufacturer for that pamculm transmitter.
In the case of a pi-network output, which
can work into a wide variety of antenna
loads, use the load value for your antenna.
In anv case, tune the transmitter and anv
associated antenna tuning network for max-
imum power in the dummy load, since this
means maximum voltage (for the voltmeter
approach) or maximum current (using an
ammeter).

It for some reason you do not care to use
either approach, load the transmitter with

A/4
RF ANT,

AMMETER

CoAX

e ®

ANT.
COAX 1
A RLI00pF

(®)
Fig. 4. Ammeter is used to check

antenna current (A). A capacitor
adjusts the antenna length (B).

] COoAX
XMITTER |
R,
P=I2R_ e
I=VP/RL L
= 1
—L— | AMMETER

Fig. 3. Use an an_1-meter to meas-
ure the current flow through a
dummy load to check the output.

an ordinarvy light bulb whose wattage is
about the same as the expected r-f output
of the transmitter and tune for the brightest
glow. Using a similar bully operating at its
specified voltage, a comparison can be made
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Assume that the transmitter is fed to a
quarter-wavelength  vertical antenna  pro-
vided with the proper radials and transmis-
sion line. Connect the 30-chm dummy load
at the antenna end of the transmission line
(Fig. 4A). Connect the ammeter in series
with it (at the base of the antenna) and
tune the transmitter for maximum current.
After this is done, connect the transmission
line to the hase of the antenna. The an-
tenna should have a sliding portion for ad-
justing the length; or it may have a variable
capacitor at the base (Fig. 4B) if the verti-
cal is slightly longer than % wavelength. A
capacitor value of about 100 pF (at the
appropriate voltage rating) can be used
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here. The capacitor is adjusted for maxi-
mum antenna current (at the base).

Theoretically, the resistance of a %-wave-
length antenna (measured at the base)
should be 37.5 ohms. The ratio of 50 to
37.5 gives a measure of the mismatch be-
tween the transmission cable and the an-
tenna impedance. This comes out to 1.33:1;
and although 1:1 is desirable, anything less
than 3:1 is acceptable.

Refinements in impedance matching for
a single operating frequency can be made
by removing the center lead of the coax
from the antenna connection lug (leaving
the braid at the ground point) and sliding it
up from ground until the meter indicates
maximum antenna current. This approach is
best done with a field-strength meter located
several wavelengths away from the antenna,
and with a second person using either a
walkie-talkie or telephone calling out the
changes in field strength as the antenna is
trimmed.

Transmission Line Tests. To determine
how much power is lost in the transmission
line, measure the transmitter power output
with the dummy load connected directly to
the transmitter antenna terminals. Then
measure the power when the dummy load is
connected across the far end of the trans-
mission line, with the dummy load mounted
very close to the portion of the antenna to
which it will be connected. In the case of

a dipole, the dummy load is suspended from
the center insulator. For a base-fed anten-
na, the dummy load is placed near the base
connection points. The difference in mea-
sured power between the two tests will
show just how much power is being lost in
the transmission system.

(In using the above technique, neither
the dummy load nor transmission line is
connected to the antenna itself.)

If you are making measurements on a
dipole antenna, then, by inserting the r-f
ammeter in each leg of the transmission
line, you can trim each side of the antenna
for maximum current. These measurements
can be made at a low r-f level to avoid r-f
burns or transmitter damage in the event
of accidental shorts. With a power of 1 watt
and a center impedance of 70 ohms, the
current at the center of the dipole would be
0.12 A. This is based on the premise that
the antenna center impedance is almost
70 ohms but can vary due to height above
ground and other conditions. It is preferable
to use a balun so that the transmission line
will not be unbalanced at the antenna feed-
point. An SWR bridge and/or a field
intensity meter can be used to make the
measurements much easier.

It should be noted that every facet of
r-f measurements cannot be covered in this
brief article; but the role of the r-f ammeter
deserves this attention since current is a
fundamental parameter. @®

ONE OF THE major problems with
117-volt alternators driven by gas-
oline engines is that the nominal 60-Hz
output frequency may change drastically
with engine speed or loading.
Conventional frequency deviation me-
ters are expensive and are not used often
enough to warrant their price. These are
the vibrating reed types of meters.

HEPE4|

YOUR OWN FREQUENCY DEVIATION METER

If you have a well-stocked spare parts
box and are handy with a soldering iron,
you can easily put the circuit shown be-
low to good use. Construction can be
made on either perf board or a small PC
board can be easily designed.

Calibration is simple. Using the com-
mercial 60-Hz power line (which is usu-
ally accurate enough for calibration) as
the ac input, adjust the cali-
bration potentiometer for a
meter indication of 0.6—
which will correspond to 60
Hz. You can measure be-
tween 1 and 100 Hz.

1
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TWIN-LEAD CHASES
AWAY TV GHOSTS

Rattled by TV “ghosts”? Here’s a way to tackle
the problem with the aid of a 36” length of
300-ohm twin-lead and a razor blade. Tune the
receiver to the channel on which the problem

ANT.

3000
"~ TWIN LEAD

TO
\ANTENNA ~~MISMATCHED
STUB

is most severe. Strip away the insulation from
one end of the twin-lead and connect the freed
wires to the antenna terminals, without remov-
ing the antenna. Now, using the razor blade to
cut through the insulation and short together
the wires of the twin-lead, work from the free
end toward the antenna terminals until the
ghosts (lisap])ear or are reduced to a minimun,
Then clip away the excess twin-lead and twist
together the conductors. —T.R. Roberts

NAIL CLIPPERS MAKE BETTER CUTTERS
WHEN WORKING ON PC ASSEMBLIES

A heavy-duty toenail clipper becomes a handy
tool on your workbench if vou do a lot of
printed circuit board work. Wires and compo-
nent leads protruding through the foil side of
the boards should be trimmed away as close as
possible to the foil pattern after soldering.
Diagonal cutters are generally inadequate for
the job, but the flat cutting blades of a toenail
clipper let you trim as close as you want. And
if vou use #22 insulted hookup wire, you can
even cut notches (just large enough to sever the
insnlation without nicking the wire) in the
cutting edges to make a handy wire stripper.
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Cut only copper wires and leads with the clip-
pers; anything harder will turn the blades’
edges. —R.A. Dormer

RIGID POLYSTYRENE FOAM MAKES
HANDY KIT-BUILDING AID

Rigid polystyrene foam—available from many
hobby shops and Horists in block form—is a
great boon to the kit builder who wants to keep
track of his components. Small parts like resis-
tors, diodes, capacitors, etc., can be “plugged
into” the foum blocks where they will be ready
for instant identification and use.

—Peter R. Stone

“BIC" PENS MAKE DANDY TEST PROBES
AND PLASTIC SPACERS

Most of us throw away our Bic ball-point pens
when the ink runs out; but this is a mistake. By
saving the clear-plastic (hexagpnal-barrel type)
pens, vou will always have a supply of no-cost
plastic spacers and test probes. To make the
spacers, remove and discard the filler assembly

TEST

POLYETHYLENE
CAP(DISCARD)

CUT BODY
TO SPACER
LENGTHS

NEEDED

TIP B8 CAPILLARY
(DISCARD)

and polyethvlene cap and cut the barrel to the
lengths needed. To make the probe, save every-
thing but the cap that fits over the point and
the plastic capillury fastened to the point. Soak
the point in acetone or lighter fluid to remove
ink. Drill a hole large enough for the probe
cable through the small end cap, solder the wire

to the pen point, and reassemble the pen.
—L. H. Wells

TIPS WANTED
Do you have a ‘“tip” or ‘‘technique™ that might help
your fellow readers? it may be worth money to you.
Send it in (about 100 words, with a rough drawing
and/or clear photograph, if needed) and you'll re-
ceive payment if accepted. Amount depends on orig-
inality and practicality. Material not accepted
will be returned if accompanied by a stamped, self-
addressed envelope. Send material to: Tips and
Techniques Editor, POPULAR ELECTRONICS Including
Electronics World, 1 Park Ave., New York, NY 10016.
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QUICKIE INDUCTANGE CHECKER

DX-156

. »
aviw S

warm @l

-
——

Two-transistor circuit measures r-f inductance using

a conventional shortwave receiver.

H AVE YOU ever hought one of the bargain

packs of r-f chokes and coils and then
wondered what you had? Or, have you tried
to wind coils for a project and weren’t sure
whether you had the right value of induct-
ance? If so, vou're typical of many experi-
menters and vou will find this “quickie”
inductance checker verv handy. It will
measure (with the aid of a shortwave re-

BY J. A. ROLF, K5J0K

ceiver r-f inductance from 0.3 uH to 7 mH.

The inductance checker is a two-terminal
oscillator with low input capacitance. When
an unknown inductance and known capaci-
tance are connected in parallel across the
two terminals, the circuit oscillates at the
resonant frequency. Once this frequency is
determined by a shortwave receiver, it is
a simple matter to find the unknown value

PARTS LIST
B1—9-volt transistor battery
CI1—10-pF, 5% silver mica capacitor
C2—120-pF, 5% silver mica capacitor
C3,4—0.001-uF disc ceramic capacitor
C5—0.002-uF disc ceramic capuacitor

Q1,02—/FET (Motorola HEPF-0021 or sim-
ilar)

R1,R2—2200-0hm, 10%, Y% -watt resistor

R3,R5—1200-0hm, 10%, Y%-wait resistor

R4—1-megohm, 10%, Y4-watt resistor

S1—Spst switch

Misc.—FEnclosure, (see text),
batiery clip, perf or PC
board, mounting hardware
elc.

UNKOWN L
KNOWN C

J1,12—Five-way binding post (H. H. Smith 220 by 2;5%
or similar) 3

Fig. 1. Frequency of FET oscillator is de-
termined by the unknown L and known C.
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Fig. 2. Use the PC board shown
or a similar pert board layout.

of inductance, either by calculation
(L=1/4=**C) or by using a resonance chart.

The schematic of the circuit is shown in
Fig. 1. Two JFET’s are used in a simple
feedback configuration that provides a two-
terminal resonant circuit with high input
impedance and low shunt capacitance. The
oscillator will operate from below 600 kHz
to above 30 MHz, and with only two stan-
dard capacitors (10 pF and 100 pF), a
resonant frequency within the range of most
SW receivers can be cbtained with induct-
ances from 0.3 pH to 7 mH.

Construction. The simplicity of the circuit
allows compact construction in a small (2%~
by 2%” by 1%”) Minibox (Bud CU-2100A).
A small perf or PC board, mounted in the
bottom of the box, is used to hold all com-
ponents except the on/off switch, batteries
and terminals. Component layout for the PC
board is shown in Fig. 2.

The construction is not critical, though it
is important to keep all leads as short as pos-
sible. The perf or PC board is positioned in

Prototype photo shows general layout.

the box so that the lug of JI connects direct-
ly to the proper board terminal. Note that
J2 does not have to be insulated from the
box.

Operation. Any known capacitor between
10 pF and 100 pF can be used with an un-
known inductance, though 10- and 100-pF
silver mica capucitors make the arithmetic
easy. Connect the unknown inductance and
known capacitor across the terminals and
turn on the power switch. Tane the SW re-
ceiver until the oscillator is heard. It puts
out a healthy signal which can easily be
identified by placing your hand near the
tuned circuit and listening for frequency
change.

A 10-pF capacitor will resonate at 30
MHz with a 3-pH inductance and at 600
kHz with a 7-mH inductance. With a 100-
pF capacitor, resonance will occur at 30
MHz with 0.3 pH and at 600 kHz with
700 pH.

To facilitate connections, two banana
plugs fitted with clips can be nsed, though
care should be taken to keep leads as short
as possible to minimize stray capacitance.
To establish the range of au inductor with
a variable capacitor, connect the variable
capacitor and coil across the terminals
and tune from minimum to maximum
capacitance.

In fact, vou can fashion a separate inter-
connecting box containing a calibrated vari-
able capacitor and inductance to make a
simple but useful r-f signal generator. A
small transistor-receiver capacitor and a
suitable loopstick coil can be used for a
500-to-1500-kHz generator. The harmonics
between 500 and 1500 kliz can be heard
well above 30 MHz. @
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Hobby Scenej

~

Check Engine Points

Q. Is there some way I can check the
closed resistance of the points in my car
engine? My ohmmeter doesn’t go that low.

A. You can use the circuit shown here to
measure the small voltage drop across the
points. If you assume that the first 10% of
the meter range (very low voltage drop) in-
dicates a good set of points, then indications
above this mean poor closed contact re-
sistance. This dynamic testing circuit senses
only the low-voltage drop and ignores the
points’ open time. If the meter remains in
the lower 10%, all is well. If the meter
“wanders” about, you may have troubles.
Use between 500 and 1000 rpm of the
engine.

3300 68003

AAAAAAA

0
POINTS

Si

CB vs TV Antenna

Q. My CB rig is an excellent unit and has
all the best features, including TVI filtering.
Because the CB antenna shares the same
small roof as our TV antenna, when I use
the CB, TV reception is destroyed. Is there
some way that I can use the CB yet allow
my family to watch TV at the same time?

A. Try the filter circuit shown below. It is
connected between the TV set and the an-
tenna, preferably as close to the tuner as
possible. The parts are arranged physically
as shown and all components are cemented
to a small piece of perf board. All coils use
#24 enamelled wire. The 19-turn coils are
wound on 7/16” by 3/16” by 11/16” wood
or plastic forms with spacing of one wire
diameter. The 13-turn coils are wound on
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10-megohm, 1-watt resistors (or 4” diam-
eter wood dowel), also with one-wire diam-
eter spacing.

4" x 2" BOARD

Copying Morse Code

Q. I have been an SWL for several years,
and now want to try my hand at copying
some of the Morse code stations 1 hear.
Since I don’t want to meddle with my SW
receiver, is there an external beat frequency
oscillator 1 could use?

A. The circuit shown below is a simple r-f
oscillator operating at 455 kHz (the usual
i-f of most SW rceivers). To set it up,
couple the output of the bfo to the antenna
terminal of your set, tune in a station, and
adjust C1 or L1 for the most pleasing tone.
In fact, CI can be a made a front-panel bfo
adjust. Build the circuit in a small metal
box, with a short length of insulated wire
for the antenna.

Y
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A S A BOY in the early 18007, Michael
Faraday hardly looked the part of some-
one destined to grow up to become one of

the world’s most productive scientific
geniuses. The son of a poor London black-
smith, Faraday spent much of his hovhood
standing in welfare lines waiting for food.
Out of sheer desperation, his family per-
mitted him to drop out of schoal at age 13
to earn his own way as an errand boy in a
bookstore. For voung Michael, leaving
school was no great loss since he had no
fondness for school.

Faraday soon found that he had a liking
for books, especially the ones about popu-
larized science. Fortunately, his employer
was an understanding man who allowed the
boy to read between errands and janitorial
duties.

One day a customer gave Faraday a
ticket to a lecture that was to be given by
the eminent British scientist, Sir Humphrey
Davy. Owing to his reading, Faraday under-
stood most of what Davv said at the lec-
ture. He also managed to take down an
incredably complete and accurate set of lec-
ture notes. A few days later, he copied the
notes into a booklet and mailed them to
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FARADAY

AND
ELECTROSTATIC
LINES

OF
FORGE

By David L. Heiserman

Davy, along with a request for anyv kind
of a job in the scientist’s laboratory. Davy
was impressed and Hattered and offered
Faraday a job as bottle washer in his chem-

istry lab.

The Scientist Emerges. Faraday’s abilities
and enthusiasm soon pmmpted Davy to
promote him to research assistant. After
that, Faraday’s list of accomplishinents
makes most success stories seem uneventtul.
By the time he was 30, he had worked his
\v'ay up to being one of Eurcpe’s most popu-
lar experimenters and lecturers. Almost en-
tirelv self-taught, Faraday conducted  his
own experiments in chemistrv and electricity
with a genius and precision that surpassed
that of most scientists of his time. He had
no liking for mathematics, but he made up
for the deficiency by drawing elaborate
analogies between evervday situations and
his abstract theories.

In 1831, Faraday began his famous ser-
ies of experiments that eventually led to
his discovery of electromagnetic induction
and the invention of the first electric motors
and generators. It was only his lack of
mathematical sophistication that prevented
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Faraday from becoming the discoverer of
radio. Clerk Maxwell, a more mathematical-
ly minded investigator, later used Faraday’s
Frinciples to formulate the basic equations
or electromagnetic waves.

Ever in search of new knowledge, Fara-
day by 1836 returned to the electrolysis ex-
periments he had once shared with Davy.
By placing sheets of metallic foil on opposite
faces of a block of ice, he demonstrating
that no current could flow through the ice
until it melted. To the contrary; the ice
seemed to gather and store an electrical

TORSION

(- Ry~ 3~ MICROMETER
T

GLASS
1 THREAD

BRASS KNOB
FOR

L ELECTRICAL
INPUT

The Coulomb Torsion Balance. The in-
strument is initially calibrated by
turning the torsion micrometer so that
it reads zero when the two pith bal's
just touch. Placing an electrical charge
onto the pith balls makes the suspended
ball rotate away from the fixed one.
Faraday rotated the torsion micrometer
until the charged pith balls were exactly
20° apart, then he recorded the number
of degrees and minutes he turned the
micrometer knob. By knowing the tor-
sion constant of the glass thread, it was
possible to calculate the amount of
force and, hence, the amount of the
electrical charge that was on the balls.
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charge. But once the ice melted, current
began to flow and decompose the water into
its fundamental elements of oxygen and
hydrogen. While this experiment was popu-
lar among professional and amateur experi-
menters of the time, Faraday saw some
important features in it that others had
overlooked.

The idea that current-carrying conduc-
tors produce a magnetic field had served
him quite well in his work with induction;
so. he proposed the existence of another
kind of field—an electric field—to explain
the storage quality of ice and all other
kinds of nonconductors. In his laboratory
notes dated December 23, 1836, Faraday
describes a new kind of apparatus for
studying the relationships between differ-
ent types of insulating materials and their
“inductive capacity.”

Faraday built devices made of two hol-
low airtight brass spheres. One of the
spheres was small enough to fit inside the
other, leaving % inch of space all around
for inserting different types of insulating
gases or solids. He suspended the smaller
sphere inside the larger by means of a glass
tube. A wire running through the glass tube
provided electrical connection to the inner
sphere.

The outer sphere was mounted on a stand
equipped with a valve that let him evacu-
ate the space between the spheres or fill
the space with different kinds of gases. He
also fashioned a mold for forming solid
materials that would perfectly fit into the
space.

With this apparatus, Faraday was able
to construct a “spherical” capacitor whose
plates he could separate with any type of
dielectric material of his choosing. His
main idea was to compare the “inductive
capacities” (a term now known as “dielec-
tric constant”™) of different insulating ma-
terials by charging the spheres with a static
potential and measuring the amount of
charge they acquired.

To measure the stored charges, Faraday
used a sensitive torsicn balance invented
by Coulomb. This apparatus consisted of a
thin lacquered straw ubout the size of a
toothpick suspended at right angles from a
length of fine gluss thread. Minute forces
applied in the proper direction to one end
of the straw made the straw twist about
the thread. Bv measuring the angle of the
twist, an experimenter could calculate the
actual amount of applied force.
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To make the torsion balance sensitive
to electrostatic charges, Faraday attached
a small pith ball to one end of the straw.
He attached a piece of paper to the oppuosite
end to serve as a damper for the mechanical
oscillations and act as a counterweight. An-
other pith ball, fixed to the frame of the
balance, carried test charges to the space
around the ball on the straw. Charging the
fixed pith ball made the movable one rotate
through an arc Faraday measured by means
of a piece of paper scribed with units of
arc in degrees and minutes.

In his experiments, Faraday would place
a dielectric material hetween the spheres,
charge them with a static voltage, and mea-
sure the amount of charge with the torsion
balance. He also kept track of how fast the
charges leaked off the spheres, discovering
that different materials took on different
amounts of charge. Spheres separated by
glass, for example, took on larger charges
and held them longer than did spheres
separated by air or hydrogen. This con-
firmed his suspicion that different insulating
materials have different “specific inductive
capacities.”

What is more important, these experi-
ments backed up his theory of electrostatic
lines of force and cleared up a longstanding
problem concerning charged insulators.
Other researchers believed that the metallic
plates and not the dielectric between them
held the stored charges. By demonstrating
that electrostatic lines of force within the
dielectric—not the plates—held the stored
charge, Faraday cleared up a prevalent
misconception.

The Perfectionist. Since Faraday did not
like to bother with mathematics, he was
content to explain his findings in terms of
pictures which showed lines of force more
concentrated in some materials than in
others. His data was so accurate and com-
plete that other scientists incorporated his
notion of “specific inductive capacity” into
formal equations that stand to this day.

Faraday’s notes indicate that he often
mistrusted the readings he obtained from
the torsion balance. To convince himself,
and many critics as well, that the amount
of charge stored within different types of
materials was really different, he frequently
used two identicaf’ sets of hollow spheres.
He would charge one set, measure the
charge with the torsion balance, and then
touch the charged set of spheres to an un-

AUGUST 1973

A Faraday Sphere. Faraday used this
piece of equipment to determine the
“specific inductive capacity’ (which we
now call the dielectric constant) of dif-
ferent types of insulating materials.

charged set. Whenever the two sets con-
tained the same type of dielectric, they
divided the original charge equally. But
when one set of spheres contained a better
dielectric than the other, the set with the
better dielectric took on a large percentage
of the original charge.

The scientific community accepted Fara-
day’s theories and experimental results with
enthusiasm. As a result of his work with
dielectric lines of force and dielectric ma-
terials, the 1891 International Electrical
Congress voted to name the electrical unit
of capacitance, the “Farad,” in honor of
Michael Faraday. @
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FTER a hard day’s work at the test

bench——checking, adjusting, replacing—
we usually feel that the gear we've been
working on is just as good as (if not better
than) it was when it left the factory. The
other day, for example, we had just finished
the alignment of a color TV receiver and
everything, but evervthing, was right on the
money. This was, undoubtedly, the Dest
color set ever.

Then we took the set to its normal home,
converged it, set the controls, and turned it
on. A critical viewing of the picture left us
with a nagging feeling. Something about the
picture was wrong. We just couldn’t put
into words what it was; and then, bingo,
the little light bull over the head came on.

For years, we TV types have memorized
the magic number: 525. This is the number
of horizontal scanning lines per frame trans-
mitted in the USA. This works out to 262%
lines for each interlaced field because that
is the way the signal is transmitted. The kev
word here is interlaced. After looking at
this set, and many others, both color and
monochrome, we have come to the conclu-
sion that interlace may be in the dictionary
but it’s forgotten about when it comes to
TV.

Most TV sets are adjusted so that their
sweeps (horizontal and vertical) arc as sta-
ble as possible for the best viewable picture.
In the majority of cases, the most stable
setting for the vertical sweep is in a condi-
tion known as “line pairing.” This is where
the scanning lines forming one field lie di-
rectly behind the scanning lines of the other

Untestable
Factors
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By Leslie Solomen, Technical Editor

field. This, of course, is quite different from
interlzlcing. In many receivers, if vou try to
set the vertical sweep to produce a clean
interlace, the instant you let go of the
vertical speed control, the line pairing re-
appears. To make matters worse, it often
seems that the best interlace occurs at the
point where the vertical sync is on the verge
of “rolling.”

What does this mean? You guessed it.
The best that many TV receivers can re-
produce is 262% lines—or less. What does
the “or less” mean? Well, it takes a discrete
amomt of time for the electron beam to
whip from the bottom of the raster to the
top—at the demand of the vertical sync
pulse. During this interval, horizontal sync
pulses are transmitted to keep the receiver
horizontal oscillator in step while the re-
trace transition is taking place. A number
of horizontal lines is lost during the retrace,
and most of these appear as a black bar
between the frames. (Roll the vertical down
a bit on vour receiver and you will see
this.) There is no specified number of lines
lost since the FCC standard calls for be-
tween 13 and 21 lines per field in this inter-
val. Most stations, especially networks, use
these “invisible” lines to transmit the VITS
(vertical interval test signal) which appears
as various arrangements of white dots and
dashes in the black horizontal stripe. These
dots and dashes represent a great variety of
test signals, including chroma, but this is
not our concern at the moment.

If vou start to add things up, you come
to the conclusion that the 525 lines you
carefully memorized, turns out to he 262%
lines (due to pairing), minus approximatelv
21 lines (due to retrace), leaving a total of
241% lines that most TV receivers are pro-
ducing.

The answer appears to lie in the manner
in which the vertical integrator is triggered.
The longer vertical pulses keep “piling” up
a charge on a capacitor, until the level is
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high enough to trigger the associated ver-
tical oscillator. Due to the borderline trig-
gering conditions of many vertical oscilla-
tors, there is a hazy triggering [l)oint, with
the result that maximum stability occurs
when the lines are pairing.

The previous information does not mean
you should be overly critical of your TV
set; but it points up one area where test
equipment does not help and shows what
can happen when you keep your eyes
(physically and mentally) open.

Stereo Problems. In the same vein as the
TV discussion above, let’s consider the align-
ment of a stereo-FM receiver. In this case,
everything was checked and put in apple-
pie order; but there was a complaint later
that some stations, that came in nicely when
transmitting mono, dropped in signal
strength when they went to stereo. This, of
course, is aggravating when the set owner
expects good stereo from that particular sta-
tion. What are the factors involved here?

First, you must understand a little about
FM modulation. As you know, the signal
from an FM transmitter is of constant am-
plitude, while the modulation from the pro-
gram source (records, tape, or live) varies
the rate-of-change of the carrier’s swing
about its assigne§ channel frequency m the
FM band. The higher the modulation fre-
quency, the faster the rate of change; and
conversely, the lower the modulation fre-
quency, the slower the rate of change.

How, then, is the volume determined?
The answer to this is that the amplitude of
the received signal is a direct function of the
amount of frequency swing to each side of
the assigned carrier frequency. A soft (in
volume) passage means a small deviation
in frequency, while a loud passage produces
a wide swing. If you stop and think about
the familiar “S” curve of a ratio detector or
discriminator, you will note that the two
peaks of the linearly sloped curve are at

INTERLACED SCANNING

START—
OF FRAME

AUGUST 1973

~—END OF FRAME

some frequency above and below the actual
i-f frequency. At exactly the i-f frequency,
there is no output; and this is one reason
why an FM receiver finds it difficult to de-
modulate an AM signal.

As the deviated FM signal rides up or
down the slope toward the peaks, the recov-
ered audio level becomes a function of how
far the carrier is deviated toward the peaks.
Now you can see that a wide deviation
means high audio levels.

H FM CHANNEL
{200 %Hz)

)

1

1 1

—_— 75KH H

. szsx ‘ SkHz L,CENTER FREQUENCY |
GUARD l I

BAND I

VOLUME

RATE-OF-CHANGE = AUDIO FREQ.

Swing of FM channel is reduced (lowering
volume) to carry stereo and SCA sidebands.

To enable a monophonic FM transmitter
to accept another signal—the stereo L—R in
this case—the new signal must be inserted
in such a way as to leave the base signal
(L4+R) intact in the interests of mono-
stereo compatibility. To do this within the
assigned channel space, the deviation of
the main carrier must be reduced to leave
spectrum space for the added signal. This,
of course, means that the deviation level of
the main signal is lowered; and this ac-
counts for the reduced volume of the re-
ceived main carrier. The L—R signal (38
kHz), the pilot carrier (19 kHz), and the
SCA signal (if used), plus the necessary
guard bands occupy the remainder of the
space between the edges of the main
(L+R) signal and the lhmits of the as-
signed channel.

What does all this mean to the service
technician? He has to take a little more care
in getting the maximum sensitivity and re-
ducing front-end noise; and he has to con-
sider higher gain antenmas when this tvpe
of complaint is received. @

A TV frame consists of two inter-
laced fields, each consisting of
2621, lines as shown here. With
the proper interlace, the “weave"
of the raster is tight and a smooth
picture is displayed. If there is
any pairing (ane field directly
behind the other), the scanning
lines in the raster are visible.
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CB Scene
Y,

T IS rather doubtful that the Federal

Communications Commission will order

a 12, colorfully decorated cake in the
shape of a super-selective, SSB transceiver,
from which a mini-clad model rockets up-
ward on a given signal, walkie-talkie in
hand, in celebration of CB radio’s 15th
birthday this month. Nor are FCC Com-
missioners likely to don funny hats in the
nation’s Capitol and rattle noise-makers in
honor of the anniversary. It is felt however,
that there are a number of Commissioners
on board the Citizens Band wagon rooting
for its survival and growth (“CB Scene,”
July 1973) and willing to work with CB’ers
to solve the problems that exist on 11
meters.

CB veterans of the late 50’s and earlv
60’s will recall that, to get on the air inex-
pensively at the out-set, a licensee had two
choices: a Benton Harbor lunch box (title
given the first Heathkit CB rig), or a brown
bag of parts procured from the local elec-
tronics  distributor with a schematic dia-
gram. Both designs were tube models. Base
station antennas were flimsy compared to
today’s highly selective and improved ver-
sions; and mobile antennas were bulkv. An
awkward 102” whip might tear off” your
rear fender if you hit a low tree branch.

If a CBer had the bucks, as early as
1960, he could purchase the first transis-
torized walkie-talkie manufactured, from
Globe Electronics, Council Blufts, Towa, for
$250. The transceiver was pocket-sized,

CB Has
a Birthday
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wits limited to 100 mW of power and had a
very limited range. About the same time,
the RME4303 walkie-talkie, housed in a
long, rectangular metal box, in military
khaki, made its bid for the marketplace
from Radio Manufacturing  Engineers,
Washington. Hlinois. The 4303 was a reli-
able unit with a single-channel, crystal-
controlled transmit stage and a fully tune-
able receiver for all 23 channels.

The BCB03, an army tank-type receiver,
was popular with earlyv CB’ers. It sold as
surplus from $6 to $12; you made your own
power supply. Although compact in size, it
was referred to on the air as “IHE” (in-
stant hernia equipment). The unit weighed
about as much as a brick-filled footlocker.

Out of transistorization grew miniaturiza-
tion, and from the gadgetry, gimmickry and
major improvements made along the wav
evolved today’s CB nation which a new li-
censee can join by choosing from a selec-
tion of over 200 models of equipment,
priced from under $50 for a complete mo-
bile svstem to as high as $800 for the ulti-
mate in buase station operation. There is no
tair comparison between the two eras. To-
dav’s industrv offers much more stable,
rugged. pint-sized productions than most
dreamed possible 15 vears ago. The CB’er
of the 70’s can select the system that will
serve his needs well.

Monitour Report. CB Scene’s Monitour
{monitoring tour; Mav issue, page 97) con-
tinues this month with visits to five more
U S. cities. Monitour reports are the result
of in-person, on-site monitoring of the CB
channels by your editor, with statistics gath-
ered from a minimum of 30 calls in each
area.

Chicago, Ilinois. Surprisingly, while most
channels were “hvperactive”, Chicago was
not plagued by the percentage of code
names more commonly in use in New York
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and Kalamazoo as 1'ep(n‘ted after our imitial
tour. But the legalitv or necessity of most
conversations may have heen debatable de-
pending upon who sat as judge.

Heaviest activity, with ()ver]upping car-
riers, was encountered on chanuels 4. 7. 11,
15, 17, 21 and 23. Someone using walkie-
talkies (inaudible to us) was asked to leave
channel 9, the national emergency channel.
Thev apparentlv complied and chammel 9
stood silent for the next hour. Then, for the
next 45 minutes the area REACT monitor
handled four assistance calls for directions,
one for an overheated vehicle and relaved
the report of an accident on the John F.
Kennedy Expressway to the Chicago Police.

Denver, Colorado. Back to name-calling!
The first transmission intercepted came
across like a 5,000 watt p.a. svstem at an
outdoor rock festival with “Dog Man™ in
Florida calling Denver. He undoubtedly
was barking np the wrong tree; no one an-
swered! Luckilv for Denver, the dog faded
into oblivion within two minutes.

A nimmber of business firms are using CB
radio in the Denver area on channels 2, 4
and 6. Chit-chatters like “Rice \Wagon”,
“Window Washer”. “Model-T”, “Rubber-
lips”, “Crawfish”, “Red Baron” and “Wiggle-
worm”, confine their illegal activity to chan-
nels 18, 19 and 20.

During a discussion with Herh Banister.
local CB’er and super television technical
director, we learned that activitv is ex-
tremely high in Denver, and that CB radio
is a must when tromping through wooded
regions or unfamiliar ground up in the
mountains. Many rescues of lost persons
and those crippled by skiing accidents have
been credited to the effective use of 3-watt
walkie-talkies. Herh felt that legal activity
“almost” Dbroke even with illegal code
names and chit-chat.

Las Vegas, Nevada. Not everyone in Las
Vegas is at the gambling tables. There are
a number of individuals without callsigns
running amuck on 11 meters. Channel 9
(giving the area some hope) remained silent
Heavy skip interfered on most channels,
mainly interrupting illegal chit-chat. Chan-
nels 4, 11, 13, 20, 22 and 23 were janmmed.
Contributors to the congestion included
“Mama Hillbillv”. “Tinkerbelle”.  “Brown
Eyes”, “Lone Gopher”, “Beachcomber”
and “Six Pack”.

A Mississippi skip station attewpting to
reach Las Vegas was covered bv a Tocal
operator making a stab at California and
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Oregon stations at the same time. One
lonely channel 11 mobile after five minutes
of frustration, finallv cut through illegal
garble, skip and a transmitter being tuned
on the air to let his wife know he would be
home in ten minutes.

Perhaps the FCC should give the West
Coast field monitoring team a few silver
dollars and an extended weekend in Las
Vegas; CB operation there p;u'allels the
gambling timeclock: it continues 24 honrs
dailv.

Rockford, Illinois. Home of Olympics
gold medal winner Judy Lvnu who does not
use CB radio; also the home of famed
Dixieland band leader Dave Remiugton who
at one time used CB on the road, keeping
in touch with his band via walkie-talkies in
3 or 4 automohiles. Dave is known for his
quick wit and sometimes biting humor.
His response when asked whether he still
relied on CB to communicate with his
troops: “Naw, the German shepherd ate
one of the walkie-talkies, so we gave it up.
But I still nse the antenna to direct the
bhand!”

On the scrious side. Rockford has on-air
problems common to every other major
metropolitan city, but seems to be making
an attempt at working them out. REACT
controls channel 9 and the local team re-
portedly was highly commended for its vol-
unteer work during the floods that hit the
arca in April. Thev handled communica-
tions. administered first aid and comman-
deered boats around the clock to evacnate
families from their homes.

Channels 4, 3, 7,9, 11, 12,15, 19 and 23
were mosﬂy ()Ccupied during our visit. The
temptation to make contact with skip sta-
tions prevailed, but was generally unsuc-
cossful. A code-namer assisted an Ohio
motorist. then clearly identified himself with
his code name, legal name, callsign, address,
phone number and directions to his home.

What's New? So what's new with you,
vour club or emergency team? If vou
haven't registered with “CB Scene,” now’s
the time before the snow flies. Chances are
we'll drop by in a Winnebago Motorhome
to eavesdrop on vour next club meeting. As
long as _vou’re writing, why not include
one of those photos of some of your club
members shown activelv engaged in public
service activitv. Our readers want to know
what vou're up to.

I'll CB’ing you! ®
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LAFAYETTE 4-CHANNEL STEREO HEADPHONES
The Model F-4400 4-channel sterco head-
phones from Lafayette Radio Electronics fea-
ture a unique patented “baffle plate™ that in-
creases acoustic  front-to-rear separation. The

phones consist of four separate 24~ drivers,
each in its own acoustically isolated air-tight
sealed chamber. Special circuitry is built in and
switchable for deriving 4-dimensional sound
from 2-channel stereo program sources as well
as delivering 4-channel sound from quadra-
phonic amplifiers and receivers. The adjustable
headband and ear cushions are foam filled
and covered with vinyl leatherette.
Circle No. 70 on Reader Service Card

PACE SCANNING MONITOR RECEIVER

A programmable two-band uhf/vhf scanning
monitor receiver—the Scan 216—covering 140-
174 MHz and 450-470 MHz simultaneously is
available from Pace Comnumications. It fea-
tures a switching network that can be pro-
grammed for monitoring any combination of
eight channels in the vhf or uhf bands. The
Scan 216 is designed for both mwbile and home
use  and, consequently, includes circuitry for
powering from 12-volt dc as well as 117-volt
ac sources. An exclusive feature is the use of a
unique IC and FET transistor complement to
provide the versatility of broad band adjust-
ments while maintaining good selectivity and
sensitivity.
Circle No. 71 on Reader Service Card
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RCA “MINI-STATE” TV ANTENNA SYSTEM

RCA has developed a truly miniaturized solid-
state uhf/vhf TV antenna that can be installed
in places unsuited for conventional outdoor
antennas. The Mini-State antenna is highly di-
rectional and develops uniform response across
the TV band. A unique preamplifier with inter-
ference filters has been designed into the an-
tenna array to assure optimum transfer of sig-
nals to the TV receiver. The antenna array is
mounted on a circular platform that can be
electrically rotated 360° with the aid of the
supplied remote control unit. (The antenna
is also available without the rotator as the
Model 5MS330.)
Circle No. 72 on Reader Service Card

LEADER BATTERY-OPERATED VOM

A rugged multimeter with full protection
against polarity reversal and overload is being
offered by Leader Instruments Corp. as their
Model LT-70. The VOM will read as low as
0.25 volt full-scale and 230 WA on normal read-
ings for measurements of small solid-state dc
voltages and currents. L1 scales are also in-
cluded for measuring back currents as low as
73 uA to check diode and transistor quality.
Sensitivity is 20,000 ohm/volt on dc and
8000 ohms/volt on ac. The LT-70 will read as
high as 40 megohms, 2.5 A ac and dc, 1000
V de and 250 V ac, and —20 dB to +22 dB on
the 10-V range and 420 dB to +36 dB on
the 50-V range.
Circle No. 73 on Reader Service Card

SANSUI STEREO AMPLIFIER

A professional-quality, state-of-the-art ampli-
fier, the Model AU-7500, has been introduced
by Sansui Electronics Corp. It features three

separate tone controls (bass, midrange, and tre-
ble) for accurate playback equalization; direct-
coupled amplifiers, and two microphone, two
stereo phono (with switchable impedance),
tuner, and auxiliary inputs. Stereo outputs and
inputs are provided for two tape decks, with a
DIN socket wired in parallel for one of the
decks. There are also inputs and outputs for a
4-channel adapter. The amplifier also has jump-
ered preamp and main amplifier sections to
permit the separate use of each section.
Circle No. 74 on Reader Service Card

RADIATION TECHNOLOGY FASTENER SYSTEM

All manner of fasteners—including screws, riv-
ets, plugs, etc.—can be made quickly from a
new plastic developed by Radiation Technol-
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ogy, Inc. The company’s RAD Repair System
consists of a number of nuclear-irradiated poly-
ethvlene rods with a “memory.” The rods
which come in various diameters, shrink to half
their length and double in diameter wilh the
:\ppli(';\ti(;n of heat. As the rod ex.pan(ls., it .Hll.s
any void (up to its memory size) in which it is
placed. 1t the void is a Dblank hole, a rivet or
plug will be formed as the free ends expand. If
the void is a nut, the interior thread pattern will
be impressed on the rod as it cools; then the
other end can be heated and a screwdriver
blade pressed into the hot plastic to form the
serew head. Prototype project builders will wel-
come this new pro(luct.
Circle No. 75 on Reader Service Card

ACE AUDIO STEREO PREAMPLIFIER

The Ace Audio Company’s “Basic Sterco Pre-
amp” is a simplified control center designed
without tone or balance controls, It can be used
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alone for a true flat response of £0.1 dB from
20 [z to 20,000 llz, or with a graphic equul-
izer for complete tone control. Features include
two slide-type volume controls; power, tape-
monitor, input selector, and stereo/mono
switches: and fonr accessory outlets, three of
which are switched. The preamp is character-
ized by low-distortion  performance and
straight-throngh operation.
Circle No. 76 on Reader Service Card

JFD TV/FM BOOSTER-COUPLER BLISTER PACKS
JED  Electronics  Corp. is  offering blister-
packaged TV/FM signal hooster-couplers. The
packaging svstem has a two-fold purpose. First,
it maintains the booster-coupler in factorv-
fresh condition. Secondly, on the front of the
package there is a description of the purpose
and benefits of using the coupler, while the
back of the package provides complete instruc-
tions for installation by the buyer. Four models
are currentlv blister packaged: PC4382BP for
vhf/uhf TV and FM (one 300-ohm input, four
300-ohm  outputs):; PC4782BP, vhf/uhf/F)\
(one 73- or 300-ohm input/four 73-ohm ont-
puts): PC4312BP, vhf/FM (one 300-ohm in-
put/four 300-ohm outputs): and PC4712BP,
vif/FM (one 300- or 75-ohm input/four 73-
olun outputs ).
Circle No. 77 on Reader Service Card

ARCHERKIT 10" SPEAKER SYSTEM KIT

[Ti-fi  enthusiasts can assemble their own
speaker svstems with the Archerkit 107 speaker
system from Radio Shack. The only tools
needed for assembly are a screwdriver, pliers,
and a soldering iron. The three-way speaker
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SAVE!

MONEY o TIME  FREIGHT

QUALITY STEREO EQUIPMENT
AT LOWEST PRICES,

YOUR REQUEST FOR QUOTA-
TION RETURNED SAME DAY,

FACTORY SEALED CARTONS—
CUARANTEED AND INSURED.

3& SAVE ON NAME BRANDS LIKE:
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Department 873 12 East Delaware
Chicago, lllinois 60611 312-664-0020
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FREE 32 PAGE EICO CATALOG
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{
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EICO, 283 Maita Street, Brooklyn, N.¥. 11207 :
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system consists of a %”-thick bass-reflex type
enclosure, 10” woofer, 6” cone-type midrange
driver, 3%” tweeter, and an electrical crossover
network. Impedance of the system is 8 ohms,

while frequency range is 40-18,000 Hz. Power-

handling capacity is 40 watts peak. Included in

the kit is walnut finishing oil. Enclosure dimen-

sions are 9” deep, 14” wide, and 22" high.
Circle No. 78 on Reader Service Card

HEATHKIT ENGINE ANALYZER

Now do-it-yourselfers can achieve professional-
grade results on a budget by assembling eath’s
Model CM-1050 engine analyzer This instru-
ment tests conventional, magneto, transistor,

and most capacitive-discharge ignition systems,
regardless of voltage or grounding. It works
with any 3-, 4-, 6-, or 8-cylinder engine, per-
mitting rapid servicing of storage battery, gen-
erator or alternator, voltage regulator, starter,
distributor, points, condenser, coil, accessories,
and all electrical wiring. The instrument is
battery-powered for complete portability. It
comes with tune-up specifications book for all
American-made cars and light trucks.
Circle No. 79 on Reader Service Card

UNIVERSITY PAGING /OUTDOOR SPEAKERS

Two new paging speakers, the Models FID-8
and FID-T, have been added to the University
Sound product line. The first is a reflex horn
speaker with standard 8-ohm impedance, while
the latter is similar but features a built-in
70/25-volt transformer and six screwdriver-
selectable wattage taps. The horns are round
and exponentially flared to prevent undesirable
reflections within the horn. They are made
from non-resonant, virtually shatterproof mate-
rial and are designed to withstand severe en-
vironmental conditions, making the FID-8
ideal for use in outdoor enviromments such as
on patios and around pools for listening from
a conventional hi-fi system. The speakers are
rated at 15 watts rms and have frequency
ranges of 260-14,500 Hz,
Circle No. 80 on Reader Service Card

PIONEER 4-CHANNEL STEREO RECEIVER

The Model QX-949 is the most complete and
advanced stereo receiver offered by U.S. Pio-
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neer Electronics Corp. A 4-channel unit, it
features a CD-4 demodulator as well as RM
and SQ matrix decoding circuitry. Hence, this
receiver can decode and reproduce all 4-chan-
nel sources. Direct-coupled circuits deliver 40
watts rms/channel between 20 Hz and 20,000
Hz into 8-ohm loads. In 2-channel operation, it
delivers 60 watts/channel into 8 ohms. The
QX-949 can handle three tape decks for tape-
to-tape duplication or a noise reduction system,
two turntables, and an auxiliary source. Built
into the receiver is a 4-channel level indicator
that graphically displays on a CRT screen any
adjustments made while listening to 4-channel
sound.

. Circle No. 81 on Reader Service Card

HEP 1-SEGMENT DIGITAL READOUTS

Motorola’s HEP Semiconductor division has
just introduced a four-device, seven-segment
digital readout kit—designated HEK-5—that
retails for less than $10 per kit. The kit con-
tains “thought starter” projects, a booklet that
includes basic information about readouts, their
applications, and their capabilities. It also pro-
vides complete parts lists and schematics neces-
sary for building specific interest projects, two
of which are a digital clock and a digital stop
watch. Kits are available from HEP suppliers
throughout the country.
Circle No. 82 on Reader Service Card

TOYO 2/4-CHANNEL SOUND CENTER

The Toyo Radio Co. of America, Inc., inte-
grated Qaudio Model 742 sound center com-

bines a 4/2-channel cartridge player with a
40-watt AM/stereo FM receiver and automatic
turntable with tubular pickup arm, Shure M75
cartridge and diamond stylus. The receiver fea-

tures a built-in 4-channel decoder (matrix
and ambience-recovery), a unique Qaudio “joy-
stick” sound balance control systemn, and an il-
luminated “position scope” that lets the lis-
tener balance his four speakers for perfect lis-
tening anywhere in the room.

Circle No. B3 on Reader Sz2rvice Card
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MITS POCKET CALCULATOR KIT SERIES

The new 1200 series of mini-calculators from
MITS features a keyboard that employs key
travel comparable to desk-top models. All three
models in the series are battery-powered, and
each has provisions for an ac converter. An au-
tomatic display cut-off is built in, to save bat-
tery life. The calculators perform the usual four
arithmetic functions as well as mixed muitipli-
cation-division functions. The models available
are the six-digit 1206, nine-digit 1209, and 12-
digit 1212. All provide true credit balance and
have additional indicators for display and cal-
culation overflow. The readout system consists
of seven-segment LED units.
Circle No. 84 on Reader Service Card

REGENCY TWO-METER HAM TRANSCEIVER

The 12-channel Model HR-2B FM transceiver
is the newest addition to Regency Electronics’
line of 2-meter amateur products. Measuring
only 24" x 5% x T4, it is the smallest

multi-channel  transmit/receive, high-power,
2-meter system currently available. Output
power is 15 watts on any of its 12 crystal-
controlled channels in the 144-148-MHz band.
The receiver section has a sensitivity rating of
0.35 uV, 20 dB of quieting, and 3 watts of
audio output power, as well as a noise-
compensated squelch system. The transmitter
section features individual-channel trimmer ca-
pacitors and a built-in VSWR  bridge limiter.
The 11R-2B is designed to operate from a 13.8-
volt d¢ source. It comes with channel-1
(146.94-MHz) transmit and receiver cr_vstals
installed.
Circle No. 85 on Reader Service Card

PEARGE-SIMPSON MARINE SCANNING MONITOR

Designed by boatsmen for boatsmen, the new
Pearce-Simpson Chevenne 8 marine scanning
monitor receiver made by Gladding Corp. adds
flexibility to any marine communication sys-
tem. This ac/dc receiver will monitor any
cight vhi channels of the user’s choice simul-
taneously. It scans across the band, pausing to
listen onlv when a signal is present. Position
one is a priority channel; the receiver reverts
to it any time a signal is present, even if the
scanner has stopped to listen to a transmission
on another channel. Each crystal position has
a bvpass switch that permits the user to tem-
porarilv cut out any particular channel.
Circle No. 86 on Reader Szrvice Card
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Idwest

WHOLESALE
& MAIL ORDER

DIVISION

Protect
yo%r wallet.

Don't ¥ pay retail prices. Choose
from over 100 name brands,

and save on freight charges

by ordering from the location

ncarest you.

Write today for aur free catalog!

Midwest Hifi Wholesale & Mail Order Div,,
2455b Wisconsin Ave

Downers Grove, Ill. 60515 (Attn Peter Eckart)
3309 E. ] W Carpenter Frwy,,

Irving, Tex. 75062 (Attn Paul Eisner)

CIRCLE NO. 20 ON READER SERVICE CARD

12 REASONS YOUR CAR NEEDS
TIGER CDI

Instant starting in any weather - Eliminates tune-ups -
Increases gas mileage - Increases horsepower 15% -
Improves acceleration and performance - Spark plugs
last up to 70,000 miles - Reduces engine maintenance
expense - Amplifies spark plug voltage to 45,000 volts
- Maintains spark plug voltage to 10,000 RPM - Re-
duces exhaust emissions - Dual ignition switch - An
Unconditional LIFETIME GUARANTEE - Installs
in 10 minutes on any car with 12 volt negative ground
- No rewiring - Most powerful, efficient and reliable
Solid State Ignition made.

SATISFACTION GUARANTEED or money back.

TIGER 500 assembled . . ........ $49.95
TIGER SST assembled .. ........ 39.95
TIGER SST Simpli-Kit.......... 29.95

Post Paid in US.A.
Send check or money order with order to:

“Tri-Star Corporation

Dept. W, P. O. Box 1946
Grand Junction, Colorado 81501

DEALER INQUIRIES INVITED
CIRCLE NO. 28 ON READER SERVICE CARD
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@l'ectronics Library,

COMPUTER GLOSSARY FOR ENGINEERS
AND SCIENTISTS

by W.M. Chow & CJJ. Sippl
The phenomenal growth of computer tech-
nologf/ and use compelled the authors to as-
semble this glossary of terms commonly used
by computer specialists. The glossary is spe-
cifically aimed at engineers and scientists. Its
intent is to provide an up-to-date, pertinent,
and useful tool to assist engineers and scien-
tists in Dbreaking down the barriers in
communications.
Published by Funk & Wagnalls, 666 Fifth Ace.,
New York, NY 10019. Hard cover. 246 pages.
$6.95.

ANALYSIS OF ELECTRIC CIRCUITS

by Frederick F. Driscoll
This book provides an excellent introduction to
the basic principles and practical applications
of modern electronic circuit analysis. Its cover-
age includes: fundamental concepts; wave-
forms; elements, terminology, and laws; series
and parallel circuits; addition of sinusoidal
waves and complex numbers; complex imped-
ance and admittance; impedance networks:
transient response; taned circuits; transformers;
and harmonics and Fourier analysis. The text’s
treatment of electronics is thorough and will
be particularly welcome to the advanced
student.
Published by Prentice-Hall, Inc., Englewood
Cliffs, NJ 07632. Hard cover. 458 pages.
$12.95.

AUTOMOTIVE TEST EQUIPMENT YOU CAN
BUILD
by A. Edward Evenson

If you service your own car, this book can
save you time and money. It is an easy-to-
read guide that explains how to build your
own professional-level test equipment. The
dwell meter, tachometer, points and capacitor
tester, i%nition tester, dynamic compression
tester, volt-amp tester, and alternator tester are
all covered in the first seven chapters. Each
chapter describes one particular test instru-
ment, covering not only construction and theory
of operation but also” applications and testing
procedures. Supp]ementary test instruments,
such as timing lights, coil testers, battery testers,
and oscilloscopes, are covered in the remaining
chapters.

Published by Howard W. Sams & Co., Inc.,
4300 West 62 St., Indianapolis, IN 46268. Soft
cover. 160 pages. $4.95.

HANDBOOK OF MODERN ELECTRONIC
DATA
by Moatthew Mand!

As its title implies, this is a reference book—
and a rather impressive one at that. It con-
tains basic equations, explanations of circuitry,
tables and graphs, solid-state theory, and nu-
merous other informational items, including
data on lasers, holograms, antennas, color
codes, symbols, vectors, and phase factors. In
contrast to a theory textbook where the subject
matter sequence is arranged in the order of
difficulty, this data book employs topic group-
ings for convenience in reflerencing the ma-
terial.

Published by Reston Publishing Co., Inc., Box
547, Reston, VA 22090. Hard cocer. 274 pages.
$13.95.

ELECTRONIC PRINCIPLES
by Albert P. Malvino

Using an approximation approach, the author
of this bhook develops the basic theories of
electronics as well as their applications to

W
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220 Airport Bivd., Watsonville, CA 95076

CIRCLE NO. 22 ON READER SERV!CE CARD
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modern industrial practices. The textbook is
well suited for a one-term course in community
colleges and technical institutes. The necessary
prerequisites are ac and dc theory, algebra, and
trigonometry. The text presentation is generally
devoted to solid-state electronics, with a con-
cluding chapter on vacnum tubes. Related
topics in communication electronics, smch as
modulation and intermodulation and mixing,
are also presented.

Published by McGraw-Hill Book Co., 1221
Avenue of the Americas, New York, NY 10020,
Hard cover. 748 pages. $13.95.

PHYSICAL ELECTRONICS
by J. Seymour

Providing an introduction to the physical
principles underlying the operation of present-
day electronic devices, this book was written
for the second- or third-year undergradnate in
electrical engineering and applied physics
courses. Topics covered include: electrons in
atoms, gases, and crystals; the p-n junction;
junction transistors; FET’s, and other semi-
conductor devices; electron emission and vac-
uum devices; microwave devices and electrical
noise; and masers and lasers. Five appendices.
a glossary of symbols and abbreviations, and a
table of physical constants are included.

Published by Hlalsted Press, A Division of John
Wiley & Sons, Inc., 605 Third Ave., New York,
NY 10016, Hard cover. 438 pages. $10.50.

DIGITAL ELECTRONICS
by F. Dokter & J. Steinhauer

This book provides a general survey of the en-
tire field of digital techniques, opening with a
systematic introduction to all topics of impor-
tance to the subject. Theoretical derivations
are given where necessary for an understanding
of the topic being discussed, and each chapter
includes a theoretical basis of the topic together
with specimen calculations and discussion of
practical problems.

Published by Barnes & Noble Books, 10 East
53 St., New York, NY 10022, Hard cover. 270
pages. $19.75.

NICKEL-CADMIUM BATTERY
APPLICATION ENGINEERING HANDBOOK

\What the tube and transistor manuals have
done for their respective fields, this haadbook
does for the field of nickel-cadmium batteries.
It documents in one handv reference hook the
characteristic data, capal)ilities, and limitations
of nickel-cadmium batteries and provides other
information needed for properly applying these
batteries to specific requirements.

Published by General Electric Battery Prod-
ucts Section, P.O. Box 114, Gainestille, FL
32601. Soft cover. $2.50.
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A COMPLETE SETOF
MATCHED

(A} 1] (E)

(A) 60-unit cassette case. 1315 high = 123;" deep x 514" wide.

(B} 30-unit cassette case. 1314" high x 614" deep x 514" wide.

(C) 12.u7it cartridge case. 1314" high x 614" deep x 414" wide.

Units A, B and C have lilted comparments to prevent spillage

and include pressure sensitive labels sor titling,

(D) G-unt 77 reel case. B” high x 7%," deep x 5" wide. Holds
reels in original boxes.

(E) 20-uvit 12" record case 134" Figh x 1214" deep x 314"
wide Holds records in or ginal jacksts.

Here's the ideal solution to the problem of
keeping your records and tapes stored
conveniently and attractively. Now you can
keep them side-by-side on your book-
shelf or cabinet, easy to identify and read-
ily available.

Sturdily constructed and covered in a hand-
some leatherette, the outer case is elegantly
embossed in gold and comes in your choice
of three popular decorator colors — black,
brown and green—lending themselves readily
) to the decor of any room.

A CHARGE YOUR STORAGE CASE ORDERS TO YOUR

AMERICAN EXPRESS OR BANKAMERICARD ACCOUNT
IEESSESSENEESE SN SEEEEEEEnS
ZIFF-DAVIS PUBLISHING COMPANY, DEPT. 23
One Park Avenue, New York, N.Y. 10016

O My remittance in the amount of § is losed
for the cases indicated.
3 Charge. j American Express [ BunkAmericard

Sundmrecany

Account =

60-unit Casselte Cases @ $14.75 each;
3 for $42.00

30-unit Cassette Cases @ $8.40 each;
3 for $24.00

12-unit 8-Track Cartridge Cases @ $5.25
each; 3 for $13.75
6-unit 7” Reel Cases @ $4.75 each:
3 for $12.65

— — 20-unit 12” Record Cases @ $5.25 each,

3 for $13.75
Add 50c per unit ordered for postage and handling, Outside U.S.A.,

add $1.00 per unit ordered. Paymeni must be enciosed with order
it not charged.

Check color choice for back of case {sides in black only):

O Brown {1 Green 3 Black
Print Name
Address
City
State Zip

"IIIIIIIIlllllllllllllllllllllll

YuEsEaRNsEssaESEAEEESEEEEEERE

‘.IIIIIIIIIIIIIIIIIIIIlllllllllll
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New Literature;

LAFAYETTE RADIO 1974 CATALOG

The 1974 edition of the world’s largest annual
catalog of consumer electronic parts and equip-
ment is now available from Lafayette Radio
Electronies. Catalog No. 740 features both 2-
and 4-chamel hi-fi gear, including amplifiers,
tuners, receivers, recorders, cte.; CB and ham
radio cquipment; test gear; automotive acces-
sories; and over 20,000 other items. Address:
Lafayette Radio Electronics, 111 Jevicho Tpke.,
Syosset, NY 11791.

TDK OFFERS “GUIDE TO CASSETTES”
A 48-page hooklet packed with useful informa-
tion on home tape recording  methods  and
equipment is available from TDK as “The
TDK Guide To Cassettes.” The pocket-size
hooklet offers a short course in tape recording
terminology and techuology for the layman,
including an explanation of the various types
of tape formats, their velative merits, and ap-
plications. Address: TDK Electronics Corp,,
2373 48 St., Long Island City, NY 11103,

RCA RECORDING TAPES BROCHURE

In Audio Recording Tapes Brochure No. IT-
1182B, published by RCA, there is a host of
nseful information about the company’s Red
Seal brand of cobalt energized cassettes, low-
noise 8-track cartridges, and reel-to-reel tapes.
The brochure details running times, track and
tape widths, base and filn coating thicknesses,
magnetic characteristics, and recm'(ling charac-
teristics. Address: RCA  Electronic Compo-
nents, Harrison, NJ 07029,

GE “PERMA-CELL" BATTERY BROCHURE

The dollar-saving beunefits of using the General
Electric  Perma-Cell battery system are dis-
cussed in the company’s GEA-9661 hrochure.
Detailed are the essential characteristics of the
Perma-Cell nickel cadmium  batteries, the
Model BC-1 battery charger, and how the two
pair up to make a “system.” Address: General
Electric Co., Battery Products Div., .0. Box
114, Gainesville, FL 32601.

MIDLAND ELECTRONICS CATALOG

Prominently featured in Catalog No. EP-73
from Midland Electronics is the company’s en-
tire line of monitor receivers and base station,
mobile, and hand-held CB transceivers and ac-
cessories.  Other products listed include PA
equipment, power supplies and adapters, inter-
coms, hi-fi equipment, a closed-circuit TV
camera, multimeters, etc. Address: Midland
Electronics Co., P.O. Box 19032, Kansas City,
MO 64141.

AVANTI ANTENNA CATALOG

The 1973 edition of the Citizens Band Coun-
munications  Catalog is now available from
Avanti. Listed and described are the company’s
entire line of base and mobile antennas and
accessories. The latter includes trunk lid and
deck mounts, a co-phasing harness kit, etc.
Address:  Avanti  Research & Development,
Inc., 33 West Fullerton Ave., Addison, IL 60101.

NORTRONICS TAPE HEAD REPLAGCEMENT GUIDE

The Recorder Care Division of Nortronics Co.
had just released Form No. 7297C, a two-color
brochure that details the company’s line of
universal replacement heads for cassette and
8-track cartridge players. The heads are ref-
crenced according to manufacturer and ma-
chine or head part number, track style, and
Nortronics replacement part number. The bro-
chure also pr()\'ides information about QM-
Series recorder care aceessories. Address: Nor-
tronics Co., Ine,, 8101 Tenth Ave. North,
Minneapolis, MN 55427,

L4
20 meoce P

Let us know 6 to 8 weeks in advance so that you
won't miss a single issue of POPULAR ELECTRONICS
INCLUDING ELECTRONICS WORLD

Attach old labe! where indicated and print new
address in space provided. Also include your mailing
label whenever you write concerning your subscrip-
tion. It helps us serve you promptly.
Write to: P.0. Box 2774, Boulder, Colo., 80302, giving
the following information.

O Change address only.

O Extend subscription. O Enter new subscription.

MO 5yrs. $21 @0 3 yrs. $15 @O 1 year $6
[0 Paymentenclosed (1 extraissue per yr. asa BONUS)
O Bill me later.
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| If you have no label handy, print OLD address here.1'1-|
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please print
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Add'l postage: $1 per year outside U.S., its possessions & Canada.
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Surplus Scene

J

By Alexander W. Burawa, Associate Editor

HOW TO BUY SURPLUS COMPUTER BOARDS

FOR YEARS, surplus dealers have been of-

fering for sale computer boards at very
attractive prices. Computer boards are most
often bought by knowledgeable, economy-
minded experimenters who want to build up
their spare parts inventories. To the experi-
menter, some boards are worth buying,
while others are decidedly useless—at least
for electronic purposes. At the risk of of-
fending some dealers, we are going to reveal
some of the secrets of buying computer
hoards that will yield usable parts and de-
fine the tvpes of boards that will prove
useless for most electronic purposes.

Taking the latter first, let's begin with a
few generalizations. Almost without excep-
tion, any board that is ultra-thin and where
leads are bent close to the component bod-
ies can be considered useless. So can boards
loaded with unidentifiable IC’s, small black
plastic cubes, and little else. Add to this
list boards containing one or several LSI
chips, nsually sold as “computer memories”
or such like; by the time you figure out the
functions these chips perform and how to
put them to use, you'l likely have a long
white beard. Charred components or areas
of the board, except around power resistors
and transistors, are sure signs that the board
is useless. Also, avoid any board that is plas-
tic encapsulated; vou'll never get the com-
ponents off the board in one piece.

Now let us enumerate what to look for in
boards that will vield usable components.
The most useful computer hoard assemblies
that will vield practical components are
those crowded with resistors, capacitors, di-
odes, and transistors. Don’t look for anv-
thing exotic because exotic things usually
have control numbers that you won’t be able
to decipher. Resistors and capacitors are
generally of precision tolerance, but make
sure that thev are clearly marked. Diodes,

AUGUST 1973

particularly the signal types, generally pre-
sent no problem; they are usually identified
by color banding and, even lacking banding
or number identifications, have clearly indi-
cated cathode ends. Transistors need not be
identified by EIA (2N and 3N) numbers.
If vou have a curve tracer and/or transistor
checker, you can quickly determine tran-
sistor types according to polarization, mate-
rial, und power-handling capacity. (FET's
and UJT’s aren’t so easv to identify, but
these are rather rare.)

There are a few—not many, but a few—
boards sold on which are mounted encap-
sulated reed relays. These are always a
worthwhile investment. So are boards on
which are mounted multi-turn and precision
trimmer potentiometers. (Inductors are
hardly ever identified and should not be
given serious consideration.)

You will soon discover that not all boards
containing “useful” compaments are worth
the investment. Make a quick check for the
features outlined in the second paragraph.
If a given board pusses this test, give it a
more careful visual inspection. Give partic-
ular emphasis to lead length after compon-
ents are dismounted. Leads should be long
enough to permit the components to be re-
mounted on a new printed circuit board or
to permit them to be hooked to terminals
in point-to-point wired assemblies.

Lead length can be deceptive. So, check
carefullv and don’t assume that the leads
are bent over against the board’s copper
foil pattern. To conserve space in the thick-
ness dimension., most component leads are
very short to start with. After the compon-
ents are installed on the board and their
leads are soldered to the copper foil, the
leads are often ground almost fush with the
copper foil. Take this into account when
vou're making a value judgement. @®
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ELECTRONICS MARKET PLACE

NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or indl-
viduals offering commercial products or services, $1.60 per word
(inciuding name and address). Minimum order $16.00. Payment
must accompany copy except when ads are placed by accredited
advertising agencies. Frequency discount: 5% for 6 months;
10% for 12 months paid in advance. READER RATE: For individ-
vals with a personal item to buy or sell, $1.00 per word (includ-
ing name and address.) No minimum! Payment must accompany
copy. DISPLAY CLASSIFIED: 1” by 1 column (254" wide), $200.00.
2" by 1 column, $400.00. 3” by 1 column, $600.00. Advertiser to
supply cuts. For frequency rates, please inquire,

GENERAL INFORMATION: First word in all ads set in bold caps at
no extra charge. All copy subject to publisher's approval. All
advertisers using Post Office Boxes in their addresses MUST
supply publisher with permanent address and telephone number
before ad can be run. Advertisements will not be published
which advertise or promote the use of devices for the surrepti-
tious interception of communications. Closing Date: 1st of the
2nd month preceding cover date (for example, March issue
closes January 1st. Send order and remittance to Hal Cymes.
POPULAR ELECTRONICS Including ELECTRONICS WORLD, One
Park Avenue, New York, New York 10016.

FOR SALE

FREE! bargain catalog. Fiber optics, LED's, transistors, dlodes,
rectifiers, SCR's, triacs, parts. Poly Paks, Box 942, Lynnfield,
Mass. 01940,

GOVERNMENT Surplus Receivers, Transmitters, Snooperscopes,
Radios, Parts, Picture Catalog 25¢. Meshna, Nahant, Mass. 01908,

LOWEST Prices Electronic Parts. Confidential
KNAPP, 3174 8TH Ave. S.W., Largo, Fla. 33540.

Catalog Free.

ELECTRONIC PARTS, semiconductors, kits. FREE FLYER. Large cat-
alog $1.00 deposit. BIGELOW ELECTRONICS, Bluffton, Ohio 45817.

CONVERT any television to sensitive, big-screen oscilloscope.
Only minor changes required. No electronic experience neces-
sary. illustrated pians. $2.00. Relco-A33, Box 10563, Houston,
Texas 77018.

GREGORY ELECTRONICS
Reconditioned & Used
FM 2.WAY RADIO SAVINGS
Portial List—Send for New Cataleg

The General Electric

Message
Mate

personal pocket
voice receiver
with sel-call

« Fully transistorized. 100%
solid state for ultimate in
reliability and performance,

- Selective signaling options
for individual messages in-
side & outside of buildings.

150-162 MHz, 162-174 MHz
Specify freq. with order
Charger inc. with nickei-cadmium
model. Ask about fow band. $
98.
less reeds

Lots of 5, less 10% . . ea. $88.20

Lots of 10, less 15% . ea. $83.30

== GREGORY ELECTRONICS CORP.

249-F R, 46, Saddle Brook, N.J. 07662
Phone; (201) 489-9000

CIRCLE NO. 12 ON READER SERVICE CARD
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WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machine,
Speakerphone, Carphone, Phonevision, Auto Dialer, Touch Button
Dialer, Central Dial System. TELEVISION: $35.00 Coior Converter,
Video Tape Recorder. $25.00 Camera. HOBBYIST: Electron Micro-
scope, 96 Hour Tape Music System, Ultrasonic Dishwasher,
Radar-Oven. Plans $4.95 each. NEW [TEM: $75. Electronic
Pocket Calculator, $7.50. COURSES: Telephone Engineering
$39.50. Detective Electronics $22.50, Integrated Circuit Engi-
neering, $49.50. NEW SUPER HOBBY CATALOG plus year's sub-
scription to Electronic New Letter AIRMAILED $1.00. Don Britton
Enterprises, 6200 Wilshire Bivd., Los Angeles, Calif. 90048.

RADIO—T.V. Tubes—36¢ each. Send for free catalog. Cornell,
4213 University, San Diego, Calif. 92105.

METERS—Surplus, new, used, pane} or portable, Send for list.
Hanchett, Box 5577, Riverside, CA 92507.

PYROTECHNICAL chemicals, casings, tools, supplies, fuse, liter-
ature, Giant, illustrated catalogue/handbock includes formulas,
instructions—50¢, with samples—$1.00. Westech, Box 593,
Logan, Utah 84321,

ANTIGRAVITY, experiment and theory, Rushed—$2.00. U.S. In-
quiries. Intertech 7A10, Box 5373, Station-F, Ottawa, Canada.

JAPAN HONG KONG DIRECTORY, World products information.
$1.00 today. World Trade Inquiries, Hillyard, Washington 99207.

TEST EQUIPMENT, Aerospace-Laboratory Grade. Request your
needs; will mail appropriate catalogs {(we have 24 catalog cate-
gories). Only for Engineers, Businesses, Schools and advanced
Technicians. Goodheart, Box 1220PE, Beverly Hills, Calif. 90213,

BUILD YOUR DWN SPACE-AGE TV CAMERA

OHLY KNDWN SCI._IDSTA"E CAMERA KIT! deel for xperimanters,
homa, educotion, indusiry, etc. * qualiy ® Bocked by over
six pomrs of 10h & fiold feaing @ Pully Gurmived. #
[ ] ™ al! witbowt moddication  # Step-by siep r.u

XT-1A, Seties D ¢

onplee with
pentpaid muhn in USA & Canada -Im widian N SHH!!:I

PHOMNE or WRITE for CATALOG.
DIAL 403-80+-21TH

Mony  sther kits, parts and plans svailable including sterter kits, focus
defl, coils, vidiom tubes, const. plans, oudie subcorrier hi ele.

1301 BROADWAY ATV Research  oaxon oy, ness. sern

AMATEUR SCIENTISTS, Electronics Experimenters, Science Fair
Students . . . Construction Plans—Complete, including draw-
ings, schematics, parts list with prices and sources . . . Robot
Man — Psychedelic shows — Lasers — Emotion/Lie Detector —
Touch-Tone Dial—Quadrasonic Adapter—Transistorized lgnition
—Burglar Alarm—Sound Meter . . . over 60 items. Send 25¢ coin
(no stamps) for complete catalog. Technical Writers Group, Box
5994, State College Station, Raleigh, N.C. 27607.

SCOPES, meters, test equipment, military and industrial surplus.
Write for free *‘Bargain Bulletins’’. Lawrence Instruments, P.O.
Box 744, Sunbury, Pa. 17801.

MECHANICAL, ELECTRONIC devices catalog 10¢. Greatest Values
—Lowest Prices. Fertik's, 5249 “D", Philadelphia, Pa. 19120.

SURPLUS electronics for everyone. Free catalog. U.S. inquiries.
ETCO, 464 McGill, Montreal, Canada.

POPULAR ELECTRONICS Including Electronics Worid



DIGITAL ELECTRONICS! Compiete schematics, parts lists, theories
—Discrete Component Digital Clock, $3.00—Sound Sensitive
switch, $1.50. Increase technical competence, hobby skills—
Complete Course in Digital Electronics is highly effective, $10.00.
Free literature. DYNASIGN, Box 60A7, Wayland, Mass. 01778.

F_REE Catalog lists resistors, tubes, transistors, rectifiers,
condensers, tools, tuners, etc. Hytron Hudson, Dept. PE, 2201
Bergenline Ave., Union City, N.J. 07087,

DSCILLOSCOPE. New 10 MHz trigger sweep and dual trace. Add
to any scope. HTP, Box 901, Cupertino, Calif. 95014,

E CATALOG

% OFF COMPARABLE KITS®
*BUY DIRECT « SAVE $33

FREE Catalog — Electronic Kits — Amplifiers —
Preamps — Psychedelic Strobes — Burglar Alarms
Digital Tachometer —More: Free Catalog.
SWTPC, Box A32040, San Antonio, Tex. 78284.

IGNITION SYSTEMS: Capacitor, Transistor. Information 10¢.

Anderson Engineering, Epsom, N.H. 03239.

AUTHENTIC, INSTRUMENTED, FLYING ROCKETS for casual or
serious experimenters. Over 80 scale original, multi-stage or
ready-to-fly models. So'id-propellant engines for safe, electric
launch system liftoffs up to 2,500 feet. Measure altitude, temp.
inversions, more, Real telemetry, electronic tracking, aerial
still and movie photography with super-minjaturized equipment,
New, detailed tech manual and full-color catalog, 25¢ from
ESTES INDUSTRIES, Dept. 18M, Penrose, Colo. 81240.

ALPHA/THETA feedback lnstruments—$25 Sensmve clrcmt of
$75 unit. Ultimate ease of use. Inner Space Electronics,
Box 308PE, Berkeley, CA 94701.

ELECTRONIC CD! Ignitions, VHF/UHF monitors, CB radios.

Wholesale. Southland, Box 3591, Baytown, Texas 77520.

FREE CATALOG. Parts, circuit boards for Popular Electronics
projects. PAIA Electronics, Box C14359, Oklahoma City, OK 73114,

BURGLAR-FIRE alarm supplies and information. Free catalog.
Protecto Alarm Sales, Box 357-G, Birch Run, Michigan 48415.

FIREWORKS NEWS—Monthly magazine covering Fireworks, Con.
struction, Literature, Sources of Supplies, New Firms Products.
Free Fireworks Catalogs With Subscriptions! $9.00 per calendar
year. Pyro Press, Box 1202N8, Lexington, Kentucky 40501.

SOUND SYNTHESIZER KITS—Surf $11.95, Wind $11.95, Wind
Chimes $16.95, Electronic Songbird $6.95, Musical Accessories,
many more. Catalog free. PAIA Electronics, Box J14359,
Oklahoma City, OK 73114

WAVEFORM Generator Kit $10.00. Stereo Multiplex Kit $19.95.
Free Kit Catalog. Photolume Corp., Box 139, N.Y., N.Y. 10016.

PRESTODIAL Automatic Phone Dialer, Dial 36 numbers automati-
cally. Can be built into fire or burglar alarms. $59.50 new or
$29.50 rebuilt plus $1.50 postage. Parts available. C&T
Enterprises, Box 19864, Co.umbus, Ohio 43248,

AUTON high RPM Ignition information. Autonics,
National City, California 92050.

Box 1581,

TTL IC, Semiconductors, parts discount. Price List, 10¢. Totelek,
Box 222, Goodyear, Arizona 85338.

RECORD Telephone conversations automatically. Device oper-
ates privately unattended, $24.95. Manual version for dictating
machines $15.95, Stier Enterprises, Box 3153, Van Nuys,
California 91407.

DIGITAL SPEEDOMETER with numeric readout,
KIMTRON, Box 80134, Chamblee, Georgia 30341.

Plans $7.50.

Special New

Digital Multimeter
Kit 3)2 Digits
—Volts—Ohms

—Current—Capacity

$99.95 in Kit Form

$149.95 Pre-Wired

Send Far Free Flyers On Linears, PC Kits,
Readouts, Resistors & Other Barpains

Min. order $3.00. On orders less than $10.00 en-
close .50 for postage and handling. Send check
or M.O

EDWARDS ELECTRONICS

The John Edwards Electronics Co.
P.0. Box 465, Glen Ellyn, Ill. 60137

CIRCLE NO. 9 ON READER SERVICE CARD

FREE Bargain Catalog of Electronic Components. Chaney, Box
15431, Lakewood, Colorado 80215.

AUGUST 1973

ELECTRONIC GOODIES. Sorensen Voltage Stabilizer Input 95-
130V/24A; Output 110-120V, 2000VA New $150.00. F.0.B. Hous-
ton; Write list; Madison Electronics, 1508 McKinney, Houston,
Texas 77002, (713) 224-2668.

SIGNAPROBE

Model AF-RF TP1 $29.95

Audio tracer probe. Use it for trouble shooting
defective circuits in any type of electronic
equipment. And, with the four adaptor heads it
can be used to locate oscillations, locate ground
loops, locate hum, locate breaks in printed
circuit boards, test audio and modulated r.f.
circuits.

Send For Free Flyer

Other Probes Also Available

E.C.D. SALES CO.
P.0. Box 1201
York, Pa. 17405

REGULATED POWER

with Monroe Model 3RA.4 Power Supply—
Economical, Quality Bullt Solid State ReTu-
lated Power Supply will (Icllv‘r up to 4 amps
output DC, Hegul
Mlt dip, and 3 carren
35VDC outputs, \Im A.C.
for info. now to

MONROE ELECTRONICS CO.
Conn. Comm. Elccts. Div.
436 Norman St.
Bridgeport, Conn. 06605

line output. Suvnd

ALPHA/THETA brainwave biofeedbauk instruments with digital
processing. 8ioScan, Box 14168E, Houston, Texas 77021.
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POLICE—FIRE Frequency Directories $2.00. Monitor Crystals
$4.95. 25¢ extra for airmail. Crystal Service, P.0. Box 612, East
Moline, lllinois 61244.

BRAINWAVE feedback. Professional
Electroencephalophone,
bridge, Wa. 98110.

biofeedback
Electromyometer. J&J,

instruments:
8102-E, Bain-

ELECTRONIC ORGAN KITS, KEYBOARDS and many components.
Independent and divider tone generators. All diode keying.
I.C. circuitry. With our kits you can build any type or size
organ desired. 25¢ for catalog. DEVTRONIX ORGAN PRODUCTS,
Dept. C, 5872 Amapola Dr., San Jose, Calif. 85129.

EXPERIMENTER supplies, PC chemicals,
accessories—Free Catalog, Technical
Arlington, MN 55307.

solder, adhesives,
Services, Box 687,

EXPERIMENTERS—Circuits, DVM V/F converters $2.00. Others,
List 25¢. Yeager, P.0. Box 2213, Olympia, Washington 98507.

CONSTRUCTION PLANS: Laser . . . $2.00. Missile Tracker . . .
$2.00, Free Catalog, Quadraphonic Adaptor—A bled
$8.95. Howard, P.0. Box 35271, Detroit, Michigan 48235.

CALCULATOR OWNERS: Use your + — X calculator to compute
roots, trigonometric functions, logarithms, exponentials, and
more; quickly, accurately, easily, Manua! $2.00. Mallmann Optics
agg Electronics, Dept-6A, 836 South 113, West Alis, Wisconsin
53214,

NEED replacement parts, repair manuals, wholesale merchan-
dise? Avoid pitfalls when buying! Over 350 brands, addresses,
time-tested tips—$1.00. JAPANESE ELECTRONICS DIRECTORY,
601 S. Dodson, Urbana, Hlinois 61801.

MASK ANNOYING NOISE! $4.95 (kit $3.95). Details: Mindlight,
B2846PE, van Nuys 91404.

WANTED

QUICKSILVER, Platinum, Silver, Gold, Ores Analyzed. Free Circu-
lar, Mercury Terminal, Norwood, Mass. 02062.

MILITARY SURPLUS EQUIPMENT WANTED. ARC-34C, ARC-51BX,
ARC-73, ARC-102, ARC-109, ARC-131, ARC-134, ARN-21C, ARN-52,
ARN-65, GRC-106, VRC-12, URC-24, 618T, Also Bendix, Collins GR,
HP, Tektronix needed, plus military test sets, We Buy or Trade.
Slep Electronics, 2412 Highway 301, Ellenton, Florida 33532,

INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home all makes includ-
ing transistor. Experimental kit—trouble-shooting. Accredited
NHSC, Free Booklet. NILES BRYANT SCHOOL, 3631 Stockton,
Dept. A, Sacramento, Calif. 95820,

LEARN WHILE ASLEEP, Hypnotize! Strange catalog free. Auto-
suggestion, Box 24-2D, Olympia, Washington 98501,

ASSOCIATE DEGREE IN ELECTRONICS through correspondence
instruction. G.!. Bill approved. Free catalog. Grantham, 1509 N.
Western, Hollywood, California 90027.

FCC First and Second Tests. $8.95. Electronic Tutoring, Box
24190, Cleveland, Ohio 44124.

ON THE AIR announcer training at R.E.l. features individual
realistic preparation for your Radio/TV career, R.E.l.'s engineer-
ing course features intensive training for the FCC First Phone!
Complete either course in just five (5) weeks! Call 1.800-237-2251
toll free for brochure. Write: R.E.l., 1336 Main Street, Sarasota,
Florida 33577.

FREE CATALOG—Tremendous electronics bargains.

Compu-
kits, Box 4188C, Mountain View, California 94040.

PRINTED circuits made. Free details.

Reed Engineering,
1140-C N. Lemon, Orange, Calif. 92667

WHOLESALE Scanners, CB., Crystals, Directories, SS8/AM,
Catalog 25¢. G—ENTERPRISES, Box 461P, Clearfield, Ut. 84015.

TRANSISTORS, Integrated Circuits, Switches, Relays, Motors,
Cauges, Meters, Oscilloscopes, LASER, Computer, and Stereo
Components. Ham Equipment and Government Surplus Bargains.
Quick Disconnect Automotive Cables $1.50, 1 Amp Rectifiers
8/$1, 2N3055's $.85, Large LED's $.50. FREE BARGAIN CATALOG.
Surp.us Electronics, 10518 Connecticut, Kensington, Maryland
20795.

PLANS AND KITS

ANTIGRAVITY OEVICE. Brochure rushed free. AGD, Box 3062-ZD,
Bartlesville, Oklahoma 74003.

¥ REZE «iT caTALOG

Why does every major College, University, Tech-
nical School, Research & Development Center
buy from us? Because we have the highest quality
and lowest prices. Free Catalog. SWTPC, Box
H32040, San Antonio, Tex. 78284,

LATEST vista digital, linear IC, PC Board Kits. Free Flyer.
Photolume Corp., Dept. A, Box 139, N.Y., N.Y. 10016.

OIGITAL Logic Kits. Send for 10 pages of practical facts
about designing your own projects and get our current kit
list for 50¢. Bit Kits, 12 Fairview Road, Millburn, N.J. 07041.

UNIQUE DEVICES: Plans, Kits—Security, Audio, Hobby; Catalog
50¢ (refundable). Metro-Elco, Box 409, Toledo, Ohio 43692.
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SHORTCUTS To Success! Highly Effective, Profitable Short Courses.
(75 Choices). Study At Home. Diploma Awarded. Qur 27th Year.
Free Literature. CIEE-D, Box 10634, lackson, Miss. 39208,

TAPE RECORDING CQURSE: Taught by studio engineers. Free in-
formation. NNA, Box 721R, Rye, New York 10580.

PASS FCC EXAMS! Memorize, study
—*1973 Tests-Answers'' for F
First and Seco class

plus— ‘‘Self-Study Ability
°$9.95 postpaid.

MMAND P 5
RAMD ENGINE

INS P.O. BOX 26348-P
AN SAN FRANCISCO, CALIF. 94126

EARN COLLEGE DEGREES at home. Many subjects. Florida State
Christian University, P.0. Box 1674, Fort Lauderdale, Florida
33302.

DIGITAL:'I(':HEORY,DESIGN o

LOGICONSTRUCTION
NEWSLETTER °©

SAMPLE COPY $1.00
LOGICNEWSLETTER
POB 252

S
WALDWICK,N.J. 07463

LEARN Ventriloquism. Basic course includes scripts $2.00—
‘Ventriloquist's Repart” catalog of courses, records, dummies,
50¢. Show-Biz Services, 1735 East 26th St., B'klyn, N.Y. 11229,

AMATEUR RADIO. In your car, p'ane or boat you're much safer
with reliable two-way communication aboard. Complete tape-
recorded, no-textbook Code and Theory license courses. Ron
Reed Electronics Institute, 12217 Santa Monica Bou'evard,
W. Los Angeles, Calif. 80025.

LEARN computer programming. For more information write Reb,
205 State Highway, Avoca, Pennsylvania 18641.

POPULAR ELECTRONICS Including Electronics World
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o o 2001_.98 1.2S A
‘30 0 Data-Lit 707 direct replacement for MAN-1 400 | 1.15 [ 1.50 | 567 Tone Decoder ......$3.25
.35 .30 LED seven segment Reouts $3.75 600 | 1.35 1 1.75 560 Phase Lock Loop ...$3.25
49 -39 - o 561 Phase Lock Loop . ..$3.25
39 3 | wan-a LED rEADOUT . .s3.25 Silicon Power Rectifiers EE TR el A SIS
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o 95 | U d ! 0 dt 540 70W Power Driver 2.04
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9 iR supplies. Theul units are similar 400 .09 .20 .45 _1.s0 ;lgggsoo"::r::pp 1:;‘;
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SOCKET AND DATA SHEET $2.25 3/$6.00
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Post Office Box 74A

Somerville, Mass, 02143

ATE SALES

Tel. (617) 547-4005

CIRCLE NO. 26 ON READER SERVICE CARD

TAPE AND RECORDERS

RENT 4-Track open reel tapes-—all major labels—3,000 cifferent
—free brochure. Stereo-Parti, 55 St. James Drive, Santa Rosa,
Ca. 95401.

PATENT Searches including Maximum speed. full airmail renort
and closest patent copies. Quality searches expertly adminis-
tered. Complete secrecy guaranteed. Free Invention Protection
forms and ‘'Patent Information,” Write Dept. 9, Washington
Patent Office Search Bureau, Benjamin Franklin Substation,
P.0. Box 7167, Washington, D.C. 20044.

SCOTCH MAGNETIC TAPE (USED)

=150, 1800 FT. 7 INCH REEL, 1 MIL
POLYESTER, RECORDED ONCE., BULK
ERASED (NO BOX}), 99¢, PLUS 100~
SHIPPING & HANDLING (MIN. ORDER
$10.00): SLIGHRTLY USED 1014~ 1 H
FIBERGLASS REELS. 34" HOLE. S0c
EACH. PLUS SHIPPING BY WEIGHT
AND ZONE.

SAXITONE TAPE SALES ol
1776 Columbia Rd.. N.W. Washington, D.C. 20009

RECORD BTRK cartridges with any player. Instructions, $2.00.
C. Faust, Rancocas, New Jersey 08073.

1930-1962 Radio Programs on reels, $1.00 hour! Who'esaling
Cassettes, $2.00 hour! Send $1.24 for huge catalog and hour
samples. AM Treasures, Box 192, Babylon, N.Y. 11702
SCOTCH RECORDING TAPES. Biggest discounts! Catalog 10¢.
Tower, Lafayette Hill, Pa. 19444,

INVENTIONS WANTED

CASH-ROYALTIES for patented, unpatented inventions. Global
Marketing Service, 2420-P 77th, Oakland, California 94605.

FREE ‘‘Directory of 500 Corporations Seeking New Products.”
For information regarding development, sale, licensing of your
patented/unpatented invention. Write: Raymond Lee Organization,
230-GR Park Avenue, New York City 10017.

AUGUST 1973

INVENTORS: Protect your ideas! Free ‘‘Recommended Proce-
dure”. Washington Inventors Service, 422T Washington Building,
Washington, D.C. 20005.

INVENTORS! Either 1 will sell your Invention before you do,
(either through your own efforts or those of another firm) or
1 will pay you a cash bonus. For Free Invention Evaluation and
information, write Gilbert Adams, Invention Broker, Dept. 20,
81 Wall St., New York, N.Y. 10005.

NEW PRODUCTS—INVENTIDNS—IDEAS Developed/Marketed by
professional organization. FREE INFORMATION “'How to Market
Inventions To Industry’”. Lawrence Peska Associates, 500-PE
Fifth Avenue, New York City 10036.

FREE PAMPHLET: “‘Tips on Safeguarding Your Invention.” Write:
United States Inventors Service Company, 708-T Carry Building,
Washington, D.C. 20005.

MOVIE FILMS

8MM-SUPER 8-16MM MDVIES! Biggest Selection! Lowest Prices!
Free Catalog! Cinema Eight, Box PE, Chester, Connecticut 06412,

HYPNOTISM

SLEEP learning. Hypnotic method. 92% effective. Details free.
ASR Foundation, Box 7566EG, Fort Lauderdale, Florida 33304,

FREE Hypnotism. Self-Hypnosis. Sleep Learning Catalog! Drawer
H400, Ruidoso, New Mexico 88345.
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MINIATURE POWER SUPPLY

Supply is 2%x1%x3% and
is 3.0 V. @ 300 ma. Has
on-off switch, pilot light
and 5% ft. line cord. Add
2 diodes (which we supply)
and supply becomes 6.0
RTL, DTL and TTL IC circuits,

volts, ideal for
battery chargers, portable radios etc.

STOCK NO.F5081 with data, 3.75 ea.

3/10.00

SOLID STATE TIMER

AEMCO, 1 to 15 second
solid state precision tim-
er.3PDT relay closes at
selected time. 10 Amp
contacts.Operates from
115 VAC. With data sh-
eet. Removed from equ-
ipment. STOCK NO.
9566, $4.95 3/13.00

AL MG
L 12 1)

?g

TREASURE FINDERS

FBEE—V@IuabIe Treasure Finder catalog_sent by-_r;tu;n_-gil:
Find Coins. Rings, Gold, Silver, Metals, Relics. write today.
JETCO. Dept. CPE, Box 26669, El Paso, Texas 79926.

TREASURE FINDER locates buried gold, silver, coins, treasures.
6 powerful models. $19.95 up. Instant financing available. Write
or call for free catalog. Phone (713) 682-2728 day or night.
Dealer inquiries invited. Relco, Dept. A-33, Box 10839, Houston,
Texas 77018.
FREE FACT-FILLED CATALOG. World's largest line of metal
detectors, Mode:s as low as $49.50 and up. Two year Guarantee.
Three factory locations, U.S. and Canada, plus over 1,000
dealers and 35 Service Centers from coast to coast. No finer
instruments made at any price. Budget terms. Write:
White's Electronics, Inc., Rm# 391, 1011 Pleasant Valley Road,
Sweet Home, Oregon 97386,

METAL OETECTORS. Save $$$. Catalog; Detector, Room 865-W_.
102 W. Arrellaga St., Santa Barbara, Calif. 93101.

FIND BURIED TREASURE eight transistorized models $19.95 tT)
$119.95, modular interchangeable heads, full view meters, FREE
Catalog, Solidtronics Corporation-PE 35, Tennent, N.). 07763,

COMPUTER GRADE CAPACITORS (BRAND NEW)

40,000 mfd. 10 volts 1.25 ea. 6/7.00 Stk. No. F2026
70.000 mfd. 10 volts 1.75 ea. 6/9.00 Stk. No. F2118

3.750 mfd. 75 volts 1.75 ea. 6/9.00 Stk. No. F2116

Send for new 56 page catalog, loaded with new
items.Include postage. Excess is refunded.

A\ JELTA ELECTRONICS 0.,

BOX 1, LYNN, MASSACHUSETTS 01903
PHONE (617)-388-4705

CIRCLE NO. 4 ON READER SERVICE CARD

SUBSCRIPTION

Your subscription to PopuLAR ELECTRONICS is
maintained on one of the world’s most modern,
efficient computer systems, and if you're like 99%
of our subscribers, you'll never have any reason
to complain about your subscription service.

We have found that when complaints do arise,
the majority of them occur because people have
written their names or addresses differently at
different times. For example, if your subscription
were listed under “William Jones, Cedar Lane,
Middletown, Arizona,” and you were to renew it
as “Bill Jones, Cedar Lane, Middletown, Arizona,”
our computer would think that two separate sub-
scriptions were involved, and it would start send-
ing you two copies of PoPuLAR ELECTRONICS each
month. Other examples of combinations of names
that would confuse the computer would include:
John Henry Smith and Henry Smith; and Mrs.
Joseph Jones and Mary Jones. Minor differences in
addresses can also lead to difficuities. For exam-
pie, to the computer, 100 Second St. is not the
same as 100 2nd St.

So, please, when you write us about your sub-
scription, be sure to enclose the mailing label
from the cover of the magazine—or else copy your
name and address exactly as they appear on the
mailing tabel. This will greatly reduce any chance
of error, and we will be able to service your
request much more quickly.

— ABOUT YOUR |
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HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount prices for
Shure, Pickering, Stanton, Empire, Grado and ADC. Send for free
catalog. All merchandise brand new and factory sealed. LYLE
CARTRIDGES, Dept. P, Box 69, Kensington Station, Brooklyn,
New York 11218,

BEST Hi-Fi Stereo Books!—‘'4-Channel Stereo,” only $3.95. Free
Catalog. TAB BOOKS, B.R.S., Pa. 17214.

GOVERNMENT SURPLUS

GOVERNMENT Surplus. How and Where to Buy in Your Area. Send
$2.00. Surplus Information, Headquarters Bldg., Box 30177-PE,
Washington, D.C. 20014,

ELECTRONIC Equipment and Parts, Big 36 page Free Catalog.
Send for your copy today! Fair Radio Sales, Box 1105-P, Lima,
Ohio 45802.

JEEPS Typically fram $53.90 . . . Trucks from $78.40 . .
Boats, Typewriters, Knives, Airplanes, Clothing, Multimeters,
Oscilloscopes, Transceivers, Photographic, Electronics Equip-
ment. Wide-variety, condition. 100,000 Bid Bargains direct
from government nationwide. Complete sales directory and
surplus categories catalog $1.00 (Deductible on orders from
separate included catalog). Surplus Service, Box 820-J, Holland,
Michigan 49423,

GOVERNMENT SURPLUS. Complete sales directory $1.00. Surplus
Publications, Box 260622, Los Angeles, Calif. 90026.

MANUALS for gov't surplus radios, test sets, scopes, teletvpe.
List 50¢. Books, 7218 Roanne Drive, Washington, D.C. 20021.

PLASTICS

CASTOLITE pours like water, hardens like glass without heat.
Crystal clear, colors. Embed natural flowers, seashells, momen-
tos, anything. Make fine gifts. Form flexible molds over any
pattern, size. Repraduce your own designs in plastics, candle
wax, metal, plaster, cement. Profitable. lllustrated Manual and
Catalog Only $1.00. CASTOLITE, Dept. 73J/PE, Woodstock, III.
60098.

PERSONALS

MAKE FRIENDS WORLDWIDE through international correspon-
dence. lllustrated brochure free. Hermes, Berlin 11, Germany.
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STAMPS

75 DIFFERENT CHINA—Only 10¢! Scarce, genuine postage stamps
(Cata'og Price Guaranteed Over $6.00!) from all 3 Chinas:
pre-1950, Nationalist China (Taiwan), plus Communist China.
Ancient mysteries, modern marvels, Mao, Chiang, Great Wall,
etc.—this valuable collection only 10¢! Also, other exciting
stamps to examine free. Buy any or none, return balance,
cancel service anytime. Plus Wonderful Illustrated Catalog!
H.E. Marris, Dept. A-85, Boston, Mass. 02117

BUSINESS OPPORTUNITIES

| MADE $40,000.00 Year by Mailorder! Melped others make
money! Start with $15.00—Free Proof. Torrey, Box 318-N,
Ypsilanti, Michigan 48197.

$200.00 DAILY In Your Mailbox! Your opportunity to do what
mail-order experts do. Free details. Associates, Box 136.§, Hol-
land. Michigan 49423.

FREE CATALOGS. Repair air conditioning, refrigeration. Tocls, sup-
plies, full instructions. Doolin, 2016 Canton, Dallas, Texas 75201,

MAILORDER MILLIONAIRE helps beginners make $500 weekly.
Free report reveals secret plan! Executive (1K8), 333 North
Michigan, Chicago 60601.

HIGHLY

PROFITABLE ON E'M AN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings facts
about this unusual opportunity. Write today! Barta-
DEPH, Box 248, Walnut Creek, CA 94597.

PIANO TUNING LEARNED QUICKLY AT MOME! Tremendous field!
Musical knowledge unnecessary. G! approved. Information free.
Empire School, Box 327, Miami 33145.

FREE SECRET BOOK ''2042 Unique, Proven Enterprises.” Beat
inflation with fabulous, successful ‘'Little Knowns.”” Work home!
Haylings-B12, Carlsbad, Calif. 92008.

START SMALL, highly profitable electronic production in your
basement. Investment, knowledge unnecessary. Postcard brings
facts. Barta-PEM, Box 248, Walnut Creek, California 94597,

POLICE SCANNERS! Fast sales, big profits. Best Crystal Service,
P.0. Box 612, East Moline, Illinois 61244,

$2000.00 MONTHLY selling information by mail. Ropchan, Box
5341X, Sherman Oaks, Calif. 91413,

$100.00 EXTRA weekly Easy! Spare Time! Details, Beautiful
Sample Free. RUSSELL PRODUCTS, Dept. €63, Columbia,
Tennessee 38401.

FREE BOOK '999 Successful, Little-Known Businesses.”” Work
home! Plymouth Q8, Brooklyn, New York 11218,

MAILORDER: How to prepare your own catalog for pennies! Free
Catalog! Obie-Q8, Brooklyn, New York 11219.

BECOME our Mail Order Distributor with $150 investment. Free
brochure. Audit Controls, 141 Brookside Ave., Fair Lawn, NJ
07410.

AGENTS WANTED—Se!l Car electricity adapter. Quick seller.
Outstanding profits. RLH Enterprises, Box 8908, Shreveport,
La. 71108.

EMPLOYMENT INFORMATION

EXCITING Overseas jobs. Directory $1.00. Research Associates,
Box 889-E, Belmont, California 94002.
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DYNAMIC shift registersT0-5
MM502  dual 50 bit1.25

CT5005

CALCULATOR ON A CHIF
This chip has a Full four

7400 TTLow
7400- $.35

38

function memory. Memory is
controlled by four keys, *M
adds entry to nemary), -l

subtract entry from memoryl)

MM506  dual 100 bit1.75
MM5006 dual 100 bit 1,50
m5013 1024 bit 2,00

MM5016 512 bit 1.50 |[CM (c)ear memory--w thout--

. . clearing rest of registers),
SVATIC  shift registers. RH { read - memory or use a5
M504 dual 16 bit 1.50 [entry).

MH505

M550  dua) differential
o analog switch .

dual 32 bit 1175
alEs 7

-12 OIGIT OISPLAY AN CALC.

“FIXED DECIMAL AT 0.1,2.3,"

| 2.50
xevooo General |-tiaoine zero suppression

Telephone +SEVEN SEGMENT MULTIPLEXEO
gy | ouTRUT
Ten push buttons (o) |-TRUE CREOIT siGn miseLAY
programming devices. | SIMGLE 28 PIN CHIP $14.9 2
Easy for panel mount- - Chip and dats--314.95
ing. ~ Data only---—- 1.00f
{refundable)

110172501 k!
256 BITx1 MOS memory $2.56

"$595° g}g 53‘
- Size: 3X2X1” -

G ) 0!
MV-50 "red emitting Popular 7 segrent diffused

10-400 8 20 2% (0. Oual fn line 14 pin| 74
capable of displaying all
digits’ and nine distinct
Tetters. 7

MY-108 Visible red y

o S-Tomae2v .45 4

= V.
each

TR'ACM':!A.%YZN“'DO . LED # 100

NES31 op amp TO-!

MV$020 red LEO -45

- 2.
NES61 phase lock loop OIP . 3.2

gﬁ_clll 8RG8
NESES phase lock Toop T0-5 3.2 739 each
NES66_function generatorT0-5 4. 3.50 for ten
NES67 tone decoder T0-5 N 29.95 for 100
8380 Sperry 00700 202) M ,ﬁ
Vﬁ'ﬁéﬁ%g}"_vo tage MHma Each.—>707. 3.00
nixie driver----=-- $1:75 Ten or more..2.50

11 IC's are new and fully tested,leads are plated with) 2
aold or solder. Orders for $5 or wore will be shipped|
repaid. Add 35¢ for smaller orders. Californts resi-|
ents add sales tax. 1C orders are shipped with 24 hrsq ns)
0D’ may be phoned 1n$10. minimum.Money back guarantee]cqqnqgs

BABWLOM &k, 5o
ELECTRONICS (916) 966-2111]

Circle No. 1 on Reader Service Card

8MM SPORTS ACTION FILMS

SUPER 8 anc 8mm Color or B&W Pro Sports Films for sale. In-
stant replay of '72 NFL, '72 Super Bowls, '72 NHL Stanley Cup,
'72 Championship Basketball, World Series Baseball and all
Boxing. Write for discount sports films catalog today, 25¢.
Etect Dept., SPORTLIFE, Box 500, Speedway, Indiana 46244.

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENY OPPORTUNITIES, Report
on jobs now open. Details FREE. Aviation Employment Informa-
tion Service, Box 240E, Northport, New York 11768.

ELECTRICAL SUPPLIES
AND EQUIPMENT

PLATING Equipment, Portable Platers, Supplies and ‘‘Know-
How." Build your own tanks for nickel, chrome, etc. Easy-to-
install PVC liners. Rectifier components—all sizes. Schematics,
parts lists, formulas, operating instructions for all plating.
Guaranteed to save you 25%-75%. Some good units for sale.
Write for details. Platers Service Company, 1511.PE Esperanza,
Los Angeles. Calif. 90023.

REAL ESTATE

FREE . . . BIG 256-page . . . CATALOG! Describes and pictures
hundreds of farms, ranches, town and country homes, businesses
coast to coast! Specify type property and location preferred.
UNITED FARM AGENCY, 612-EP West 47th St., Kansas City, Mo.
64112,
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LED MITY DIGIT ‘DCM's’

w?lllllhl Counting Medules
outperform any oth
DCM on the m.rluty (odn;:

BOOKS

FREE catatog aviation/electronic/space books. Aero Publishers,
329PE Aviation Road, Faltbrook, California 92028.

devlce that will
t for life. MAN.
1.

X 2” printed
h“". ‘w’ sid with fin.

FREE book prophet Elijah coming before Christ. Wonderful bible
evidence. Megiddo Mission, Dept. 64, 481 Thurston Rd., Roches-
ter, N.Y. 14619.

AN-4  socket,
7448, 7475 7(90“5;‘;"(0::

Qo Am
@ PACTORY
SUARANTEES (A) ’0“5’""["‘#’

Mi slew rate .I-llll. (70 l) ‘e
Micre power 741 { Y

Micre pewer 709 (TO

FET input op amp (ro
Precision 741 (TO-8) . .

0 TOW pwr driver amp (10-5)
Procision 723 veitage reg. (DIP) 1.
Timer 2 uSeconds to 1-hr (l)

5 Times lnbv h.- 741C

Dus) 741 (mi LI

Phase leck Iun (Bl')

Phase loch ln-- (nl')

Phase leck lseps (D
Phase lock |..'l (A .
Function l-urn(lu 1‘)

CRUBAEABOeYODN

T02C Mi-grain, BC & -8
IF, smp, ll ckts (TO-

" -
-

233283

gy 3358
LED READOUTS
MAN-4 EQUAL

0-9 plus letters, lor bl

T41x. Nnaps in 1 4.pin DI
sucket, 1y e
sV 10

(l) i
oquency (A) A
T41CV Freq. cuu' 7°' (-Ili Dl') -
TATC Dusl 1llc1(A ( .. 1.28

). 741C (nu-t m’) e
708-709 Dusl 709C (D ..1.00
739:739 Dual steres pvn” b e el
T41-741 Dual 741C (A) ..........1d

derimll

TIo000 uu-_JLuL;.:nn'-;rrﬁnv—nnr'lr"‘ln"lnlT]r‘r 100
aea

rint

N 3A. Operates from 5V,
Tnis display is excelient for 20 milliamperes, with o7
small purtable slectronics, ohm dropping resistor.

swpir $1 "DDLLAR STRETCHERS" °Untected. guaranteed satisfaction
10 ~ LINEAR AMPS, 709, 710, 711, 741, TO-6
4 - 2M5296 HOBBY, 36 w-ll- plastic powers, NPN .
atic powers, PNP ... ... ...
2 -5311-14 CLOCK ON A CHIP. 4-or-6 digit, 24-0r-28-p
1 -CALCULATOR ON A CHiP, hobby, exp. 40-pin, apecs*
[} 8- %58 HOBBY TIMER apecial, in the mini DIP paks®

GENERAL ELECTRIC (=)

3-WATT AUDIO AMP $2.95

Delwers 3. wat omlnuoul 10 wi tl- peak, With
mi ix'/lelz

[ ohmu

" NATIONAL EQUALS ON
“DIGITAL CLOCK on a CHIP”

*Money Back Guarantee! any “cnip”
*With Spec Sheet!
ripti Sals
28- pln. eoumle. any readout,
6-digits: A-B
pln, caumle. any raadout,
4-digits: C-D
-pin, unmlc any resdout,
8-digits: A.
24.-pin, lll-!le. LED a
incandescent unlou!l. -dl
Code: A—Hold Count. C—1 PPS
B—Output Strobe. D—BCD

TUBES

RADIO & T.V, Tubes—36¢ each. Send for free Catalog. Cornell,
4213 University, San Diego, Calif. 92105,

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS. All Brands—
Biggest Discounts. TVechnicians. Hobbyists, Experimenters—Re-
quest FREE Giant Catalog and SAVE! ZALYTRON, 469 Jericho Turn-
pike, Mineola, N.Y. 11501,

SAVE money on parts and transmitting-receiving tubes, foreign-
domestic. Send 25¢ for giant catalog. Refunded first order.
United Radio Company, 56-P Perry Street, Newark, N.J. 07105.

TUBES “Oldies”, latest. Lists free. Steinmetz, 7519 Maplewood,
Hammond. Indiana 46324

TUBES receiving, factory boxed, low prices, free price list.
Transleteronic. Inc., 1306 40th Street, Brooklyn, N.Y. 112184,
Telephone: 212-633-2800.

REPAIRS AND SERVICES

TV Tuners rebuilt and aligned per manufacturers specification.
Only $9.50. Any make UHF or VHF, Ninety day written guarantee.
Ship complete with tubes or write for free mailing kit and dealer
brochure. JW Electronics, Box 51C, Bloomington, Indiana 47401.

PHOTOGRAPHY—FILM, EQUIPMENT,
SERVICES

CUSTOMIZED—color film titles for Super 8 and 35mm slides.
Free samples, brochure. MEDIA35, Box 7430PE7, Detroit 48202,

DO-IT-YOURSELF

PROFESSIONAL ELECTRONIC PROJECTS—$1.00 up. Catalog 35¢.
PARKS, Box 15201A, Seattle, Wash, 98115,

RUBBER STAMPS

-..--.- Prices ! s I L I
' and e g BIP" Packager Oeilir by tyje numbee’ Mwve ahertx n reoquent © .,\L’\
Buy 3 — 10% Buy 100 — Take 20 %

N7a42 3.28 |[) L SN74151

-
N
@

AN ONORUNOER AR AN~
a
ruN=OORAW

i e e o e
oBmsnwoono Uﬂs L
OC0COO0O0NRANANRADD

WORBRAALBE NI NV BB AE =B

sAARNUA

OOOOOONRUCURNARCARRUNAGDOGS

SN e t0n0n N e b G0 b e 02 02 82 3o 0m 1m0 ) 4e

1 1SN74140 .80 | [
!N‘Illl l LISN73145 1. | 873200

Best Terms: add postage Ratad: net 30
Val Phone Orders: Wakefield, Mass, (617) 245-3829
AiUES Retall: 16.18 Del Carmine St., Wakefield, Mass.
fo' (offt Water Street) C.0.D."S MAY BE PIIONED N
18 ».0. BOX 942 E
Lyanfield, Mass 01940
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RUBPER address starrps. Free catalog. 45 type styles. Jackson's,
Box 443G, Franklin Park, I11. 60131.

PRINTING

FREE literature Business cards, letterheads, rubber stamps.
GEER’S, 111 North Drive, Ottawa, Ohio 45875.

MUSICAL [INSTRUMENTS

30% DISCOUNT name brand musical instruments, Free Catalog.
Freeport Music, 455N, Route 110, Melvitle, N.Y. 11746,

WHOLESALE! Professional Guitars, PA Systems, Altec Speakers,
240W RMS Amplifiers. Free Catalog, Carvin, Escondido, Calif.
92028.

30% VO 50% DISCOWNT! Any Mode!; Guitar, Amp, Drum, Banjo,
Dobro! Free Catalog! Warehouse E-2, Box 16399, Fort Worth,
Texas 76133.
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ADVERTISERS INDEX

READER

SERVICE NO. ADVERTISER PAGE NO.

1 Babylon Electronies ............ccoooiiiiiiiiiiiiiines 121
Bell & Howel Schools ..................... 54, 55. 56. 57

2 BOSE ... e e 7
CRE| Capitol Radio Engineering Institute ....18. 19, 20, 21
Cleveland Institute of Electronies ........... 90, 91. 92, 93

E & L Instruments, Ine. ...............coovnninann, 8
Edmund Secientific Co. .......... ...l o 124
Edwards Electronies ............ ...t "z
It Grantham School of Engineering ..................... 9

12 Gregory Electronics Corp. ..
3 Heath COMPANY ........o.iviuineireniernnennoranons

1CS School of Electronies ...................
4 Jinois AUdio ...ttt t09

15 Johnson

CLASSIFIED ADVERTISING ...........ooiiiiiiiiieiinnany

READER
SERVICE NO. ADVERTISER PAGE NO.
16 Lafayette Radio Electronmies ...............c...ocnveen 77

17 Melntosh Laboratory, Ine.
18 MITS Micro Instrumentation &

Telemetry Systems, Ine.

19 Midland Electronics COMPANY .........c.coovecneenss 13
20 Midwest Hifi Wholesale & Mail Order Division ........ 1t

Nationa! Radio Institute ........ SECOND COVER, 1,2, 3

National Technical Schools .................. 72.73,74,75
21 Poly PaKs ......o.uiiiiiiiiins i 122
22 S BE ...t e 12
23 Sams & Co., Inc.. Howard W. .............c..oinn, 85
24 Sansui Electronies Corp. ..............iiiiiiiiiiias 22
26 Solid State Sales ..... ..........iiiiiiiiiiiiins 119
27 Technieal Home Study ................oiiiiinn, 125, 126
28 Tri-Star Corporation ............. . ciiiiiiiiiiiin i
29 TUPREE . ooentanniine e anevoameartae e eeaaanes 15

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog yeasts, equipment. Sem-
plex, Box 12276P, Minneapolis, Minn. 55412,

HOME WATER BISTILLERS. Remove all impurities for pennies a
gallon. Portable, no plumbing. Free details. United Vito-Way, Box
2216V, Everett, Washington 98203.

GIFT Catalog 25¢. W.J. Howard & Company, 1300 Michigan,
Gary, Indiana 46402,

EMERGENCY HORN—Hand-sized, self-powered. Perfect for emer-
gencies. Can be heard up to one mile. Will also repe! attack~rs
or animals, without permanent harm. $3.,50 postpaid. J. Ross,
Box 223, Jamaica, N, Y. 11431. Dept. PE.

AUGUST 1973

1973 ELECTRONIC EXPERIMENTER'’S
HANDBOOK '

T

148 pages of the most fascinating and chal-
lenging electronics construction projects for
hobbyists. Each ore lab-tested by the editors,
complete with par:s list, easy ‘‘how-to-do-it,
how-it-woks'' inst-uctions, and many with ac-
tual size PC foil patterns and 1.C. diagrams!

277 FLECTRONIC
EXPERIMENTER'S

HaNOBODE

1973 Spring $1.25.... #2
~ 11972 Wirter $1.25. ... #4C
#11971 Spring . $1.50....#26
1971 Wiater $1.50....#33
1970 Speing $1.50....#14

Order by nhumber from

Ziff-Davis Service Div., 595 Broadway * N.Y., N.Y. 10012
Enclose an additional 35¢ per copy for postage and handling.
(Outside U.S.A. all magazines are $2.50 per copy, postpaid.)

L. PAYMENT MUST BE ENCLOSED WITH ORDER

123



LIVEIN THE WORLD OF TOMORROW...TODAY!

A BETTER LIFE
STARTS HERE

‘--————
JUICIER MEAT FASTER, CHEAPER

Insert amaxmg ‘‘heat pipe’ in
roan or ham—let science do the
ork. Cooks faster (cuts time,
'nel 35-500p) reduces shrinkage
35-509,. Enjoy juicier, more
flavorful meat—save 109/, cost.
Continuous heat transfer cycle.
Cookl from inside out. Nor-

por, condenses into tube length
wick releasing heat, returns
liquid back to handle. Dishwash-
er safe stainless steet for all

|

conventional ranges. instrs.
Stock No. 60,987AV .......... (11" length). .. ... $9.95 Ppd.

“-—_—

{And our FREE CATALOG is packed with exciting and

vnusual ecological & physical science items—plus

ber of the family.)

Easy to build low-cost kit needs

“FISH"” WITH A GIANT MAGNET

Go Treasure Hunting On The Bottom!
Fascinating fun, and sometlmes very prof-
itable! Tie a line to our 5-pound Magnet—
drop it overboard in bay, river, lake or
ocean. Troll it along the bottom. Your
“'treasyred”’ haul can be outboard motors,
anchors, other metal valuables. Five-pound
Magnet is war surplus—Alnico V Type that
cost the Government $50. It lifts over 150
pot:nd’s on land—much greater weights under
water

M Sy
o

Stock No. 70,571AV ........ $14.00 Ppd.
sSmc':( No. 70, 5105AAV 3V Irs :g_"lg ;p: 4
tock No. 60,215AV 12 Ibs, . . $5. pd. —

T e e — —
DIGITAL COMPUTER LOGIC LAB

Fascinating new way to
learn computer types, bi
y nary systems, truth ta-

counter, shift register
and binary counters. Play
with reaction timer, elec-
tronic coin flipper. Experi-
ment with memory, counting &
arithmetic circuits. 4 assembled
3 module circuits (clock, solid-state nand
gates. fi:p-flop, dnsplay). 20 patch cords
lor 100°s of circuits-23 computer experi-
ment- No electronic know-how need-d!
iflustr. manual explains all. Req.

Gv balt (not incl.)
Stock No. 71,403AV ... ...........00nunn e . $39.75 Ppd.

no technical knowledge. Com-
pleted unit has 3 bands of audio
frequencies to madulate 3 inde-
pendent strings of colored lamps
(i.e. “lows""—reds, “‘middles’ —
greens, “hughs"——b ues., Just
connect hi-fi, radio, power lamp
etc. & plug ea. lamp string into
own channel (max. 300w ea.).
Kit features 3 neon indicators,
color intensity controls, con-

Stock No. 41 B31AY .
SEE
THE STARS,

MOON, PLANETS
CLOSE UP!

trolted individ SCR circuits; isolation
transformer; custom pastlc housmg |nstr

4,000 finds for fun, study or profit . . . for every mem-

N T i gy,
— KNOW YOUR 'y
ALPHA FROM THETA!

For greater relaxation, con-
centration, y
Alpha-Thet brainwaves.
Ultra-sensitive electrode
headband i

e ates
messy creams, etc. Atch d

to amplifier, filters brainwaves,
signals bcep for ea.

audjo & visual (L.E.D.) feedback.
Relnable, easy-to- unit—com-
parable to costlier models.
completely safe. Comprehenluve
instruction bookle!

No. 1635AV. ... ... .... (Bx3x4”; 24 oz.)

........... 512‘ 50 Ppd.

g N S S Ry
o 5 S.CHANNEL COLOR ORGAN KIT oy

.15 Ppd,

3” ASTRONOMICAL

REFLECTING TELFeQNoE
60 To 180 Pwr. Famous Mt. Palomar Tyne
See the rings of Saturn, the fascinating planet
Mars, Seas and Craters of the Moon, Star Clus-
ters in detail. New improved, alumlnlzed and
overcoated 3" diameter f/10 primary mirror,
ventilated cell. Equatorial mount with locks on
both axes. Equipped with 60x finder telescope,
hardwoqr((l) !rinod Included FREE: VALUABLE

E YOUR TELESCOPE™ book;*'STAR

e o, ao 1e5av ST EEh Ppd

MAIL COUPON FOR
GIANT FREE

EDMUND SCIENTIFIC CO.
300 Edscorp Building, Barrington, N.J. 08007

e (45x
SAV $110.00 FORBR

41,

Stoc!
ll/.”le'lectorTeleu:opew:thclock Druvestock No 85 101AV 5145 0 OPpd
6" Reflector Telescope Stock No. 85,187AV
6” Reflector W/ (Electric) clock Drive No. BS.0BGAV.

$215.00 FO8
.$249.50 FOB

Price Each Total

CATALOG!

I How Many Stock No. Description

164 PAGES + MORF THAN |

4,500 UNUSUAL BARGAINS! |

'Cumplelely new Catalog. Packed with huge selection

of telescopes. microscopes, binoculars, magnets, mag-
nthers, prisms, photo components, ecology and Unique

Lighting items, parts, kits, accessories — many hard-
llo~ge! surplus bargains. 100°s of charts. illustrations. PLEASE SENO []
lFor hobbyists, experimenters, schools, industry,

| EDMUND SCIENTIFIC CO.

' 300 Edscorp Building, Barrington, N. ), 08007

| Name vo':‘:"l:usrl::;n';iﬂ;n 3
Adaress 74 FULL REFUND / ADDRESS
: [ ) & R STATE
&ly Slale Zip.
CIRCLE NO. 8 ON READER SERVICE CARD
Printed in U.S.A.

1724

way» MERCHANDISE Total
GIANT FREE CATALOG “AV “HANDLING CHARGE| $1.00*

NAME

3(] DAY ) enclose [J cneck  *50¢ ON ORDERS OVER $5.00
% der f
| Please rush Free Giant Catalog “"AV" i/ MONEY-BACK %, 00 money order for §
GUARANTEE

TOTAL $

CIRCLE NO. 27 ON READER SERVICE CARD—>»
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READER SERVICE

Here's an easy and convenient way for you to get additional informa-
tion about products advertised or mentioned editorially (it it has a
reader service number) in this issue. Just follow the directions below...
and the material will be sent to you promptly and free of charge.

On the attached
postage- free card,
print or type your
name and address
on the lines
indicated.

2

Circle the number(s)

that corresponds to the key
number(s) at the bottom or
next to the advertisement or
editorial mention that is of
interest to you. (Key numbers

Simply cut out

the card and mail.
No postage
required.

for advertised products also
appear in the Advertisers’ Index.)

FREE INFORMATION

Nt

“e

A COMPLETE SET OF
MATCHED STORAGE CASES

Here's the ideal solution to the problem of keeping all your
records and tapes stored neatly, safely, conveniently and
attractively. A complete set of matched storage cases,
designed by the editors of STEREO REVIEW magazine, for
your records and all your tapes: cassette, cartridge and 7”
reel. Now you can keep them side-by-side on your book-
shelf or cabinet, easy to identify and readily available.

These cases are sturdily constructed and covered in a
handsome leatherette. The outer case is elegantly em-
bossed in gold and comes in your choice of three popular
decorator colors—black, brown and green—so that they
lend themselves readily to the decor of any room.

STEREO REVIEW large capacity storage cases are just
what you've been looking for—they're the ideal solution to
keeping your records and tapes neatly stored for easy use.

{A) 60-unit cassette case. 132" high x 12%”
deep x 5%2” wide. $15.95 each; 3 for $45.00.
(B) 30-unit cassette case. 1312” high x 612"
deep x 5Y2”wide. $11.95each; 3 for $33.00.
(C) 12-unit 8-track cartridge case. 13%a” high
x 6Y2” deep x 4Ya” wide. $7.95 each; 3 for
$22.00.

Units A, B and C have titled compartments to
prevent spillage and include pressure sen-
sitive labels for titling.

(D) 6-unit 7” reel case. 8” high x 712" deep x
5” wide. Holds reels in original boxes. $5.25
each; 3 for $15.00.

(E) 20-unit 127 record case. 13%” high x
12%" deep x 3%2” wide. Holds records in
original jackets. $5.95 each; 3 for $17.00.

HERE’'S HOW TO ORDER

Send your order to Ziff-Davis Pub-
lishing Co., Dept 23, One Park Ave,
N.Y., N.Y. 10016. Be sure you identify
the type of case ordered and Indicate
your color choice for the back of the
case—black, green or brown (sides In
black only). Print your name and ad-
dress clearly and enclose the amount
indicated above for the units being
ordered PLUS an additional 50c per
unit for postage and handling. Out-
side U.S.A. add $1.00 per unit ordered.
B
J
Mail your order, name, address and

credit card number. You will be billed
for the amount indicated above.

CHARGE YOUR STORAGE CASE ORDERS
TO YOUR AMERICAM EXPRESS
OR BANKAMERICARD ACCQUNT

BannAMEMCAND
SRR
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~ Hyoudowt appen to .
| live nez r one of our c
| 603 serv:cef.cenggrs coe

.tienit's really!c'nportaq nsist on Johfiso quality! %

Becau<e the proven refl;abl of Johnson CB radios makes it fa
less likely that you'il everneed ervice. Which is why we can
conficently tack our products with a full 1-year-parts and tabor
warranty, With over 800 a.tharized service cenlara nationwide.

Andbesides reliability, Johnson citizens two- wayem o FFt N
radios have ¢ well edmed refutation for truly- - 200 -
outstanding performange. Engineered into ail | osr y ﬂ.’
! Messenger radios areadvanced features, likespeech P
comgression for greater “ralk powerand spsgial o ol
selectiv ty filtars.to cu: adjacent cha'ﬁnef'mterfelence.- o o 7%]
-

And tha:’s why U.S.-made Jornsorﬂadnos are ycur
best CBwvelue. .. wherever ycu live! .r_-

Prices s:art at under $100. Write for free catalog.;” .

-~
-

JUHN S[IN

“Mas2za Minnesoata 53093

. (A) Messemger 130 Built in Tone Alert s2lective calling (B) Messenger 323-M A8 he features of the Messenger 323

plts Dual Receive (apabilite @ Messenger 125 Fulll 5-watts, but just 1%5” high _3 Messenger (1l Rugged,

12-charnel mobile —E] Messenger 223 Powerhll hyb.id circuitry base station (F) Messenger 122 New 23-channel

mabile with *ich izibildy rotary dia} (C) Messenger 124-M Deluxe 23-channel bozesio-ion with Dual

Receive Capraikity {E) Messenger 109 Professisnal | portable with rethurgeable batizsies (1) Messenger 121 With

PA and fast push-susten chennel selection {J) Mnsserger 323 Ultimate in 23-chcnnel sobile performance
Messeger " Z34 All 23 channels 0ad new improved circuitry.
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