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NRI “hands-on” training in
Television, Communications,
Electronics and Computers
can give you as much

as 2 years of on-the-job
experience.
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EARN YOUR FCC LICENSE — OR YOUJR MONEY BACK

NRI Communications training programs will qualify you fcr £ F rst Class Commercial
Radiotelephone License issued by the FCCZ. If you tail to sass tie FCC examinations
for this license after successfully comgleting an NRI Commui:cations course we will,
on request. refund in full the tuition you have paic. This ag-eement is valid for the
period of your active student membersh.p and for siz monfhs atar completion of your
training. No school offers a more liberal FF>C Licens2> agreement.




Experience is still your best teacher

NRI Achievement Kit s caucator-ac.

claimed and the original “starter” kit in home study train-
ing. Imitated but never duplicated, this kit is designed and
personalized for you and your training objective. It has one
purpese — to get you started quickly and easily.

BI te Slze” TeX tS average an easily-digested

40 pages of well-illustrated, scientifically prepared subject
matter in the course of your choice. Questions in each book
are carefully hand-graded and returned to you with helpful
instructional notes. You get unlimited personal help from the
day you enroll.

DeS/gned For-Learn/ng Equ;pment
Like this phone-cw transmitter (Kit #7 in the Communi-
cations course) is engineered from chassis up to demonstrate
principles you must know. NRI does not use modified hobby
kits for training, but the finest parts money can buy, pro-
fessionally and educationally applied.
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... here’s how you get it with
unique NRI training at home

Ask any teacher, job counselar, engineer, technician
or prospective employer about the need for practical
application of theory in Electronics. He'll tell you
Electronics is as much a “hands-on” profession as
dentistry or chemistry. That’s how you learn at home
with NRI. You prove the theory you read in “bite-
size” texts, by actual experimentation with the type
of solid-state, transistor and tube circuits you'll find
on the job today — not hardware or hobby kits. You
introduce circuit defects, analyze results, discover
quickly the kind of trouble-sheoting and design tech-
niques that will make you employable in Electronics.

Train with the leader— NRI

NRI lab equipment is designed from chassis up for
effective, fascinating fraining—not for entertain-
ment. The fact that end results are usable, quality
products is a bonus. In Communications, for example,
you build and analyze, stage by stage, your own 25-
watt phone/cw transmitter. It’s suitable for use on
the 80-meter amateur band, if you have an interest
in ham radio. In TV-Radio Servicing your practical
training gives you your choice of monochrome or color
TV sets. All training equipment is included in the low
tuition — you pay nothing extra. Discover for your-
self the ease, excitement and value of NRI training.
Mail postage-free card today for new NRI Catalog
. . . or use the coupon below. No obligation. No
salesman will call on you. NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.

APPROVED UNDER NEW Gi BILL

If you have served since January 31, 1955, or are in service
now, check GI line on postage-free card or in coupon.

MAIL THIS COUPON IF CARD IS GONE

______________________ 1
NATIONAL RADIO INSTITUTE {
Washington, D.C. 20016 1.043
Please send me your new NRI Catalog. | understand 1

I no salesman will call and there is no obligation. =

I Name ____Age. :

i Address i

j City State Zip I

! [ Check for facts on new Gl Bill 1

!_ ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL _}
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FREE

L.E.D. Application Notes
to help you do new things
with new circuits!

Now . .. get four free Application Notes hot-off-
the-press that describe various uses and cir-
cuits for Sprague LED devices. Notes cover a
BCD simulator, seconds timer, voltage and con-
tinuity tester, and an all-solid-state semicon-
ductor relay. They've been prepared specifically
to help open up a new world of electronic ex-
perimentation for YOU.

Ask your distributor for copies, or write our

Guy Ezelle at Sprague Products Co. Better yet,
fill out and mait coupon today!

P oo = -
| Sprague Products Company |
| 395 Marshall St., North Adams, Mass. 01247 |
| Anention: Mr. Guy Ezelle |
|

| YES...send me free L.E.D. application notes on: I
| 3 BCD Simulater [J Voltage & Continuity Tester |
: [0 Seconds Timer [J Semiconductor Relay I
I Name. ... ..o s |
| Address I
J o Cityo |
: SIae. ... oeeeeeanreennn spnnGUE :
I 2P I
I THE MARK OF RELIABILITY |
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PERF OR PC BOARDS?

As an old-time electronics experimenter who
built one-tube regenerative sets in the earlv
19207, 1 don’t understand why experimenters
often resort to rather elaborate procedures in
devising printed circuit boards for simple proj-
ects. What is wrong with motunting components
on a piece of unclad perforated boards and run-
ning the various interconnecting conductors us-
ing ordinary copper wire? After all joints are
soldered, the wires could he fastened to the
boards with some sort of adhesive. Of course,
it dozens of boards had to be duplicated from
one master desien. the bother of setting up for
PC boards would be justified.

Lewis E. WaLkur
ifonoluln, Hawaii

There is nothing wrong with what you suggest.
In fact. you would be surprised how many of the
projects we have published came from original
prototypes wired in this manner—some quite
complicated. too. But for the sake of clarity on
the printed page and to insure a better finished
product in the long run. we don’t know of any-
thing better than a PC etching guide.

ONE-UPMANSHIP

I'll bet Bert Wolf (“Multiset Conpling Sys-
tems For Your TV antenna,” October 1972)
would be happy to hear about the Lexan tacks
generally available in discount houses. These
tacks are the perfect solution for attaching twin-
lead to baseboards. Being all plastic, they present
no impe(]anc(' mismatches.

REev. Davin E. ScuiLLing
Kent, Ohio

Thanks for passing on the tip which we now
pass on to our readers. The Lexan tacks are in-
deed an excellent choice for twin-lead tacking.

TECHNICIAN'S HELPMATE

Here’s a useful tip for field service technicians:
When you go out on a call, carry along a solder-
ing iron handle that uses screw-in type heating
elements. On the job, you can screw into the
handle a GE 656 6-watt, 117-volt indicator lamp
and have an instant service light for those dark

POPULAR ELECTRONICS Including Electronics World




areas inside TV and radio receiver chassis. Ther MORE HELP WANTED

{;er:ghw‘“ also find lots of use on the service I recently obtained a Mode! TV-7D/ U tube
: tester made by Multi-Amp Electronics Corp. of
Cranford, N.J. No tube manual or instructions
were supplied with the tester. The manufac-
turer insists that no manuals are available from

A BETTER WAY TO DO THINGS them or anv other commercial outlet. Can any-
While building the Strobe Cube (November  one help me?

ALBERT V. MANGUM
Ogdensburg, N.Y.

1972), I discovered that a Stancor P-6426 photo- HARLAN NEFF

flash trigger coil was superior in performance to TRoute 1, Box 598

the method suggested in the article. The Stancor Wilton, CA 95693

coil is also more readily available. The circuit

layout must be modified slightly (see schematic). There must have been 50,000 TV-7TD/U’s
manufactured for Uncle Sam over the years.

FLASHTUBE Any of you MARS hams who were lucky enough
to inherit a TV-7 tube tester and want to he
good guys can write directly to Harlan. If you
get no answer. Harlan, try writing to Fair Radio
Sales Co., 1016 E. Eurcka St., Lima, OH 45802,
or visit a surplus dealer that handles military
gear.

1S 1984 ELEVEN YEARS EARLY?

From Dwain Abell’s letter (“Letters,” Febru-
ary 1973), it appears that some states are
However, all components remain the same, the ad)(’)pting Big Brother tactics in passing uncon-
only difference being the substitution of the stitutional laws such as those forbidding us to
trigger coil for T2. listen to certain types of commumications. In

Rick Buckner  light of the fact that the federal Constitution

Hanahan, S.C.  guarantees the right of free speech and prohibits

SAVE MONEY!

A Delta Mark Ten Capacitive Discharge Ignition
(CDI) 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 I
of smog control devices. Equipped with handy |
switch for instant return to standard ignition, the |
Mark Ten B works with ANY 12 volt negative ground | Enclosed is §
engine. Both systems install in ten minutes with- | Q1 Ship ppd. O Ship C.0.D.
out rewiring. l Please send: _____ Mark Ten B @ $59.95 ppd.

|
I
|
I
|
I
I

e

1
.

Dept. PE

\ DELTA PRODUCTS, INC.

PO BOR 1147 + GRAND JUNCTION. COLORADO 81501
PHONE (303) 242-9000

Please send me literature immediately:

Order your Mark Ten or Mark Ten B today. Save ___ Standard Mark Ten (Assembled) @ $44.95 ppd.
money while you enjoy low maintenace and in- — 6 Volt: Neg. Ground Only __ Positive Ground

__ 12 Volt: Specify _—— Negative Ground
creased performan ce. ___ Standard Mark Ten (Deltakit*) @ $29.95 ppd.
Mark Ten (Assembied) $44.95 ppd.

(12 Volt Positive Or Negative Ground Only)
Mark Ten (Deftakit) $29.95 ppd. Mark Ten B $59.95 ppd. CarYear Make
(Kits available in 12 volt only, (12 volt negative ground only) Name
positive or negative ground)

" ! A Add
Superior Products at Sensible Prices City/State Zip
Mfg. in US.A.

. _ -

CIRCLE NO. 11 ON READER SERVICE CARD

~

APRIL 1973




T

Build your own
circuit designer, with
all the outstanding features
of expensive models . ..
now at a very low budget price!

This compact package contains a regulated 5VDC
supply, selectable frequency clock, EL-socket,
dual bounce-free pushbuttons (pulsers), 4 slide

switches for voltage/ground, plus 4 independent
“logic lights™ for on/off states of various logic

circuitry. Exclusive Breadboarding Pins offer
input/output connections to socket eliminating
all soldering. Use any 22 gage solid wire. Send
check or M.O. today for your choice of two models

2DIGI DESIGNER

DD1-K, Kit Form (incl. p.c. boards, all 54995
components, instruction manual) 00
$95

DD1-A, Assembled ready for use
* Add $2 postage, handling

* 25% deposit on C.0.D.s

ASK FOR NEW

FREE

} IDEA-PACKED,

} ILLUSTRATED

R CIRCUIT DESIGN
28 CATALOG!

g Q EL INSTRUMENTS, INC.

61 First St., Derby, Conn. 06418
Telephone: 203/735-8774

CIRCLE NO. 16 CN "EATER SERVICE CARD

any state from abridging that right, how can the
states forbid us to listen to police, fire, etc.,
transmissions?

It was my impression that, when the FCC was
established, it was given sole power to regulate
comnumications by radio. Now, it appears, some
states are taking upon themselves those regnla-
tory powers.

L.S.S.
Miami, Fla.

Lates that bar the average citizen from listen-
ing in on emergency broadcasts have to do with
listening—not free speech. It is a fine point that
we do not think has heen constitutionally tested.
But if it were brought to court, the ruling 1could
most likely go aguinst the average citizen on the
grounds that emcrgency broadcasts are for offi-
cial business and not the entertainment of the
general public. Nor are the states actually nsurp-
ing the powers of the FCC since, in general. the
FCC enters the reception picture only when
third-party disclosures are involted.

BETTER WATCH ACCURACY FROM
QUARTZ?

“Electronic Wrist Watches” (February 1973)
left me uncertain as to the obtainable aceuracy
from these watches. 1 disagree with the state-
ment: “The greater the number of parts into
which a second is split, the greater the obtain-
able accuracy.”” According to my calenlations, a
clock driven from a 60-Hz =1 percent sonrce
and another driven from a 60,000-11z =1 per-
cent crystal oscillator would hoth have maximim
timing errors of 0.6 sec/min. Hence, it seems
that the oscillator’s frequency tolerance—not its
frequency—determines the accuracy of the time-
piece. Any comment?

Mank HEErEMA
Jacksonville, Ark.

True, and we can see how the wording of the
quoted statement contributed to a misunder-
standing. Actually, the statement would have
been more accurate and complete if it finished
with . . . because the frequency tolerances of
high-frequency crystals can be more tightly con-
trolled than those of low-frequency crystals.”
With this in mind and the fact that crystals used
in electronic watches are typically cut to 0.001-
0.005 percent tolerance, the maximum constant
frequency deviation over a 30-day period would
be on the order of 25.9-149.6 sec. However,
these figures are based on a maximum constant
deviation. In reality, the deviation would be all
over the ballpark between the plus and minus
limits and the average deviation would be much
less.

CORRECTION: “Build an Enlarger Timer,”
February 1973. PC1, the Clairex CdS cell, shonld
read CL705HL, not the CL704HL specified in
the Parts List.

POPULAR ELECTRONICS Including Electronics World




M wother introductory offer to new members of the
ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

2867515
INTEGRATED
CIRCUITS:

A Basic Course
for Engineers
and Technicians
by R. G. Hibberd
Pub. prize, $9.95
Club prize, $8.45

4047445
ELECTRONIC
CIRCUITS
MANUAL

by J. Markus
Pub. price, $19.75
Club price, $15.75

6377458 162/212

DESIGNING INTEGRATED
WITH TTL CIRCUITS &
INTEGRATED SEMI-
CIRCUITS CONDUETOR
by Texas DEVICES
instruments by Detwo &
Inc. Burrous

Pub. price, $13.95

Pub. price, £18.50
Club price, $10.50

Club price, $13.50

313/059
HANDBOOK OF
SEMI-
CONDUCYOR
ELECTRONICS,
3/e

by P. Hunter
Pub. price, $27.50
Club prica, $21.50

4047437
SOURCEBOOK
OF ELECTRONIC
CIRCUITS

by J. Markus
Pub. price, $19.75
Club price, $14.75

259/607
COMMUNICA-
TION SYSTEM
ENGINEERING
HANDBOOK

by

D. H. Hamsher
Pub. price, $29.50
Club price, $22.50

287/341
STANDARO
HANOBODK OF
ENGINEERING
CALCULATIONS
by T. G. Hicks
Pub. Price. $18.50
Ciub Frice. $314.25

_ ook [ 1200035
388/458 HAR0 | wanoBoOK 0F
MAGNETIC Ofysics © | PHYSICS, 2/¢

RECORDING

by C.E. Lowman
Pub. Price. $14.50
Club Price. $9.75

by Condon and
Odishaw

Pub. price. $34.75
Club price, $14.95

Save time and money by joining the 't!ﬁ"n .
Electronics and Control Engineers’ Book Club

ERE is a professional club designed specifically to meet your
day-to-day engineering needs by providing practical books
in your field on a regular basis at below publisher prices.

How the Club operates: Basic to the Club’s service is its publi-
cation, the Electronics and Control Engineers’ Book Cluh
3ulletin, which brings you news of books in your field. Sent to
members without cost, it announces and describes in detail the
Club’s featured book of the month as well as alternate selections
which are available at special members’ prices.

When you want to examine the Club’s feature of the month,
vou do nothing. The book will be mailed to you as a regular part
of your Club service. If you prefer one of the alternate selec-
tions—or if you want no book at all for that month—you notify
the Club by returning the convenient card enclosed with each
Bulletin.

As a Club member, you agree only to the purchase of four
books over a two-year period. Considering the many books pub-
lished annually in your field, there will surely be at least four
that you would want to own anyway. By joining the Club, you
save both money and the trouble of searching for the best books.

Special $1.00 bonus book
comes to you with your
first club selection

571/422 649/170
ELECTRONIC OPERATIONAL
FUNDAMENTALS AMPLIFIERS
FOR by Tobey.
TECHNICIANS Graeme &
Huelsman

by R. L. Shrader
Pub. price, $11.95
Club price, $9.25

Pub. price, $15.00
Club price, $11.50

3497428 209/731

TRANSISTOR STANDARD

AND HANDBOOK FOR

INTEGRATED ELECTRICAL

ELECTRONICS, ENGINEERS,

4/e 10/e

by M. S. Kiver by Fink and
Carroll

Pub. Price, $12.50

Club Price, $9.75

ELECTRONICS AND CONTROL ENGINEERS' BOOK cLuse
582 Princaton Road, Hightstown, N.J. 08520

Please enroll me as a member of the Electronics and Control Engi-
neers’ Buok Club and send me the twa books indicated below. [ am
to receive the bonus for just $1.00. and my first selection ut the
special Club price shown. These bocks are to be shipped on ap-
proval, and { may retirn them both without cost or further obliga-
tion. If { decille to keep the books. | apree to purchase as few
as four books during the next two yenrs at special Club prices {at
least 15¢% below list)

Write Code No. of Write Code No. of
bonus book first selection
here here

L 1 i

Namae_
Address e = B
City =

State. - Zip
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Pub. price, $32.50
Club price, $24.95 |



Replacement Parts ?
You can guess, hope, hunt...

Some folks paw through a mountain of catalogs
hunting for the right replacement parts.

Photofact users find what they need, quickly
and without frustration, or resorting to trial and
error.

Photofact provides detailed circuit informa-
tion on virtually every mode! of color and b&w
TV, AM and FM radios, stereos and record
changers. Plus similar service data on auto
radios and tape players, CB radios and tape
recorders.

Photofact also lists all parts and
replacements by name, number and
manufacturer, with standard notation
schematics that save loads of time and
guesswork in servicing the sets.

Here's howthecomplete Photofact
Servicing System works for you:

1. You can purchase Photofact sets from your
Sams distributor from day to day, as you need
them.

2.You can have service data on current sets
readily at hand by joining Photofact-of-the-Month
Club. You'll receive six new Photofact sets every
month with detailed, accurate information on at
least 50 of the newest TV’s, radios, stereos,
record changers, etc.
It’s only $13.50 a month. It saves you $54 a
year over individually purchased Photofact sets.
It also brings you . ..
Advance schematics and preliminary data
on servicing latest equipment
File folder for each Photofact set
Coupons good for permanent Photofact
metal file cabinets
Monthly bulletin.

10 POPULAR ELECTRONICS Including Elecironics World




or use the guick, accurate
Sams Photofact System.

3. At any time you can buy Photofact sets to fill-in
or expand your servicing library, under four dif-
ferent time payment plans without carrying
charge. ..

Easy Buy Plan

No. Photofact Down
sets Payment | Balance

Plan A 60 $ 133
Plan B 180 439 AL
$20 wnthogl
Plan C 300 745 ( ©amying
charge

Plan D 500 1,275

4. If your Sams distributor is temporarily out of
stock of certain Photofact sets (1-500) that you
need right now he will provide you with BLUE
STREAK ORDER FORMS. For $3.75 each includ-
ing delivery, Sams will rush your Photofact to you
via Special Handling Parcel Post.

5.You can get additional help from your Sams
distributor's Counter Facts® microfiche file. Re-
placement parts released after Photofact sets are
issued are listed in this file which also provides
prices and catalog pages from various manufac-
turers.

Use the coupon below to improve your
service and your profit picture.

) PX 043
HOWARD W. SAMS & CO., INC.
4300 'West 62nd Street, Indianapolis, Indiana 46268
Please send me
[1 Phctofact Annual Index
[[] Phctotact Coverage Chart and Easy Buy Contract
["] Phctofact-of-the-Month information and Contract
[0 Name of Photofact distributor in my area

| Company name My Sams distributoz is:

|

: Your name Name

: : Address Address
: City State Zip City Stale Zip
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Stereo Scene

_J

HM EASUREMENTS are great and all
that, but the ultimate test of any hi-fi
component is how it sounds.” We've all
heard that statement before, and most of
us will agree that it is basically true. After
all, hi-i components are intended to be
listened to, so no matter what our test
instruments tell us, if the thing sounds
lousy, it’s a lousy component.

There is a corollary to the above state-
ment, though, which is not so true, and it
states “Since your ears are the ultimate
arbiter, the best way to choose a compo-
nent is to go into a store, listen to what's
on display, and pick the one that sounds
best.” There are, in fact, several fallacies
in that advice, most of which we'll let pass
for the time being (and take up in a later
column). Our primary concem right now
is with a particular kind of component
which, in a listening test like that, is likely
to perform worse than it actually is. I'm
speaking of tape recorders.

Everyone is entitled to his personal taste
in reproduced sound, as misguided as his
taste may be. You may prefer the sound of
real, honest-to-goodness live music (if you
can remember what it sounds like 24 hours
after an exposure to it), which is the ideal
situation. After all, high fidelity means re-

Choosing
Your Tape
Recorder

By J. Gordon Holt

alistic reproduction; and, if you don’t pre-
fer that, then vou don’t like high fidelity.
Most people, however, when placed in a
situation that is a week or so removed from
the last contact with live music, will choose
reproduced sound that conforms to certain
—shall we suv—prejudices. Some listeners
like big, fat bass, others like it a bit sparse
and tightly detailed. Some like razor-sharp
highs, for crisp reproduction of high per-
cussion instruments. Others prefer a certain
softness for more agreeable reproduction of
stringed instruments. And so on. These are
the qualities one listens for when choosing
a loudspeaker system, a power amplifier or
a preamp/control unit. But they are not
what one listens for when choosing a tape
deck.

As far as a tape recorder is concerned,
your personal taste in reproduced sound is
totally irrelevant. If the rest of your system
sounds good to you—if it doesn’t, you made
a bad choice—then your tape recorder
should not change the character of the
sound at all. Its playback should sound ex-
actly like what you fed into it, and if it
doesn’t, then the recorder isn’t doing the
job it’s supposed to. But if you'd like a bit
of an ear-opener, just stop into your local
audio mart and ask to hear some tape re-
corders in action. That is, ask the salesmen
to make a tape from an in-house demo disc
on each machine and play it back. Youll
hear a remarkable variety of sounds.

Not only will some machines sound dull
at the high end and others overly bright,
but you will also observe that some are
noticeably more toppish in one channel
than the other. And if you find one whose
playback sounds like the original disc, con-
sider yourself lucky. So, are all the other
machines poor recorders? In all probability,
they are not. They just don’t happen to be
adjusted to suit the recording tape.
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Recorders Vary, Too. This is not to sav
that all tape machines have identical higl{-
end capability. In fact—particularly among
cassette machines—available models may
have high-end capabilities varying from 10
kHz in some to beyond 14 kHz in others.
This difference is audible under some con-
ditions, but if you notice a conspicuous
difference between two machines in the
store demo, you can be almost certain that
this is not because one recorder has better
high-end capability than the other, but be-
cause at least one of them is improperly ad-

10,000 Hz

500
Hz

OUTPUT e

Ae—B

BIAS CURRENT =———————i

How bias current affects mid- and
high-frequency signal output from a
cassette tape. Note that, for the
current range between A and B, 500-
Hz output hardly varies at all, but
10-kHz output varies substantially.

justed for the tape. And if both were prop-
erly adjusted, it is very possible that the
one which previously had less high will end
up having a more-extended high end than
its competitor.

This is why an in-the-store demonstration
of tape equipment will not lead you in-
fallibly to the best machine, but merely to
the one that provides a better match for
the particular kind of tape you use for the
tests. It is also why many tape recordists
are convinced that only one kind of tape is
any good at all and all of the others are
terrible, despite published test reports on
tapes that indicate that they are not really
all that different in treble response. When
these people try different tapes, they are not
really comparing the tapes’ potential qual-
itics. What they are doing is merely finding
which one has bias and equalization re-
quirements that happen to coincide with the
adjustments of their recorder. If the record-
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er were individually adjusted for each kind
of tape, they would find (as have all pro-
fessionals) that there is really very little
difference between the high-end range and
smoothness of the better competing tapes.
The reason for this is that the high fre-
quencies recorded on a tape are rather fra-
gile, and are more easily erased than mid-
dle- and low-frequency signals. A tape’s
ability to retain magnetic fields is pro-
foundly influenced by the amount of ultra-
sonic bias signal (usually 50 to 100 kHz in
frequency) passing through the record

All of the setup adjustments on the
Advent 201 cassette recorder are ac-
cessible through the case. This hap-
pens to be, however, one of the few
machines which are usually in proper
adjustment as shipped from factory.

head along with the audio signal. With ex-
actly the right bias current (for the tape),
the tape will retain the maximum amount of
magnetic energy at middle and low fre-
quencies that it is capable of retaining. Any
more bias current, or any less, and the re-
tention of signal will diminish (increasing
background noise accordingly). The same
relationship holds at high frequencies, but
here we encounter a complication. Because
of their tenuous nature (due to the ex-
tremely short recorded wavelengths), treble
signals tend to get erased by the bias cur-
rent; and, as the current increases, this
erasure causes the highs to diminish much
more rapidly than do the lower frequencies,
which diminish only because the bias isn’t
quite optimal. In fact, at low tape speeds
(where “self-erasure” of highs is more se-
vere), the effect of bias current on treble
response is such that treble output can be
adjusted over a wide range without varying

POPULAR ELECTRONICS Including Electronics World
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the bias enough to have any measurable
effect at all on lower frequencies. This is
why a cassette recorder seems to be so ex-
ceedingly critical of the tape with which it
is used. The only oxide-coating formulation
that will vield a flat high end from it is the
one (if there was one) that the machine
was adjusted for at the factory.

The Setup Adjustments. Every half-de-
cent tape recorder has a number of internal
adjustments for such things as ultrasonic
bias current, treble equalization, recording
level, VU-meter calibration and so on, and
the performance of any given sample of any
tape recorder is directly related to how care-
fully these adjustments are made at the
factory. And different manufacturers differ
very markedly in the care with which they
make these adjustments.

If you expect to get the very best per-
formance from any tape recorder, the only
way to ensure this is by assuming that it
will be out of adjustment when you buy it,
and by having it adjusted after you buy it
for the kind of tape vou will be using for
your most demanding recordings. The ad-
justment is best done, not by a factory ser-
vice center (for they aren’t likely to he any
move careful in doing it than was the fac-
tory), but by a crackerjack tape man in the
service department of a hi-fi store. Give
him a few reels (or casscttes) of the tape
you'll be using. Ask him to order a service
manual for the machine if necessarv (at
your expense, probably), and set it up to
produce the flattest frequency response of
which the recorder is capable. (That does
not necessarily mean the most-extended
high-end response, either. You can extend
highs by a measurable but virtually inaudi-

ble amount by introducing a hump in the
response at around 10,000 Hz, which will
be audible as an exaggeration of highs.)

If you demand perfection, which in this
case means the absolute best that the re-
corder can deliver, the only way of being
certain of getting it is by availing yourself
of a few items of test equipment and the
service manual, and doing the job yourself.
This is not a terribly difficult task, and will
in fact be described in a future “Stereo
Scene.”

Some recorder manufacturers, though, are
taking the trouble these days to do an ac-
curate setup job at the factory, so if you'd
rather not try customizing your unit, there’s
a simple in-store test to determine whether
a recorder is properly set up. Here’s how:

First, check the recorder’s instruction
manual. If any real attempt was made to
adjust the machine to a particular tape (or
tapes, in the case of models with a tape se-
lector switch), the tape(s) will be recom-
mended for use with the recorder. Obtain a
sample of each recommended tape, and use
each in turn to record and play back part
of a demo disc on the premises. Then play
each tape and A-B it with the disc, noting
any changes in frequency response and/or
channel balance. If the recorder is Dolby-
equipped, make your test recordings with
the Dolby switched in, as this is the tough-
est test of a recorder’s setup accuracy. Any
imperfections here will tend to upset the
operation of the Dolby, causing it to dull
or exaggerate the highs even more, depend-
ing on which way the recorder’s inaccura-
cies go. Few machines will Eass this test
without customizing. If you find one that
does, and also happens to have the features
vou want in a recorder, buy it. @®
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Curves show the effect on high-frequency response caused by vary-
ing a cassette recorder’s bias adjustment. With a given bias set-
ting, you can encounter almost as great a range of variation by
using different tapes having different bias requirements. But none
of the tapes may be inherently any better or worse than any other.
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Take a look at the race in circuit technology. In the:

1960’s the tubes at the left made way for the transis-
tors at the right. Today, transistors are surpassed by
the large scale integrated circuit (LSI) at the far right.
This circuit, less than a quarter inch square, replaces
over 6000 transistors!

There’s big money to be made by the men who
stay ahead of this technology race. Put yourself
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ahead with NTS Home Training! You get the latest,
most advanced equipment (at no extra cost). More
solid-state units, and more advanced technology.
Plenty of training with integrated circuits, too! As an
NTS graduate, you enter a world of electronics you're
familiar with. You have a thorough working knowl-
edge of solid-state circuitry. You're ready to tackle
bigger jobs at higher pay!

NTS COLOR AND B&Ww
TV SERVICING
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Heath color TV

Build and keep the largest, most
advanced color TV made! Over-all
solid-state design, ultra-rectangular
screen, matrix picture tube, built-in
self-servicing features, “Instant
On,”” AF.T,, solid-state, 24-channel
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FET Volt-Ohmmeter, and Electronic
Tube Tester. Learn trouble-shoot-
ing, hi-fi, stereo, multiplex systems,
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State Radio, Electronic Tube
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and all other equipment are yours
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NTS ELECTRONICS
& COMPUTER
TECHNOLOGY
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Compu-Trainer. It teaches you the

Solid-state
Compu-Trainer
14 integrated
circuits replace
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same principles used in million-
dollar systems. Contains 14 inte-

grated circuits! All Solid-State! You
perform all wiring and patchcord-
ing. No shortcuts. No pre-wired
circuitboards. Your training is com-
plete! Also receive an FET Volt-
Ohmmeter and a 5" wide-band
Solid-State Oscilloscope.

NTS ELECTRONICS
COMMUNICATIONS

Gain the prestige and earning pow-
er of owning an F.C.C. First Class
Radio-Telephone License. Two
comprehensive NTS courses cover
the big opportunity field of trans-
mitting and receiving.

You build and keep 14 kits, includ-
ing this amateur phone 6-meter
VHF Transceiver, NTS's exclusive
6-transistor Solid-State Radio, and
a fully transistorized Volt-Ohmme-
ter. Also, learn 2-way radio, Citi-
zens Band microwaves, and radar.

5-watt AM
transmitter/
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AUTOMATION
ELECTRONICS

Automation is the future of indus-
try and you can play an important
part! Learn industrial controls by
training on the NTS Electro-Lab (a
complete workshop). You also build
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Solid - State oscillo-
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form experiments
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ing motor speeds,
temperature, pres-
sure, liquid level,
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Learn basic sound theory—how it
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famous Heath Stereo

sound distortion, amplification and
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are for you.

If you're the kind of guy whac likes to devise his own
equipment or the kind who appreciates clever me-
chanical design. Then Mallory do-your-thing products

They’ll let you invent, create, modify, so things work
your way. And of course, you’ll get famous Mallory

AUTOMOBILE

(LG REMINDER ALARM

Ever leave your lights on?
Never again...with solid-
state Sonalert®. Its shrill
sound warns you, prevents
battery drain. Use on turn sig-
nals, reverse gear...or any
electrical component on your
car, truck, boat, tractor. For

quality and performance you can
count on too. Get them at your
nearby Mallory Distributor.

ON-THE-GO GROOMING

Free yourself from conventional, bulky
shaving gear. Handy Shaver . . . it's
about the size of a cigarette pack. Hi-
speed, quiet, 3-volt motor for fast, no-
pull shaving. Comes with Duracell®

6 and 12 voit.

e —

batteries, mirror cap and tough carry-
ing case. Also available in new side-
burn trimmer model.
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E CONTROL

€asy time

YOUR TIME

Use “Easy Time” 24-hour
timer. Turns anything you
plug into it on and off. Ap-
pliances, lights, pumps,
motors, humidifiers...

“you name it.

enough

Tough
to handle 12

amps, 1500 watts.

INTENSITY
NOISE
iCompact,

purse-size,
big-sound
Handy Blast...
your personal
alarm. Use it for
anything...
boat horn,
emergencies,
scare muggers,
signals, call
kids, scouting,
bicycling...
even cheer your
team.

MALLORY

SILENT PROTECTION
Crime Alert®...uses inwisible, silent uitrasonic sound-
waves. Anything that
— . moves triggers its
piercing alarm. Use
anywhere . .. battery
or plug in. Acces-
sories to make it to-
tal security system.
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MALLORY DISTRIBUTOR PRODUCTS COMPANY

a division of P.

R. MALLORY & CO. INC.

Box 1284, Indianapolis, Indiana 46206; Telephone: 317-636-5353
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| News Highlights

Canada’'s Domestic Communications Satellite to be Used in U.S.

The first Telesat Canada satellite was launched by NASA on No-
vember 9. By the time this item appears, the satellite should already
be in full operation. A second identical satellite is to be launched
around the middle of April. Not only will the satellite be used in
Canada, but it will also be employed in the U.S. The first U.S. com-
pany to take advantage of the satellite will he RCA, who recently
announced an agreement with Telesat Canada for such use. RCA will
install ground stations in the U.S. to relay communications signals
through the Canadian satellite.

Lady Services Marine Radio Gear

Talk about Women’s Lib, if a boatsman calls on Ileine Marine Elec-
tronic Sales & Service of East Islip, Long Island, N.Y. to repair his
boat radio or depth sounder, he may be surprised to find that the
service technician is a woman. Inez Heine took a correspondence
course from the National Radio Institute, got an FCC license, and
set up a well-equipped shop. Inez has always been interested in boats
and radio, so the move was a natural. As far as other qualifications
are concerned, how about her previous jobs as suciety reporter,
women’s editor, and school teacher?

Would Send Time, Frequency Over TV Networks

Commerce Secretary Peterson has petitioned the Federal Communi-
cations Commission to change the television broadcasting rules to
permit sending time, frequency, and other information over the
nation’s TV network services. The “TvTime” system, developed by
scientists and engineers at the National Bureau of Standards, generates
a signal which can be carried on one line of the blanking interval dur-
ing broadcast. Special equipment at the broadcast station and on the
receiving TV set allow the information to be encoded and decoded to
provide a caption on the TV screen. The system could also be used
to provide captions for the deaf and in foreign languages.

New Dialing Mechanism Tested at Bell Labs

Seeking to make smaller and simpler the Touch-Tone® dialing sys-
tem, Bell Labs is testing a technique which uses a paper-thin sheet
of electrically charged material, called a foil-electret, to activate the
dialing circuits. Instead of mechanical switches which must be oper-
ated by pressing, the new system would provide electrical signals
at the mere touch of a finger.

New Generation of Gun Detectors Ordered by FAA

APRIL 1973

Computerized detectors capable of making a head-to-toe, three-
dimensional search of passengers for concealed weapons have been
installed at eight major airports throughout the nation. The new device
is designed to ignore harmless metal objects such as buckles, keys,
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ete., but signal an alarm when a passenger is concealing a weapon. Key
to the design is an electromagnetic field which works at two fre-
quencies and in three dimensions. The field is generated inside a portal
through which passengers pass on the way to the plane.

Video Discs for Home TV Demonstrated

A thin flexible (Mylar) video disc that can be used to show movies
on standard home television screens by meuans of a disc changer/
player attachment has been introduced by MCA Disco-Vision®, Inc.
The changer permits the user to stack up to 10 discs for a playing
time of up to 6% hours and can play pre-recorded material in either
black and white or color. It is expected to retail for under $500.00.
Action can be frozen and held or repeated and short sequences can
be selected. A single-disc player is expected to retail under $400.00.
The playback unit uses an optical system with a low-power, helium-
neon laser readout to pick up the images and relay them to the screen.
Density is 12,500 tracks per radial inch and the disc revolves at 30 ps.

TV, Radio Receiver Sales Up for 1972

Electronic Industries Association reports the sales of color TV sets
to dealers for 1972 were 7,555,296—up 22.2% over 1971. Mono-
chrome TV sales were up 10.2% and radio sets were up 0.2%. Phono-
graph sales were 5,038,442—up 13.5%.

New Nautical Radar Provides Audible Signal

A boon to boatsmen may be the new “Whistler” radar, developed by
Kimball Products Co., Inc. The output of the radar unit, which weighs
6 pounds and is carried by a strap around the neck, is an audible signal
rather than a picture on a scope. A low, almost rumbling sound indi-
cates that something is ahead no more than 50 ft; while a high note
signals a shore line or lar%e ship that is 2 miles away. The system is
expected to be of particular value in heavy fog and at night.

Ham Radio Plays Vital Role During Nicaraguan Earthquake

When the series of earthquakes that devastated Managua knocked out
power and virtually all regular communications, the first outside con-
tact was made by a Nicaraguan amateur known as “Enrique,”
YNIAGL, operating with mobile equipment in his automobile. For
the first 20 hours after the disaster, information about what had hap-
pened and requests for assistance and emergency supplies reached the
world through YNIAGL. General Somoza, former Nicaraguan presi-
dent and military strongman, is still relying heavily on a portable
amateur station established at his home by Benjamin Elizondo,
YNIBE.

Fairchild Withdraws from EIA
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Fairchild Camera & Instrument Corp. has resigned its membership in
the Electronic Industries Association, attributing the withdrawal to
“a decline in the value of the association to Fairchild, relative to
cost.” Fairchild’s President C. L. Hogan said that EJA has “evolved
into an organization representing different segments of electronics,
with varying objectives. We therefore feel it does not effectively rep-
resent the views and interests of the high-technology industries in the
United States, particularly with regard to such issues as free trade.”
Other large semiconductor manufacturers have also recently resigned
from the organization.
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UNRERSTANRING THE

JUNCTION

FIELD

EFFECT
TRANSISTOR

Acting like a vacuum tube,

the versatile JFET has many applications

UNCTION field effect  transistors
(JFET’s) are now available in quantities
and prices comparable to those of the bi-
polar transistor. Although the JFET was
developed at about the same time as the
bipolar, its appearance on the market wag
delayed because of the high cost of pro-
duction, which has now been greatlv re-
duced by advances in manufacturing tech-
nology—inc]uding the planar process.

The JFET has a transverse conductive
channel whose cross section is varied by
application of an electric field perpendicu-
lar to the current path. The field is applied
by gate junctions. The controlled load cur-
rent consists either of clectrons or holes
(but not both) and it passes through onlv
one type of semiconductor material—
hence, the term unipolar transistor.

Types of construction of the JFET in-
clude the n-channel har (Fig. 1A) and the
economically  fabricated  planar  double-
diffused wnit formed on one side of the
silicon substrate as shown in Fig. 1B. Gate
regions are heavily doped p regions and
channels are lightly doped n regions. This
provides considerable “leverage” of control
of the depletion zone by relatively small
gate voltages.

Channel ends are terminated by source
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BY ADOLPH A. MANGIERI

and drain connections by metalized ohmic
contacts (linear, non-rectifying). Source
and drain leads are interchangeable in sym-
metrical JFET’s; and, although the gate
leads are usually tied together, they may
be separated to form a dual-gate JFET.

Figure 1A shows the normal voltage
polarities and depletion zones (shaded) for
an n-channel JFET. Consider first the ef-
fect of varying gate voltage alone at low
drain-source voltage. At zero gate voltage,
channel height is maximum, and channel
resistance is minimum. At an intermediate
gate voltage (Fig. 1C) channel height is
reduced hy penetration of the depletion
zone. Channel resistance is higher because
the depletion zone is much like a non-
conductive insulator. Finally, at a particu-
lar gate voltage, usually between one and
eight volts, the depletion zones merge, cut-
ting off the current (Fig. 1D). This occurs
at gate pinchoff voltage (V.).

Now, consider the effect of varying the
drain voltage with zero gate voltage. As
shown in Fig. 2, drain current increases
with increasing drain voltage until Vg
equals V.. Channel saturation commences
at this point and the depletion zones ‘merge
initially at point A in Fig. 1E. With further
increase in drain voltage, the drain current

POPULAR ELECTRONICS Including Electronics World




+1.V6s
Lo

T V5=V,
SOURCE IG DRAIN‘ r—ﬁ Sy
; ; —T e ‘ p-Vos Ve
Fig. 1. A bar junction N e T [_4
FET is shown at (A), a o r/‘GE:‘ T l = -.-I - Y l——ID=o
planar junction FET at [conTact P+ I
(B). At (C), channel (8) (0}
height is reduced by
increase of depletion s o _.0D Vgs=0
zone height. Channel is G WAD \ | t
cut off (D) by merged AN N / 5 T,
depletion zones. At (E) P o RS il
is shown onset of sat- = | = Y i
uration region with the 62 A
drain voltage equal to (B) (E)
pinch-off voltage. With
high drain voltage, the
saturation current re- V.. V. ‘ T
mains constant in (F). | !°< bs <% 1 6s
s (Ve r“ Toss osVe

= N4

(F)

remains constant in the saturation region.
Depletion zone merging progesses toward
the source, as shown at point B in Fig. 1F.
At sufficiently high drain voltage, the gate
junction avalanches in the breakdown re-
gion.

Although zone merging is shown in
Figs. 1E and 1F, current continues to flow
by virtue of carrier injection at points A
and B, effected by high current concentra-
tion and electric fields at these points. In
the saturation region, the JFET is a con-
stant-current source with gate voltage con-
trol.

At a lower gate voltage (V. in Fig. 2)
saturation occurs at a lower drain voltage
which is equal to V.—V, at a lower drain
current. Finally, at V,, the JFET is cut oft
for all values of drain voltage. The linear
region may be termed the triode region
and the saturation region the pentode re-
gion by analogy to vacunm tube charac-
teristics.

Applications. Frequently used as a low-
level preamplifier in the common-source
connection (Fig. 3A), the JFET permits
direct inputs from a high impedance device

Ips
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Fig. 3. Common-source
voltage amplifier (A)
has high input and out-
put impedances, with
voltage and power gain.
Source follower (B) has
high input impedance
and jow output imped-

ance, with power gain
but less than unity on
voltage gain. FET can
be used as a constant

current source (C) and
source follower and a
constant-current supply

combined provide near
unity gain (D). At (E),
FET-bipolar combination
boosts voltage and the
power rating of FET.

5
Vin—g

m:z
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such as a crvstal microphone. Source re-
sistor Re provides gate bias und also nega-
tive feedback which linearizes the input-
output characteristics at the expense of
voltage gain. For higher ac gain, a capaci-
tor can be connected across the resistor.
The source follower, Fig. 3B, is another
common application. Output voltage is
across the source resistor. Operationally,
the output voltage follows the input but at
less than unity gain. In addition, the output
impedance is less than the source resis-
tance. This circuit is used to step down
impedance levels while preserving band-
width and linearity. For example, a high-
impedance device can be coupled to a low-
impedance coaxial cable without sacrificing
frequency response. The cireuit can be
used to step up the input impedance of
the bipolar transistor. In effect, the source
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follower is an impedance transformer with
power gain.

Linear sawtooth generators and long-
delay timers may use the JFET in a circuit
which is equivalent to a constant-current
diode (Fig. 3C). Current can be adjusted
from I with the source resistor set to
zero and to fractions of a microampere
with large values of R.. The circuit op-
erates in the saturation region where drain
voltage changes have little effect on drain
current.

To obtain a voltage gain near unity, the
source resistor must be large in value. This
requires higher supply voltages. By replac-
ing the source resistor with a constant-
current source (Fig. 3D), a high equivalent
source resistor is achieved with a lower de
drop across the current source.

Present limitations on JFET voltage and
power are circumvented by the FET-bi-
polar cascode circuit shown in Fig. 3E.
The drain voltage of Q1, which drives Q2,
is about equal to the battery voltage. By
using a high-voltage transistor for 02, V,
can be much larger than V,, permitting
large R. values and much higher output
voltage and power. Cascode circuits inher-
ently have low reverse feedback or cou-
pling. As such, the circuit is particularly
suited to high-frequency tuned amplifiers
since it eliminates the need for neutraliza-
tion to prevent oscillations.

Transistorized voltmeters sometimes use
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a JFET to provide high input impedances
(11 megohms or more) with sensitivities
exceeding those of a VTVM. Figure 4A
shows the simplest FET voltmeter circuit,
a dc bridge with the FET in one leg. The
source resistor provides negative feedback
to give high linearity in the response. The
circuit requires a regulated supply voltage
—easily obtained by using a zener diode
—and can be used with full-scale de ranges
as low as 200 millivolts.

Higher dc sensitivities are obtained in the
differential amplifier dc voltmeter circuit
shown in Fig. 4B. The circuit also has high
common-mode rejection. Emitter-follower,
constant-current source Q3 fixes the drain
currents to the zero drift points (or near
them) and also reduces effects of supply
voltage changes. The source resistors im-
prove stabilitv and linearity. For optimum
results, Q1 and Q2 must be closely matched

airs.

The JFET chopper circuit shown in Fig.
4C, when operated with sources having
high impedance and amplifiers with high
input impedance, is better than a Dbipolar
transistor chopper. A chopper converts
low-level de to low-level ac, which is more

readily amplified. The JFET chopper has
an offset voltage near zer. The gates of
QI and Q2 are driven by square waves
180 degrees out of phase so that one tran-
sistor is on while the other is off. Tran-
sistor Q2 reduces noise by shorting the
amplifier input when QI is off or open.
Chopper transistors are designed for low
on resistance in the linear region. (The on
resistance may vary from a low of 10 ohms
for low-speed choppers to 130 ohms for
higher speeds. )

Other JFET applications include their
use in mixers or converters, in which ad-
vantage is taken of their nonlinear char-
acteristics. Dual-gate or tetrode JFET’s are
used in age and other dual-input circuits,
Digital circuit logic elements have high fan-
out and low power requirements as a result
of high input impedances. The relativelv
high gate voltage swings which change the
state from on to off, provide high noise
immunitv in FET logic elements. The
switching speed is inversely related to the
operating drain current; but, within the
same current range, the switching speed of
JFET logic is somewhat comparable to
many junction transistors. ®

AR,

AAAA

Fig. 4. Basic dc FET voltmeter (A) uses a source
follower as part of bridge to give high stability,
linearity, and sensitivity. A dc voltmeter using
a FET differential and constant-current source is R 2 2
shown at (B). Chopper (C) has low noise and offset. :
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Fig. 1. A replica of Franklin's electrostatic
motor. Rotation is achieved by corona discharge.

ELECTRIC POWER

FROM THE EARTH

THE SEARCH FOR NATURAL SOURCES OF ENERGY GOES ON

BY L. GEORGE LAWRENCE

M OST economists agree that present
standards of living can be maintained
only if more electrical power is made avail-
able every year. Unfortunately, to obtain
power from traditional sources means pollu-
tion; getting more power from these sources
means more pollution. Consequently, it
comes as no surprise that a great deal of
effort and capital are being invested in at-
tempts to find “cleaner” sources of electric-
ity than we have been using. Along these
lines, we find renewed interest not only in
geoelectric phenomena, but also in exotic
energy-conversion schemes with excellent
promise for the not-too-distant future. So
far, everything has been very experimental,
but, at last, a beginning has been made.
To geophysicists and electrical engineers,
our planet is a powerful generator of dc
power in the trillion-kilowatt (10!2) range.
Its dynamo action is due partially to axial
rotation and the magnetic interaction in
ionospheric fields and partially to thermo-
couple-type phenomena between the hot
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magma of the earth’s core and the cold
crust. The natural earth, or telluric, cur-
rents flow in large “sheets.” While apparent-
ly weak, telluric currents can attain im-
mense magnitudes in submarine telephone
cables when certain geoelectric conditions
coincide. (Submarine cables between the
U.S. and Europe frequently produced ter-
minal voltages up to 2500 volts.)

The question is, how can we harness this
power? Studies are currently under way to
determine how to increase the current fow
in ore-bearing bodies and store the electric-
al energy potentials in buffers or accumu-
lators for later use. Special provisions must
be made for possible telluric polarity changes
to safeguard dc-to-ac converter systems.

Another force that is available for im-
mediate use is that of electrostatic energy.
Electric fields, currents, and conductivity,
as well as positive and negative ions of
greatly varying size, constitute the principal
electrical properties of the atmosphere in
fair weather. In the altitude between 30 and
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Fig. 2. The electrostatic motor shown
here can develop 1/10 horsepower by
using an antenna carried by a balloon.

70 kilometers, atmospheric studies of elec-
tricity and ionospheric physics merge.
Remarkably enough, Benjamin Franklin
was among the verv first people to envision
the enormous potential of static clectricity
in industry. An exact replica of his electro-
static corona motor, recreated at West
Virginia University by Dr. Oleg Jefimenko
and David K. Walker, is shown in Fig. 1.
The propulsive force for the motor disk is
obtained from discharge electrodes placed
at strategic points around the disk’s cir-
cumference. A Leyden jar (lower right in

Fig. 3. Direct-conversion geothermal power system.
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photo) serves as the high-voltage storage/
discharge component.

The latest version of the WVU electro-
static motor is shown in Fig. 2. Like
similar machines, the insulated knife-edge
electrodes generate a corona that charges
or ionizes air particles floating by. The latter
transfer their charge to the nearest part of
the plastic rotor and charge it. Now, once
a spot on the rotor takes a charge, it will be
repelled by simple electrostatic force from
the charging electrode. A simultaneous at-
traction toward the other. oppositely-
charged, electrode tukes place. So, when
the charged portion of the rotor reaches the
opposite electrode, another corona discharge
takes place, reversing the polarity, and the
cvele repeats itself.

The Jefimenko model shown can develop
0.10 horsepower if energized by a 30,000-
volt electrostatic generator. Operation by
natural electrostatic electricity requires that
the feeder antenna be carried aloft by kite
or balloon to a height of 200 to 300 ft
above ground to obtain an opernting poten-
tial of about 20,000 volts. Of course, all of
this sounds promising, but our society is in
a hurry and needs large amounts of power
notw.

More Practical Approaches. Presently,
considerable attention and a great deal of
money are being used to exploit hot springs
and natural geysers as sources of power.
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Fig. 4. Model car made by Huffman is
powered by a thermotunnel converter.

One promising spring is at Cerro Prieto in
northern Mexico, where Toshiba of Japan
has installed specially designed turbines to
convert escaping steam into electrical pow-
er. But the turbine generator conversion
process is not ideal; so more direct heat-to-
electricit_v conversion processes are l)cing
developed.

Typically, a geothermal spring is made
up of a vast underground deposit of spongy
sedimentary rock (see Fig. 3) that traps
water that has been heated to the boiling
point by heat conduction from the solid 1‘()cff<
below. The heat is furnished by congealing
magma pushed up from the earth’s molten
core. Geologists have estimated that, in
the case of the Mexican and Salton-Sea
trough systems, spongy rocks to a depth of
20,000 ft exist, giving an immense energy
reservoir. However, in the system concept
shown, it is desirable that turbines and
the like are avoided altogether either by
tapping the heat directly (to avoid tur-
bine contaminations) or by feeding the hot
steam into a non-rotary thermoelectric gen-
crator as shown. Once fully developed,
direct heat-to-electricity  converters are
cheaper than turbine generators and offer
fewer logistical problems in the long run.

Right now, although good progress is
being made, problems reside in the area of
efficient conversion cells. This field is wide
open for new inventions in light of the fact
that the need is one of here and now.

A small experimental car, about 8-in.
long and containing a small electric motor,
is driven by an electronics-hased thermo-
tunnel converter invented and patented by
F.N. Huffman (Fig. 4). The converter uses
10-40-angstrom-thick oxide spacers between
the emitter and collector of the heat-to-
electricity conversion assembly. Buffer re-
sistors are inserted in the device to insure
an even load balance from all current-gen-
erating cells during parallel operation.
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While at first glance, Huffman’s inven-
tion (little more than a sophisticated ther-
mocouple) seems insignificant, it bears
great promise for large-scale power plants.
What remains is essentially an eugineering
job of finding a packaging scheme that will
permit this type of cell to be directly heated
by the earth’s magma or steam from hot
springs.

Work is also under way in the field of
atomic power plants. The specific aim is to
bypass the traditional nuclear power plant
and its cumbersome reactors, turbines, and
the like by realizing the current-generating
-a]pacity of the radioactive materials them-
selves. In Fig. 5 are shown two “classical”
nuclear battery types. The design in (A)
is a beta-current tvpe in which high-speed
electrons emerge from the radioisotope
coated on a central emitter electrode and are
collected by an outer conducting member.
Design (B), coated on one side with Stron-
tium-90, allows the radiation to produce an
electron avalanche in one element of the
junction diode. These electrons are collected

COLLECTOR
N

e aiaR STRONTIUM-90

MEDIUM

EMITTER 2RLon0

+

BETA CURRENT

{a) {8}

Fig. 5. Schematics of two classical
battery types using nuclear energy.

by the “field” across the junction. The field
is established hy a physical process similar
to the collecting field in the contact-poten-
tial-difference cell.

Unfortunatelv, these two and similar
tvpes of batteries produce very low output
powers, typically in the microwatt range.
However, cell (B) continues to be promising
because its electromotive force is about 0.2
volt per cell. So, if a large number of radia-
tion-proofed cells can be connected in series-
parallel combinations, adequate power out-
puts might be realized. Current cell failures
are due to changes in the crystalline struc-
ture of the silicon that are the result of
radiation from the radioactive material. But
it is this type of solid-state battery that
holds the great promise for electric-powered
cars, homes, and industrial undertakings. &
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Operating rules and regulations
to make channel 9
a more effective emergency

communications network

E VERYONE has his own personal reason
for getting into CB radio. You may
want to use it for business, or just personal
communications within your own family.
You may want to talk to friends or meet
new friends through your radio. Whatever
your original purpose, sooner or later, you
will find that your personal two-way radio
has a great value for emergency communi-
cation—your own or someone else’s.
Emergency use of your radio will prob-
ably first come about when you sight an
accident, fire, or traffic hazard while driv-
ing. Of course, all you have to do is call
on channel 9, the official emergencyv chan-
nel, to report it. Who will respond? Prob-
ably a member of a volunteer emergency
radio team or a pubic spirited individual;
and, in rare instances, a police department.
According to the Citizens Radio Section,
Electronic Industries Association, over 2-
000 volunteer groups conduct organized

monitoring of emergency channel 9. Tn ad-
dition, they estimate that 500 police and
fire departments are now monitoring CB.

It is important to know how to call for
assistance or to report an emergency on
channel 9. If you know the call letters of
the local channel 9 monitors, it is simply
a matter of calling them as you would for
any other call, on any other channel.

When you don’t have the callsign of an
emergency monitor, as is the case when
you are traveling, it is another matter. Try,
“KZZ-4321 mobile, seeking assistance.” Or,
“KZZ-4321 mobile with a 10-33 (emer-
gency).” If you are traveling out-of-state,
give your home state as, “KZZ-4321, Cali-
fornia mobile.” Allow time for response be-
fore repeating call. However, don’t expect
an immediate answer the first time. You may
have to wait until the monitor hears you
repeat before he can identity your signal.

If reporting an accident or other emer-

The EIA highlights emer-

gency uses of CB by
means of this public
service billboard. It
will appear around the
country in 1973. Inter-
ested CB clubs can get
this message posted by
having local outdoor
advertising firm re-
quest material from
Citizens Radio Infor-
mation, 7th Floor, 21
East Hubbard Street,

No woman should drive alone...

without the safety of
Citizens two-way radio

NN 1ADIO SICTION emmm

Chicago, llinois 60611.
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gency, remain calm and give all necessary
details:

1. Your exact 10-20 (location); include
city and state as you may be received via
“skip.”

2. Number of wvehicles and people in-
volved.

3. Possibility of injuries.

4. Is traffic blocked?

As an individual, vou may find it inter-
esting to monitor channel 9 from your home
base station. You can do this at any time.
It is one way to determine if an emergency
organization is effectively monitoring the
channel in your area. You can also provide
assistance or answer any emergency call as
an individual licensee. For this purpose, you
may find one of the new transceivers with
dual-channel monitoring capability very use-
ful. You can monitor channel 9 with such a
set while you also monitor another channel
for personal communications purposes.

It is advisable, however, for individual
monitors to act as a backstop to the or-
ganized monitoring groups in their area. Let
them handle the calls if they are monitoring
at the time. If no monitor from an organized
group responds, then you, as an individual
monitor, can respond and handle the situa-
tion.

Encouragement of the emergency group
in this way lets the members fill a real need
and has a stimulating effect on the organiza-
tion. “Competition” from individual moni-
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At top, REACT'’ers donate their time operat-
ing 24-hour coffee stop for motorists tied
up in holiday traffic. Ohio State Highway
Patrolman directs travelers to stand run by
Summit County REACT C-480 (Akron). Sign,
at left, welcomes weary travelers—REACT
teams hope to reduce accidents in this way.

tors tends to discourage such organizations.

Once vou really become interested in
emergency communications, and vou prob-
ably will once you've been involved, you'll
most likely want to consider joining a RE-
ACT or ALERT team or other CB organiza-
tion that monitors channel 9 on a regular
basis. In addition to receiving requests for
motorist’s assistance and accident reports,
most of these groups become involved with
civil defense and other disaster communica-
tions planning.

REACT National Headquarters has a co-
operative understanding with the American
National Red Cross for both organizations
at the local level. The Red Cross is the
official national disaster relief organization.
This is one means by which REACT teams
get programmed into local disaster plan-
ning.

Actually, the day-to-day role that RE-
ACT, ALERT, and other groups perform
for highway communications gives them the
experience and organization to do the vital
communications job when a true disaster
strikes the community, such as the 1972
floods in West Virginia, South Dakota,
Pennsylvania, Maryland, Virginia, New
York, and California.

By establishing contacts with law en-
forcement agencies and other authorities,
the emergency CB group develops the con-
fidence of public officials in their ability to
perform when most needed.
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While many so-called CB Clubs are or-
ganized primarily for social purposes, even
they do try to perform emergency and other
communications of benefit to the commun-
itv. Many emergency and social organiza-
tions provide communications for parades;
county fairs; boat, auto and motorcycle
races; telethons; charity drives; voter 'l‘eg-
istration; etc. The opportunity to perform a
service has its own reward, but the recog-
nition to the group and the pure fun of
participation makes it all worthwhile.

Of course, affiliation with a specific emer-
gency communications team is the answer
if you develop sincere dedication. There
are two prominent national organizations
devoted to this activity. Following, is a brief
description of each. Contact their offices for
detailed information about joining your
local team or starting a new one.

REACT: (Radio Emergency Associated
Citizens Teams) Founded in 1962. 40,000
participants are organized into 1000 local
teams throughout the United States and
Canada. Membership is onlv through team
membership. The program is sponsored
nationally as a safety and community serv-
ice activity by General Motors Research
Laboratories, Write to: REACT National
Headquarters, 111 E. Wacker Drive, Chi-
cago, Illinois 60601.

ALERT: (Affiliated League of Emer-
gency Teams) Organized in 1969. ALERT
maintains 1 Washington headquarters office
so as to more easily represent its member-
ship in FCC and other governmental issues.
Membership is on an individual basis with
any group of ten members eligible to form
an official ALERT team. Write to: ALERT,
818 National Press Building, Washington,
D.C. 20004,

There is still some confusion among CB
operators about the chanmel 9 emergency

Mobile emergency
communications can
be transported wher-
ever needed most.
Gateway REACT, Met-
airie, La., is pre-
pared for the next
Gulf-Coast hurricane
or any other emer-
gency with its com-
pletely equipped van.

rule. It simply restricts communications on
channel 9 to genuine emergency situations
affecting the safety of life or property and
to communications necessary to assist the
motorist.

Motorists’ assistance includes not only
obtaining road service to get a stalled ve-
hicle going again, but to supply informa-
tion concerning routing and road condi-
tions. Anything that will keep the individnal
motorist from reaching his destination can
be interpreted as qualifying for this pur-
pose.

Another interesting aspect of the channel
9 ruling is that it does mot restrict emer-
gency calling solely to channel 9. Any other
channel can be used in an emergency. If
it is a true emergency affecting the safetv
of life or property, and vou do not get a
response on channel 9, switch channels until
vou hear somebody talking and then ask
them to “break for an emergency.”

In fact, during recent flood emergencies,
many emergency radio teams used a chan-
nel other than 9 for their operational work-
ing channel and kept channel 9 clear for
additional emergencies that might come
in. Their use of a secondarv channel also
prevented blocking chanmel 9 in other
areas due to the “skip” communications
phenomenon. FCC regulations do require
a report of emergency opemtions that ex-
ceed 12 hours in duration.

The emergency use of CB radio adds
greatly to the benefits vou get from vour
equipment. It is satisfying to help others in
trouble. It is even more rewarding when
you can work with the leaders of vour com-
munity to prepare to supply disaster com-
munications. When and if vou are person-
ally involved in an accident or other emer-
gency. it is even more reassuring to know
that ‘help is just waiting for your call. @
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ADVANCED ELECTRONICS CAREER TRAINING AT HOME

Modern aircraft are loaded with vital electronic equipment. There is
equipment for communications, direction finding, instrument landing
and for many other functions to insure safe operation of the aircraft.

The man who checks out this equipment has to be an expert. Many
lives depend on his specialized knowledge as an engineering
technician. His work is interesting and exciting and he enjoys top pay
in his field.

Consider a career
In advanced electronics

Aeronautical and Navigational Electronics is just one of the advanced
electronics programs CRE| offers. There are seventeen others.

All of the programs, except a brief introductory course, are college-
level. The programs cover every major field of electronics today.

If you want to qualify for the highest paying level of technical employ-
ment in electronics, we invite you to ccnsider the unique home study
programs of CREI. Here is a list of just some of the CREI programs:
Communications Engineering - Computer Engineering * Missile &
Spacecraft Guidance + Radar & Sonar - Television Engineering -
Nuclear Instrumentation & Control * Digital Communications »
Industrial Electronics « Electronic Systems Engineering + Microwave
Communications + Satellite Communications « Cable Television
Engineering

For over 45 years, CRE| programs have been recognized by industry
and government as effective home study training in advanced
electronics.

Qualifications to enroll. To qualify for enroliment in a CREI program,
you must be a high school graduate (or equivalent). You should

also be working in electronics or have previous training in this field.
Send for FREE book. If you are qualified, send for CREI's newly
published book describing your career opportunities in advanced
electronics. This full color book is filled with facts about cereer
opportunities for you.

Capitol Radio Engineering Institute

A Division of McGraw-Hill Continuing Education Co.

3939 Wisconsin Avenue, Washington, D. C. 20016

Accredited Member, National Home Study Council

= on
CREI, Dept. E1204D
3939 Wisconsin Avenue
. | Washington, D. C. 20016
Rush me your FREE book describing my opportu-
nities in advanced electronics. | am a high school

graduate. GAPI'IT‘OL

Name___ Age. RADIO

Address — ENG'NEER'NG
oy State___ ze______ i INSTITUTE

It you have previous training In electronics, check here O \NASHlNGTON. DC.
Employed by__

Type of Present Work -

Veterans and servicemen, check here for G. I. Bill information O




(THE ELECTROMAGNETIC spectrum

is one of our major natural resources.
For decades, we have been taking it for
granted. We can no longer afford the luxury
of such an attitude; there must be a clean-
up in spectrum pollution.” Environmental-
ists who did not fully understand what he
meant applauded the 1968 address in which
FCC Commissioner Robert E. Lee made
his plea. Engincers who did understand him
agreed that the EM spectrum deserves to
be ranked with air, water, and other re-
sources. Most experts, however, took a dim
view of the possibilities of a gnick cleanup
even in the limited part of the spectrum that
includes the r-f band.

Today, natters are far worse than they
were in 1968. Unexpected effects are be-
coming increasing]y common:
® En route from Miami to San Irancisco,
a jetliner’s navigational system suddenly in-
dicated that the plane was headed for Mex-
ico City.
® A banker wearing an implanted cardiac
pacemaker nearly died when he stood close
to a commercial microwave oven. and a
woman using a similar device was thrown
into cardiac crisis by diathermy equipment
near her hospital room.
® A Colorado husinessman (who should
have known better) used properly function-
ing equipment operating on a licensed fre-
quency to call his office by radio from a
construction zone; three members of a work
crew narrowlv escaped death in the blast
and rock slide he triggered.
® Radar systems of a major airport went
havwire due to uncontrollable disturbances.
The trouble beoun on Christmas Dav. “Now
we've learned to expect an annual Dattle
with interference from  tov walkie-talkies.
Thank God those things breuk after a few
weeks,” said an FCC engineer.
® Memorv hanks of a big Louisiana com-
puter svstem were crippled when stored in-
formation was suddenly ecrased by radar
from a nearby airport.

And so the list goes on and on, pointing
up a rapid growth and continued increase
in a form of pollution environmnentalists of-
ten do not even cite. In the U.S. alone. the
FCC receives about 1000 complaints per
week about interference. \Worldwide, the
e]ectromagnetic spectrum is ])ecoming un-
bearably crowded. Simultaneously, prolif-
eration of highly sophisticated electronic
devices is multiplving the probability of your
receiving umvanted inputs.
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ELECTRONIC
POLLUTION

]
.An Impending
] ]
Crisis
AN ENVIRONMENTAL

FACTOR THAT IS
TOO OFTEN OVERLOOKED

BY WEBB GARRISON

The 1971 international svmposium of the
Institute of Electrical and Electronics En-
gineers that was held in Philadelphia zeroed
in on this problemn. Robert D. Goldbhim,
supervising engineer at General Electric’s
Re-entry and Environmental Systems Divi-
sion, sp'oke for 500 scientists and engineers
from seven nations when he said: “With
thousands of radio, television, and radar
transmitters throughout the world beaming
electromagnetic radiation through the air al-
most constantly, we are literally polluting
the electromagnetic spectrum.”

Noise. During the early days of radio
and telephone communication, acoustic fil-
ters were numerous and troublesome. It was
natural to call such disturbances “noise,”
and to extend the label to cover electric
waves that produced them. Todav, inter-
fering waveforms that do not have audible
output are encountered in many syvstems.
But “noise” remains the most common name
for any kind of interference.

Much noise in a communication system is
internal. Some is thermal. Other effects stem
from electrons traveling from a heated cath-
ode toward an anode. Such noise is of vital
importance in communication, but pollution
of the EM spectrum stems from noise
caused by radiation external to the svstems
affected. Much of it is due to natural proc-
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esses. But man’s additions are constantly
growing.

International Q signals used to describe r-f
interference label nature’s noise QRN. At
first considered to be rather simple in na-
ture, QRN is now known to be enormously
complex. Beyond both ends of the radio
band, waves create effects unknown to early
radio pioneers.

Atmospheric static is believed to be linked
with electrical discharges that take place
between water droplets during turbulence.
It is especially strong in the AM broadcast
band but also affects the vhf band used
for TV and FM. Current tests indicate that
rainstorms produce broadband noise that ex-
tends deep into the microwave region.

Solar flares sometimes cause widespread
disruption of radio service. But many faint
signals that reach our planet come from
more distant sources. Cosmic rays, X-ravs
from galactic sources, and infrared ligilt
shower down on us from every part of the
universe.

Radio astronomy was born as a result of
studies aimed at reducing noise in telephone
conversations sent across the Atlantic by
radio. Karl Guthe Jansky of Bell Telephone
Laboratories hooked up a 100-ft antenna to
study noise. One night in 1932, he picked
up a new sound that was somewhat like a
faint hissing. Eventually, he identified the
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This giant radio telescope had to be
moved because of interference problems.

source—it came from the stars. Since then,
it has been discovered that various types of
celestial bodies emit so many different kinds
of radiation that most or all of the EM spec-
trum is affected.

Man’s Contributions. QRM—man-made
electrical noise—is often called “grass” by
radar operators. TV engineers complain
about “birdies” and “glitch.” Along with a
bevy of other man-made effects, these con-
stitute electromagnetic junk.

Motors were the first devices to yield rad-
iant trash. Today, a multitude of house-
hold and industrial appliances, from electric
shavers to arc welders, produce radiant en-
ergy as side effects of their operation.

Medical equipment got into the act at
least as early as 1905, a decade after Roent-
gen discovered X-rays. Abundance of X-ray,
diathermy, and other machines causes a
modern hospital to literally pulsate with
radiant energy. Most of it does no harm,
but any day, any burst of radiation can cre-
ate emergency-level noise if it happens to
fall upon a system capable of receiving it.

Communication would return to the era
of the carrier pigeon if we suddenly stopped
using enormous quantities of radiant energy
to convey signals. But the proliferation of
radio transmitters is a major factor in the
production of electronic pollution. In 1949,
there were 160,000 transmitters operating
in the U.S.; today, there are 36 times as
many.

No one knows what happens to individu-
als whose electrical processes are affected
by radio and TV transmissions. But Brit-
ain’s respected journal New Scientist has
pointed out that a 1.25-megawatt station
dispenses so much radiant energy that the
daily bombardment one mile away is suf-
ficient to lift the family car 2 ft off the
ground. Irrelevant? Not according to grow-
ing evidence. Quotes New Scientist, “There
is some connection between chronic expos-
ure to certain radio frequencies and a
wide range of physical and mental disor-
ders.”

About all we know positively is that some
human organs are mere susceptible to radi-
ation damage than are others. “Practically
speaking,” points out Robert Goldblum in
the 1970 edition of ITEM, “the human body
is a three-dimensional mass having width
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Power-line noise present on visual
carrier (TV). (Photo courtesy IEEE)

and depth, as well as height. Therefore,
when a man stands erect in an 1-f field, he
represents an object whose height, width,
and depth dimensions can be expressed in
terms of wavelength. When the body is so
oriented that any of these major dimensions
is parallel to the plane of polarization of the
r-f energy, the effects are likelv to be more
pronounced than when the body is oriented
to other positions.”

Transportation is more obscure than com-
munication in its role as an EM pollutant,
but it is highly important because when-
ever a spark ocenrs, a radio signal is gen-
erated. Mzmy ignition svstems radiate stac-
cato-like bursts of noise over a broad range
of the r-f band. Radar, now vital to forms
of transportation ranging from measurement
of highway speeds to observation of air-
craft, emits its own kind of radiant energy
at constantly increasing levels.

Man’s Further Contributions. Lights of
various kinds emit enough radiation outside
the wavelength of visible light to be con-
sidered serious pollutants. Few ordinary
sources of electronic noise give TV receiv-

MEDTRONIC DEMAND

ers more trouble than does a flickering
fluorescent tube. Neon advertising signs and
other signs that use gases can create a vir-
tual EM blackout for hundreds of yards
in every direction.

Nuclear blasts at high altitudes yield rad-
iant energy that interferes with some radar
frequencies. Called the “Argus Effect” be-
cause it is reminiscent of the Greek crea-
ture with 100 eyes, it is being studied as a
possible technique for rendering blind en-
emy radar. And electronic countermeasure
(ECM) devices are constantly being devel-
oped, adding to the pollution problem.

Microwaves, first put to practical use in
World War I1 radar installations, offer some
hope, plus new dangers. Today, microwave
relay towers dot the countryside of cvery
advanced nation. With at least 50,000 gen-
eml-purpose computers opemting in the
U.S., it is inevitable that microwave trans-
mission of data will show a dramatic in-
crease within this decade. But microwaves
are not limited to the field of communica-
tion. They do everything from curing plas-
tics and lumber to warming and cooking
food. Relatively innocent as sources of noise
during the early years of use, microwaves
have now been indicted on many counts.

TV Detective. More than any other com-
mon electronic device, TV receivers reveal
pollution. Much of this noise stems from
too strong signals. Such interference is a
nuisance, but it is not a hazard. However, it
points up the complexity of the problem.

Practically all common sources of EM
radiation produce characteristic and readily
identifiable patterns of visual disturbance.
Mild r-f interference creates a cross-hatched
or basket-weave pattern. Diathermy cre-
ates moving ripples, herringbones, and simi-
lar effects. Power-line noises that can origi-

Curve traces show how in-

ELECTRIC RAZOR (SWITCHING TRANSIENTS OVER PACEMAKER)
’ S [l = e
. )
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terference from electric
razor affected pacemaker.
(“British Heart Journal")
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nate at any or all of five sources in normal
cable suspension hardware creates pulses
that can stop any show. Spark plug inter-
ference, usually random, causes fleeting but
conspicuous spots. Boats and motorc_vcles
cause much more trouble than do cars since
their plugs are less heavily shielded.
Transmitters often radiate energy of sev-
eral different frequencies with receivers that
can frequently pick up two or more frequenc-
ies. This factor, coupled with the multiplic-
ity of external sources of noise, makes the
chart of sources of TVI too complicated for
beginners to read. Every time a TV receiver
reveals interference, it can be taken for
granted that dozens or hundreds of unseen

FM BROADCAST

SIGNAL, 98 MHz \
éw
TV
f\ ANT.

AMATEUR )
SIGNAL,29MHz

e

Two signals add or subtract to equal
frequency of TV channel (98 —-29=69).

events are occurring simultaneously. Elec-
tromagnetic interference is usually intermit-
tent in a given case. But at any instant, it
is taking place wherever electronic devices
are being used.

An Uphill Battle. In the war against
electronic pollution, progress is being made.
But EM interference sits on the shoulders of
the electronic age like the Old Man of the
Sea on the back of Sinbad the Sailor. With
each forward step, the burden becomes
heavier.

Upgrading specifications for color-TV re-
ceivers has about eliminated excessive X-
rays—from properly functioning equipment.
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Tighter control over manufacturing stand-
ards has produced microwave ovens that
pose no threat to wearers of cardiac pace-
makers—providing that the door seals of the
ovens remain factory-fresh.

Passengers on jet airliners are no longer
permitted to operate FM radio receivers
during flight; they can wreak havoc on nav-
igational equipment. Radio-controlled mod-
el airplanes have been outlawed in many
cities for obvious and not-so-obvious rea-
sons; one manufacturer, Champion, has
spent a fortune developing a resistor spark
plug that minimizes noise. Too, the FCC is
making a real effort to crack down on
broadcasters who do not adhere to assigned
frequencies.

Meanwhile, the tide of pollution mounts.
Gains are more often than not offset bv the
continuing upsurge in the number and kinds
of equipment transmitting or receiving r-f
and microwaves. Deliberate jamming is a
growing international problem, as is radio
and TV piracv.

Most domestic interference is uninten-
tional, but it mav occur whenever the right
conditions are found. Every increase in radi-
ated EM energv has potential for creating
new problems.

Largelv unexplored biolagical effects of
EM radiation are so vast that in some cir-
cles there is serious talk of trving to lead-
shield homes and offces close to powerful
transmitters. With the microwave communi-
cations industry already billed as the “next
big glamor field on the investment horizon,”
there is little doubt that radiation will in-
crease faster than protective measures can
be taken and applied.

Interference now pollutes the spectrun.
so badly that the man on the street faces an
impending global crisis. There is no real
hope that interference can be eliminated.
The best we can do is try to keep it at tol-
erable levels.
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BASIC
Hi-FI
SPEAKER
SYSTEMS

OUDSPEAKERS are designed to be

mounted in an enclosure. Operating a
speaker in free air. without the enclosure
causes a notable loss of response in its bass
range when compared with its performance
in a properly designed enclosure. To un:
derstand why this Joss in Dbass response
takes place. one must have a passing fa-
miliarity with the privciples of sound devel
opment.

The generation of sound depends upon
alternate compressions and rarefactions. m

FIVE TYPES:
Infinite baffle, bass reflex,
folded horn, folded

corner horn, and
acoustic suspension

BY LEONARD FELDMAN

partial vacuums, of the wir projected into
the listening environment. Assuming that a
“raw” speaker is the sound source, as its
cone moves forward, it produces a com-
pression wave in front of it. Simultancous-
ly, the rear surface of the cone is creating
an equivalent rarefaction. Compressed air
from the front & the speaker rushes around
the rim in an attempt to equalize the pres-
sures (see Fig. 1). The net result is a partial
or almost total’ cancellation of the sound
you hear, depending upen the frequency.




The cancellation effect between the front
and rear surfaces of a speaker cone exists
at all frequencies to which the speaker can
respond. It is particulurly severe at the low-
est frequencies but diminishes as the fre—
quency is increased. At higher frequencies,
the cone moves so fast that the air does not
have time to travel between front and rear.
So, little or no cancellation takes place. Not
so at the low frequencies where cone move-
ment is stow and the air has sufficient time
to travel the distance.

Now, if the loudspeaker is mounted on a
large rigid bafle, the low-frequency sound
waves must travel over a greuter distance
which, if long enough, can completely ne-
gate the cancellation effect. This simple
principle is really what is behind the design
of the five basic types of enclosures that
have been used in hi-fi speaker systems.

Infinite Baffle Systems. Theoretically, if
you could make the isolating baffle larg?
enougli, you would have an “infinite baffle.”
If the baffle discussed above were folded in
such a manner as to form a closed box of
adequate dimensions, the so-called infinite
baffle speaker enclosure would be created.
This type of enclosure offers smooth re-
sponse with a minimum of coloration or en-
closure resonances, providing that it is sol-
idly built and large enough so that the in-
side air does not restrict cone travel.

Infinite baffles were among the first pop-
ular enclosure designs in the early days of
high-fidelity ~ when monophonic sound
reigned supreme. Since only a single en-
closure was required, size was often not
important, and enclosures as big as 10 cu
ft were quite common.

Bass-Reflex Systems. At first glance, the
bass-reflex enclosure design seems to contra-
dict the rules set forth for isolating the front
and rear surfaces of a speaker cone to ob-
tain the best bass response. It deliberately
permits the rear sound wave to emerge
through a “port” or opening in the front of
the enclosure as shown in Fig. 2. However,
by properly adjusting the port area and the
volume of the enclosure, it is possible to
“tune” the opening to provide smooth, ex-
tended low-frequency response. In a prop-
erly designed system, the sound wave
from the rear of the speaker emerges
through the port reversed in phase or polar-
ity to reinforce the low-frequency sound.

Normally, a speaker operated in free air
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Fig. 1. Front surface waves are can-
celled by those from back to reduce
bass response of unbaffled speaker.
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has a characteristic “self-resonant” fre-
quency that is based upon its cone size and
its suspension. Consequently, another ad-
vantage of the bass-reflex enclosure design
is the fact that the resonant peak associ-
ated with a given loudspeaker can often
be reduced in amplitude, dividing into two
lower amplitude resonances as shown in Fig.
3. In effect. this extends the low-frequency
response of the system as it smooths out
the overall bass characteristic.

In a variation on the bass reflex principle,
a duct or tube is inserted into the simple
relief cutout. Because of the geometry of
the system, this approach often results in a
smaller enclosure than would be possible
with a non-ducted design.

Many examples of both forms of bass-
reflex enclosures are in popular use today.
Rectilinear’s Model XI two-way bookshelf
system, for example, employs a tube-ducted
bass reflex design in an enclosure that mea-
sures only 23”7 by 12”7 by 10%”. Another
example is Lafayette Radio Electronics’
Criterion VI system (24" by 14%” by 127).

Folded-Horn Systems. Outdoor speaker
systems and, for that matter, a great many
movie theater sound svstems employ speak-
er coupling systems known as exponential
horns. Such horns with their constant rate
of flare provide an acoustical match be-
tween the cone of the loudspeaker and the
air to which sound energy must be coupled.

To be effective, horns must be designed
to a length that is determined by the low-
est cut-off frequency desired. For example,
to be able to use a horn design down to 32
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Fig. 2. Port in bass
reflex cabinet is cut
so that back waves
from speaker rein-
force front waves
at low frequencies.
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Hz, the horn would have to be nearly 9 ft
long! Obviously, the proverbial “average-
sized” listening room would not easily ac-
commodate even one of these monsters.
Nevertheless, hom designs provide by far
the greatest speaker efficiency attainable
among the systems we are discussing in this
article, and fundamental horns are often
used in tweeter or high-frequency arrays in
multi-element speaker system designs.

For use at lower frequencies, many man-
nfacturers evolved variations of the hom
principle called the “folded horn” designs.
The enclosure is first designed as a horn
and then folded back on itself to reduce its
physical length. A cross-sectional view of
such a design is shown in Fig. 4. As you can
see, in this folded configuration, the de-
sign lends itself to more acceptable “furni-
ture” concepts in speaker enclosures.

An example of a horn-loaded speaker sys-
tem for the home is the well-known line of
“Voice of the Theater” speaker systems
manufactured by Altec.

While some experienced listeners main-
tain that horn designs of this type have a
distinctly identifiable quality  (“horn”
sound), there is no technical reason for this
to exist. Well-designed systems based upon
the folded-horn principle will always be
popular because of the vast amounts of
sound they can produce for a given amount
of amplifier driving power.

Corner Folded Horn Systems. Shown in
Fig. 5 are top and side cross-sectional
views of the most enduring horn design of
them all—the Klipschorn. Invented and pat-
ented by Paul W. Klipsch, the product for-
mat has appeared in loudspeakers marketed
by Electro-Voice, University, and others, in
addition, to being in continuous manufac-
ture by Klipsch’s own company.

The enclosure is a low-frequency horn so
folded that it can be placed in the corer
of a room to utilize reflections from the
floor and walls to improve the impedance
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match at the mouth of the horn and thereby
increase response at the low frequencies. It
is as though the walls and floor act as ex-
tensions of the horn itself.

A horn of this design offers efficiency that
can be 10 to 50 times as great as that
offered by an infinite-baffle design; and,
therefore, a given amount of acoustic pow-
er can be generated with much less excur-
sion of the speaker cone. This often sig-
nificantly reduces harmonic and intermod-
ulation distortion.

The sound of a Klipschorn is that of low,
low bass reproduction that is tight, clean,
and very free of distortion. A great many
devotees of this design would not part with
their corner speaker systems in spite of the
sizes—which are rather big.

Acoustic-Suspension Systems.. Whether
to fill a consumer need or as a mere coinci-
dence, small book-shelf speaker systems em-
ploying the acoustic suspension principle hit
the market in great numbers at just about
the same time that stereo sound posed the
problem of having to deal with two speaker
systems if the new dimensional sound was
to be enjoyed. Fundamentally, the acous-
tic suspension system really completes the
circle; it is a form of infinite baffle, but with
a very important difference.

The first type of infinite baffle we dis-
cussed involved a completely sealed enclos-
ure, as does the acoustic-suspension system.
However, whereas the larger infinite-baffle
system required volumes of air so great that
they did not influence or impede cone trav-
el, acoustic-suspension enclosures are made
small enough so that the air contained with-
in them acts as an integral element of the
speaker cone mounting arrangement.

Speakers that are used in such designs
have very high compliance cones mounted

Fig. 3. Tuned port reduces the
resonant frequency to create
new response at low notes.

AMPLIFIER VOLTAGE AT SPEAKER TERMINALS
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by means of a very loose rim suspension so
that the entire cone moves easily with very
little electrical power applied. Increasing the
compliance of a cone mount lowers the
free-air resonant frequency of the speaker.
However, if carried too far, the speaker can
quite easily be driven into distortion. There-
fore, such speakers are mounted in airtight
enclosures that are usually filled with some
tvpe of acoustical absorbing material that
back-loads the speaker cone and raises the
resonant frequency. The resonant trequency
can also be moved up or down by an ap-
propriate change in the interior volume of
the enclosure. It is for this reason that an
acoustic-suspension design always depends
npon the combination of the speaker ele-
ments and the enclosure, much more so
than is true for other enclosure designs.

Based on this description, one might think
that acoustic-suspension designs are the an-
swer to all speaker problems. Actually, the
good-bass/small-box combination must give
up something as a tradeoff; in this case, it
is efficiency. Of all the systems we have so
far described, the acoustic-suspension sys-
tem offers the lowest efficiency, generally
ranging between 0.5 and 2.0 percent. In
terms of amplifier requirements, this means
that if a 20-percent efficient folded-horn
enclosure required 5 watts of coutinuous
audio driving power to achieve room-filling
sound levels, an acoustic-suspension system
with only 1 percent efficiency would require
100 watts of amplifier driving power to
achieve the same levels.

For all its inefficiency, however, the
acoustic-suspension principle is nsed in more
popular speaker designs than any of the
other enclosure styles, largely because the
consumer insists upon good sound (especial-
ly good bass) from a small enclosure.

Notable examples of acoustic-suspension
speaker systems are marketed by Acoustic
Research, KLH, Advent, Wharfedale, Rec-
tilinear, and just about every other major

Fig. 4. Front-loaded folded horn de-
sign gives small cabinet dimensions.
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TOP VIEW

SIDE VIEW

Fig. 5. Top and side views of Klipsch-
orn design. The walls and the floor of
the room extend the horn principle.

manufacturer of home-entertainment speak-
er systems. While some experts maintain
that the bass response achieved by the
acoustic-suspension principle lacks the
“tightness” and clarity obtainable in larger
systems, the overwhelming popularity of the
“bookshelf” approach testifies to its accept-
ance by the hi-fi public. Too, the appear-
ance of 4-channel sound in home entertain-
ment insures the acoustic-suspension sys-
tem’s continued popularity since the need
for small speaker systems with good sound
reproduction is of even greater importance
when you are attempting to fit four systems
into a listening room.

Aside From Bass Response. We have
said nothing so far about midrange and
high-frequency considerations in speaker en-
closure design. This is because the enclos-
ure style, for the most part, has little to do
with how the upper midrange tones will be
reproduced and virtually nothing at all to
do with the reproduction of the high fre-
quencies.

In the case of horn enclosures, these
other driver elements are generally mounted
externally to the structure. In acoustic-
suspension systems, tweeters and midrange
drivers must be isolated (either via closed
backs or by being mounted in separate
chambers) from the woofer and its specially
designed air chamber. If this were not done,
the sealed volume of air undergoing com-
pressions and expansions due to woofer cone
movement might adversely affect the action
of cone-type midrange and tweeter ele-
ments. The action in the woofer chamber
is quite violent. ®
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SIMPLE

BY CRAIG ANDERTON

COMPRESSOR-EXPANDER

“SNAPS UP” ANY PROGRAM MATERIAL

TWO very useful techniques for the audio
experimenter are compression and ex-
pansion. The compression of the dynamic
range of program material (type, records,
or off the air), permits maintaining a
constantly high modulation level; while
expansion, when used with the compressed
material, restores the dynamic realism.
You can also use the expansion mode in
reproducing conventional program material
with some surprising results in many cases.
Creating these effects can be costly
and complex; but it need not be if the circuit
shown here is used. Although simple in
form, this circuit works surprisingly well. Tt
gives a slight, though measurable, amount
of distortion, a certain amount of loss (since
it is a passive circuit), and some (almost
unnoticeable) delay. Nevertheless, in all
but the most critical audio applications, the
circuit will prove very useful.

As shown in the accompanying diagram,
an LED is attached to the speaker terminals
(via a limiting resistor and volume control)
of the audio system to sample the program

An LED samples audio output of system.
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ENCLOSURE 52 Ra
10K3 100K
PARTS LIST

D1—50P1V, 14 silicon diode

J1.J2—Phono connectors

LED—Light-emitting diode (Radio Shack
276-026 or similar)

PCl—General-purpose cadmium-sulfide cell
(Radio Shack 276-116 or similar)

R1—56-ohm resistor (see text)

R2—250-0hm, 2-watt potentiometer

R3,R4—100,000-0hm, Yo-watt resistor (see
text)

R5—10,000-0hm, Yo-watt resistor (see text)

S1—Spdt switch

Misc—Opaque tube for light-tight enclosure,
suitable chassis, knob, etc.
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material. Diode DI and resistor RI protect
the LED against drawing excessive current.
Volume control R2 is used to vary the sensi-
tivity of the circuit. The exact value of Rl
is determined experimentally—with a high-
power audio system, a correspondingly high
value of RI is required to prevent the LED
from burning out.

The audio modulated light from the LED
falls on the sensitive surface of a photo-
resistive cell. PC1. To prevent ambient light
from becoming a factor, both the LED and
PC1 are enclosed in a light-tight tube.

With S1 switched to EXPAND, PCI is
connected across the high end of the R3-R4
voltage divider. The output signal at J2 is
then a function of the resistance ratio of R3
to R4. When audio-modulated light from
the LED strikes PCI1, which is connected
in parallel with R3, the composite resistance
lowers thus increasing the audio output
level. With SI on compress, PCI and R5
are in parallel with R4 and when PC1 is
illuminated by the modulated light from the
LED, the composite resistance is lowered
thus lowering the audio level at J2. This,
in effect, compresses the signal.

The amount of expansion depends on
the resistance values of R3 and R4. A high-
er value for R3 means a greater expansion
range is possible. Compression depends on
the resistance of R5. As this value is de-
creased, the compression effect is increased.

Applications. The circuit can be used as the
volume control between the preamp and the
power amplifier in an audio system, be-
tween the tape deck and preamp, etc.

It can also be used in musical instru-
ment amplifiers to extend the signal-to-
noise ratio on expansion or prevent speaker
blowout on compression; in PA systems; and
in making tape recordings so as to add sev-
eral dB of signal-to-noise improvement.

By using a switch with a neutral center
position for SI, the signal can be left un-
affected. Two of these units can be con-
nected to a stereo system, to put new
life into overly-compressed recordings. @
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WITHOUT stretching a point too much.
you could call wind chimes the original
background music with no power other than
the wind.

Now, you can build a set of electronic
wind chimes that doesn’t rely on the wind
for power so you can use it indoors or
out, windy days or still.

How It Works. The operation of the wind
chimes as a system can easily be under-
stood by referring to Fig. 1, which shows
one of the three identical channels that
make up the complete unit. The principal
operational divisions are a random voltage
generator, a comparator, and a ringing oscil-
lator. The output of the random voltage
generator is compared to the voltage devel-
oped across C as it charges through R und
a pulse is generated at the comparator out-
put whenever the random voltage is within
about a half volt of the capacitor voltage.
Each pulse from the comparator triggers
the associated ringing oscillator and simul-
taneously discharges C slightly so that the
voltage across this capacitor never reaches
the supply level.

The complete schematic is shown in Fig.
2. The three random voltage generators are
made up from transistors QI through Q6
which are wired to form 3 separate astable

Fig. 1. When random voltage exceeds
charge on C, the comparator output
triggers the ringing oscillator circuit.

+
R
RANDOM
VOLTAGE —
GENERATOR INGIN
Qi—Qé COMPARATOR OSCILLATOR
Q7-Q9 Q10-0I12

T
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ELECTRONIC

Wind Chimes

THE TINKLING SOUND OF A SUMMER BREEZE
THROUGH YOUR AMPLIFIER SYSTEM

BY JOHN S. SIMONTON, JR.

multivibrators. The time constants of these
astables have been selected so that their
combined periods and duty factors produce
a long-duration, pseudo-random pattern.
The outputs of these astables are sunumed
by resistive networks (RI3, R14 and RI5;
R16, R17 and RIS8; RI9, R20 and R21)
to produce three different randomly varying
voltages. Each of these voltages is smoothed
by a capacitor (C10, C}l and CI12) and
applied to the base-2 terminal of a unijunc-
tion transistor. The emitter of each UJT
connects to a capacitor (CI13, CI4 and
C15) which is charged through a resistor
from the supply (R22, R24 and R26).

At some random time the voltage at the
emitter gets close enough to the base-2
voltage to allow the UJT to fire. This
causes the capacitor to discharge through
the emitter/base-1 junction and a pulse to
develop across the base-1 resistor (R37,
R38 and R39).

The ringing oscillators are parallel-T types
consisting of a transistor gain stage (QI0,
Q11 and QI2) with a parallel-T notch
filter in the feedback loop. A trimmer
potentiometer (R46, R47 and R48) in each
T adjusts the loss of the network so that
the circuit can be set just below the point
of oscillation. Each pulse from the UJT
kicks the circuit into the rapidly decaying
oscillation characteristic of a chime. The
outputs of the three individual oscillators
are mixed in a resistor matrix (R49, R50
and R51) and capacitively coupled to the
output.

Zener diode DI is used to eliminate
voltage variations resulting from battery
aging which would otherwise change the
gain (and consequently sustain) charac-
teristics of the ringing oscillators.

Resistors R54, R55 and R56 couple some
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of the random voltage generator output

directly to the ringing oscillators in such a-

way that, when the random voltage is high,
the gain and sustain duration of the oscil-
lators is increased. This squelching action
allows the sustain on some of the strikes to
be considerably longer than would other-
wise be possible because of the danger of
the circuit breaking into continuous oscilla-
tion.

Assembly. Any assembly technique from
point-to-point wiring to perf-hoard may be
used for the wind chimes but etched cir-
cuit boards will produce the most trouble-
free and professional looking unit with the

PARTS LIST
BI1—9-volt transistor battery
C1-C6,C10-C12—30-uF, 10-volt
capacitor
C7-C9—0.01-uF disc capacitor
C13-C15—10-uF, 10-volt electrolytic capacitor
C16-C18—470-pF disc capacitor
C19-C21—0.005-uF disc capacitor
C22-C27—0.001-uF disc capacitor
C28—0.05-uF disc capacitor
C29—250-uF, 10-volt electrolytic capacitor
D1—6.8-volt zener diode
Q1-Q6—2N5129 transistor
Q7-Q9—2N4871 UIT
Q10-Q12—2N2712 transistor
R1,R4,R5,R8,R9,R12—6800-0hm, %W, 10%
resistor
R2—100,000-0hm. VoW, 10% resistor
R3,R42,R43—82,000-0hm, %W, 10% resistor
R6,R44.R45—47,000-0hm. YW, 10% resistor
R7—150,000-0hm, VoW . 10% resistor
R10,R49,R50,R51—220,000-0hm, %W, 10%
resistor
R11,R40,R41—68,000-0hm, %W , 10% resistor
RI13-R21--27,000-0hm, YW, 109 resistor
R22,R24,R26—680,000-ohm, YW, 10%

electrolytic

resistor
R23,R25,R27—39,000-0hm, %W , 10%
resistor

R28-R33—1-megohm, oW, 10% resistor
R34-R36—5600-0hm, VoW, 10% resistor
R37-R39-—270-0hm, VoW, 10% resistor
R46-R48—50,000-0hm PC trimmer potentio-
meter
R52—10,000-0hm, %W . 10% resistor
R53—150-0hm, Yol , 109 resistor
R54,R55,R56—15,000-0hm, Yo W, 10% resistor
S1—Spst switch
Misc.—Circuit boards, wire, solder, 1” and
14" standoffs, battery connector and clip,
4-40 hardware, case, phono plug, etc.
Note—The following are available from PAIA
Electronics, Inc., Box 14359, Oklahoma
City, OK 73114: set of etched and drilled
circuit boards (3721pc) at $5.50 postpaid:
complete kit of parts including PC hoards
but less case (3721K) at $16.95 postpaid;
case as shown (3711c) at $2.50 plus post-
age for 11b.
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least hassle. Circuit boards may be etched
using the full size layouts shown in Fig. 3
or purchased from the sonrce listed. Note
that two PC boards are used to keep the
project small. One board mounts the three
multivibrators, while the other board con-
tains the remainder of the circuit. Spacers
are used between the boards.

Assembly of each board is relativelv
straightforward. Observe the polarity of all
electrolytic capacitors and the zener diode,
use care in installing the transistors to make
sur¢ that they are properly oriented. As
with most printed circuit construction, use
a small soldering iron rated at no more than
35 watts and just to be on the safe side
heat-sink the leads of the tramsistor and
diode while soldering them in place. Some
of the pads on the PC board are close to-
gether so be particularly careful of solder
bridges.

Mount the components on the circuit
boards following the parts placement dia-
grams. Epoxy can be used to fasten a bat-
tery clip to the larger board so that it holds
the battery in the position indicated.
Roughen both mating surfaces with sand
paper before gluing and note that the clip
must be positioned so that the battery can
be inserted from the side. Save the mount-
ing of resistors R49, R50 and R51 for last
and when you get to these parts note that
one of the leads of each resistor passes com-
pletely through the PC board they mount
on and mates with the connecting points
marked “X” on the lower board.

For convenience we will at this point
designate the smaller of the two boards the
tone board and the larger of the two the
RVG (random voltage generator) board.
Solder leugths of #22 insulated wire to
points “A”, “B”, “C”, “D”, “E” and “G” on
the tone board. Make suse that these wires
are long enough to reach to the correspond-
ing points on the RVG beard when the two
are placed one above the other. Fasten the
two circuit boards together (tone board
above the RVG board) nsing 17 stand-offs
and 4-40 X 1%” machine screws. Orient the
two boards so that the long leads from re-
sistors R49-R51 pass through the “X” holes
on the RVG board. Trim the leads from the
tone board to proper length and solder them
to the corresponding points (“A” through
“G”) on the RVG board.

Finish assembly by hooking up the bat-
tery connector and switch to the “+” and
“—” points on the RVG board and using a
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Fig. 3. Foil patterns
and component lay-
outs for the two

boards. One end of re-

sistors R49-R51 con-
nect between boards,
while short lengths of
insulated wire con-
nect similarly marked
pads on both boards.

length of RG-174/U or similar thin coax
or audio cable to make the connection be-
tween RVG board points “G” (coax shield)
and “L” and whatever type of plug matches
the amplifier you will be using.

Testing and Operation. The unit is now
ready to test. Check over all connections
and component parts and snap a fresh 9-
volt battery into the battery connector and
clip the battery into the battery holder.

Plug the output into one of the auxiliary
imputs of a hi-fi or musical instrument am-
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plifier and turn on the amplifier and wind
chimes. Rotate the adjusting  discs  of
trimmer controls R46, R47 and R48 fully
clockwise as viewed from the closest edge of
the circuit board.

These potentiometers act as sustain con-
trols for the three chimes and regulate the
tone between a dull “thunk” and a ringing
chime-like tone. One at a time, turn the
trimmers from the extreme counterclockwise
limits of their rotation. For some part of
each trimmer’s rotation, a constant tone
should be heard from the amplifier and this

POPULAR ELECTRONICS Including Electronics World



TONE

BOARD

Note how the smalier tone board is mounted over the random voltage
generator board. Prototype was mounted in case as shown at the right.

tone should increase in pitch as the control
is rotated counterclockwise. At some point
before the extreme counterclockwise limit
is reached, the tone should cease. After the
effect of each trimmer is tested, retum it to
it’s clockwise limit. Do not pay any attention
to the dull strike tones that you hear at this
point.

Once satisfied that all oscillators are
operating properly, you can proceed to pre-
liminary adjustments. Beginning with R46,
advance the trimmer counterclockwise until
the point is reached at which the oscillator
begins to produce a steady tone and then
back off until the tone just stops. At this
point you will be listening for two things: a
random pattern and the sustain of the
oscillator. You will hear a number of dull
sounding strikes generated by the other two
oscillators which at this stage are detuned
but you should also hear a single ringing
tone being generated by the oscillator as-
sociated with R46. Listen to this tone for a
few minutes to make sure that the strikes are
random. If sustained oscillation occurs while
vou are listening, back off on the trimmer
very slightly.

When satisfied with the setting of R46
proceed in a like manner to R47 pausing to
assure yourself that the strikes are random
and that no sustained oscillation occurs.
When satisfied with R47 proceed to R48.

The wind chimes may be mounted in any
convenient case. The case illustrated was
made of sheet aluminum folded into a U
measuring about 57 x 24" X 34”. The ends
of the U were sealed with walnut blocks
having a rabbet cut around each edge. The

APRIL 1973

ends are held in place by #4 wood screws.
Holes in the back of the case allow the out-
put coax to pass through and mount the
slide switch. When completely assembled.
the slide switch is positioned in the open
space above C29. The circuit board fastens
to the flat aluminum base plate with 4-40
hardware and %” stand-offs and the bottom
plate in turn attaches to the wood ends with
#4 wood screws which also hold 4 rubber
feet in place.

Modifications. Ringing chime-like tones
are not the only possible sound. By turning
the sustain trimmers clockwise, tones, re-
sembling the percussive resonance of bham-
hoo rods or solid woed blacks can be pro-
duced. Or for really strange sounds, the
trimmers can be turmed counterclockwise
past the range in which continuous oscilla-
tion occurs.

After listening to the chimes for a while
you may decide that you would like them
better if the strikes were closer together or
farther apart. This can be achieved without-
destroying the random pattern by varying
the values of R22, R24 and R26. The prac-
tical limits for these resistors are from 470,-
000 ohms to 2.2 megohms with strike being
more closely spaced as the resistance de-
creases.

The pitch of the oscillators may be
changed by varying the value of the re-
sistors in the T filter; R40 and R4I, for ex-
ample. Practical limits are from about 47.-
000 to 150,000 ohms with the pitch in-
creasing as the resistance is lowered. The
two resistors need not be identical. @
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Short 80 through
10-Meter Band Ham Antenna

MULTI-DIPOLE ANTENNA HAS LOW SWR AND USES NO TRAPS

BY RICHARD A. YOMMUS, W2DMK

ANY hams encounter problems in erect-

ing just one antenna, so the thought
of needing antennas for five bands seems
out of the question. However, with about
70 feet of antenna space (somewhat less
if the inverted V configuration is used) a
five-band (75, 40, 20, 15, and 10 meters)
antenna can be erected. The antenna has
a separate dipole for each band and does
not use any traps.

As shown in Fig. 1, the antenna is a
single-feed, four-band, separate dipole svs-
tem, using a conventional, commercially
available balun transformer (1:1, 75 ohms)
for a symmetrical radiated pattern on these
bands. The dipoles are individually cut to
any given frequency within a band using
the equation L. = "468/F, where L is in
feet and F in MlIlz. For general use, the
dipoles should be resonant at the center
of each band.

On 40 and 20 meters, the antenna main-
tains a fairlv consistent SWR of less than
2:1 (see Fig. 2), while on 15 meters, the
curve is flatter with hardly any change in
SWR from the low end to the high end

of the band. On the 10-meter band, the
usable bandwidth is about 500 kHz on
either side of resonance before the SWR
becomes excessive,

Using multiple dipoles with one feedline
is a common practice among hams, but the
fact still remains that, for 80-meter opera-
tion, it takes between 120 and 135 feet
of wire to radiate effectively. Using the
popular trap-type antenna on 75-80 meters,
the overall length usually exceeds 100 feet
with an extremely narrow operating fre-
quency range.

The coaxial feedline does not represent
a full wavelength electrically on the 40-
meter band. At 7.15 MHz, the physical
length of the coax is determined by (492/F)
times 2 times VF, where F is in MHz and
VF is 0.66 when RG-59 or RG-11U, 75-
ohm coax is used. For 7.15 MHz, then the
length is 90’ 6”. The flat top overall length
at 7.15 Mllz is determined from 468/F or
65 6”. This is divided by two to give 32
9”. By adding the coax length of 90" 6”
to the 32 9”7 of the divided flat top, a
resonant length of 123’ 3”7 is obtained,

BALUN
INSULATOR 32'9" 11 750 INSULATOR
~ %
/

40 METER | pn

20 METER— 1616 L
'

HAM BAND( !5 METER—

e

10 METER
75 METER (COAX + 32'9") ———

) /PLASTIC SPACERS

el | —

ENDS WRAPPEDQ’

ARQUND SPACERS —————a
AND HEAT LOCKED

BALUN

HEAT WIRE AND.
PRESS INTO PLASTIC

~—RG-59, RG-1IU
90'6" LONG

TO XMITTER

Fig. 1. Method of constructing the
multi-dipole antenna. If space is at
a premium, use inverted V approach.
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which represents a half wave of slightly
below 3.85 MIHz.

The transmission line can be fed from
the pi network of a transmitter or trans-
ceiver without the aid of an additional an-
tenna coupler, although a coupler could
tune out any reactance.

The SWR is excellent for about 200 kHz
of the 75-meter phone band, and does not
exceed 2:1 at this point. On this band only,
the inner and outer conductors of the coax
are tied together at the transmitter end. In
the event that operation is desired on the
low end of 80 meters, a length of wire
can be used to resonate at the desired fre-
quency. The wire is then switched out when
operation at the high end is desired. This
additional length of wire can be simulated
in an antenna coupler or by a simple L
network. The radiated pattern on 75 meters
is essentially omni-directional with both
vertical and horizontal polarization.

Construction. The 40-meter antenna
should be made of copper-clad steel wire
to provide strength. Both the wire and plas-
tic spacers used in the antenna can be ob-
tained from a length of 450-ohm open TV
transmission line, or commercially available
air dielectric transmission lines. Each end
of the 40-meter dipole is connected to an
insulator, while the center is tied to the
connectors on the bulun. The remaining
dipoles ure suspended from the 49-meter

dipole with the plastic spacers that come
with the transmission line. Short lengths
of plastic rod may also be used. In most
cases, it is sufficient to heat the wire and
push it into the plastic, where it will be
firmly gripped when the wire cools. The
spacers are about 6” apart along the lines.
The center of each dipole is connected in
parallel with the one above it, to a lug
on the balun.

The coax transmission line should be kept
away from buildings, trees, power lines,
metal surfaces, etc, when being fed as
a resonant line. For the same reason, it
should also be outdoors as much as pos-
sible. Keep the transmission line at right
angles to the flat top dipoles if possible.

The balun transformer has no appreciable
loss when connected as described here and
appears as a small inductance in series with
the coax. Since the differential voltage
across it is very small, there is no possibility
of its burning out.

To experiment with keeping the SWR
fairly consistent from one band to another,
add about 3’ of 75-ohm coax to the 90’ 6”
length. Before trimming the coax, make sure
that all dipoles are resonant at the center
of each band. Then, trim off 6” of coax
at a time, until the SWR becomes consistent
on each band. The extru length of coax will
not impair operation on 75 meters; but it
will shift the frequency slightly lower than
3.850 MHz. ®
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PREPARE FOR

A WHOLE NEW GAREER IN
HOME ENTERTAINMENT
ELEGTRONICS
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-..AS YOU BUILD YOURSELF A

BELL & HOWELL SOLID STATE
GOLOR TV!

For free information, mail postage-free card today!




A complete at-home
learning program in
home entertainment
electronics!

Send for free information now about
this complete, learn-at-home program in
home entertainment electronics prepared
for you by skilled instructors at Bell & Howell
Schools.

Work on this exciting “hands on” project
integrated into your learn-at-home program!
As part of your complete electronics educa-
tion, you build and keep a Bell & Howell
solid state color television set. This impor-
tant project gives you valuable “hands "
on” experience with solid state cir-
cuitry—the kind of practical experi-
ence you'll need to build a successful
career.

Attend special “help sessions”...talk to your
instructors in person!

If you'd like some personal advice at any point in
your program, you can arrange to attend a special
“help session” and talk over special problems
with a qualified Bell & Howell Schools instructor.

Master the most up-to-date

solid-state circuitry

As color TV moves more and more in the direction
of total solid-state circuitry, you'll be thoroughly
familiar with the most advanced “trouble-shoot-
ing” techniques for these sophisticated circuits.

Fix stereo systems ... FM-AM radios...
phonographs ... tape recorders

The thorough knowledge of electronics you gain
from completing this course and building your
own color TV set will be enough to service almost
any type of home entertainment electronic device
—even some that aren’t on the market yet!

Earn extra part time income —

or start a business of your own!

The skills you acquire through this brand-new
program can help you earn extra money—or start
a business of your own in color TV servicing.
We’ve helped many thousands of people start new
careers or businesses of their own in electronics.

Exclusive Electro-Lab® —yours to keep!

To make sure you get practical experience with
instruments used daily by professionals, we've in-
tegrated into your program three precision instru-
ments you assemble yourself and keep: a Design
Console, an Oscilloscope and a Transistorized
Meter. (See details at right.)

For Free Information,
Mail Card Today!

25-inch
picture
(measured
diagonally)

Detach postage-paid
reply card and

mail today for free
information about...

= Bell & Howell Solid State Color TV. Ultra-
rectangular tube . . . 25-inch picture measured di-
agonally . . . full 315 sq. inch viewing area. Solid
state modular circuitry . . . 4 advanced IC's . . .
100 transistors . . . 72 diodes . . . individual plug-in
circuit boards. Special UHF/VHF tuning features
... buiit-in self-service components.

= Design Console Use this to rapidly “bread-
board” circuits without soldering. Equipped with
built-in power supply . . . test light . . . speaker. ..
patented plug-in modular connectors.

s Oscilloscope Portable 5-inch wide-band oscil-
loscope offers bright, sharp screen images . . .
calibrated for peak-to-peak voltage and time
measurements . . . 3-way jacks for leads, plugs,
wires.

= Transistorized Meter Combines mast desired
features of vacuum-tube voltmeter and quality
multimeter. Registers current, voltage and re-
gistance measurements on a large, easily-read
dial. Features sensitive, 4-inch, jewel bearing
d'Arsonval meter movement.

It card has been removed, write:
An Electronics Home Study School
DeVRY NSTITUTE OF TECHNOWDGY

¥ BEL & HOWELL SCHOOLS

4141 Belmont, Chicago, I1linois 60641
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Build a RECHARGEABLE FLASHLIGHT

CONVERT YOUR BATTERY-EATING FLASHLIGHT

TO A MODERN RECHARGEABLE

NOW that you can get low-cost, recharge-

able nickel-cadmium batteries (1.25
volts), why not take advantage of them
and build a flashlight that can be recharged
from either the 117-volt ac power line or a
12-volt vehicle supply? The recharging
circuit shown here provides either fast,
slow (overnight), or trickle charge.

Provision is made for two power inputs:
JI for ac and J2 for dc. In ac charging,
connector Pl is connected to JI. In this
case, be sure that dc plug P2 is not con-
nected to J2. Transformer T! and rectifier
diodes D1 and D2 provide a dc source of
3 volts. A jumper in PI connects the com-
mon return line. The charging current ap-
plied to the cells is determined by how
much of RI is in the circuit. When $2 is in
position C, only a few milliamperes flow,
providing a trickle charge. In position B, the
resistance of RI is cut to permit the manu-
facturer’s specified overnight charging cur-
rent to flow, while position A connects the
cells directly to 3 volts. The current flow in
the last case is a few hundred milliamperes
(must be measured when the circuit is
built) and can be used to operate the flash-
light from an ac source. The current must
not exceed the cell rating,

In dc charging, the 12-volt supply is
applied to J2 through P2. In this case, the
two cells are connected between one end of
Rl and a slide so that 3 volts is present
across the cells. Switch S2 must be in posi-
tion C for dc charging.

There are two approaches that can be
taken to construction. One is to build the
entire flashlight in a small enclosed chassis
with a flashlight head (lamp and reflector)
on one end and JI and J2 installed and
identified on the side of the enclosure.

The second approach is to mount a small
two-contact jack on an existing flashlight
case (that will hold the nickel-cadmium
cells instead of the D cells normally used)
and connect the two jack terminals to the
cells by soldering. Make sure that this jack
is keyed so that its associated plug can be
installed in only one way—the nickel-
cadmium-cells can be damaged by applica-
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tion of reverse polarity. The rest of the
components can then be installed in a small
enclosure with a cable connected to the
flashlight when recharging.

The only component requiring selection
and adjustment is R1. This resistor can be
between 75 and 100 ohms and should be
rated at least 10 watts. One slider should
be at the 90% point and is connected to
position B on S2. The other slider should
be set at the point where 3 volts is applied
to the cells when the dc connector is in
place and 12 volts is applied to the circuit.

Using the manufacturer’s specifications,
select a value for RI that will allow a trickle
charge to pass through the cells when S2
is in position C and the charger is on ac.
The dc power supply cable can be fabri-
cated from a 12-volt automotive inspection

light cable with a 4-pin connector. ®
e e
[
1
sz é
30 " l | i
2
1
- —JJUMPER ) ]
AC 12.JUMPER
o~ (2)
17VAC
PARTS LIST

B1,B2—1.25-volt rechargeable nickle-cadmium
cells (Eveready C2T, N56T, Burgess CD7L,
Edmund 40,986, or any equivalent that will
charge from the available voltage)

D1,D2—Silicon rectifier diode

11—2.38-volt flashlight bulb (PR-2)

J1,J2—4-pin connector socket

P1,P2—4-pin connector plug

R1—100-ohm, 10-watt wirewound resistor with
two slide contacts

S1—Spst slide switch

S2—Single-pole, three-position switch

T1—6.3-volt CT filament transformer
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GC Model 32-1204

TV AN

ENNA

RECOMMENDED ANTENNAS
AND NOTES ON PROPER INSTALLATION

BY HARVEY F. SWEARER

ELEVISION antennas are a matter of

prime concern to some 85 percent of the
U.S. viewers not on cable or community an-
tenna distribution systems. It is an estab-
lished fact that the selection of an antenna,
especially for color viewing, can mean the
difference between good picture and sound
quality and a total loss of the investment
for the TV receiver. Many of the pml)kms
viewers attribute to their TV receivers can
be cleared up with the aid of proper selec-
tion of an antenna for the local signal con-
ditions and proper antenna connection.

The TV antenna manufacturers recognize
that their products must undergo pon()dlc
improvement to maximize pexhnmanc and
satisfy consumer demands. Their antennas
are c(mtmuouslv redesigned to better cope
with all types of elcctucal noise, the grow-
ing numbers of viewers in outer sul)ulban
and rural arcas where signals are much
lower in strength than they are in the urban
areas, and “all-color” broadcasting,

When you begin to shop around for a
new TV antenna, you are likelv to find that
the task is not an easy one. Complicating
matters is the fact that admen often play the

APRIL 1973

“numbers game” with specifications, and
even true speciﬁcati(ms can vary tremen-
dously in the same antenna category from
one manufacturer’s product to another’s.
Also, many antennas are known by catchy
names that often refer to an entire line
instead of a specific antenna model. (Fortu-
nately, the antennas also have model num-
bers that you can ferret out if you are
persistent.) Nor are prices necessarily a
good guideline to determining the quality
of an antenna. For example, it does not
necessarily follow that an antenna selling for
$100 is anv better a performer than is an
antenna in the same category selling for $75
by a different manufacturer.

However, you can make use of the pub-
lished specifications if you know what they
mean. This means that you must first know
what your local signal conditions demand
in the way of gain, directivity, mechanical
stability, etc. You must also know whether
vour viewing area is classed as local, me-
dium-distance, or fringe. Then you have
to take into account how much noise im-
munity vour antenna must have to provide
a clean signal at the antenna terminals.
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The Current Situation. The current crop
of TV/FM antennas have more gain than
did their predecessors. They are also less
prone to respond to adjacent-channel inter-
ference and electrical noise, have Dbetter
weatherproofing, and a number of other
features unavailable to the same degree in
previous models. To provide you with a
rough guide in selecting a TV antenna, we
have compiled a table of recommendations
made by the various manufacturers. The

Gavin Model 1118

table, you will note, lists only one model
of each antenna in a given category and
subgroup. Most companies have more than
one antenna model per group; so, it is to
your advantage to investigate the other
antennas before you buy.

Let us look at what the various manufac-
turers are offering. Antenna Corporation of
America’s deep, deep fringe Model AC-747

rovides 100 percent uhf/vht isolation. The
Model SK1919 from RMS features distant
station reception to 175 miles on vhf and
almost 100 miles on uhf. The design pat-
tern parallels that used in the space pro-
gram, with comer-reflector/driven-dise di-
rectors for total uhf performance. For vhf

Jerrold Model VU-932S

APRIL 1973

Channel Master Model 1162

and FM, multiple tuned elements cut to
channel resonance provide optimum cover-
age.

RCA’s Permacolor line featnres top quali-
tv performance. Zenith’s Chromatenna de-
livers peak picture performance with 20
different models for color and monochrome
on the vhf, FM, and uhf channels. Antenna-
craft offers their new Colorfinder series
along with the regular CDX line in a wide
selection of models to meet various con-
ditions, topped by the CDX-1150, as shown
in the table.

Log-periodic antennas feature low SWR,
broadband response, easy impedance match-
ing, and high directivity. Element lengths
are far more critical for high front-to-back
ratios. Too, close spacing between directors
and driven elements is essential. These fea-
tures are exemplified in JFD’s Model CTC-
747 antenna.

Blonder-Tongue’s Model 0719 antenna
accents interference-reducing directivity,
high gain, and flat response with a non-
radiating transmission line section that feeds
the active dipole elements in a multi-fre-
quency range. The Weingard Color-Wedge
emphasizes pull that is exceptional in the
vhi/FM/uhf Model CW-980. A corner re-
flector that offers flat response with a large
capture area is the Model VU-937 from
Jerrold. It covers the entire uhf band.

Directivity is an outstanding feature of
the new Quantum series of antennas put
out by Channel Master, with the 1160 at the
top of the line. The Quantum Series is said
to eliminate up to 90 percent of electrical
interference that plagues reception by vir-
tue of having the highest front-to-back and
front-to-side ratios ever attained in a broad-
band antenna.

Not all manufacturers have made changes
in their lines since we last compiled a table
(March 1972). GC Electronics (Audio-
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tex brand name) is sticking with a line
they feel meets the demand for good recep-
tion. The same applies to the entries pro-
vided by JFD Electronics, Lance Industries,
and RMS Electronics, all of which are ex-
actly the same as they were a year ago.
RCA Parts and Accessories” listing has
changed by only one entry, from the old
Model 4BG30 to the newer Model 4BG20S
under the uhf-only fringe signal category.

All of the information given in the table
was solicited from the manufacturers repre-
sented. Since space was limited, each manu-
facturer was limited to only one entry per
category. The recommended antenna mod-
els are the choices of the manufacturers
themselves. (We did not test anv for this
roundup of updated antenna listings.) Ob-
viously, there are some antenna manufac-
turers who do not appear in our table. Also,
those manufacturers who are mentioned in
all likelihood have other antenna models in
their lines from which you can choose.

Making the Connection. Now that you
have chosen an antenna, it is necessary to
consider how you hook it up to your set.
Overlooking transmission line characteris-
tics is a common mistake and many users do
not have enough signal at their receiver ter-
minals to afford throwing away 50% or more.
If the antenna does the good job that it was
designed to do, a proper leadin must be
used to deliver most of that signal to your
receiver—under all conditions. Losing half
or more on the way is not a good deal; and,
furthermore, it is unnecessary.

Old, dirty, brittle, cracked, or improper
types of lead wire must be replaced. The
8290 or 9090 (Belden) for shielded 300-
ohm line and 8285 or 9085 for unshielded
applications offer stable, all-weather re-
placements (or initial installations). If you

Lance Model LC-82
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don’t have ignition, transmitter, or electrical
interference in your locality, the shielded
line is not your best bet, unless you have
signal to spare. There will be some loss at
higher frequencies with shielding, but isola-
tion of all external factors, including the
weather, may compensate for part of the
loss. As noise pollution is increasing daily,
it should be considered carefully when mak-
ing a perfect installation; and if any doubt
exists about the choice between shielded
and unshielded, make it the former.

In considering the effects of dirt and
weather on the transmission line, note that
typical flat twin-lead may show a signal
loss exceeding 95% under adverse condi-
tions. Shielded (8290 or 9090) shows no
loss under similar conditions.

Ghost effects become more pronounced
as the standing wave ratio increases and
only by maintaining a figure as close to
1:1 as possible can optimum results be ex-
pected. How can this SWR figure be ob-
tained? Only by terminating the line in its
characteristic impedance so that no stand-
ing waves exist and the line represents a
pure resistance with negligible attenuation.
If the 300-ohm antenna terminals are con-
nected to a 300-ohm transmission line with-
out bends, punctures, mashing, or extemal
disturbances and the line is connected to
the 300-ohm terminals at the receiver, then
and only then will standing waves be elim-
inated, insuring a good, satisfying picture.

Transmitting path reflections result in
severe ghosting problems that are only
partially corrected with quality, shielded
transmission lines. Careful orientation of
the antenna array will often be instrumental
in reducing ghosts, but in some cases, it
may be necessary to have an antenna with
exceptionally good front-to-back features or
even more directivity. The latter will do
much to reduce side-lobe pickup and pos-
sible paths for reflected images.

Changes in the electrical field around or
between the leadin conductors will alter
impedances and may best be avoided by
using shielded line. Antenna impedance
may be affected by corrosive smoke, fumes,
salt, or other airborne materials which build
up a resistive coating over a period of time.
Bent, missing, or loose elements also alter
the output impedance of the antenna; and
when using unshielded leadin, avoid metal
spouting, flashing, etc. by at least a few
inches and do not have any sharp bends
or pinching.
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BUILD AN ACCURATE

O MAINTAIN the performance and

smooth running of an internal combus-
tion engine, it is necessary to recalibrate it
or tune it at regu]ur intervals.

One aspect of the tuning procedure
requires that the gap hetween the contact
breaker points in the primary circuit be
within certain limits. There are two ways
of doing this. The first is a static method
which simply measures the gap between the
points when they are fu"_v opened;  the
second is a dynamic method and is more
acenrate since it relates point gap to dwell
angle.

The dwell angle is the number of de-
grees rotated by the distributor rotor with
the points closed.

Dwell Angle. A simplified primary ignition
circuit for a 4-cylinder engine is shown in
Fig. 1. When the contacts (or points) are
closed, energy from the battery is stored
in the ignition coil primary (in the form
of a magnetic ficld). As the engine rotates,
the distributor rotor pushes the contacts
apart, thus breaking the circuit. The energy
which was stored in the primary is now
transferred to the secondary and the lurge
emt produced is used to produce a spark
across one of the 4 spark plugs.

A mechanical adjustment provided on the
distributor can be used to alter the distance
(or ¢ up) between the pnint contacts when
they are fully epened. Hence, the time
dunn(r which the contacts remain closed
will (h.mg(' as the gap is altered. For exam-
ple, if the gap is increaged. the contacts will
remain open longer.

de voltmeter connected between the
fixed contact and ground would indicate
the average (area above equals area below)
voltage valie (e) of the wavetorm. Thus,
the de voltmeter can give an indication
of the gap between the points. ITowever
as the gap is direetly proportional to the
time the points renain closed, the mcter
scale can also be calibrated to read dwell
angle in degrees.
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DWELL/ TACHOMETER
INSTRUMENT

Tune up your car
the professional way

In the case of a 4-cylinder engine, the
period is equivalent to one quarter of one
complete cycle or 90°. Suppose the points
always remained clesed. In this case no
voltage wounld be generated and zero de-
flection of the meter would correspond to
90° of dwell. If the points were closed for
half a period. the meter would read e = E/2
giving 45° of dwell on the scale. Hence if
E is lm()\vn, the meter scale can be cali-
brated linearly in degrees of dwell. To
obtain consistently accurate readings, it is
essential that E remain constant when the
instrument is used on different engines. This
is obtained by connecting a shaping cir-
cuit between the distributor and the volt-
meter. The shaping circuit also removes the

IGNITION
coiL

4-CYCLE ENGINE

FIXEO_ ___ _ _ _ ___
OPEN Y POINT
\ CLOSED
_}conpenser"
-~ {ENGINE °
DRIVEN)
POINTS POINTS ]
OPEN CLOSED £
(DWELL) |
I Y7/ 7.7.Y T R e _+__—
=

i.—l PERIOD. ' i
90°

Fig. 1. Simplified ignition circuit and
waveforms for a 4-cylinder engine.
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DWELL
RPM \o—}
PULSE
FROM 5":;3"‘3 ampLITUDE | | RatE pC
= AND WIDTH METER| | vOLTMETER
POINTS | INVERTING STANDANDIZoR

Fig. 2. Block diagram of the dwell-
tachometer instrument. The voltmeter
is switched to read dwell or rev/min.

large amount of ringing tvpically found in
ignition circuits.

Note that the preceding also applies to
8- and 6-cvlinder engines. In the case of an
8-cylinder engine the period would he
equivalent to one eighth of one cvcle or
45°. Hence if the same scale is used, zero
deflection of the needle would indicate a
dwell angle of 45°. For a 6cvlinder engine,

zero deflection corresponds to 60°. When
the waveform of Fig. 1 is inverted, two
advantages are immediately obtained: the
meter scale is “reversed” (The 90-, 60-, or
45-degree markings are at full-scale deflec-
tion.) This means that a typical dwell
indication will be in the upper third of
the meter scale instead of in the first, hence
greater metér accuracy; and, easier calibra-
tion of the instrument.

Engine Revolution. By counting the num-
ber of times the voltage E of Fig. 1 is
generated per unit time, and taking into
consideration the number of cylinders in the
engine, the number of revolutions per min-
ute (rpm) can be calculated. For example,
in a 4-cylinder, 4-cycle engine, the points

+12v

R3
IK

AAAMAAL

Fig. 3. Schematic of the
meter. Designed for neg-
ative ground systems, it
tests 949, of US cars.
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2N3904
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PARTS LIST
C1—0.75-uF capacitor
C2—0.003-uF capacitor
C3—36-pF capacitor
C4—10-pF capacitor
C5—220-pF capacitor
C6—2200-pF capacitor
6'7—(34) 62 pF, (B) 91 pF, (C) 120 pF (see
text
C8—1-uF, 25-volt electrolytic capacitor
C9,C10—100-uF, 25-volt electrolytic capacitor
D1,D3,D4,D5—IN3605 diode

D2—35.1-volt zener diode (V4 M5.1Z or similar)
D6—10-volt zener diode (V4. M10Z or similar)
MI—0-1 mA meter
01,02,04,05,07,08—2N3904 transistor
(03—2N3906 transistor

06,09—FET (MFE2097 or similar)
RI1,R8—1500-0hm, Yi-watt resistor
R2—10,000-0hm, Yh-watt resistor
R3—1000-0hm, Vi-watt resistor
R4—200-0hm, Vy-watt resistor

R5—680-0hm, Vy-watt resistor
R6—15,000-0hm, V-watt resistor
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open once (and hence produce 1 voltage
ulse) for every two revolutions of the
crankshaft. The same dc¢ voltmeter can be
used to measure engine pm if a rate meter
is connected between the meter and the
shaping circuit thus becoming a “tachom-
eter.”

The block diagram of a combined dwell
angle and tachometer instrument is shown
in Fig. 2.

To obtain accurate rpm indications, the
input pulses to the rate meter must have
constant amplitude and constant width,
hence the need for the pulse-width stand-
ardizer.

Circuit Details. The instrument to be
described, and shown in Fig. 3, is designed

to operate with engines where the negative
terminal of the battery is connected to
ground. Over 94% of U.S. automobiles manu-
factured since 1956 fall into this category,
while over 60% of imported cars also have
negative ground electrical systems.

Converting the complex waveform from
the distributor into a relatively clean one
is accomplished by processes of limiting,
integration and regeneration. Networks
RICI and R2C2 form a pair of integrating
networks. Diode DI removes most of the
negative components of the waveform while
zener diode D2 limits the positive swing
to 5.1 volts.

The double integration necessary to re-
move the ringing from the distributor wave-
form produces a rather slow-rising and even

c74
62pF

YWWWA

Q9
CYIB.INDERS 83 on
clo
(_; 5] 100yF
[
QIpF 4 D5
IN3605 ‘
c7C rR22 R25
120pF 1K 3000 mI
RPM 0-ImA
CAL.
04 S 2r2l 3
IN3605 26800 e80ng
.~
RI6 cs R23
3000 1uF 1000
| < ﬂ SET
ZRI8A ZR18B ZERO
: M 500K e
2000

R7—7500-0hm, Yi-watt resistor
RY—33,000-0hm, Y4-watt resistor
R10—3300-0hm, Y4-watt resistor
RI11,R23—100-0ohm trimmer potentiometer
R12—91 000-0hm, Ya4-watt resistor
R13—1200-0hm, Y -wait resistor
R14—4700-0hm, Y4-watt resistor
R15,R19—220,000-0hm, Y4-watt resistor
R16,R25—300-0hm, Y4 -watt resistor
R17—1600-0hm, Y%-watt resistor
RI8—(A) 1 megohm, (B) 500,000-0hm, metal
film, 1% resistor

R20,R27—2000-0hm, Y -walr resistor

R21,R26—680-0hm, Y4-watt resistor

R22—1000-0hm trimmer potentiometer

R24—200-0hm, Y4-watt resistor

R28—130-0hm, 5%, Y-watt resistor

SI—Single-pole, three-position rotary switch
{see text)

S2—Dpd:t switch

S$3—Spdt switch (see text)

Misc.—Suitable chassis, knobs, mounting
hardware, etc.
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DISTRIBUTOR _I___j ________
WAVEFORM

CATHODE D5
POINT A

COLLECTOR Qp
POINT B

COLLECTOR Q3
POINT ¢

COLLECTOR Qs
POINT D

Fig. 4. Typical waveforms found
on a 4-cylinder engine. To see
ringing and steep rise times,
a high-quality scope is needed.

slower-falling waveform as shown in Fig 4.
To overcome this, a waveform regencrator,
or Schmitt trigger cirenit, consisting of Q1
and Q2 and associated components is used,;
Q1 is normally off and Q2 on. The value
of R4 is chosen {o reduce the hysteresis
gap to 0.4 volt. Transistor Q1 turns on when
the voltage on its base reaches 4.2 volts and
turns off again at 3.8 volts. The cut-in and
cut-off levels chosen, together with the small
hysteresis gap, produce a waveform at the
collector of Q2 with the exact duty cycle of
the distributor waveform. The rise time of
the waveform at the collector of Q2 is 100
nanoseconds.

Transistor Q3 acts as an inverter driven
cither into saturation or cut off depending
on the state of Q2, hence the excursions of
the collector of Q3 are well defined. A
fraction of the output from Q3 is tapped
off by variable resistor RI1 and sent to the
meter circuit for dwell measurements. The
full output from Q3 is differentiated by C5
and RI3 to provide the trigger signal to
switch on Q4.

The pulse width standardizer (Q4 and
©35) is a monostable multivibrator energized
from a regulated supply.

Normally Q4 is off and Q5 conducting,
©4 being brought into conduction by the
trailing edge of the waveform from the
collector of Q3. The astable time of the
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multivibrator is determined by R15 and C6.
With the values shown. the oulput pulse
has a width of 90 microseconds and an
amplitude of 8.3 volts. Diode D3 protects
the base-emitter junction of Q35 against
reverse breakdown when Q4 comes into
conduction.

The rate meter circuit consists of C7
D4, D5, C8 and R18. Each pulse from the
monostable  multivibrator dumps  some
charge into C8 via C7 and D5, thus a dc
voltage builds up on C8 which is measured
by the voltmeter. With the companents
shown in Fig. 3, a dc voltmeter having a
seusitivity of 0.1 volt full scale, connected
across RI8, can be linearly calibrated to
indicate RPM with a full-scale deflection
of 3000. This assumes that the input re-
sistance of the voltmeter is considerably
higher than the value of RIS. If more than
one rpm scale are required, a switch (S3)
can be connected as shown in the diagram
to introduce different values of RIS into
the circuit. Another switch (S1) can also
be used to select different values of C7 so
that the same pm scales can be used for
4-, 6-, or 8-cvlinder engines.

The dc voltmeter consists of FET dif-
ferential amplifier Q6 and Q9 and provides
the necessary high input resistance to avoid
loading the rate meter. A pair of emitter
followers, Q7 and Q8, provide the low
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impedance necessary to drive meter MI.
The FET’s and associated transistors should
be placed physically close to each other
to achieve optimum temperatire compensa-
tion. The gain of the differential pair is
approximately 10 and R23 is used to.bal-
ance the currents in the two halves of the
circuit to produce zero meter deflection for
zero volts input. Potentiometer R22 is ad-
justed to calibrate the rpm scales while C10
is used to smooth the meter needle fluctua-
tions when measuring dwell angle at low
rpm.

The regulated power supply enables the
instrument to operate directly from the
engine’s 12-volt bhattery. Zener diode D6
acts as a 10-volt regulating element pro-
viding the necessary constant supply voltage
for 03, Q4 and Q5, thus making the ac-
curacy of the instrument independent of
normal battery voltage fluctuations.

Construction. Almost anv tvpe of con-
struction may be used, PC or perf board.
Remember that vibration comes into play
dm'ing automotive use. so take appropriate
care in mounting components. In the proto-
tvpe, a 4”7 by 24" board having plated-
throngh holes 0.3” apart was used. All
components except the switches and meter
were mounted on the single board. The
overall size of the project is determined by
the meter used.

If the instrument is to he used on only
une tvpe of vehicle (say 8 evlinders), then
SI can be eliminated and the required
valie of C7 is used. If onlv one rpm range
is needed, then S3 can be eliminated after
selection of appropriate RI8. The only
switch actually on the front panel will then
be rpim/dwell selector S2.

The only critical components are the
capacitors selected for use as C7. These
must be of high quality, therefore silver
mica or polystvrene capacitors are used.

Another item worth special mention is
the meter. Electrically, it must have a full-
scale deflection of not more than 1 mA to
give the correct mdications with the values
shown in the diagram. Of course. if a more
sensitive meter is available. it can be used
provided the values of R22 and R25 are
changed to match the full-scale deflection.
The physical shape and size of the meter
are not critical, they depend on individual
preference or on what is available. How-
ever, becanse the meter is the bulkiest
item in the instrument, it should he chosen
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first as it will determine the cabinet size.
Always keep in mind that the meter does
undergo some physical vibration in use, so
a taut-band type is preferred. Another word
is in order regarding the meter scales. Pre-
ferably there should be two linear scales,
say 0-1 and 0-3. The 0-1 scale is used with
a X 100 factor to give 0-100 degrees dwell.
The 0-3 scale is used with either a
“x 1000™ or “x 2000 factor to provide the
0-3000 and 0-6000 rpm readings. Readers
with a steady hand may want to open their
meters and mark their own scales.

Waveforms. The waveforms shown in
Fig. 4 will be found useful when trouble-
shooting the circuit. They were observed
with a 50-MHz oscilloscope using a 10-
megohm, 7-pF probe. The amplitudes given
for the distributor waveform are approxi-
mate since they vary with different types
and makes of engines. The distributor ring-
ing waveshape shown is fairly typical for all
engines. Note that the amplitude and width
of the pulses appearing at the collector of
Q5 are independent of engine characteristics
and performance; only the number of these
pulses per unit time is signiﬁc;mt.

Calibration. Only two adjustments are
required to calibrate the instrument after
completion. The component values used in
Fig. 3 will provide two rpm scales, 0-3000
and 0-6000. Shonld different full-scale
ranges be desired, the values of RISA and
RISB can bhe determined emperically.
A sine wave generator capable of delivering
at least 15 volts peak or a square wave
generator capable of delivering at least 12
volts peak is necesarv. If the frequency of
the generator is not known accurately, a
frequency counter will also be needed.

Connect the dwell/tach to a source of
about 14 volts de; switch to the rpm mode

.and connect the output of the audio gen-

cerator to the input of the imstrument. Adjust
the audio generator amplitude for either
15 or 12 volts peak and the frequency to
100 Hz. This frequency corresponds to
3000 rpm and, for 4-cvlinder engines, is
equal to twice the full scale rpm desired
divided by 60. Adjust R23 to obtain full
scale deflection.

For dwell calibration, disconnect the
audio generator from the instrument, switch
S2 to “dwell” mode. Meter should now
indicate full scale. If not, adjust RII to
obtain an exact full-scale deflection. @®
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ONTINUING in the vein of last month’s

column, when we answered some im-
portant reader questions, there are a couple
more that we would like to take a look at.
Both have to do with audio: one with test
equipment and the other with four-channel
sound.

The first question is one I have also
asked myself a couple of times: Why doesn’t
some enterprising manufacturer come up
with a reasonably priced audio sweep gen-
erator (kit)? Yes, I know that there are
a few audio sweepers around, but have you
checked the prices lately? We all know
how valuable an r-f sweep generator is for
front-end and i-f alignments, so why doesn’t
someone make life easier for the guy who
works with audio?

Just think how nice it would be for the
audio fan to be able to see the entire re-
sponse of a speaker, crossover network,
preamp, or power amplifier all at once.
The ham could check those RTTY and
SSTV filters; and the electronics experi-
menter could look at notch filters and low-,
high-, and bandpass filters.

But let’s not be too quick to place the
blame on somebody else. As we mentioned
in this column in January of this year, gen-
erating a clean audio sine wave is not the

Audio
(Generators

and Ceiling
Ambience
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By Leslie Solomon, Technical Editor

easiest thing in the world. We said then
that it takes a couple of matching conditions
to create an oscillator—a frequency deter-
mining network and a suitable feedback
system. Since both of these conditions are
required for stable oscillation, they both
have to be “juggled” at the same time. One
approach that warks well is the use of two
r-f oscillators “beating” against each other
to produce an audio tone. One oscillator is
fixed while the other has its frequency
varied sufficiently to produce the resulting
audio sweep. A low-pass filter system keeps
the r-f out of the audio portion.

Another technique that is finding favor
is to use an op amp triangle wave generator
and vary its frequency with another op amp
oscillator.  Although this approach does
work, converting the triangle waves to clean
sine waves still presents some problems.
At present, the triangle is passed through
a “soft” amplifier to round off the tips. This
produces an “almost, or synthetic, sine
wave.

In some cases, conversion of the triangle
to an almost sine is accomplished with a
diode-resistor shaping network (see “Test
Equipment Scene” for January 1973) which
can reconstruct the sine wave segment-by-
segment. In another case, the nonlinear
drain-to-source  current/voltage transfer
characteristic of a p-channel junction FET
is used to shape the triangle waveform. In
still another technique, the nonlinear base-
emitter junction characteristic of a differ-
ential amplifier is used to do the shaping.

Unfortunately, in both of the latter two
cases, just about the best you can do is
2% distortion; and the amplitude of the
input triangle waveform is critical and must
be carefully adjusted to achieve a low-
distortion sine wave output.

Then there is the slight problem of
sweep rate. If you take a look at typical
audio response graphs, you will note that
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The research behind
the BOSE 901.

By now almost all Hi-Fi enthusiasts know about the
performance of the BOSE 901, about its unprecedented
serics of rave reviews' and its unparalleled acceptance
by musicians, stercophiles aid the public. But few
people know how this unconventional speaker was born.
In this first article of a series, we would like to share

with you the highlights of the twelve years of university
rescarch that led to the 901.

The research begins.

In 1956 a basic rescarch program on musical acoustics
was started by Professor Bose.? The motivation for this
research came from the apparent discrepancy between
the acoustical specifications and the audible performance
of existing loudspeakers. Musicians were quick to
observe the boomy and the
shrill sounds produced by
loudspeakers for which
cngineers claimed excellent
specifications.

Dr. Bosc’s rescarch
began by making exacting
measurements on loud-
speakers and setting up
experiments to correlate
these measurcments to aural
perception.

By 1959 it was clear that
not only were the existing
measurement standards (established 30 years before)
incomplete, but worse, they were often misleading. For
example, measurements of frequency response and
distortion made in ancchoic chambers not only fail to
indicate what a speaker will do in a room, but spcakers
with better chamber measurements can actually give
inferior performance in the home—and vice versa!

Probing psychoacoustics.

By 1960 it became cvident that basic psychoacoustic
research was necessary to relate the subjective
performance of loudspeakers to objective design
parameters. This research was Jaunched and the first
major results were reported in November 1964 ata
joint meeting of the Audio and Computer groups of the
Institute of Electrical and Electronic Engineers held at
M.LT. It was this rescarch that established the validity
of the then controversial concepts of multiplicity of

full range drivers, speaker equalization, and flat
“power” response. It was also shown, with the help of
computer simulations of ideal acoustical radiators, that

clectrostatic, or other types of speakers have no potential
performance advantages over properly designed cone
speakers—a result that was not known prior to 1964.

Significance of reflected sound established.

At the time of the 1964 mecting, however, little was
understood about the spatial properties of speakers.
There was some cvidence that direct radiating speakers
causcd shrillness in music but the reasons were not
known. From 1964 to 1967 the research concentrated

on these spatial problems. With the co-operation of the
Boston Symphony Orchcstra measurements were made

during live perform- D e e
. /l ¥
ances to determine it
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characteristics of ]
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Theoretical studies,
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verified by experi-  TBogTON SYMPHONY HALL
ments, showed that FLOOR PLAN

in live performances sound arriving at the listeners’ ears
from different directions was much more evenly
balanced than was the case for Joudspeakers in home
environments. Experiments then linked this spatial
difference to the strident sounds produced by
loudspeakers. Then it was discovered that the desirable
spatial characteristics could be produced in the home by
directing a large percentage of sound away from the
listener at precise angles to the rear wall.

The culmination of 12 years research.

In 1968 we decided to incorporate all the knowledge
gained from the years of rescarchinto the design of

an optimum loudspeaker for the home. The result is
the BOSE 901. Perhaps this explains our confidence

in asking you to compare it to any other loudspeaker
regardless of size or price.

For copies of the reviews,
circle our number(s) on
your reader service card.,
2Copies of the Audio Engi-
neering Society paper,

THE DESIGN, MEASURE-
MENT ANO EVALUATION OF
LOUDSPEAKERS, by Dr., A, G.
Bose, are available from the
Bose Corporation for fifty
cents.

You can hear the difference now.

¥ _BOSE-

= Franmingham, Massachusetts 01701
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the horizontal axis is logarithmic and usu-
ally spans (at least) the three decades
from 20 Hz to 20 kHz. This, of course,
requires an accurate logarithmic sweep—
not overly difficult if ICs are used. An-
other necessity is putting “marker birdies”
on the displayed sweep to identify various
frequencies.

The actual sweep speed also presents a
problem. You just have to forget about the
good old 60-Hz sweep speed used in r-f
sweep generators. If vou juggle the math
around for a 60-Hz sweep speed in the
20-11z to 20-kHz audio range, you arc in
for a rude awakening since you will find
that you can’t use the power line as a
sweep reference. Slow sweep speeds are u
necessity for an audio sweeper to prevent
display problems.

IHHowever, all is not lost. T have hecard
some rumblings that a couple of outfits arc
dabbling with op amps and other esoteric
1C’s with the idea of producing a reasonably
priced audio sweep generator.

Four-Channel Sound. The question we re-
ceived about quadraphonics was interesting
because it caused us to think about this
latest phenomenon in the audio field in
a different light. Here’s the question:
“Mono is a point source; therefore, theorel-
ically it has no dimensions. Stereo is u
line source (between the two speakers), so
it has only one dimension (width). Four
channel, on the other hand, is two-dimen-
sional because it has width (across the
room) and depth (front to back of the
room). Now, how can a two-dimensional
approach really imitate a reallife three-
dimensional performance?”

When you think about it, the nse of a
present-day, four-channel system imposes
an unnatural listening situation  since,
basically, you are listening to a perform-
ance in a room that has four walls, but
the ceiling and floor are only vaguely de-
fined—not exactly the kind of listening
area that is comfortable. It appears that,
although most serious listeners do pay at-
tention to the reflectivity of the walls, they
overlook the ceiling and floor.

In a live theater or concert hall, besides
the stereo effect coming directly from the
stage and the ambience created by reflec-
tions from the rear and side walls, there
are also reflections from the ceiling. (Con-
sider how many times the ceiling of New
York’s Philharmonic Hall has been re-
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designed in order to improve the acoustics. )
The floor can be ignored because carpeting,
seats, and people absorb most of the sound
from that direction (unless the original
production of “The Emperor Jones” is
brought back—with speakers in the floor).

If 'you have ever heard the performance
of a piece of music outside and also heard
the same music played in a decent hall, you
know the importance of the ceiling in cre-
ating the overall ambience. At the moment,
we can think of this “fifth” chamnel as a
composite of the standard four channels
(two front and two rear) as far as phase is
concerned.

At the risk of starting a whole new wave
of “pentaphonics,” let’s examine how avid
electronics buffs can "'play™ with the ceiling’s
contribution to room ambience. One way

4-CHANNEL .IpF
INPUTS I ( 47K 470K
uT
b OW-POWER
+ AMP
op
AMP

is to build the simple op amp summer shown
in the schematic. Essentially, this circuit
algebraically adds all four channels in one
preamplifer. The four inputs can come di-
rectly from the four speaker lines since the
input impedance of the summer is high
enough not to upset impedances. The
summed output is used to drive a l()w—power
audio amplifier, which drives a small, but
necessarily lightweight, speaker that can be
mounted in the center of the room’s ceiling.

In our experiments, we used an IC one-
watt amplifier driven (through a volume
control) from the op-amp summer. The out-
put of the amplifier was coupled through a
length of lightweight twin-conductor cable,
to a Poly-Planar (lightweight plastic) speak-
er that was attached to the center of our
listening room ceiling with double-sided
adhesive tape. Of course, any type of
speaker can be used if it is firmly secured
to the ceiling.

With the conventional four channels op-
erating normally, slowly tum up the vol-
ume of the overhead speaker and listen for
the resubts. In a couple of test cases, the
results were quite interesting; in a couple
of others, they were only so-so. In anv case,
it is a fun area in which to experiment. @
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MOST POWERFUL, MOST
EPIC PRODUCTION EVER!

This is the one you will want to see and
hear. It is the most powerful die-cast High
Fidelity speaker series ever produced by
Utah. Its name is CASCADE ...the totally
new co-axial speaker line. It has the largest
magnets ever and larger voice coils to handle
more power for a longer time. Cloth rolls
enhance bass performance. The rigid die-cast
frame is designed for maximum structural length,
and it can be mounted to either the front or rear of
the baffle board. Your choice of 2-way or 3-way mod-
els in 8” and 12" sizes, some with co-axially mounted
compression tweeters. Your licket to the powerful
CASCADE performance can be hurried along by writing
us for complete information.

+UTAH ELECTRONICS
M HUNTINGTON, INDIANA 46750
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DESIGN YOUR OWN
VOLTAGE REGULATOR

PUT A ZENER DIODE TO WORK
BY KEITH SCHUETTPELZ

MOST electronics experimenters have a

single power supply that is usually
used for all types of projects. The only prob-
lem is that the voltage may not be correct
for every possible application.

Now, with just a resistor and a zener
diode, coupled with a minimum of pencil
work, you can make a fixed voltage source
that is also well regulated. Of course, the
power supply must be capable of delivering
slightly more voltage than the expected
regulated output level.

Simple Circuit. The circuit to be used is
shown in the schematic. Essentially, it con-
sists of a resistor and a zener diode feeding
the output load. The zener diode is a semi-
conductor device that attempts to maintain
a constant voltage (V) across itself and it
accomplishes this by drawing the proper
amount of current to maintain the voltage.
The maximum current through the zener is
determined by the power rating (P;) of the
diode and is calculated from

IZmux = (Pz/\’z) (0.9)
The 0.9 factor is included as a safety
measure to avoid overheating,

Essential circuit is resistor and zener diode.

REQUIRED:
Yy =12V
ap Yy Vour=9¥

Lot sm=0
Ziowo e < 150 mA
©0.150 4)

o
#= K(IMMM e 7797 M[’) /-2.5-
=9(0.150-0) /.25
2LEIWATTIS  USE 2-WAT zewee
Lewme=(7/44)0.9 = (2/9) 0.9
=0.199 A ASSUME 200 mA (0.24)
R= (Vou=Y2 )/ (I, + Zioup M)
(12-3)/(0.240) = 7512
= (- Vo ) (12 * L2080 waw)
=(12-9)(0.2+0) = 26 WAT™ W5E 1 W
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The resistor limits the current flow. The
voltage drop across the resistor is equal to
the gifference between the input voltage
and the output voltage or V,, — V,. If
Vz (the output voltage) is to be constant,
and V,, is constant, then the voltage drop
across the resistor must be kept constant.
This will occur only if I,, is constant or
I, = L. + L. Thus, the function of the
zener diode is to control I, so that I, + 1,0
remains constant under all load conditions.

The zener will function properly as long
as the variation in load current is less than
90% of I ma. When the load current is maxi-
mum, the zener current will be minimum
and vice versa. It is a good practice to
assume a minimum load current of zero if
there is any chance that the load will be
removed entirely. If this precaution is not
taken, the zener diode may be destroyed.

The component values for the zener cir-
cuit are determined as follows:

1. Choose a zener diode having the de-
sired voltage.

2. Determine the zener power rating from

P, = VZ(Iluml max Ilnnd mln) (125)
The 1.25 protects the zener against over-
heating and assures a minimum zener cur-
rent that will be more than 10% of the
maximum current needed for proper opera-
tion.

3. Maximum zener current is determined
from the formula given above.

4. The value for the resistor is determined
for the case when zener current is maximum
and load current is minimum or

R = \7ll/Iln = (Vln - VZ)/(IZmnx +

Iluml min

5. The minimum wattage of the resistor
is calculated from

PR == VRIIn =

Ilnnd mln)
A typical example is shown worked out in
the drawing. Other values can be “plugged
in” to achieve various ratings. @

(Vln - Vz) (IZm.x +
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The right Pickering cartridge
for your equipment is the best
cartridge money can buy.

XV-151200E

DCF 1200

\

XV-15750E

DCF 752

r—— T |

MANUAL TAANSCRIPTION
TUANTABLE

AUTOMATIC TRANLCRIPTION
TURNTABI E

|
——m |
MANUAL TRANSCRIPTION
TURNTABLE
o—

AUTOMATIC TAANSCRIPTION
TURANTABLE

XV-15400E | »V-15350

DCF 350

 t—— Y —— Txal
MANLAL/AUTOMATIC | MANUAL/AUTOMATIC

XV-15150

DCF 150

XV-15200E

DCF 200

~

—— —ral

MANUAL/AUT OMATIC

MANUAL/AUTOMATIC

There’s a “right” Pickering cartridge for every
record player, and only Pickering has developed a
way for you to be absolutely certain you select the
“right” cartridge for your high fidelity music system.

It is a simple way for you to precisely match one
of our XV-15 (100% Music Power) cartridges to
whatever kind of record player you have or plan to
buy. It’s called Dynamic Coupling Factor — DCF
for short.

We have taken virtually every record player and
pre-analyzed the vital variables affecting cartridge
design and those related to the engineering features

XV-15140E | XV-15100
DCF 1

DCF 140 F 100

&Q

of the various turntables and changers. So, no matter
what equipment you own or plan to purchase, there
is a Pickering XV-135 cartridge exactly “right” for it.
The DCF number enables you to select the proper
Pickering XV-15 cartridge in relation to a particular
type of playback equipment to achieve maximum
performance.

If you're ready to buy your next cartridge, be
certain you end up with the Pickering XV-15 car-
tridge that’s best for your system. Have your Pick-
ering high fidelity dealer show you our DCF Chart,
or write Pickering & Co., Inc., Dept. E, 101 Sunny-
side Boulevard, Plainview, N. Y. 11803.

l@PK:KERING The | 100% | Music Power Cartridges

“for those who can hear! the difference”

All Pickering cartridges are designed for use with a// two and four-channel matrix derived compatible systems.
CIRCLE NO. 47 ON READER SERVICE CARD
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Your

it tells you more than how much you make.
It tells you how far you've come. And if your
paycheck looks very much the same as it did
last year, or the year before, it simply means
that you look very much the same as you did
last year and the year before.

But times change, and you should be chang-
ing with them. Old dull jobs are disappearing.
New exciting ones are being created. There
are challenging fields such as computer tech-
nology, automation, television, space elec-
tronics where the work is interesting and the
earnings are good.

RCA Institutes can give you the technical
training you need, even if you've had no pre-
vious training or experience. RCA Institutes
has a faster easy way for you to gain the
technical skills and the knowledge required
for an electronics career. And you don't have
to quit work and go back to school. With RCA
institutes Home Study Plan you can work and
study within reasonable limits. You set your
own pace depending on your schedule.

paycheck
says a
about you

lot

Check over these RCA Institutes benefits:
® You get Hands-On Training—as many as
21 kits in RCA's Master TV/Radio
Servicing Program.
® You get RCA’s unique “Autotext” meth-
od of learning — individual programmed
instruction, the easy, fast, simplified way
to learn!
® You get a wide choice of electronics
courses and programs—everything from
Basic Electronics right up to Communi-
cations and Digital Efectronics.
e You get a choice of low-cost tuition
plans!
Sounds great, and it is. For complete informa-
tion, without obligation, send in the attached
postage paid card...or return the coupon
below. That will say a lot about you.
Veterans: Train under new Gl Bill. Accredited
Member National Home Study Council. Li-
censed by N. Y. State Education Dep’t —
courses of study and instructional facilities
approved by the State Education Department.
“Eligible Institution’ under the Federally in-
sured Student Loan Program.

RCA Institutes, Inc. is a Subsidiary of RCA Corporation

r_“ﬂll Institutes —|

Home Study Dept. 694-304-0 I
320 West 31st Street, New York, N.Y. 10001

Please rush me FREE illustrated catalog.
| understand that | am under no obligation.

{please print)
Address.

If reply card
is detached—

Veterans: Check here [ send this
l__________ _J coupon today
CIRCLE NO. 32 ON READIER SERVICE CARD

APRIL 1973 1

| Name ____Age I

City - State Zip.




Product
Test Reports )
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ELECTRO-VOICE MODEL 4X4 RECEIVER
(A Hirsch-Houck Labs Report)

THE NEW Electro-Voice Model 4 X 4 is a

low-priced 4-channel stereo receiver with
full control facilities for its internal AM and
FM tuners and an external tape recorder
and record player. The receiver has a built-in
quadruph(mic matrix decoder with the new
E-V parameters that provide correct decod-
ing for the widely used Columbia SQ records
as well as satisfactory results with other re-
cording matrices. It can also enhance or-
dinary stereo programs, through “ambience
recovery,” by synthesizing the rear channels.

The amplifiers in the 4 X 4 are rated at 10
watts per channel at a driving frequency of
1000 Hz, or 70 watts total IHF munsic power
into 8-ochm loads with less than 1 percent
distortion. One of the concentric bass tone
controls affects both front channels. while
the other works on hoth rear charnels. A
similar arrangement is used for the treble
controls. The balance control is also con-
centric with one knob controlling the left-
to-right balance (both front and rear speak
ers simultaneously) and the other knoly han-
dling the level of both front and both rear
speakers simultaneously  for front-to-rear
balance. The master volume control simul-
taneously varies all four channels and con-
tains the power switch.,

The input selector switch has positions for
AUX, FM, aM, and proNo. Five pushbutton
switches control the remaining receiver func-
tions. The pECODE button passes the signals
through the decoding matrix which supplies
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four program channels to the four amplifiers
and speakers. Separate phone jacks for the
front and rear channels allow listening
through 4-channel phones. The TAPE aron-
1ITorR button allows plavback from either a
2-channel or a 4-channel tape recorder, and
the tape recorder outputs on the rear of the
receiver supply a 2-channel signal (not de-
coded) to an external recorder. These facil-
ities can also be used for other tvpes of
quadraphonic  decoders such as RCA’s
“Quadradisc.”

The aoxo button combines the two stereo
channels to produce a monophonic signal at
the front channel outputs and the tape out-
puts. (The rear channels are dead in mono.)
The roubxess button introduces bass boost
at low volume settings. Finally, the rExMOTE
SPEAKER button disconnects the four main
speakers and switches over to a second set
of output terminals; it is not possible to drive
both speaker system arrangements at the
same time.

The tuning meter gi\'es zero-center read-
ings on FM and relative signal strength read-
ings on AM. Stereo FM switching is auto-
matic, triggering a STEREO lamp on the dial
plate when a stereo signal is received. FM
interstation noise mmting is provided; it can
be shut off by a slide switch on the rear of
the receiver. Also on the rear are an adjust-
able AM ferrite rod antenna and a switched
ac outlet.

Laboratory Tests. The Electro-Voice 4 x 4
audio amplifiers clipped at about 8.4 watts
per channel during our tests, with all chan-
nels driven into 8-ohm loads. With onlv the
front channels operating, the clipping level
was 10.1 watts per channel. Slightly more
power (14.8 watts) was obtainable with 4-
ohm loads, while the maximum output into
16 ohms fell to 6.5 watts per channel.
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Sams brings you the latest
in 10 areas of electronics.

Here are ten new or newly revised books from Sams. dealing with specific
areas of electronics. All are informative, Instructive. and as current as today.
One or more of them may be exactly what you've been looking for.

1-2-3-4 SERVICING CASSETTES

by Forest H. Beit

A complete course in servicing the fast grow-
ing cassette market includes all you need to
know about! the cassette machines, how they
work. and the easy 1-2-3-4 method of finding
and curing thelr trouble, made as simple as
1-2-3 . . . hence the name. 240 pages

No. 20922 o0z 0000 7455125

ELECTRONICS FOR MEDICAL PERSONNEL
by Edward J. Bukstein

Explalns the princlples of electrocardiographs.
pacemakers, defibrillators, patient-monitoring
and telemelry systems used in hospitals. A
valuable aid for paramedics and technicians
who searvice lhis type ol equipment. 144 pages

No. 20931 a ....54.95

HOW T0 BUILD SIMPLE ELECTRICAL

METERS & INDICATORS

by Charles Green

A book for the hobbyisl. starting with simple

projects and progressing o ihe more complex

The projecis include. among others. a vollai
| r

& B mmeins .

14 STERED

HI-FI PROJECTS FOR THE HOBBYIST
(Second Editlon)

by Leonard Feldman

Detailed instructicns for building 19 hi-li proj
ects. all ly practical. | how
1o design a printad circult, how to elch the
boards and mourt the components. Projects
are progressively more complex throughout
the 20 chapters. 134 pages.

No. 20925 $3.95

QUESTIONS & ANSWERS ABOUT COLOR TV
(Second Edition)

by Leo G- Sands

The most important aspects of color TV ex-
plained in easy-to-understand question and
answer format. Covers theory of operation,
installation. servicing, and modification of
equipment. Informalive for both beginners and
professionals. 96 pages.

No. 20928 $3.95

TRANSISTOR RADIO SERVICING COURSE
by Wayne Lemons

cell, lhermocouple, gal
eter. polarized-vane meter, and Moving-Co:
meter. 128 pages

No. 20930 $3.95

AUTOMOTIVE TEST EQUIPMENT

YOU CAN BUILD

by A. Edward Evenson

How to build “professional level” instruments
tor diagnosing and servicing aulomotive elec-
trical equipment. The first seven chapters de-
scribe separate test instruments which are
combined into a multifunclional analyzer in
chapter eight. 160 pages.

No. 20926 .. » 0o .84.95

SOLID-STATE ELECTRONIC PROJECTS

by Charles D. Rakes

Shows how to make a wide range of useful
projects, such as burglar alarms, metal lo-
cators, and a long-range fistening device. The
use of the transistor—switching mode and unl-
junction—is emphasized. Circult descriptions,
schematics and pictorial diagrams are all
used. 128 pages

No. 20921 .. vl e ..53.95

HI-FI STEREO HANDBOOK (Fourth Edition)
by William F. Boyce

A complete and profusely illustrated presenta-
tion of all stages of etectronic sound repro-
duction. Covers the three major stages of hi-fi
reproduction, and equipment for all modes of
four-channel sound. Includes much new mate-
rial on latest devices, products and equipment
in the lield, 400 pages.

NO. 20918 e oo - - cadk 2 b oot 3 - o $5285

radio. is both a text for be
ginners and a useful relerence for service
technicians. li covers all a-m and Im transist
components and stages and summarizes each
chapter with a guestion and answer reviev.
191 pages.

No. 20914 $6.95

PHOTOFACT* GUIDE Y0 TV TROUBLES
(Second Edition)

by Howard W. Sams Ediiorial Staff

Actual pholographs show what you see on a
picture tube when any componeni In lhe re-
celver becomes aefective. Wilr as a guide,
you'll save valuadle time in determining |ust
which part is fauity. 192 pages

 TRANSISTOR RADID

s
" . N . Y
;r’:\e!s complete course. covering ali aspects of Serwclnq tourse
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| b» 4300 West 62nd Street. Indianapolis. Indiana 46268
| Order trom your Electronics Parts Disteibutor, or mail to Howard W. Sams & Co.. In
| Send books checked at right. $ d. Piease 20922

include sales tax where applicable. Canadian prices shightly higher.
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SINE-WAVE POWER OUTPUT PER CHANNEL IN WATTS

The 1000-Tz harmonic distortion with two

obtained with less than 7 uV {point of full
Jimiting) at the input, and the ultimate S/N
ratio was 66-67 dB. The stereo FM frequen-
cv response was verv flat, with no measur-
able variation between 30 Hz and 15,000
Hz. and exceptionally: uniform channel sep-
aration of 21-30 dB across that range. The
AM tuner had a Hat response from 20 to 2000
Hz., f;l”ing off to —6 dB at 3300 Hz The FM
capture ratio was 2.6 dB at 1000 pV, and
the image rejection was 31.3 dB. The alter-
nate-channel selectivity was 36 dB, AM re-
jection was 43.3 dB. and the nonadjustable
muting threshold was 40 ;\"

channels driven was between 0.1 and 0.2 +10 N l | ‘ (l |
percent for output powers between 0.4 und i f T T
Q . . . | ] | I i
I1 watts. The IM distortion varied in the 9 } =H H
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0.2 percent between 1 and 7.5 watts output. L A0 T e e Ao =i oE I,
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higher trequencies to about 1.0 percent be- @ T I
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watt output, the distortion was gencrallv & 150,\ “! T ! ‘ T lll T
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similar, except that it also rose to 1.0 percent  _y 3 e LL; ! !x i
at slightly below 40 Hz. | 1| oraL worse. wum. oisToRTION
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= Tt vowin e [— LS Comments. The Electro-Voice 4 X 4,
= N [ === tow rowen i ioamn 15 udged as un AM/sterco FM receiver, per-
3° S
o "h [ { : ﬁ" / tormed excellently. The FM tuner, in spite
§o. S I By o o - : l/“ of its unimpressive selectivity, gave a good
H ARk Ty A account of itself in onr suburban, strong-
o ST . . 2 q .o S
v o - — } ;' signal listening area. The audio amplifiers
W i3 . .
u | ) : were clean and quiet, though u bit low in
[ 4 I . -
W oop power. However. when four speaker svstems
a T s ; I . [ SV 3
t ! i were commected to the 4 X 4. there was no
S T . L
¥h % w0 6 a0 wm awm swe e »  lack of power for ordinary home listening.
FREQUENCY IN Hz (CYCLES PER SECOND) . 3 : T . 5
: The pecone function provided a satisfy-
ing ambience effect in the rear speakers with
The tone control characteristics were  two-channel programs and did a good job

good, with a sliding bass turnover frequen-
¢y and a wider-than-average control range
of £20 dB at 20 Hz and %17 dB at 20,000
Hz. The loudness compensation’s moderate
boost action sounded very good. The RIAA
phono equalization was accurate within
*+1.5 dB between 30 and 15,000 Hz. The
AUX inputs required 0.13 volt to produce a
10-watt output with a 71.5-dB signal-to-
noise ratio. Phono overload occurred at 38
millivolts.

The 2.9 4V IHF usable sensitivity of the
FM tuner was more than adeqnate for most
reception conditions. A 50-dB S/N ratio was
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of decoding SQ records. The relativelv fow
phono overload level suggests that only fair-
ly low-level output cartridges, preferably
not exceeding 3 to 4 mV.at normal pro-
gram levels. should be used with this re-
ceiver. The very low noise level on phoxo
makes it feasible to use the lowest output
cartridges available, although some of these
are fairlv expensive for use with low-priced
reccivers.

The receiver has a deceptively simple, un-
cluttered appearance. But it is fully flexible
and can function equally well in both its
2-chanmel and 4-channel modes. Our chief
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criticism of the receiver’s controls was the
fact that the gains of all four channels could
not be set equal due to the manner in which
each balance control affected two speakers.
However, the unbalance was never more
than a couple of decibels and did not create
any audible problems.

Summarizing, the E-V 4 X 4 receiver is
able to hold its own against many compar-
ably priced 2-channel receivers. When the
advantages of 4-channel operation are con-
sidered, the receiver, selling for $250 (which
includes walnut side plates), becomes an ex-
cellent value.

Circle No. 65 on Reader Service Card

SHARPE MODELS 7 AND 770 HEADPHONES
(A Hirsch-Houck Labs Report)

THE Sharpe Audio Division of Scintex,
Inc., manufactures a line of stereo head-
phones with a wide range of performance

APRIL 1973

characteristics at a wide variety of prices.
For this report, we selected and tested the
company’s lowest-priced Model 7 and most
expensive Model 770.

The Model 7, unlike most sterco phones,
has rather shallow, almest flat, earcups
surrounded by liqud-filled plastic cushions.
The one-picce molded-plastic headband is
adjustable. The attached coiled cord extends
to a convenient 14 ft. Weighing 9 ounces,
less cord, the Model 7 is ielatively light.
Electrically, the phones are designed to he
driven from any amplifier with a 4-16-ohm
output, at a maximum level of 1 watt per
phone.

The Model 770 is a more conventional
appearing phone that utilizes moderate-
sized earcups molded of plastic with a wal-
nut-grain finish. Like the Model 7, the Mod-
el 770 features liquid-fil'ed cushions and an
integral 14-ft coiled cord. The metal head-
band is adjustable over a s~mewhat greater
range of sizes than that of the Model 7. The
19-ounce weight of the Model 770 is about
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average for dvnamic headphones. Each
carcup has its own level control and is pro-
tected aguinst overload by a 3/10-ampere
fuse. While the Model 770 is rated at the
same nominal impedance as the Model 7,
its efﬁcien(-y rating is somewhat lower,

Test Results. The frequency response of
the phones was measured with a simple
coupler arrangement consisting of a flat plate
with a calibrated microphone mounted flush
with the plate’s surface. The earcup of the
phone was placed against the plate, centered
over the microphone, and weighted with
I pound.

A S\\'Cep-frequelwy signul was used to
drive the phone through an audio amplifier
whose output voltage was constantly mon-
itored. The microphone’s output was plotted
on a synchronized chart recorder. The abso-
lute pressure calibration of the microphone
allowed us to determine the actual sound-
pressure level (SPL) from the earcups.
Tone-burst signals were fed to the phones to
check their transient respounse at various fre-
quencies, and the microphone’s output wave-
form was photographed to show typical
tone-burst response. The electrical imped-
ance of the phones was plotted between 20
and 20,000 Hz, while harmonic distortion
was measured at 1000 Hz at several SPLs.

The fx'equency response curves obtained
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with the coupler are as irregular as those
obtained from most loudspeakers when
taken in a normally “live” room—and for
the same reason. Internal reflections and
resonances in the volume between the ear-
piece diaphragms and the microphone affect
the response at the higher frequencies. Al-
though a similar effect occurs in the wearer’s
ear cavity, phones are (or should be) de-
signed to give their best results on 2 human
head, rather than when they are coupled to
an “artificial ear.” Nevertheless, these mea-
swements do provide some insight into the
behavior of the headphone.

Both headphone models had strong, usetul
outputs up to at least 16,000 Hz. The Mod-
el 770’s response was smoother above 2000
Hz, but the measured differences were not
great. However, its output was quite uniform
down to 100 Hz, while the output of the
Model 7 began to drop off below 250 Hz.
The actual low-frequency response depends
on the tightness of the earcup seal, but the
Model 770 had tvpically about 10 dB more
output than the Model 7 at all frequencies
below 100 Hz, relative to the midrange level.

Both phone models had very uniform im-
pedances across the full frequency range.
The Impedance of the Model 7 measured
20 ohms, while that of the Model 770 mea-
sured 16 ohms. Both models had similar, and
good, tone-burst response at all frequencies.
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The most obvious difference between the
measured performance of the two phone
models was in their sensitivities and max-
imum output levels. With a 1-volt drive sig-
nal, the output of the 770 was typically be-
tween 80 and 90 dB, a comfortable but not
particularly loud level. With the same drive
signal applied, the Model 7’s output of 100-
110 dB was very loud.

This is also reflected in the distortion
measurements. The Model 7 had onlv 1.2
percent distortion at 100 dB SPL, 1.7 per-
cent at 110 dB, and 2.6 percent at an ear-
splitting 120 dB level. For the Model 770,
the distortion was 2 percent at 90 dB, 2.3
percent at 100 dB, and 4.7 percent at 110
dB.

The fuses in the Model 770 blew at lev-
els only slightly greater than 110 dB. The
unprotected Model 7 did not fare as well,
and one earpiece element was burned out
when we attempted to reach a 130-dB level.
Of course, at these extremely high levels,
hoth  phone models were being driven
l)eyond their maximum power ratings.

User Comments. The Model 7 was com-
fortable to wear, but its ear cushions were
not very effective in excluding external
sounds. On the other hand, the Model 770
has the best sound isolation we have ever
observed with a headphone.

Although the Model 7 sounded good
(better than average, in fact, when com-
pared with other phones in its price range),
the Model 770 was notable for its excep-
tionally smooth, wide-range sound. Its lis-
tening ease and freedom from coloration
were instzmtl_v apparent. Owing to its low
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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 U.S.A.
Send check or money order with order to:

i -
“Tri-Star Corporation

Dept. W, P. O. Box 1946
Grand Junction, Colorado 81501
DEALER INQUIRIES INVITED
CIRCLE NO. 43 ON READER SERVICE CARD

TUNER SERVICE

VHF, UHF, FM or IF Modules . ..

... All Mc:l.<es
Fust 3R hr. Service!

1 YEAR GUARANTEE

VHF-UHF-FM $ 9.95
UV-COMB. $16.95
{F-MODULE $12.50

Major Parts charged at Net Price
P.1.S. iz overhauling more tuners for
more technicians than any other
tuner company in the worid!

LIKE TO DO 1T YOURSELF?
Send ore Dollar (redeemable; for our
60 pages of top information

TUNER REPLACEMENT GUIDE AND
PARTS CATALOG
For tastest service, send faulty tuner with
tubes, shields and all hroken parts to:

PTS ELECTRONICS, INC.

" Peasion "Juner Sewce” !

HOME QFFICE—
Hox 272 » Bloomington. Ind. 47401 » Tel. 812, 824.9331

WEST -
Box 41354 » Sacramento. Calif. 95811 » Tel. 918, 482-6220

SOUTH—
Box 7432 e Longview, Tex. 73601 o Tel. 214, 753-4334

SOUTHEAST—

Box 6B81 ¢ Jacksonville, Fia. 32205 » Tel. 904, 389-9952
EAST—

Box 3180 ¢ Springfield. Mass. 01103 ¢ Tel. 413, 734-2737
MOUNTAIN—

Rox 4243 ¢ Denver. Colo. 80204 ¢ Tel. 303. 244-2818

CIRCLE NO. 30 ON READER SERVICE CARD
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sensitivity, the Model 770 could not be
driven to an uncomfortablv loud volume lev-
el with any amplifier or receiver at our
disposal, including some in the 50 to 60-watt
per channel class.

Unlike the majority of stereo headphones
available, the Sharpe models have the
“right” earcup elements connected to the tip
of the phone plug; so, with most receivers.
this will reverse the left and right channels.

10,000-Hz | 't}
ITONE BURST ,-I||
| 1!

However, the symmetrical design of the
phones allows the earcups to be reversed on
the user’s head to compensate for this.

One would espect the Model 770 to be an
outstandingly good headphone, selling as it
does for $100. Tt certainly is. But the $19.95
Model 7 also acquitted itself admirably,
making it clear that performance in head-
phones does not necessarily improve in
direct proportion to increasin g prices.

Circle No. 66 on Reader Service Card

FANON/COURIER FANFARE 200 CB TRANSCEIVER

EING a 23-channel, crystal-synthesized

rig. the Fanon/Courier Fanfare 200 is
musual since it is one of the few small CB
transceivers available with this coverage fea-
ture. Measuring just 8”7 x 5%” x 1%” and
weighing just 3% pounds, the transceiver
is designed primarily for mobile use. It op-
erates at the maximum legal power from a
nominal  13.8-volt  dc negative-ground
source. In spite of its compact dimensions,

the transceiver will do a job comparable to
manv of the larger base-station rigs.

Besides the channel selector dial, the front
panel of the Fanfare 200 contains the usual
volume and adjusta])le-squelch controls, plus
a meter that automatically indicates signal
strength in § units on receive or relative out-
put power on transmit. Public address oper-
ation is also featured through an external-
speaker jack and is put into operation by
pushing a button located on the front panel.

The Fanon/Courier Fanfare 200 CB
transceiver lists for $110 and includes a
mobile mounting bracket and hardware and
a dynamic push-to-talk microphone.

Technica! Information. The Transceiver
has 20 transistors, one IC, and six diodes.
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Double conversion is employed in the re-
ceiver section. The first conversion is obtain-
ed by heterodyning against the frequency
synthesizer’s output to produce a frequency
of 11,275 kllz that eusures a greater-than-
80-dB image signal rejection. The second
conversion, down to 435 kHz. is obtained by
heter()(]yning with an 11,730-kllz c¢rystal
signal where sclectivity is obtained through
the use of a mechanical filter to provide the
necessary bandpass for good voice intelli-
gibility. At the same time. the adjacent-chan-
nel selectivity is rated at 50 dB. However.
with our test unit. some assvmmetry resulted
in a rejection of 30 dB on the low-chamel
side aud more than 60 dB on the high s'de.

With bipolar transistors used in the r-f and
mixer stages and bandpass coupling for uni-
form gain over the band. the overall sens‘tiv-
ity of the receiver was 0.5 pV for 10 dB
(S+N)/N. This was slightly better than the
manufacturer’s specified rating of 0.7 pV.
The measurement was made with the signal
modulated 30 percent at 1000 Hz. the fre-
gquency specified by EIA standards. This
makes the receiver look better than when
using the older standard test frequency of
400 Hz, particularly in the case where re-

ceiver response falls off 6 dB at 400 Hz. On
the other hand, the low-trequency volloff
does provide somewhat hetter voice read-
abilitv, thus providing more effective sensit-
ivity,

A single IC after two 455-kHz i-f stages
functions as the detector and a series-type
full-time limiter. The age also is derived
from the IC and is amplified in a setup that
holds the a-f output change to 11 dB with an
80-dB r-f input change (1-10,000pV), a
3-dB change occurring at an input of 1-10
#Vo A 100-pV signal was 1'equired to pro-
duce an $9 meter reading

Under moderate impulse-noise conditions,
the noise limiter was ;1dequute. But where
high ignition noise is encountered, we would
have liked to have seen more effectiveness
from the automatic noise limiter. The
scquelch. triggered through the age, eases in
and out smoothly and could be adjusted for
thresholds of 0.3-625 V.

The measured audio output power at
1000 Hz into an 8-ohm load was 2 watts
with 4 percent distortion (2.5 watts with 10
percent distortion). This power is also avail-
able at the external-speaker jack for PA
service. A speaker plugged into this jack can
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also be used for the receiver output, but
only when the PA setup is engaged.

Transmitter. The frequency synthesizer
employs various additive combinations of
crystals at frequencies in the area of 23,440
and 14,950 kHz. Its output is then mixed
with an 11,275-kHz crystal signal for an
on-channel signal for the transmitter. Band-
pass filters at the synthesizer and mixer out-
puts minimize spuricus responses. The signal
then goes to the driver and the r-f power
amplifier that has a dual-pi 50-ohm outpnt
network and a TV filter.

Powered by a 13.8-volt dc source, the
transmitter generated a 3.25-watt carrier
output. With the driver and PA collector
modulated by the receiver’s class-B output
stage, the modulation characteristics were
among the best we have encountered, as in-
dicated by nice waveforms at full 100 per-
cent modulation with only 4 percent distor-
tion. A modulati()n-limiting svstem in a
feedback-type compression setnp maintains
a relatively high signal level without the
excessive distortion experienced in many
limiting systems. With 10 dB of limiting
above the point required for 100-percent
modulation, the distortion held to within 10
percent.

We found that the amount of compressi()n

set at the factory was a bit too low to hold
the limiting action within the above degree
during normal voice operation, in which
case, the distortion could rise higher.

The response of the transmitter was —3
dB at 300 Hz and —1 dB at 3000 Hz (re-
ferred to 1000 Hz) which, together with the
limiting action, maintains a signal of excel-
lent quality. At an 80° ambient temperature,
the overall frequency tolerance held within
0.0018 percent on all channels.

General Comments. The Fanfare 200 can
be operated from dc sources ranging from
a low of 10.8 volts to 15.6 volts. At a nomi-
nal 13.8 volts, the current drain on receive
is 250 mA. while on transmit, it is 800 mA
with unmodulated carrier and 1.1 A with
modulation.

The window for the channel-selector dial
is quite small. Unless the transceiver is
mounted in a sharply tilted upward position,
the overhanging lip of the bezel somewhat
obscures the numerals, making identification
of the channel a bit difficult.

The fine readability of received signals and
the excellent modulation characteristics of
the transmitter overshadow any minor short-
comings in this transceiver. Add to this the
fact that the Fanfare 200 is very low priced
for the features it offers.

Circle No. 67 on Reader Service Card

RCA MODEL WE-130A SOUND LEVEL METER

11

LTHOUGH you might not consider a
sound level meter (SLM) as a piece of
test gear, such a device can play an impor-
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tunt role in veur life and in the lives of others
around vou. One way or another, we are all
affected I)_\' acoustic noise. In some cases,
the noise is almost subliminal and although
the effect is not felt at once, it can pile up
to reveal itself as nervousness and irritation
after a while. In other cases, the noise is of
sufficient amplitude and duration to cause
emotional damage.

Some published reports claim that as
many as 10-million workers may have hear-
ing 'pr()l)lems stemming  from noisy  work
areas. Other rescarch has linked noise to
such ills as mental distress and heart disease.
In Germany, for example, a recent study
indicated that workers operating in a high
noise environment suffered a higher inci-
dence of heart disorders, circulatory prob-
lems, and equilibrium disturbances than
workers functioning in a less noisy environ-
ment. A number of medical men are almost
certain that on-the-job noise is a factor in
certain types of neurotic and psychotic be-
havior.
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Standards have been drawn up for human
tolerance to noise. Sound amplitudes up to
about 80 dB are considered to be in the safe
area. Those sounds between 85 and 90 dB
are on the borderline of danger. All sound
amplitudes of 90 dB and greater represent
a definite danger to hearing. Exposure to
the latter levels for even a relatively short
time can cause loss of hearing and possibly
the other problems previously mentioned.

Sound level meters have been available
to the professionals for quite some time at
prices that the average amateur could not
afford. Now, however, several manufac-
turers are marketing relatively inexpensive
SLM’s. RCA’s new Model WE-130A sound
level meter, retailing at $75, is a good ex-
ample of a low-cost SLM. Although it mea-
sures only 6%” by 3” by 27 and weighs only
114 ounces, this battery-powered (four AA
cells) SLM can be used to measure sound
intensities ranging from 70 dB through 110
dB on a unique scale. A green area on the
scale indicates the 70-85-dB “safe” zone. a
yellow area indicates the 85-90-dB border-
line danger zone, and a red area indicates
the definitely dangerous 90-110-dB zone.
Weighted “A” to simulate human hearing.
the range of 70 to 110 dB was selected to
cover only the range of human tolerance.
The colored zones are also marked off in dB
for actual measurements.

The WE-130A SLM comes in a heavy-
duty case with a shoulder strap. The instru-
ment itself is supplied with a neck lanyard
for safety. A Velcro fastener is used to keep
the case closed.

To use the SLM, one onlv has tn point the
scensitive microphone  “front end” in - the
direction of the sound source and depress
a switch. The meter is designed with a slow
reaction time to pr()\’idc an average indi-
cation of rapidly fluctuating noises; without
this feature, the SLM would be extremely
difficult to use if its pointer responded to
every peak and null,

The SLM was designed to measure the
possible fatigue-producing noise levels of
factories. construction sites, heavy traffic
arcas, schools, and offices. It can also be
used to determine the relative amplitudes of
PA svstems and home audio equipment.
Lightweight and compact as it is, the WE-
130A is a useful tool to hoth the professional
and amatewr for nu)nitoring sounds emanat-
ing from lawnmowers. snow blowers, power
saws, and marine engines as well as to test
the efficiency and effectiveness of sound in-
sulating tiles, pads, baftles, and walls that
have been installed to reduce noise levels.

We checked the WE-130A against a labor-
atory-quality SLM and found it to be well
within the manufacturer’s specifications. It
tracked the lab meter quite well.

Circle No. 68 on Reader Service Card

HEATHKIT MODEL GC-1005

ACCORDINC to the hands on our old
wall clock, it was a “quarter to nine”
when we arrived at the office to begin the
workday. That is the way most of us “read”
time—after interpreting what is meant by
the various positions of the hands on the
dial face, we put the number of minutes to
or after the hour first and follow with the
hour, forgetting the seconds altogether. But
with the new breed of numeric-readout dig-
ital electronic clocks on the market, one is
forced to tell time in the proper manner.
So, a glance at our Heathkit Model CC-
1005 digital clock told us that our actual ar-
rival time was a more precise 8:45:36 a.m.
Telling time by the digital method is actu-
ally no more difficult than it was to tell time
“by the hands.” Once one gets over the ini-
tial awkwardness of having the time dis-
played by hours, minutes, and seconds in
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DIGITAL ELECTRONIC CLOCK

that order, telling the time is easy. It is
faster too, because you do not have to inter-
pret what the numbers mnean.

Heath’s GC-1005 digital clock can be used
in any room of a home or office. For those
areas where reading time at a distance is
the norm, the readouts provided are gas-
discharge 7-segment Sperry Rand SP-352
wnits whose extra-large numerals are clearly
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legible at distances of 25 ft or more. A unique
alarm feature makes the clock ideal for bed-
room use.

When assembled, the clock is fully en-
closed inside a plastic case with a simulat-
ed walnut top and black end panels. The
front panel contains a full-width readout fil-
ter behind which are an a.m./p.m. indicator
and six numeric readouts arranged in pairs
for hours, minutes, and seconds.

The case measures 77 X 57 X 2%” in over-
all dimensions and weighs a mere 3 1b. The
retail price of the kit from the factory in
Benton Harbor, Michigan, is onlv $54.95,
making it perhaps the least expensive sophis-
ticated digital electronic clock around.

Technical Details. All of the digital logic
functions of the clock are performed inside
one of the most complex and sophisticated
MOS/LST clock chips currently available
This single 24-pin IC can be externally pre-
programmed to provide either a 12- or a
24-hour time format and to permit the clock
to utilize either 50- or 60-Hz line power
frequencies, depending upon whether or not
certain jumpers are installed on « FC board.
Aside from the usual counting and decoding
functions performed by all clocks, the LST
chip also has a built-in strobe, or multiplex-
ing, circuit for the displav and a program-
mable alarm circuit.

The alarm circuit is designed to operate
on a 24-hour duty cvele (two 12-hour cycles
in the event that the board is wired for a
12-hour time format), sounding only once in
a given 24-hour period. Unique to this alarm
circuit is a “slumber” feature that permits
the user to operate a spring-loaded slide
switch to disable the alarm’s gentle “beep”
for 7 minutes, after which the alarm again
sounds. The slumber switch can be operated
as often as desired for up to one hour after
the alarm initially sounds.

The use of a single LSI chip to perform
all of the digital logic functions in the clock
minimizes the number of discrete compon-
ents needed to 21 transistors, 12 diodes, a
handful of coupling and filtering capacitors.
and about six dozen biasing and ropping
resistors. Seven of the transistors are used to
strobe the segments of all readouts simul-
taneouslv. Twelve others strobe the readout
stages and provide high-voltage isolation for
the LST chip. Another transistor is used to
drive the alarm speaker, and a final one is
used in the alarm-set circuit.

Six slide switches are provided for control-
ling all alarm and time setting functions. On
the rear panel are the aLara ON/OFF and
SNOOZE ALARM switches where they are easy
to get at. The less used TIME-HOLD, ALARM-
SET, MINUTES SET-AHEAD, and HOURS SET-
AHEAD switches are all located on the bottom
of the cabinet.

General Comments. Our Heathkit Model
GC-1005 digital electronic clock arrived in
kit form. Having in the past assembled clock
kits built around a multitude of IC’s and
circuit boards, we anticipated a long, tedious
time of kit building. However, we were
pleasantly surprised to find that this was one
of the easier kits in our experience. After
flipping through the assemb’v/operating
manual supplied with the kit and noting how
few parts were to be mounted onto just two
printed circuit hoards (one for the readout
assembly, the other for the logic and power
suppl_v), we were eager to get started. So,
in about 4% hours, we had cur clck ready
for the acid test. Assembling the kit posed no
particular problems except that the MOS/
LSI chip required special handling to avoid
damaging it through static electricity.

When we first plugged the clock’s line
cord into the a-c outlet, the display indicated
all 8%, the normal condition for a properly
operating clock of this type. (All 8 also
show up when power has been interrupted
to the clock for more than a few seconds to
tell the user to reset the time.) Once we
knew that the clock had no problems, we
quickly set it to the proper time with the
aid of the TIME-HOLD, MINUTES SET-AHEAD,
and HOURS SET-AHEAD switches. We also set
the alarm with the aid of the ALARM-SET
switch. Everything worked without a hitch.

Circle No. 69 on Reader Service Card
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g? MAC'’S SERVICE SHOP

Leakage Current Testing
and Using Square Waves

APRIL was never more welcome. The win-

ter had been long and cold and bitter,
filled with natural and man-made disasters;
but now it was over and spring had returned
just as, mercifully, it always does.

Burnev came skipping thr()ugh the front
door of the service shop and gently laid a
long-stemmed yellow tulip atop Matilda’s
typewriter; then without a word to the aston-
ished office girl, he went on back to the ser-
vice department, where he found Mac, his
emplover, examining two new instruments
resting on the service hench.

The larger, at first glance, looked like a
conventional bakelite-cased VOM, but let-
tering on the front revealed it was a “Simp-
son Model 229 Leakage Current Tester.”
The range switch had positions designated:
OFF, BATT TEST, 150 VAC, SHORT TEST,
10mA, 3mA, ImA and .3mA. There were
matching scales on the meter face.

“What do you do with that odd-ball me-
ter?” Barney asked.

“You measure the amount of 60-Hz cur-
rent that flows from an electrical line con-
ductor to the metal exterior of an electrical
device and thence through an electrical sim-
ulation of a human body to an earth ground.
Such a dangerous current flows when there
is a conductive path, resistive or capacitive,
between the hot wire of the device and the
case and when the person using the electric
drill, hedge-clipper, sander, or what have
you simultaneously touches the case and a
grounded object.

“This current flows because one side of
the 117-volt, single-phase, two-wire line is
grounded at the pole transformer and again
at the electrical entrance to the building.
That means you do not have to touch both
wires simultaneously to be shocked. All you
have to do is to establish a return circuit
between the ‘hot’ wire and the earth. You
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By John T. Frye, WOEGV, KHD4167

can prove this to vourself by connecting a
117-volt bulb between the hot wire and a
water pipe. The bulb will burn almost as
brightly as if it were commected across both
wires of the line. It will also burn, although
usually less brightly, if a poor ground such
as a metal stake driven into the earth
is used.

“The American National Standards Insti-
tute suggests the circuit I've drawn there on
the blackboard to test for leakage current.
As you can see, one lead of a meter whose
characteristics correspond to their specified
standards—and this one does—is connected
to the grounded neutral conductor. The
other meter lead is used to probe the case or
any exposed metal parts of the appliance be-
ing tested. The ac line is connected to the
appliance through switches SI and S2. All
switches on the appliance are turned on.

“With S1 open, only the hot wire is con-
nected to the electrical circuit, and the re-
turn path from the case to the grounded lead
is through the meter. With S§1 closed, power
is applied normally to the device being test-
ed, but leakage current reaching the case still
returns to ground through the meter because
the ground pin socket of the 2-pole, 3-wire
grounding type socket is left open for these
tests; otherwise any leakage current would
bypass the meter. S2 reverses the hot and
ground wire connections to the appliance.
Motor operated appliances are tested under
‘no load” conditions. Heating appliances are
tested at maximum heat setting of controls.”

“Why reverse the line cord connections?”

“Because, if the leakage path happened
to be between the grounded lead and the
case, no leakage current would be present;
but when the line plug was reversed, the path
would be between the hot lead and the case
and leakage current would appear. Take that
signal tracer of ours. With S2 in one position,
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no leakage current is seen; but in the other
position, 2.25 mA of current passes from the
case through the meter.”

“A partial short from one end of the trans-
former primary to the core, huh?”

“No, although that could happen. The
leakage current path is through an 0.05
capacitor from one side of the line to the
chassis, which is bolted to the case. The re-
actance of this capacitor at 60 Hz is about
53,000 ohms, which will pass almost precise-
ly 2.25 mA of current when subjected to 117
volts, as happens when the side of the line to
which the capacitor is connected is hot.”

Resistance of Body. “You say that meter
simulates the resistance of the human body
to electrical current. How does it do that?”

“By presenting a terminal impedance of
1500 ohms noninductive resistance shunted
by 0.15 uF of capacitance. This is the
experimentally determined 50 percentile
threshold-of-perception-curve value deter-
mined by Charles F. Dalziel and others for
an average human being in an average
environment of temperature, pressure, hu-
midity, etc., when subjected to small ac or
dc currents. Remember that name of C.F.
Dalziel. Youre going to hear much more
about him when we talk about the biological
effects of electric shock in the near future.
But for now, remember the impedance of
the human body to electrical current can
vary tremendously from this value under
non-average conditions. Also health and
other conditions can affect the individual’s
tolerance to electric shock. That’s why the
maximum leakage current for appliances is
set by the ANSI at only 0.5 mA, although
most human beings cannot feel even the
faintest tingle of electricity until the current
is twice this value. The Underwriters” Labo-
ratories feel that this 0.5-mA value of leak-
age is not likely to produce such adverse
effects as ventricular fibrillation, inability to
let go of a current-carrying device, or an
involuntary reaction which can result in in-
jury from secondary causes (e. g. fall from
a ladder, spill hot liquids, etc.)”

“Then why does that meter have all those
current ranges?”

“So it can be used to detect everything
from a direct conductor-to-case shortcircuit
to very small leakage currents produced by
damp insulation or carbon dust paths. Note
this instrument is designed to perform one
specific job: to measure leakage currents of
appliances in accordance with American
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National Standard specifications. We're go-
ing to use it to test all our instruments and
electrically operated tools for leakage on a
routine basis and to check every set we work
on to make sure it is safe for the customer to
use. [ suggest you take it home with you and
check all your tools and all the appliances
in your mother’s kitchen: refrigerator, dish-
washer, toaster, mixer, blender, etc. After
you do you'll probably conclude as 1 have
that only a careless idiot employs a cheater
plug so he can use his three-wire hedge
clipper ungrounded with a two-wire ex-
tension cord. He’s usually asking for it.”

APPLIANCE

B Sahe

METER

T VAC

T ]/ o

Circuit suggested by American Nation-
al Standards to check leakage current.

What's a Pipper? Barmey didn’t answer.
He had picked up the other smaller instru-
ment from the bench and was examining it
curiouslv. It was a little tan-colored metal
box about 2%” X 2”7 x 1%” with a BNC
connector sticking out one end and a control
knob and a slide switch on top. One switch
position was marked rFast and the other
SLOW.

“Who is ‘TFE’ and what is a ‘PP-1A"?"
Barney read from the little case.

“TFE is the manufacturer of that little
gem. The lctters stand for “Tools for Elec-
tronics,” P.O. Box 2232, Denver, Colorado
80201. The PP-1A tells you that is a 1A
Model of the Pocket Pipper,” Mac explained
with an anticipatory grin.

“A pocket what?” Barey asked incredu-
lously.

“Pipper. Actually it's a miniaturized, so-
phisticated, battery-powered, fast rise-time
step generator that puts out pu]ses of stepped
voltage with repetition rates of either 2 kHz
or 200 kHz. Open circuit output voltage is
about 500 millivolts, which falls to about
% this value when working into the output
impedance of 50 ohms. But listen to this:
the rise time of that stepped voltage is less
than 2 ns when working into a 50-ohm load.,
the following flattop is free of overshoot and
ringing, and the fall time is about 5 ns. When
working into an open circuit, the rise time
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only increases to about 3 ns while the fall
time increases to about 20 ns. The open
circnit rise and fall times cannot be measured
exactly because scopes with sufficient band-
width to measure them have 50-ohm inputs.”

“What on earth is inside that little box?”

“A few ordinary components and some
e,\'tmor(]imn'y ingenuity. Two transistors are
nsed to form a free-running multivibrator.
The square wave output at the collector of
one of these drives another transistor as an
emitter follower. The emitter load of this
transistor is a tunnel diode. Now vou will
recall that a tunnel diode can be biased so
that only a very small change in applied
voltage will switch it with great rapidity
from a high-voltage to a low-voltage state,
and vice versa. The control on top of the
Pocket Pipper is used to adjust the bias to
that condition. Then the square wave from
the multivibrator feeding through the emit-
ter follower triggers the tunnel diode back
and forth between the high and low voltage
states and produces the square-wave-like
waveform. But let me show you.”

Mac slipped a BNC connector carrying
about three inches of coax into the Pocket
Pipper connector and clipped the leads of
the bench scope to the conductor and shield
of the coax. He adjusted the scope sensitivity
for 100 millivolts/cm and the sweep for 100
microseconds/cm. With the slide switch of
the PP-1A in the sLow position, he turned
the control knob clockwise from the oFr
position. A couple of cycles of a square-
wave-like trace, about % cm high, appeared
on the scope. As Mac advanced the control,
the trace suddenly jumped up to a height of
more than 5 ¢m. But now only the hori-
zontal lines marking the tops and bottoms
of the square waves could be seen clearly.
The bottom lines had curious little up-anil-
to-the-right hooks on their right ends. Only
by advancing the brightness awav bevond
normal could the vertical rise and fall lines
be made out dimly.

“Those little hooks on the bhottom lines
show the increase in the triggering voltage
on the tunnel diode just hefore it switches,
“Mac explained. They're not involved in the
rise time that’s defined as the time it takes a
stepped voltage to increase from 10% to
90% of the final value. Now let’s look at the
200-kHz output.” He readjusted the scope
sweep to lus/em and switched the Pocket
Pipper to rFast.

“Oh, oh!” Barney exclaimed. “The wave-
form’s not so good on that speed. Look at
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the overshoot and ringing.” Sure enough,
there was about 7 or 8% overshoot of the
leading edges of the square waves and a
definite wrinkling of the first part of the
horizontal lines.

Scope Makes Difference. “That’s what T
thought until I got suspicious and had a
friend take a look at the output of the PP-
1A on his Tektronix 547,1A1 scope,” Mac
said. “Not a trace of overshoot or ringing
appeared on it at the Fast speed. The vertical
amplifier of our scope simply isn’t up to
handling a 200-kHz stepped voltage with
that fast a rise time without distorting it.”

“Why not? Our scope has a bandwidth
out to 5 MHz.”

“The trouble lies in hoav the vertical am-
plifier response tapers ofl on the high end.
Our vertical amplifier falls off too abruptly
because the high end has been overcompen-
sated by propping it up with peaking cir-
cuits. Ideally, the response of an amplifier on
the high end should follow a gaussian curve
in which the response at twice the 3-dB
down frequency is only down 12 dB. It’s a
smoothly tapering curve like this,” Mac said,
itlustrating with a hand wave.

“Why, Mac, I didn’t think vou'd noticed
my figure!” Matilda said from the doorway
where she was striking her best starlet pose,
leaning back against the jamb, her back-
flung head cradled in her hand, lips parted,
and holding the stem of the vellow tulip
between her teeth.

“Back to your typewriter, wench!” Mac
said, getting red in the face. “It’s getting so
a man can’t talk sense around here. Anyway,
Barnev, I've long wanted a really fast rise
time generator we can use to test, for ex-
ample. video amplifiers for bandwidth, rise
time, and transient response. Our old square
wave generator is perfectlv adequate for
most of our requirements, but its rise time
of 2 microseconds is too slow to trigger
transients in extended-range amplifiers. Still
I can't afford to put $300 or so into a fast
rise time pulse generator we need only
occasionally. But this little gem costs only
$12.95 in kit form and will serve our needs
handily. Why are you grinning like a Chessy
cat?” he hroke off.

“I was just thinking that now you're not
going to be happy until you get a scope that
can keep pace with that Pipper.”

Mac tried to scow! but couldn’t quite man-
age it. “Some people around here are getting
just a little too smart,” he growled. @®
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One of our
most successful students
wrote this ad!

Harry Remmert decided he
needed more electronics
training to get ahead. He
carefully “’shopped around”’

for the best training he could
find. His detailed report on why
he chose CIE and how it worked
out makes a better "’ad’’ than
anything we could tell you.
Here’s his story, as he wrote it
to us in his own words.

By Harry Remmert

66 A FTER SEVEN YEARS in my present position, I was made
painfully aware of the fact that I had gotten just about
all the on-the-job training available. When I asked my
supervisor for an increase in pay, he said, “In what way
are you a more valuable employee now than when you
received your last raise?” Fortunately, I did receive the
raise that time, but I realized that my pay was approach-
ing the maximum for a person with my limited training.
“Education was the obvious answer, but I had enrolled
in three different night school courses over the years and
had not completed any of them. I'd be tired, or want to
do something else on class night, and would miss so many
classes that I'd fall behind, lose interest, and drop out.

The Advantages of Home Study

“Therefore, it was easy to decide that home study was the
answer for someone like me, who doesn’t want to be tied
down. With home study there is no schedule. I am the
boss and I set the pace. There is no cramming for exams
because I decide when I am ready, and only then do I
take the exam. I never miss a point in the lecture because
it is right there in print for as many re-readings as I find
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Harry Remmert gives his CIE Electronics course much of the credit for
starting him on a rewarding career. He tells his own story on these pages.

neccessary. If I feel tired, stay late at work, or just feel lazy,
I can skip school for a night or two and never fall behind.
The total absence of all pressure helps me to learn more
than I'd be able to grasp if I were just cramming it in to
meet an exam deadline schedule. For me, these points
give home study courses an overwhelming advantage over
scheduled classroom instruction.

“Having decided on home study, why did I choose CIE?
I had catalogs from six different schools offering home
study courses. The CIE catalog arrived in less than one
week (four days before I received any of the other cata-
logs). This indicated (correctly) that from CIE I could
expect fast service on grades, questions, etc. I eliminated
those schools which were slow in sending catalogs.

FCC License Warranty Important

“The First Class FCC Warranty* was also an attractive
point. I had seen “Q” and “A” manuals for the FCC exams,
and the material had always seemed just a little beyond
my grasp. Score another point for CIE.

*CIE backs its courses with this famous Money-Back Warranty: when you
complete a ClE,Incenu preparation course, you'll be able to pass your FCC

exam or be entitled to a full refund of all tuition paid. Warranty is valid
during completion time allowed for your course.,
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“Another thing is that CIE offered a complete package:
FCC License and technical school diploma. Completion
time was reasonably short, and I could attain something
definite without dragging it out over an interminable num-
ber of years. Here I eliminated those schools which gave
college credits instead of graduation diplomas. I work in
the R and D department of a large company and it’s been
my observation that technical school graduates generally
hold better positions than men with a few college credits.
A college degree is one thing, but I'm 32 years old, and
10 or 15 years of part-time college just isn’t for me. No,
I wanted to graduate in a year or two, not just start.

“When a school offers both resident and correspondence
training, it's my feeling that the correspondence men are
sort of on the outside of things. I wanted to be a full-fledged
student instead of just a tag-a-long, so CIE’s exclusive
home-study program naturally attracted me.

“Then, too, it’s the men who know their theory who
are moving ahead where I work. They can read schematics
and understand circuit operation. I want to be a good
theory man.

“From the foregoing, you can see I did not select CIE
in any haphazard fashion. I knew what I was looking for,
and only CIE had all the things I wanted.

Two Pay Raises in Less Than a Year

“Only eleven months after I enrolled with CIE, I passed
the FCC exams for First Class Radiotelephone License
with Radar Endorsement. I had a pay increase even before
I got my license and another only ten months later.

“These are the tangible results. But just as important are
the things I've learned. I am smarter now than I had ever
thought I would be. It feels good to know that I know what
I know now. Schematics that used to confuse me completely
are now easy for me to read and interpret. Yes, it is nice to
be smarter, and that's probably the most satisfying result
of my CIE experience.

Praise for Student Service

“In closing, I'd like to get in a compliment for my Corre-
spondent Counselor who has faithfully seen to it that my
supervisor knows I'm studying. I think the monthly reports
to my supervisor and generally flattering commentary have
been in large part responsible for my pay increases. My
Counselor has given me much more student service than
“the contract calls for,” and I certainly owe him a sincere
debt of gratitude.

“And finally, there is Mr. Tom Duffy, my instructor. I
don’t believe I've ever had the individual attention in any
classroom that I've received from Mr. Duffy. He is clear,
authoritative, and spared no time or effort to answer my
every question. In Mr. Duffy, I've received everything I
could have expected from a full-time private tutor.

“I’'m very, very satisfied with the whole CIE experience.
Every penny I spent for my course was returned many

For men with prior electronics training . ..

Electronics Engineering Course

. .. Covers steady-state and transient network theory, solid-state

hysics and circuitry, pulse i logic and mathe-
matics through calculus. A college-level course for men already
working in Electronics.

times over, both in increased wages and in personal
satisfaction.”
R T e e ——

Perhaps you too, like Harry Remmert, have realized that
to get ahead in Electronics today, you need to know much
more than the “screwdriver mechanics.” They're limited
to “thinking with their hands”...learning by taking
things apart and putting them back together . . . soldering
connections, testing circuits, and replacing components.
Understandably, their pay is limited —and their future, too.

But for men like Harry Remmert, who have gotten the
training they need in the fundamenrals of Electronics, there
are no such limitations. He was recently promoted, with
a good increase in income, to the salaried position of Senior
Engineering Assistant working in the design of systems to
silence submarines. For trained technicians, the future is
bright. Thousands of men will be needed in virtually every
field of Electronics from two-way mobile radio to computer
testing and troubleshooting.

Send for Complete Information — FREE

Many men who are advancing their Electronics career
started by reading our illustrated school catalog, “Succeed
in Electronics.” It tells of the many electronics careers
open to men with the proper training. And it tells which
courses of study best prepare you for the work you want.

If you’re “shopping around” for the training you need
to move up in Electronics, this interesting book may have
the answers you want. We'll send it to you FREE. With it,
we'll also include our other helpful book, “How To Get A
Commercial FCC License.”

To get both FREE books, just fill out and mail the
reply card. For your convenience, we will try to have a
representative call. If card is missing, use coupon below.

APPROVED UNDER G.L BILL

All CIE career courses are approved for educational ben-
efits under the G.I. 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 To Get A Commercial FCC License.”

| am especially interested in:
[ Electronics Technology
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|
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| [ Electronic Communications
| [0 Broadcast Engineering
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[ Industrial Electronics

[ First Class FCC License [ Electronics Engineering
[ Electronics Technology with Laboratory
Name.
(Please Print)
Add
City.
State. Zip. Age.

[ Veterans & Servicemen: Check here for G. 1. Bill informationP
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Hobby Scene)

X

SOLVING SOME UNUSUAL PROBLEMS

Q. How can I convert my low-cost cassette
tape recorder so that it will accept more
than one microphone?

A. Try this circuit. When you build it, check
that the collector voltage of the transistor
is about half the supply voltage. Current
drain is low and the battery should last a
long time.

25.6K
1.8M 3
HEPso ) I¥F. +
oV __—_
12K I
T0
RECORDER
INPUT

Q- Do you have a simple, low-cost amplifier
for general use with a crystal set, phono
pickup, etc.?

A. The circuit shown below will deliver
about % watt into a speaker of 15 ohms or
so, and it uses a minimum of parts. If the
amplifier shows any signs of high-frequency
instability, hook a 500-pF capacitor between
pins 1 and 2.

INPUT SuF
o—
I+

2 3
HEP C6003

—+
oV
100pF +I
‘
I— . T' 100pF
voLUMES 00w

oKz 10K
SPKR
8-150
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Q. The tuning dial of my shortwave receiver
is pretty close, but not really exact. When 1
set it to WWYV, it stays reasonably accurate
in that area but gets worse the further from
WWYV I get. Is there some way to keep my
dial calibrated?

A. We get many similar requests about this
subject. Probably the best approach here is
to build a decent crystal-controlled frequency
calibrator such as that shown in the August
1969 issue. The major advantage of this par-
ticular calibrator over most others is the
tone-modulation that enables locating the
generator carrier in a mess of other signals.

Q. I have a speaker out on the patio that
I use for background music. Is there any
way that I can use this as a microphone so
I can hear a baby’s cry when the crib is
out there?

A. The following basic circuit will allow
you to use the speaker as a microphone.
The higher the impedance of the speaker,
the greater the output from the circuit.
You could try using an output transformer
to take advantage of the voltage step-up
ratio.

+9v
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Don‘t let the handy size fool you.
The Serviset E/C is a complete, self contained versatil2 field test instrument. A
precision-built, reliable, much-used instrument to compliment your VOI4, scope or
other equipment, too.
The Serviset E/C is great for servicing all sorts of electronics in the field and on
the bench. Whether you‘re a professional engineer working on commun cations or
EDP devices. An electronics or apgliance technician working in radio, television,
hi-fi audio or appliance repair. Or an amateur electronics enthusiast, ham radio
operator or student.
Checks you'll make with the Servis2t E/C include: sync, sweep, video, aidio
circuits; high or low DC, RF, or pulse voltage supplies; coils, capacitors, resistors,
tubes, transistors, diodes, transformers, speakers--whatever you‘re troub e-shooting
from stage to stage, or discrete components. What's more, your Serviset E/C is safe:
whatever you check, you won't blow it.

The Serviset E/C. The $35. Electronic Test Lab (almost) that will follow you
anywhere. One of an advanced line of guaranteed electronic test device: from Lee
that will save you time and effort. Including our CT-1 Condenser Tester and
Leakage Indicator.

*send check or money order. C.0.D., send $2. deposit.

Serviset E/C, $34.95 postpaid *from Lee Electronic Labs.
Available also at electronic dealers and all Olson Stores, nationwide.

The $35.
Electronic Test Lab

(almost) that will
follow you anywhere:

Serviset E/

Lee Electronic Labs, Inc.

BOX 78, WATERTOWN, MASS. 02172 (617) 891-8686

o
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| New Products

HEATHKIT 4-CHANNEL INTEGRATED AMPLIFIER

The IHeath Company’s Model AA-2010 in-
tegrated amplifier develops 50 watts from each
of its four channels into 8-ohm loads. The am-
plifier has built-in decoder circuitry that ac-
commodates all currently available matrix-en-
coded records and enhances recorded stereo and

A r

stereo FM programs. Individual amplifier sec-
tions are controlled in pairs, providing the user
with two complete and independent stereo sys-
tems if desired. Pushbutton switches activate
speaker pairs in any combination of up to eight
speaker systems (or two complete 4-channel sys-
tems). Twenty input level controls—enough for
up to five 4-channel program sources—can be
adjusted from beneath the chassis.
Circle No. 70 on Reader Service Card

AMPEX PREMIUM-QUALITY CASSETTE TAPES

A new l)remium-qun]ity consumer cassette tape
that uses a special magnetic coating developed
for professional mastering tape has been placed
on the market by Ampex Corp. The new 20/20
+ cassette is said to be the highest quality com-
patible-bias cassette tape on the market. It does
not require special electronics or bias adjustment
equipment, but it does provide excellent results
when used with the new noise-reduction equip-
ment. The high-quality coating used for the cas-
sette produces an extremely smooth playing sur-
face that permits closer head-to-tape contact
and fewer dropouts than previously encountered
with conventional cassettes.
Circle No. 71 on Reader Service Card

CHANNEL MASTER ANTENNA AMPLIFIERS

The five major canses of poor performance of
antenna signal amplifiers have been overcome

102

in a new line of amplifiers designed by Channel
Master Labs. The new “Spartan” amplifiers solve
these problems by combining advanced low-
noise_components with new approaches to cir-
cuit design. High-voltage protection is provided
by a component layout that prevents static
charges from arcing through the circuit and
twin-diode energy-absorption circuits that pro-
hibit the flow of static energy into the amplifier.
Although the units are high-gain amplifiers fea-
turing flat gain up to 20 dB, they are fully pro-
tected against overload (up to 200,000 micro-
volts in some models). Most of the 11 models
that make up the series contain both switchable
and tunable traps that eliminate FM interfer-
ence. Special feedback circuitry permits opera-
tion from —22° to 4+140°F,
Circle No. 72 on Reader Service Card

IMPROVED POW'RIVETER TOOL FROM VACO

The introduction of an improved model of the
No. 495 Pow’Riveter tool was recently anmonnc-
ed by Vaco Products Co. The tool features re-
versible head operation that permits it to be
used with both %-in. and 34»>-in. blind rivets.
An exclusive offset handle arrangement allows
the tool to rivet on flat surfaces without running
the risk of skimed knuckles. The tool applies
rivets to plastics, metals, fiberboard, and other
hard material in seconds with exposure to only
one side of the work.
Circle No. 73 on Reader Service Card

NEW SSB BASE STATION FROM COURIER

A new SSB base station featuring a digital
clock alarm has been added to Courier’s line
of CB gear. Called the “Centurion,” the new
base station employs a crystal lattice filter to

139! -

i & =55

obtain superior adjacent channel rejection and
better than 80 dB selectivity at 20 kHz. A me-
chanical filter is used in the AM mode. Two
separate i-f strips, one each for AM and SSB,
provide peak performance in each operating
mode. Included is a £600-Hz clarifier control
that permits adjustment for best voice quality.
Circle No. 74 on Reader Service Card

DUOTONE CARTRIDGE STORAGE CABINET

Looking for an attractive way of storing your
8-track cartridges and cassettes? Then Duotone
Co. has just what you're looking for in their
book-case storage units. These cabinets have
elegant wood-grained side and top panels. Their
plush red interiors are designed to protect the
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NOTJUST ANOTHER
PRETTY FAGE.

At 6 Ibs., 12 o0z., there isn't
an ounce of fat on the
Cobra 132. It’s one of the
smallest SSB units ever
made.

But with 15-watt P.E.P.
input, 100% modulation
and Dynaboost voice
compression, this AM/SSB
two-way radio has what it
takes to send a booming
signal over land or sea.

You have 23 AM and 46
SSB sending/receiving
modes. Two separate

transmitters give you the
best of each, with overtoad
protection.

As for reception, this
Cobra has the crispest,
cleanest sound ever. Over
60 dB cross modulation
interference rejection
completely eliminates
bleedover.

Cobra's drift-free Voice
Lock lets you locate and
lock-in sideband signals
over a wide range. Three
filters—one crystal, two

COBRA 132
AM/SSB

5299

microphone included

ceramic—keep adjacent
channels under wraps.

And when you kick on
Cobra’s AM/SSB noise
blanker, noise levels drop
unbelievably.

In addition, the Cobra 132
has an adjustable AM/SSB
RF gain control. Backlit RF
output/S meter. And fuli-
function controls.

Ask your CE dealer for the
solid-state Gobra 132. Its
beauty is more than
skin-deep.

Product of Dynascan Corporation, 1801 West Belle Ptaine Avenue, Chicago, Illinois 60613
CIRCLE NO. 48 ON READER SERVICE CARD
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stored cartridges or cassettes. And the front
panels have the look of expensive rare book
bindings; they are gold stamped on soft leather-
like material. The units are available in brown,
black, maroon, and green. The Model BS-C is
for cassettes, while the Model BS-T is for 8-
track cartridges.
Circle No. 75 on Reader Service Card

AKAI SEMI-PROFESSIONAL TAPE RECORDER

The GX-400D made by Akai is a semi-profes-
sional tape recorder that accepts 10%-in. reels
and features an exclusive automatic noise re-
duction system (ADRS) and glass and ferrite
heads for both record/play and erase. The three-
speed dual-capstan macf;ine is driven by an

ac servo motor, while tape feed and take-up are
controlled by another pair of motors. The ma-
chine can be used to record and play back in
both directions. Built into the GX-400D are a
pause control, playback volume control, line/
microphone mixer, and sound-on-sound feature,
plus automatic shutoff/stop, normal and low-
noise equalization selector switch, and head-
phone jacks.
Circle No. 76 on Reader Service Card

CHRONO-LOG DAY/DATE DIGITAL CLOCK

The new Chrono-Log Series 70,000 digital clock
features a 4 x 7 dot-matrix-LED display, a
variety of time ranges (including month/day
or day-of-the-year calendar), line frequency or
crystal time hase, and buffered positive or neg-
ative BCD logic outputs in parallel and/or
serial character format. The circuitry includes
a hold capability that stops the clock’s readout
without introducing a time error, power failure
indication and output, and a dis lay freeze cir-
cuit that retains the visual disp{;y for reading
or photographing without affecting the time-
keeping circuitry. Controls include time set
switches, a stop/run switch, a reset switch, a
set/inhibit switch, and a leap-year switch with
calendar units. Remote control capability is
available as an option.
Circle No. 77 on Reader Service Card
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S&A COLCR COMBO TV ANTENNAS

The new line of 82-channel uhf/vhf/FM Tar-
get Color Combo antennas from S&A Electron-
ics combines the features of the log-periodic
and magnetically driven arrays with an exclu-
sive corner-reflector magnetic wave uhf section
for top performance. The unique featwe of this
system is its ability to discriminate between the
d);sired signal and unwanted noise. The mag-
netically driven array is said to offer many
features not available in other antenna systems.
The corner veflector design creates a high front-
to-back ratio, very narrow reception patterns,
and flat response across the entire band.
Circle No. 78 on Reader Service Card

RCA “END-USE” MULTIMETER DESIGN

RCA’s answer to changing service requirements
is their new Model WV-529A Service Special
VOM. It is designed to meet both the electrical
measurement needs of modern servicing and
take the rigorous abuse to which a portable
instrument is sulgected in the field. Represent-
ing an “end-use” design approach, the WV.
529A 20,000 ohms/volt instrument includes
voltage, current, and resistance measurement
ranges most suited to modern electronic needs.
Included are a 3000-V de range for servicing
TV receivers, a panel-mounted overload fuse,
and fullscale ac and dc ranges based on 0.5
and 1.5 factors. Rnuggedness is enhanced by the
use of a taut-band meter movement.
Circle No. 79 on Reader Service Card

CROWN LABORATORY POWER AMPLIFIER

Recent trends in speaker design demand a new
type of output capability in direct-coupled solid-
state amplifiers. Highly reactive speaker systems
with widle-rzmging frequency-dependent imped-

ance curves have created problems for current
amplifier design. The Crown Model DC-300A
amplifier is said to solve these problems with a
unique output protection circuit and built-in
features that improve performance and simplify
operation. The amplifier will drive any imped-
ance load, including one that is totally reactive,
with no adverse effects. Rated at 150 watts/
channel into 8-ohm loads, the DC-300A can be
set up, with the aid of two plug-in parts, to
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ON NATIONALLY ADVERTISED
STEREO HI-FI COMPONENTS

ADVERTISED BRANDS! Emduﬁnlv
erte Joday for Our FREE 28-page e cnaroer
Wholesale Audio Catalog Bank Americara

Honored on

CHECK THE FACTS: 1. Dixie’s Reputation—Over 12 mail a:iwoés
years of great savings & reliable service; 2. On y top

brands—Choose the Stereo components & acce:sories

you want; 4, Everything shipped brand new and
factory sealed; Quotes answered by return mail;
6. No Membersmp Fee Required—Write todzy for .

FREE Wholesale Catalog.

BANKAMERICARD|

FROM DIL.( 1
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DIXIE HI-FI WHOLESALERS
Dept PE-4
10128/20 Bacon Drive
Beitsville, Md. 2070
Phone: 13019373090

deliver 600 continuous watts into a monophonic

8-ohm load.
Circle No. 80 on Reader Service Card
ECONOPAC REGULATED POWER SUPPLIES

Just intoduced by Power Pac Inc. are two new
series of “Econopac” power supplies that fea-
ture 0.1-percent line and load regulation and
5-mV peak-to-peak ripple. The EP-1 and EP-2
series come in five single-output models of 5,
6, 12, 15, and 24 volts dc (5.0 percent adjust-
able) at currents to 1 ampere. Featured in the
supplies are short-circuit protection with auto-
matic recovery, integrated cirenit preamplifiers,
and compact design. Each of the five EP-2

models has twice the current output of its cor-
responding EP-1 model. Both series offer an
overvoltage option.

Circle No. 81 on Reader Service Card
BUCKEYE FRONT-LOAD INSTRUMENT CASES

Attractive front-loading cases designed for use
with existing test instruments and custom-
brewed instrument projects are available from
Buckeye Stamping Co. The new cases are spe-
cially designed to allow standard panel-size
instruments and circuit boards to be slipped
easily into place throngh the front of the case.
The sides and trim are composed of decorative
anodyzed aluminum shapes with top and bottom
panels of quality aluninum sheets coated with

non- ghre paint. While all cases measure 19"
wide by 20” deep, heights ranging from 5%” t
124" are available. The cases are available in a
wide variety of colors. An optional feature is a
chrome-finished, self-locking tilt stand that can
be folded out of the way when not needed.

Circle No. 82 on Reader Service Card

BENJAMIN DOLBY TAPE ADAPTERS

A pair of self-contained ad.apters designed to
add comp]ete Do]by “Type B” record and play-
back noise suppression facilities to virtually any
existing tape system have been announced by

Concord Div. of Benjamin Electronic Sound
Co. Offered as the Models DBA-9 and DBA-10
Dolby Tape Adapters, the new Concord Units

not only “Dolbyize” cassette and reel-to-reel
decks, they also can decode Dolbyized FM
broadcasts The DBA-9 provides 8 dB noise
and hiss reduction at 2000 Hz and 10 dB re-

rreE |[[Clntosh cATALOG and FM DIRECTORY

Mcintosh Laboratory, Inc.
East Side Station P.O. Box 96
Binghamton, N.Y. 13904
Dept. 16-5.

NAME
ADDRESS

ZIP.

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

MX 13

AM FM/FM STEREO TUNER PREAMPLIFIER
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e Start your custom
Burglar/Hold-up/Fire Alarm
System with the FC-100.

Add on Sensors, Alarms

and Accessories to suit your I :

own needs.

“Do-it-Yourself” Installers

Handbook included. No

technical knowledge needed —

No soldering.

100% Professionalin Design, Reliability,
Performance.

Fail Safe-SYSTEM BY EICO

A New Concept in "Do-it-Yoursell” Home Protection

FREE 32 PAGE EICO CATALOG

For latest catalog on EICO Tesl Instruments, Stereo, EICOCRAFT
Projects, Environmental Lighting, Burgiar/Fire Alarm Systems,
and name of nearest EICO Distributor, check Reader Service
Card or send 25¢ for First Class mail service.

i 7/@
EICO, 283 Malta Street, Brooklyn, N.Y. 11207 7 7
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SENSITIZER

—] FOR THE HOBBYIST
o ol & PROFESSIONAL

FREE! Foe

Printed Circuit Handbook ‘;F”‘*""’j
when you take this ad to )
I vour electronic supplier.

l

§
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GC ELECTRONICS
| RS ]

DIVISION OF HYDROME TALS, INC.<'>
ROCKFORD, ILLINOIS 61101 U.5.A. W
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duction from 5000 Hz to 15,000 Hz. The
DBA-10 is similar but extends the trequency
response to 20,000 Hz.

Circle No. B3 on Reoder Service Cord

REALISTIC UHF/VHF/AM PORTABLE RADIO
The Realistic Patrolman-3 portable receiver
available from Radio Shack tunes the AM band.
the 450-470-MHz ubf band, and the 144-174-
MHz vhf band for police, fire, public service,

»

2-meter ham, and business radio services. Sep-
arate tuning controls are provided for AM and
vhf/uhf. Each band has a window-type rotary
dial for accurate frequency selection. An ad-
justable squelch allows the nser to reduce back-
ground noise while monitoring on vhf and uhf.
Four penlight cells or an optional ac adapter
power the receiver.

Circle No. 84 on Reoder Service Cord
ELECTRONIC ENTERPRISES ELECTRET MIKE

A miniature microphone designed for high-
quality reproduction of speech and music is
available from Electronic Enterprises as their
Model 5333 electret condenser microphone.
Measuring only 0.28”-square by 0.16” deep,
the new microphone features a smooth fre-
quency response from 50 to 16,000 Hz, very
low susceptibility to mechanical shock and vi-
bration, and a built-in self-contained high-volt-
age electret element and hybrid integrated
circuit. The 5333 is recommended for use in
audiometers, hearing aids, and sound reinforce-
ment systems but should prove very useful to
the hobbyist and experimenter who likes work-
ing with microminiature circuits.

Circle No. 85 on Reader Service Cord
Tl ELECTRONIC “SLIDE RULE" CALCULATOR

Texas Instruments recently announced availa-
bility of their Model SR-10 pocket-size electronic
“slide rule” calculator to retail at only $150.
The SR-10 performs calculations most frequently
done with classical basic slide rules, but with
far greater speed and accuracy. In addition to
providing the four arithmetic functions, the cal-
culator features reciprocal, square, and square-
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root functions. Also, whenever the re ult of a
calculation exceeds the 8-digit display capability
of the calculator, the display automatically con-
verts to scientific notation, providing a nearly
200-decade range. Data can be fed into the
SR-10 in standard, scientific, or a combination
of the two notations.
Circle No. 86 on Reader Service Card

SILTRONIX AM/SSB CB TRANSCEIVER

A new CB transceiver that operates on 23 AM
channels plus 46 crystal-controlled SSB chan-
nels has been announced by Siltronix, a division
of Cubic Corp. Called the SSB-23, the new
transceiver can increase performance distance
by as much as two-thirds over AM type rigs.
Increased clarity of both transmission and re-
ception is built into the SSB-23. Fine tuning and
minimum interference are also featured. The
transceiver requnires 1.2 amperes of power to
transmit and 250 milliamps to receive while
operating on 13.8 volts dc. Weighing only 5%
pounds, the SSB-23 measures 11" deep by 8”
wide by 2%” high, not counting mobile mount-
ing hracket.
Circle No. 87 on Reader Service Card

STANLEY SCREW HOLDING TOOL

The Stanley “Screwstart” is a new tool that
firmly holds a screw against its tip and can be

awNantts

used to locate and start the screw into a threaded
hole to a point where a standard screwdriver can
take over final tightening. The Screwstart does
its work with a unique three-section tip. Two
outer sections are stationary. A spring-loaded
center section can rotate. When the tip is cocked
for use, the three sections are aligned to slip
into the screw slot; when the screw is pressed
to the tip, the spring-loaded mechanism nncocks,
turning the center section of the tip against the
sides of the screw slot. As the screw is turned
into the threaded hole, increasing pressure on
the Screwstart tip again cocks the tool and lets
it disengage from the screwhead. The tool is
available in both slotted and Phillips-head con-
figurations.
Circle No. 88 on Reader Service Card

E!A TEST TAPE STANDARD

A standard for reproducer test tape (No.
RS-400), available from the Electronic In-
dustries Association (2001 Eye St.,, NW,
Washington, IDC 20006) for $4.00, sets the
field standard for calibrating the gain, head
azinmuth, and freqnency response of consumer
tape recorders and reproducers. Designed
for use at 7% and 3% ips, the test tape de-
scribed in the standard employs a full-track
format on %-in. tape width.

Astroplane

gives CBer’s Performance to brag about.

The unique construction fea-
tures are exceptional.

4.46 db gain over isotropic
is, and- provides, a stronger
transmit and a stronger re-
ceive.

To make use of the better
signal,the Astroplane radiates
the signal from higher up than
other CB antennas and at a
better angle. According to Dr.
Alva Todd of the Midwest Col-
lege of Engineering, ‘‘it pos-
sesses an unusually low angle
of maximum radiation.” This
low angle of radiation means
that your power is radiated at
the horizon and not up into
the clouds.

You'll also get long {asting,
trouble-free performance be-
cause it isgcbmpact in design
—without long drooping radi-
als, ‘without coils to burn or

o

ANANT

RESEARCH ANO DEVELOPMENT, INC.

short out, and with direct
ground construction for posi-
tive lightning protection and
static dissipation.

$29.95 Sugg. Retail

Gain 4.46 over isotropic

. Power Capacity 2KW

Lightning protection D.C.
Ground

V.S.W.R.

Length

Diameter

e

1.2:1
12 Ft.
30 In.

Free 16 page color catalog

Write: Avanti; R & D, Inc.
35 W. Fulierton
Addison, [llinois 60101

creators of t e
famous

CIRCLE NO. 3 ON READER SERVICE CARD

APRIL 1973



4 7

-

@lectronicsLibrarp

HOW TO BUILD SOLID-STATE

AUDIO CIRCUITS
by Mannie Horowitz

Written by the Chief Engineer of Eico, this is
a practical handbook for those interested in (}e-
signing and building their own audio equip-
ment. Included are concise instructions for
making preamps. multi-stage amplifiers, and
power output circuits involving both FET and
bipolar audio circuits as well as bipolar power
amps. The inclusion of many practical circuits

HI-FI PROJECTS FOR THE
HOBBYIST

by Leonard Feldman

For those wanting to improve or upgrade their
hi-fi systems by adding worthwhile accessories,
this is the book. In clear, easy-to-understand
terms the author provides step-by-step instruc-
tions for building such useful items as a phono
preamp, presence control, a multiple-speaker
switch, 4-channel adapter, rumble filter, high-
gain antenna, small speaker enclosure, visual
FM indicator, aural balancing control, and tran-
rojects have been
tested and can be duplicated with a minimum

sistorized mike preamp. All

of tools and inexpensive components.

Published by Howard W. Sams & Co., Inc.,
4300 W. 62nd St., Indianapolis, Ind. 46268.

Soft cover. 139 pages. $3.95.

and the elimination of involved mathematical
calculations makes this book suitable even for
a beginner.

Published by Tab Books, Blue Ridge Summit,
Pa. 17214. Hard cover. 320 pages. $8.95

WORLD RADIO AND TV HANDBOOK
J.M. Frost, Ed.

This is the 27th Edition (1973) of this compre-
hensive directory of international radic and
television. The format is the same as in previous
volumes and provides detailed information on
all types of broadcasting stations, times on the
air, languages and frequencies in use, power,
station addresses, etc. Invaluable reference work
for the ham and SWL.

Auvailable in U.S. from Gilfer Associates, Inc.,
P.O. Box 239, Park Ridge, N.]. 07656. Soft
cover. 400 pages. $6.95.

“lllllllllllIIIIIIIIIIIIIII.‘
m [f whatyou don’t know ahout 0
converting stereo to 4-channel sound
would fill a book... write for the hook.

Quadraphonic. Quadrosonic.
Matrix. Discrete. SQ. QS. EV-4.
CD-4. Logic. Demodulator.
Decoder. Ambience Recovery.
Derived. Synthesized.

Confused? We can't blame
you.

We can help you.

4-channel is great to listen to,
but murder to talk about.

There's a new vocabulary to
learn. And new kinds of
components. .

New ways to use old com-
ponents. New places to put
speakers. Complex wiring. And
more.

BSR-Metrotec makes equip-
ment to convert your stereo

.CIIIIIII-IIIIIIIII
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system to 4-channel, at minimum
cost, and without replacing
any of your present components.
We think you'll like 4-channel.
And if you'll spend a few min-
utes with our free booklet, vou'll
understand it, and be
better able to decide

if it's for you.
METROTEC
BSR (USA) Ltd..
Blauvelt, N.Y. 10913  Address
City
State Zip .

CIRCLE NO. 4 ON READER SERVICE CARD
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THE TRUE SOUND OF MUSIC
by Hans Fantel

Subtitled “A Practical Guide to Sound Equip-
ment for the 1lome,” this volume is written for
the music lover who is not an electronics expert.
In non-technical language the author covers
mono, stereo, 4-channel; speakers; amplifiers;
controls; record players; tuners; tape recorders
of all types; hooking up the system; headphones
and outdoor speakers; and preserving your rec-
ords. There is also a glossary of hi-fi terins for
reference. The author explaius clearly what the
various technical specifications mean in terms of
personal listening pleasure, making it easier to
select the right system for your needs.

Published by E.P. Dutton & Co., Inc., 201 Park
Ave. So., New York, N.Y. 10003. Hard cover.
232 pages. $7.95.

ABC’S OF LASERS & MASERS, Third Edition
by Lytel & Buckmaster

This completely revised and updated book
introduces the reader to two devices that play
vital roles in science—the laser which produces
light radiation, and the maser which produces
microwaves. Quantum theory is used to ex-
plaiin the emission of coherent light, without
resort to high-level math. Next comes a dis-
cussion of a number of emitting materials,
followed by descriptions of modulators, de-
tectors, laser frequencies, power supplies, etc.
Laser applications discussed include measure-
ments and communications in space, medical
surgery and welding of tissue, microwelding
:m({!' microetching, and radar. Noise-free ampli-
fiers and ultrastable signal sources are but two
maser uses discussed,

Published by Howard W. Sams & Co., Inc.,
4300 West 62 St., Indianapolis, IN 46268. Soft
cover. 128 pages. $3.50.

TROUBLESHOOTING SOLID-STATE
ELECTRONIC POWER SUPPLIES
by Ben W. Gaddis

This practical handbook thoroughly describes
both the operation of and the troubleshooting
techniques for all types of power supplies. The
emphasis is on troubleshooting and repair tech-
niques. Beginning with the very basic types of
supplies, the text discusses the progressively
more complex systems that employ semicon-
ductor regulators, all without resorting to
mathematics. For those interested in cominuni-
cations, radar, and industrial supplies, a com-
plete chapter is devoted to three-phase power
supplies and their significance. Throughout the
discussions, where appropriate, vacunm-tube
equivalent circuits are provided.

Published by Tab Books, Blue Ridge Summit,
PA 17214. 208 pages. $7.95 hard cover; $4.95
soft cocer.
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Are you missing
half the joy of
your guitar?

s

If you haven't
been getting as
much fun as you'd like
fram your guitar, maybe
4 it's because you don’t know

enough about how to play it. You
probably learned a few chords, but don't
know how to go further. If so, let us help you. We'll
teach you to read music and piay pick style with both
notes and chords—the way a teacher would. The differ-
ence is we teach with lessons we send you by mail.
You learn at home in spare time and it costs a lot less.
Courses in other instruments toe—piano, spinet organ
(two keyboards), accordion, saxophone, violin, if 17 or
over, mail coupon for free booklet. U.S. School of Music.
A Home Study School Since 1898.

397 ©1973 U.5. SCHOOL OF MUSIC

r

| U.S. School of Music, Studio A3734
| Port Washington, N.Y. 11050

| Please send me your free booklet.

1 | understand there is no obligation.
|

|

|

1

|

MR,

MRS, I
3

MISS PLEASE FRINT AGE 117 OR OVER)

ADDRESS

cuy STATE e

LIST INSTRUMENT

YOU WANT TO LEARN
ACCREDITED MEMBER NATIONAL HOME STUOY COUNCIL

B e e v S o S —— — —

The great new
B scans 360° in
millisezonds with

575 dB gain. Or beams
an 875 dB gain signal
where and when you
want it—instantaneously.
(Otherwise, it's just
another beautiful

MODEL MS- :‘l!'Super'!'S_cbnner-electronic beam,
incl. control console — Stigg. price, Qg5

the antenna specialists co.

Division o THE ALLEN GROUP INC
12435 Euclid Ave., Cleveland, Ohio 44106
Export: 2200 Shames Dr.. Westbury, L.I., New York 11590
>anada: A.C.Sirmonds & Sons, Ltd.
CIRCLE NO. 1 ON READER SERVICE CARD
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YOU CAN HAVE
TOMORROW’S
IGNITION ON
YOUR GAR TODAY

Don’taccept “as good as’’ there are

none. .
Write Today for Literature -

JUIDSON

RESEARCH AND MFG.CO

CONSHOHOCKEN PA.19a28

CIRCLE NO. 23 ON READER SERVICE CARD
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greatest advance in soldering
since electricity !

WAHL Cordless
SOLDERING IRON

Wahl “lso-Tip"” gives soldering heat in 5
seconds. Lets you solder up to 100 joints*
unhindered by cord and plug anywhere!
Recharger/converter plugs into 12V cigarette
lighter. Safe to use on sensitive components.
See your dealer or order direct.

7565 Kit with 12V Auto Charger ... . $18.95
7500 Kit with 120V AC Charger . ... $19.95

(°Depending upon wire size, temperature and atmospheric
conditions.)

WAHE CLIPPER CORPORATION Dept.2

2902 Locust St. e Sterling, 1ll. 61081 (815) 625.6525
CIRCLE NO. 46 ON READER SERVICE CARD
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New Literature)

VERO PC AIDS SPEC SHEETS & CATALOG

For those experimenters and hobbyists who
like to make their own printed cireuit boards,
Vero Electronics Inc. has put together a com-
prehensive package of five specifications shects,
a price listing, and a catalog of PC items offered
by them. Some of the items listed and described
include PC card pull handles, miniature press-
fit board terminals, blank and clad (parallel
conductor pattern) perforated Dboards, tools,
and sockets. Address: Vero, 171 Bridge Rd.,
Hauppauge, NY 11787.

BSR/METROTEC 4-CHANNEL BOOKLETY

An informative booklet that contains 20 ques-
tions and answers pertaining to 4-channel sound
is available from BSR-Metrotec. It covers basic
definitions and deals with the somewhat con-
fusing but pertinent subjects of converting
stereo systems to 4-channel, matrix versus dis-
crete sound, rear channel speaker and power
requirements, quadraphonic tape formats, ma-
trix compatibility, and enhancement of sterco
sound sources. Address: Metrotec Division of
BSR (USA) Ltd., Route 303, Blauvelt, NY
10913.

ELECTRONIC TOOL CATALOG

Tools for electronics are featured in an illus-
trated catalog available from Electronic Tool
Co. Among the listings are pliers and nippers,
tweezers, scissors and shears, pin vises and
holders, screwdrivers and nut drivers, ete. All
tools listed and described are manufactured to
industrial standards by such names as Lind-
strom of Sweden, Swiss Dumont, Bausch &
Lomb, and other high-quality tool companies.
Accompanying catalog No. 171 is a unit-quanti-
ty price list for every tool described in the cata-
log. Address: Electronic Tool Co., 3324 White
Plains Rd., Bronx, NY 10467.

SAMS EDUCATIONAL MATERIALS CATALOG

The 1973 Sams Educational Materials Catalog
contains 48 pages on which are listed such items
as textbooks, student workbooks, instructor
guides, lab manuals, supplementary and refer-
ence materials, andio-visual aids, and training
devices for use in industrial education programs.
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Over 300 titles, ranging from automotive elec-
tronics to upholstering, are supported hy de-
scriptions, illustrations, and prices. Address:
Howard W. Sams & Co., Inc., 4300 West 62 St.,
Indianapolis, IN 46268 (Advertising Ceordin-
ator).

R.L. DRAKE RECEIVER BROCHURES

The R.L. Drake Co. is currently offering to
interested hams and SWL’s two brochures that
describe a pair of their latest receivers. One is
devoted to the Model SW-4a international short-
wave broadcast receiver that tunes from 150
kHz to 260 MHz in 11 bands. The other bro-
chure describes the company’s Model DSR-1
receiver with direct digital readout of the 10-
kHz to 30-MHz frequency coverage range. Ad-
dress: R.L. Drake Co., 540 Richard St., Mi-
amisburg, OH 45342,

EL INSTRUMENTS WINTER '72-'13 CATALOG

This catalog put out by EL Instruments is an
ex[])anded edition that contains dozens of dig-
ital circuit design and bread-boarding aids for
the experimenter and the design engineer. Such
instruments as a digital circuit designer with
built-in power supply and clock generator, pro-
fessional-quality plug-in socket hoards, ]power
supplies, and a pulse generator are fully de-
scribed. Address: EL Instruments Inc., 61 First

St., Derby, CT 06418.

RCA SOLID-STATE PRODUCT GUIDE

A revised Solid-State Product Guide ( No. SPG-
201]) that describes the commercially available
RCA products is available from the RCA Solid
State Division. The 36-page guide contains
listings and abbreviated data for MOSFET’s,
power and r-f power transistors, thyristors, rec-
tifiers, dual Darlingtons, linear and digital IC’s,
and linear and digital power transistor and IC
chips. Address: RCA Solid State Division, Box
3200, Somerville, N] 08876.

MOUNTAIN WEST ALARM EQUIPMENT CATALOG
A new intruder/burglar alarm equipment cat-

alog, No. M-73, is available from Mountain
West Alarm Supply Co. This 80-page catalog
describes more than 400 intrusion and fire
alarm products from relatively simple kits
through the latest ultrasonic, radar, and infrared
intrusion detectors. Major product categories
include: intrusion systems, fire systems, fire and
intrusion detectors, remote controls, annunci-
ators, telephone dialers, and lock specialties.
Also featured in the catalog are eight pages of
application notes for alarm equipment. Address:
Mountain West Alarm Supply Co., 4215 N. 16
Street, Phoenix, AZ 85016.

ONEIDA ADHESIVES BULLETIN

A new six-page bulletin (IND-3) that describes
the company’s new line of iinproved Super In-
stant-Weld adhesives is available from Oneida.
The bulletin gives detailed information on four
different types of powerful quick-setting, per-
manent-bond adhesives that will find wide ap-
plication in electronics where metal-to-metal,
plastic-to-metal, and plastic-to-plastic bonds are
required. The bulletin has a two-page chart
that lists such specifications as setting time,
viscosity, refractive index, flash point, etc., as
well as application data as to the best type of
adhesive to use for a given job. Ad(‘ress:
Oneida Electronic Mfg., Inc,, P.O. Box 558,
Meadville, PA 16355.

1973 HEATH/SCHLUMBERGER CATALOG

Detailed descriptions and specifications for the
complete line of Heath/Schlumberger design
and scientific instrumentation are given in the
new No. 811/02 catalog. Among the items listed
are a new series of vhf counters, oscilloscopes,
signal generators, power supplies, and digital
voltmeters. The instrumentation items include
a mini-computer interfacing system; digital
systems for (Hesign and research; and individual
modules for functions in both digital and analog
domains. Finally, the listing includes the fa-
mous Malmstadt-Enke Laboratory Stations. Ad-
dress: Ileath/Schlumberger Scientific Instru-
ments, Benton Harbor, MI 49022.
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Battery Types
and Their Characteristics

WHAT'S THAT BATTERY NUMBER THE SAME AS?

A CERTAIN amount of confusion exists

with regard to battery types and num-
bers. Consequently, it is handy to have a
chart that gives the specifications of the
various batteries commonly used in such
consumer equipment as transistor radios,
toys, clocks, etc. Our table is limited to list-
ings for 1.5- and 9-volt batteries. Since there
are more than 400 battery types and thou-
sands of manufacturers’ numbers from which
to choose, we make no pretense that the ta-
ble is complete. However, the listings should
cover most needs.

You will note that the batteries are di-
vided into carbon-zinc, alkaline-manganese,
and rechargeable alkaline-manganese types.

BY SAMUEL C. MILBOURNE

They are listed in the order of their current
delivery capabilities from least to greatest.
Too, each common battery type is supplied
with such statistics as: size, American Na-
tional Standards Institute (ANSI) and
National Electronic Distributors Association
(NEDA) numbers, etc.

In general, batteries of the same physical
size and shape with the same voltage output
and terminations can Dbe substituted for each
other so long as the maximum currents
drawn by the circuits can be accommodated
by the substitutes. So, you can put an alka-
line type in place of a zinc-carbon battery,
and a rechargeable alkaline in place of a
regular alkaline battery.

A Current  DIAX Hor ANSI  NEDA Manutacturer Numbers
Size/Volts (mawy X W X D* Desig. No.  BurgessEveready Mallory Ray-O0vag  NCA
Carbon-Zinc
N/1.5 20 0.445 X 1.18 N 910F NE 904 M904F 716 VS073
AAA/LS 20 %2 X 1.75 ARA  24F 7 912 M24F 400 VS074
AA/1S 25 Y X 132 AA 15F 910 915 MI15F 7AA VS034A
C/1.5 80 142 X 1'%, c 14F 1 935 M14F 1C VS035A
Cs1.5 80 142 X 1'% C 14 130 1035 M14R 14 VS$335
D/1.5 150 152 X 2'%: D 13F 2 950 M13F 2D VS036
D/15 150 1'%z X 2'%: D 13C 216 1150 — 3D —
109/9 7 %X 2 F17 1611 L6 206 M1611 — VS327
127/9 9 1X 1'% F24 1600 P6 226 M1600 1600 VS300A
—/9 10 %« sq X 12%: — 1606 Y6 — — — VS309A
117/9 15 142 1)gy“/u X F22 1604  2U6 216 M1604 1604 VS$323
32
Alkaline-Manganese
AAA/15 100 04 X 1735 L30 24A AL7 E92 Mn2400 824 VS1074
AA/15 150 e X 132 L40 15A AL9 F91 Mn1500 815 VS1334
c/15 480 142 X 1'% L70 14A ALl E93 Mn1400 814 VS1335
D/1.5 6501 1'% X 2'%: 190 13A AL2 £95 Mn1300 813 VS1336
Rechargeable Alkaline-Manganese
—/1.5 300 Ve X 132 AA — — SA15AA — —
—/15 1000 12 X 1'% c — — — SA14C — .
—/15 2000 1'%z X 2'%: D — — SA13D — —

*DIA X H = diameter X height; L X W X H = length X width X height. All dimensions in inches.
Blank entry means no number.or designation.assigned or manufacturer does not make battery.
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It is interesting to note that the current
delivery of the more recent alkaline batteries
is several times greater than the older car-
bon-zine batteries. True, the initial cost of
the newer hatteries is much greater, but
they do not need to be replaced nearly as
often as carbon-zine cells, and if the alka-
lines are rechargeable types (with higher
prices than the regular type alkalines), they
can be renewed several dozen times hefore
replacement is needed.

Upon perusing our table, vou will note
that many categories of batteries are not
listed. These include nickel-cadmium, mer-
curic-oxide, silver-oxide, and lead-acid types.
These have not been included in the listing
because of their much higher costs and the
future likelihood of losing out, at least to
some degree, to the rechargeable alkaline
types.

We will not go into the subject of recharg-
ing batteries here since this topic has heen
amply covered in other articles. But you
should bear in mind the following facts that
apply to ull types of batteries: First, do not
allow batteries to run completely down; test
them often under adequate loads. Second,
do not attempt to recharge a “leaky” or
“rusted” battery; the electrolyte is corrosive
and will ruin charger contacts. And, third,
do not recharge batteries at abnormally high
currents; the batteries will heat up and may
explode.

Testing a battery requires a resistive load
that reflects the allowable battery discharge
current and an accurate de voltineter. To il-
lustrate, a Burgess No. 2 or Eveready No.
950 batterv can accommodate a 150-mA
load across its 1.3-volt poles. By using Ohm'’s
Law (R = E/I) vou can determine that the
proper test load for these batteries would be
10 ohms (1.5/0.15 = 10). The resistor se-
lected for the test can be rated at % watt. To
make the test, place the load resistor across
the battery’s terminals or poles and connect
the meter’s leads, in proper polarity, across
the resistor. The meter will then indicate be-
tween 1.5 and 0.9 volts if the battery’s
charge has not been irretreivably depleted.
If you obtain a meter indication of less than
0.9 volt, discard the battery and replace it
with a new unit.

Batteries should be recharged or replaced
long before they are completely exhausted.
It is not harmful to recharge a 1.5-volt cell
before its charge drops to 0.9 volt. In fact, it
is beneficial in that it provides longer total
life from the battery. ®

APRIL 1973

% New low cost digital
multimeter $299

® 26 ranges to measure ac/dc voltages from 100 microvolts
to 1200 V, ac/dc currents from 100 nanoamperes to 2 am-
peres and resistance from 100 milliohms to 20 megohms.
o Guaranteed to stay within specificdtions for one full year.
Fiuke gives you the best specs and strongest warranty on the
market today for the lowest cost of ownership ever. ® Wide
choice of options including rechargeable battery pack, digi-
tal printer output, deluxe test leads, high-voltage probe, RF
probe, 200-amp ac current probe, carrying case, dust cover
and rack mounts. ® Unique self-zero feature eliminates off-
set errors. @ Rugged high-impact case with securely mounted
internal electronics. ® Service centers throughout U.S.,Can-
ada, Europe and Far East for 48-hour turnaround repairs.

P.O. Box 7428,
FLU K E Seattle, Washington 98133.

Get all the details from ;'our nearest Fluke sales office. Dial
toll-free 800-426-0361 for address. of office nearest you.
CIRCLE NO. 18 ON READER SERVICE CARD

— . ABOUT YOUR™
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 subsaription 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 fisted 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 PoputArR 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 difficulties. For exam-
ple, 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 fo enclose the mailing label
from the cover of the magazine-—or else copy your
name and address exactly as they appear on the
mailing label. This will greakly reduce any chance
of error, and we will be able to service your
request much more quickly.
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quality. Heathkit Electronics

®
)
.
P (7.4
SRee 599%5552 CABINET) GR-1900 179(19N§:JDES CABINET)

...and staying out of the red.

New

1C-2009

9250*

(INCLUDES CHARGER)
See them all at your Neathklt Electronic Center . .. or send for Free “73 Heathkit Catalog.
HEATHKIT ELECTROMIC CENTERS

ARIZ.: Phoeniz, 2727 W. Indian Lcnool Rd.: CALIF.: Anaheim, 330 E. Ball Rd; Bl Ceerito, 6000
Potrero Ave.; Les Angeies, 2309 5, Flower St Pomona, 1555 Orange Grove Ave. N.: Redwood
City, 2001 Migdletield Rd.; San Diego (La Mesal, #381 Center Dr.: Waodland Mills, 22504 Ven-
tura Blvd.; COLD.; Denver, 5940 W. 38th Aveq €O Hartiord {Avon), 195 W. Main St. (Rte,
44); FLA.: Miami (Hialeahl, 4705 W. 16th Ave.. GA.: Attanta, 5285 Roswell Rd.: ILL.t Chicago.
3462-66 W. n Ave.; Down R9 NO.: Indianapolis, 2312 €. 62na Ave..
XANSAS: Kansas City (Mission), 59 J Lamar Ave.. MD.: Baltimare, 1713 E. Joppa Rd.; Rock:
ville, 5542 Nichotson Lane; MASS Soston (Wellesiey), 165 Worcestar St.; MICH.i Detroit.
18645 W. EIght Mile Rd. & 18149 E. Eight Mile Rd.; MINN.: Minneapalis (Hepiins), 101 Shady
Oak Rd.: MO.: SL Louis, 9296 Gravois Ave.: N.).: Faif Lawn, 35.07 Broadway (Ris. 4): N.¥.:
Buttalo {Amherst), 34 - y, 35 W. 4Sth St Jericho, L., 1S Jericho
Tumpike; Rochester, L i i

Puke, Cleveland, 5444 Pear) Rd.; PA.: tvd.; P 3482 wm.
Penn Hwy; TEXAS: Dailas, 2715 Ross Ave ; Mouston, 1705 Westhe:mer; WASH.: Ssattle, 221
Third Ave.; WiS.; Mitwaukee, 5215 Fond du Lac
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Heathkit GR-900 25V Color TV with total-tuning convenience.

It's the most advanced TV circuitry you can build. Yet everything goes together with
traditi | Heathkit simplicity. And the built-In convergence board and test meter for
at-home maintenance and self-service add further savings over the iife of the set.
With the GR-900 you pre-set any 12 UHF stations for positive pushbutton power tuning,
and you can scan both UHF and VHF channels in either direction. An ultra-rectangular
black matrix tube. voltage controlled varactor UHF tuner, MOSFET VHF tuner and an
exclusive angular tint control for consistently better flesh tones combine to produce an
absolutely brilliant color picture. There are four preassembied and finished cabinets
to choose from, plus the Heathkit Wall Mount and wireless ramote control option. Any
way you look at it, the Heathkit GR-900 is one of the most rewarding kits you can
build. Mailing weight, 125 lbs.

New Heathkit Solid-State B&W 19V Portable TV— a truly extraordinary set

The new Heathkit GR-1900 is like no other B&W portable! Wlth advanced solid-state
“modular" design — most circultry mounts on just four plug-in boards. Dependable
solld-state circuitry, including 23 transistors, 13 diodes, 2 ICs, and just 2 tubes; picture
& high voltage. Total detent tuning on all 70 UHF channels as well as VHF. "Instant-
On" for sound and pictures at a touch — plus other "'big-set" front panel control fea-
tures such as VHF/UHF fine tuning; brightness; contrast; master on/off; vertical hold;
AGC; and height. New Uitrarectangular picture tube for a full 184 sq. in. viewing area.
Automatic Vertical Linearity for rock-steady pictures — a feature usually found only on
expensive color sets. Dual-Controlled AGC for improved picture/noise ratio — another
“big-set” bonus teature. Extra-wide Video Bandwidth for theater-quality black-and-
white plctures. Four circuits (most sets have only 3) in the grounded base VHF tuner
for superior cross modulation in dense station areas. With all this, the GR-1900 is a
kit even the novice can build. Both tuners come preassembled and aligned, transistors
& ICs plug into sockets, and all chassis wiring is color coded. For truly extraordinary
performance in B&W TV, you've got it all in the GR-1900. Mailing weight, 56 Ibs.

New Heathkit Desk-top Calcuiator — an outstanding kit-form value.

The Heathklt 1C-2108 features a sleek, low-profile case with bright %" readout tubes
in an 8-digit display — one of the largest, most legible in the industry. The color-coded
keyboard is human engineered to slope down to the desk so you can rest your arm
while using. And the I1C-2108 is loaded with features: Four arithmetic functions. Float-
ing and fixed decimal. Constant key. Chain calculation capability. Clear display key.
Entry and result overflow indlcators. Negative number indicator. 1207240 VAC opera-
tion. In addition, the IC-2108 is amazingly simple to build. Two spare evenings wlll do It.
Kit 1C-2108, 4 1bs.

New Heathkit “Pocketable’” Calculator — you can service it yourself

The Heathkit 1C-2009 is tirst a self-contained portable, weighing in at 11 oz. and smalj
enough to fit in your coat pocket, but it's a desk-top cailculator too. The internal
Nickie-Cadmium battery gives five to eight hours use between charges. Or, the IC-
2009 can be left connected to its charger for indefinite operation. And unlike other
pcckel calculators, the Heathkit I1C-2009 is designed to be maintained by you. Plug-
in keyboard and display boards, plus a complete troubleshooting section in the manual,
make it easy — and economical. Add up the features for yourself: 8-digit capacity, Four
arithmetic tunctions. Full floating decimal. Constant key. Chain calculation capabil-
ity. Clear entry key. Entry and total overflow indicators. Negative answer indicator.
Battery-saver circuitry. Low battery indicator. Tactile-feedback keyboard for positive
entry Indication. Order your 1C-2009 now. You'll have it built in two or three evenings.
Mailing weight, 3 Ibs.

=
SEND FOR YOUR HEATH COMPANY, Dept. 104
Benton Harbor, Michigan 49022
FREE 7] Piease send FREE Heattkit Catalog.
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Heathkit

4-Channel Amplifier

with Universal Decoder...359.95*
(less cabinet)

You salect discrete 4-channsl, or
switch-in the “Universal™ decoder for
reproduction of all the matrixed 4-
channel discs now on the market, plus
“*derived” 4-channel from convention-
al stereo, Four solid-state amplifiers
produce 200 watts (4x50 IHF) into 8
ohms, with power bandwidth on all
channels from iess than 5 Hz to
greater than 4£ kHz at 0.25% distor-
tion. Kit AA2010, 37 Ibs. AAA-2004-1,
pecan cablnet, 7 Ibs. 24.95*

Heathkit
Universal Decoder for 4-channel
conversion...39.95*

Reproduces afl matrixed discs, plus
“derived” 4-channel from convention-
al sterep materials. Plug it into your
receiver's tape monitor clrcuit, add a
second stereo amp and speakers and
you're set. Kit AD-2022, 4 Ibs.

Heatnkit
Uitrasonic Intrusion
Alarm looks like a book ... 49.95*

Disguised as an ordinary library book,
this novel device fits unobtrusively
anywhere in the home. Transmitter
disparses a 41 kHz signal which
bounces off walls and returns to the
receiver where it's monitored for any
change in amplitude. Triggers lights
and any conventional alarm device —
just plug them into AC outlets on the
rear panel. Can be installed anywhere
there's a $20 YAC outlet. An-enjoyabie
2-evening kit. Kit GD-39, 4 ibs.

” w Heathkit

GR-1008 AM Radlo can be buiit In
one evening ... 14.95*

A smartly styfed, great sounding solid-
state radio that makas a great intro-
duction to Heathkit building. Eight-
transistor circuitry mounts on one
printed board, blg 3%” speaker
mounts In high impact plastic case.
if you've never built & kit before you
can probably have thls one together
in one fun evening. Uses 9-voit bat-
tery {not supplied). Order the Heath-
kit GR-1008 for yourself or the kids.
Kit GR-1008, 2 1bs.

CIRCLE NO. 21 ON READER SERVICE CARD

APRIL 1973



Electronic Circuit Analogy Quiz

BY ROBERT P. BALIN

Electronic circuits perform functions that
are similar in many respects to those of
common mechanical devices. For example,
a rectifier circuit produces unidirectional
current while a ratchet and pawl produce
unidirectional motion. If you can see an
analogy between them, you probably have

a good understanding of their operating
principles.

To test your ability to identify analogies,
try to match the electronic circuits (1 to 8)
on the left below to the related mechanical
devices (A to H) which are depicted on
the right below.

(Answers below. No peeking.)
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Al

Scene

'huﬂ Solid-State

~

_

Devices for
Communications

IN OUR fast-paced world of continuing
technological innovations, new solid-state
devices are announced almost daily. Sur-
pusmgly, these new devices (particularly
IC’s) are not always as high in price as we
might expect for new items that are not yet
produced in volume. So the devices are
here (more on the way) and the question
is how to use them.

Not only the numbers of them, but the
level of sophistication in IC’s has reached
a staggering intensity. We now speak of
30-transistor op amps without a second
thought—and that’s just one example. IC’s
have now become small electronic systems

Oscillator Bias/
Latch Trigger

Osc. Tune

BUFFER

. OSCILLATOR

1HO==

Osc. Fdbk.

POWER
SUPPLY

REGULATOR/
LATCH

HOD.
PREAMP

)

5 6 7 9

Gnd. +Vcc Aux. Mod .
Latch Preamp
Out. input

By Walter G. Jung

capable of performing entire circuit func-
tions—the same operations which might
have taken racks of equipment just a few
years ago.

At POPULAR ELECTRONICS Including ELEC-
TRONICS WORLD, we feel it is our mandate
to fulfill the “how” of applying these ex-
citing new devices. This includes good ap-
plications with goals of you the readers in
mind. Today’s solid-state experimenter has
a wealth of devices availahle to him. It is
our aim to help him make a good selection
and supply over-all perspective in an area
which promises even faster growth in years
to come. It'll be fun and we hope you 1 be
a big part of it.

Devices for Communications. Good ex-
amples of “systems” IC’s are a couple of
devices for use in commmunications. The
first, Lithic System’s new LP2000 “Micro-
transmitter,” is just what it says—a single-

BUFFER

MODULATOR/
OUTPUT REGULATOR

8
. Input/
Bias Set

Fig. 1. Functional block diagram of the Lithic LP2000 Microtransmitter.
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chip 50-mW transmitter! The LP2000 in-
cludes an oscillator, a buffer, a uniquely
modulated output stage, and a low-level
preamp (Fig. 1). It also has a “zero standby
current” latching feature which allows pow-
er to be applied without current drain
until triggering occurs. Intended for hand-
held battery operated communicators, the
LP2000 has an internal regulator allowing
operation from +3 to +15 volts. Output
from a small dynamic speaker (as a mike)
is sufficient to modulate the LP2000 trans-
mitter directly.

An LP2000 application note illustrates
two possible circuits—a 27-MHz AM trans-
mitter and a 72-MHz pulse modulated
transmitter. With the addition of only a
mike and an antenna, you have a complete
AM transmitter system. This fulfills the
transmission function for a low-power
walky-talky. Or, using pulse modulation, an
LP2000 can provide the transmission end
of a remote-controlled mode! system. The
LP2000 Microtransmitter from Lithic Sys-
tems is priced at about $16.00 for small
quantities from their distributor:

Circuits Specialists

P.O. Box 3047

Scottsdale, AZ 85237

Communications IC Standard. In each
subset of IC technology, there is often a
standard device on which a number of re-
lated devices are based. In communications
IC’s the standard building block is a spe-
cial triplet of differential amplifiers—the
balanced modulator/demosdulator. First in-

troduced by Motorola as the MC1596
(—55 to 125°C) and MC1496 (0 to 70°C),
this IC is now available from many sources
—the mark of a standard.

To aid in obtaining the 1496, here is a
list of sources and their respective part
numbers:

TO-100 TO-116
10-pin can 14-pin DIP
Fairchild USE7796393 U6A7796393
313 Fairchild Dr.
Mountain View
(uA796C)  (nAT96C)

CA 94040
Lithic Systems, Inc.

P.O. Box 869

Cupertino

CA95014
Motorola MC1496G

Tech. Info. Center

P.O. Box 20924

Phoenix

AZ 85036
National LM1496H

2900 Semiconductor Dr.

Santa Clara

CA 95051
Signetics N5596K

811 E. Arques Ave.

Sunnyvale,

CA 94086
Silicon General

7382 Bolsa Ave.

Westminster

CA 92683

The schematic of a 1596/1496 is shown

LS1496 L.S1496

MCI1496L

LM1496N

N5596A

SG1496T SG1496D

(-)9
ovo, Qutput
2 O
(+)6
Q1 ’_CE'-—« 4 Q3 :ar
8(-)
Carrier O—
Input C
7(+) / .
Signal , \ 2
Input ) — 0
pu T+ Gain Adjust
O
/ V 3
Q7
Bias 5 O { Qs
soog 5% 500
V10 O— & &

Pin 10 is connected to case.

Fig. 2. Schematic of the Motorola MC1596/1496 modulator/demodulator.
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HIGH FREQ.
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OP AMP

BUFFER ’ *
AMP

XR 2208 7308

Fig. 3. Functional block diagram
of Exar's XR2208/XR2308.

FOUR QUADRANT
MULTIPLIER

L !

|
U0 0 U U0

MULTIPLIER X COMMON Y
INPUT

QUTPUTS INPUT

in Fig. 2. Carrier and input signals are ap-
plied between pins 7 and 8 and pins 1 and
1 respectively, with output taken from pins
6 and 9. Gain adjustment is bv a resistor
between 2 and 3, with bias set at pin 5.

This basic circuit element can be used
as a mixer, a modulator for either AM or
DSSC, a gain control, a two-channel switch
or multiplexer, or an AM, DSB, FM and/or
PM demodulator. If you look closely at the
schematics of popular FM/TV demodula-
tors, PLL’s etc., vou will see the 1596/1496
often. We recommend Motorola’s data sheet
and application notes for information.

A new IC is Exar’s XR-2208/2308 op-
erational multiplier, which, put simply,
multiplies two input signals (in both magni-
tude and sign). Thus either signal mav be
used to control the gain and phase of the
output signal.

The XR2208/2308 is a very versatile de-
vice in that, in addition to the basic multi-
plier, it also contains an op amp and high-
trequency buffer as shown in Fig. 3. The
chip has an 8-MHz b‘md\wdth a 0.39%
nonlinearity spec and operation from power
supplies of =4.5 to =16 volts. The appli-
cations booklet gives a variety of circuits,
including AM modulation and detection, a
tnangle to-sine converter, a phaqe detector,
and several PLL circuits. The XR2208 ( -55
to 125°C) and XR2308 (0 to 75°C) come
in a 16-pin DIP and prices start at $6.00
each in quantities of 1 to 24 for the
XR2308.

While on the subject of versatile com-
munications circuits, we should mention

Exar’s XR-210 FSK Modulator/Demodulator

(MODEM). This one also emphasizes the
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7l_]s

Y GAIN

X GAIN

systems concept as may be noted from its
functional diagram shown in Fig. 4. While
basically a PLL, interconnection of the SR-
210 in various ways allows different func-
tions to be performed. The oscillator oper-
ates from 0.5 Hz to 20 MHz, can be keyed,
swept, and digitally programmed and has
independently variable mark/space adjust-
ments. Applications  include both  FSK
generation and demoedulation, tracking fil-
ters, tone decoding. FM detection, and
voltage-frequency conversion. The XR-210
is supplied in a 16-pin DIP and price for
1 to 24 is $10 each. For more information:
Exar Integrated Systems, Inc. 750 Palomar

Ave. Sunnv -ale, CA 94086.

This month we have taken a look at com-
munication devices in bath a broad and
specialized sense. This wrea is active and
there’s more just over the horizon. Make
our scene next month for what is happening
in solid-state, and how to use it

vco VCD GAIN veo

Vel TIMING ANG SWEEP KEYING vCco
OuTPUT CAPACITOR CORTROLS INPUT FINE TUNE

o[ o] ] o] o] o] =[]

v

PHASE
DETECTOR

l |
U =Uoeu-u ey

VOLTAGE PHASE INPUT BIAS INPUT  GROUND  LOGIC
COMPARATOR DETECTOR NO 1 NO 2 V7 QUTPUT
INPUT OUTPUTS

Fig. 4. XR-210 functional diagram.
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Surplus Scene

\

J

By BAlexander W. Burawa, Associate Editor

HOW THE MARKET IS SHAPING UP BEHIND THE SCENES

DURING the past five years or so, electron-

ics experimenters have been reaping a
rich harvest through the courtesy of surplus
dealers selling at low prices. Now, if rumor
is correct, that harvest is likely to become a
lot less rich. The rumblings behind the
scenes have gradually become articulate and
their message is a warning of a tighter future
market for items that today appear to be
flowing inexhaustibly from a bottomless
source.

The first rumblings began to be heard last
year when at least two dealers became vic-
tims of user/supplier backlash. One com-
pany, among the largest of the digital IC
suppliers, had their supply of TTL digital
I1C’s cut off; a new supply and supplier had
to be found. Fortunately, other suppliers
came to the rescue. Not so fortunateé Wwas
another eastern supplier who was selling
one-source calculator chips and had his sup-
ply completely dry up. S

There is a possibility that the verv popular
7400 series of digital IC’s mav soon become
scarce. Logically, this could be expected in
light of the fact that the technology is chang-
ing and better tvpes of IC’s are in the
volume-production stage. If the new tvpes
of IC’s—including ECL ( emitter-coupled
logic) and CMOS (complementarv metal-
oxide silicon) devices, to name just two—
become available as TTL replacements, we
like the idea. Rumor, however, doesn’t in-
clude replacement lines for the TTL devices
we now have. So, all we can really do is sit
back and await developments.

Computer Boards. Not in the rumor mill,
but something you should take into consid-
eration, is the possibility of a reduction in
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the numbers and types of computer boards
and assemblies that will show up in surplus
dealer bins. If you can remember a couple
of years back, you will recall that quite a
number of computer engineers were given
their walking papers and a number of com-
puter manufacturers went under as the hot-
tom fell out of the industry. The industry is
now on the upswing, but it might be a while
before it fully recovers from the ravages of
its recession. So, don’t expect too much
from that end. -

Where Is Military Gear? Another thing
we've noticed over the years is the gradual
reduction in the numbers and varieties of
military gear getting to the surplus dealers.
Why this is so, we haven’t been able to pin
down: Perhaps the DOD is keeping their
gear longer than they used to and what gear
they do red-tag is in such bad condition that
all it is good for is the scrap heap. This,
however, is a bit hard to credit when we
consider that we have just ended one of the
longest wars in our history. So many ad-
vances have taken place in military elec-
tronics during the war’s duration that a lot
of equipment must have been superseded by
better gear. So, where is all of the outdated
equipment that traditionally gets from DOD
salvage vards to surplus dealers? One can
only hazard a guess.

The cutbacks imposed by manufacturers
will likely take place so gradually that by
the time vou take notice of the scarcity, they
will have been under way for at least a cou-
ple of years. By that time, there is little
doubt that some of today’s “new” items will
he abundant on the Surplus Scene, probably
in much greater diversity than now. ®
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ELECTRONICS MARKET PLAGE

NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms er indi-
viduals offering commercial products or services, $1.60 per word
(including 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-
uals 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: 17 by 1 column (258" 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 bo!d 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., Advertisemen®#s 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 1001€.

FOR SALE

FREE! bargain catalog. Fiber optics, LED's, transistors, diodes,
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.

ELECTRONIC PARTS, semiconductors, kits. FREE FLYER. Large cat-
alog $1.00 deposit. BIGELOW ELECTRONICS, Bluffton, Ohio 45817.

WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machine,
Speakerphone, Carphone, Phonevision, Auto Dialer, Touch Button
Dialer, Central Dial System. TELEVISION: $35.00 Color 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 ITEM: $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 Blvd., Los Angeles, Calif, 90048.

Cataiog Free.

RADIO—T.V. Tubes—36¢ each. Send for free catalog. Cornell,
4213 University, San Diego, Calif. 92105.

SENCORE, B&K Test Equipment Unbelievable Prices, Free Catalog
and Price Sheet. Fordham Radio, 265 East 149th Street, Bronx,
N.Y. 10451,

CONVERT any television to sensitive, big-screen oscilloscope.
Only minor changes required. No electronic experience neces-
sary. lllustrated plans. $2.00. Relco-A33, Box 10563, Houston,
Texas 77018.

METERS—Surplus, new, used, panel or portable. Send for fist.
Hanchett, Box 5577, Riverside, CA 92507.

PYROTECHNICAL chemicals, casings, tools, supplies, fuse, liter-
ature, Giant, illustrated catalogue/handbook includes formulas,
instructions—50¢, with samples—$1.00. Westech, Box 593,
Logan, Utah 84321.

ELECTRONIC COMPONENTS—Distributor prices, Free catalog. Box
2581, EI Cajon, Callfornia 92021.

ANTIGRAVITY, experiment and theory, Rushed—$2.00. U.S. In-
quiries. Intertech 7A7, Box 5373, Station-F, Ottawa, Canada.

JAPAN HONG KONG DIRECTORY. World products information.
$1.00 today. Sekai Shogyo Annai, Hillyard, Washington 99207.

EUROPEAN and Japanese bargains catalogs. $1 each. Dee, P.0.
Box 9308, North Hollywood, Calif, 91609.

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, 8everly Hills, Calif. 90213.
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BUILD YOUR OWN SPACE—AGE TV CAMERA
[

- " o -t
potioid anybare in UKL Connd {iose wdlcwn
PHONE or WRITE for CATALOG.
DiAL AO3-SE-ITT

e b, pors md slons evaitin

ATV Rassarch

FREE Catalog. Parts, circuit boards for Popular Electronics proj-
ects. PAIA Electronics, Box C14359, Oklahoma Clty, OX 73114.

WE SELL CONSTRUCTION PLANS—gold recovery unit!—silver
recovery unit—infra-red scape—x-ray fluoroscope—alternator
adapter—200 watt inverter—electrenic insect tap—burglar
alarm system—chemical formulary—plans $5.00—plus many
more!—ask for complete catalog 25¢—Airmailed 50¢. Creative
Products, 1551 East Loop 820, Dept. E-473, Fort Worth, Texas
76112,

1307 BROADWAT DANOTA CITY, NEBR. 68731

NATIONAL MOS [CT5005
DYNAMIC shift registeni0-5 |CALCULATOR =)
502 dual 50 bit .75 This chip has a full four
W506 dual 100 bit 1.00 | function memory, Memory is
MM5006 dual 100 bit 1.00 |controlled by four keys, #M
MM5013 1024 bit 1.50 Eldds entry to mmmory), -l
MM5017 dual 512 DIP 1.50 |(subtract entry from memor:
MM5016 512 bit 1.00 |CM (cledr memory—without-+
Tear!r.q rest of registers))
AN ( read memory or use as

7400 T o
2

STATIC  shift registers
M504 dual 16 bit 1.00 [entry).
505 dual 32 bit 1.25
MN550  dual differential
amalog swi t:hz

3 CHIP
o cueatonrser
This calculator set has

eight digitfloating point

<12 OISIT DISPLAY AND CALC.
00 |-FIXED QECIMAL AY 0,1.2,3,

4, ORS
<LEADING ZERQ SUPPRESSION |7,
~SEVEh SEGMENT MULTIPLEXED

~TRUE tﬂ{OlT SIGI OlsPLAV

with left hand entry. It |-SINGLE 28 P
will add, subtract, multi <hip md dna--ill 95
ply, and divide, Overflow Data only—---- 1.00|;,
and negauve signals are (refundable)
provia
CMprs and data---$6,95 [WC1012 ECL BSme ¥f 1. 00
Data only-e~ose-- 1.00 MC1023 ECL driver 2.00

(refundable) [MC1039 ECL-TTL interface
2.

007
MY-50 red enuting 8850,%601--one ghot multi-
1.00|7

10-40m2 0 2V .40 vibrator
8269 slgncu: is same a3
MV5020 red LED .60 8200 Nattonal 4 bit
omparatos 1.60

MV-108 Visible red
~' 5.70ma @ 2V

MCas3 tlllll Jx on, .30
275 LU321 dual JK “Utilogic® 60
5P629 RS/T Signetic .40
SPE59 dual 4 tnput buf. .25

SCHOTTKY it 55.00 each] w saon
82530 8 irput multiplexer :g 5411
82533 2 input 4 bit multiplexer | < 5420
82541 quad EX/OR element S Z54L10
82542 4 bit comparator i§=5‘“'
82562 9 bit parity gen./checker [©Z 54440
82567 2 input 4 bit multiplexer| = S54L%1

8200  dual 5 bit buffer register 24 pin DIP-—- 3.50 |
8263 3 input & bit multipleser 24 pin fF--.. 3.50
8264 3 Snput 4 bit multiplexer 24 pin LIP--.. 3.80 2 ped
AT TC's are new and fully tested Teads are plated with ;gg(TlHER)----- ks
gold or solder, Orders for $5 or more will be shipped| -

prepaid. Add 35¢ for smaller orders. Califernia  resi-
[dents add sales tax. IC orders are shipped with 24 hrs

COD's may be phoned in............. Money buck guarantee] 0400
Bﬁm P.0 Box J  Carmichael |
- Galifornia 9560
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ELECTRONICS
Reconditioned & Used

FM 2-WAY RADIO SAVINGS

Particl List—Send for New Calalog

MOTOROLA
U51GGT

40-50 MHz

12 volts, 60 watts.
Transistorized power
supply. Narrow band

'188

complete with accessories
Private line (if available) add $35.

Just Arrived! G.-E. “Message Mates”
High Band Receivers with Sel-Call
G.E. PROGRESS LINE STRIPS, physically complete,

AS IS}
LOW BAND HF UHF
MA,E13 MA/EI6 MA/E33 MA/E36 MA /Ea2
. %20, 520 . x $20.

Power supply. 30

watls, less vihrator

Puwer supply,

watts, less vibrator . $28. -+$2S5, .....
N\ narrow bhan

less final tubes

Note: MA/E42

wide bana va $18. $25. 325. .$30,

RX wide hand

less ovens .. .%18 S18. .518. $18 .912,
14" Proyress Line Case. consisting of front basket and Tront plate

with lock $10.

-..912,

Low band dual front end, 2 freq. strip ... .

..... ----%20,

=*§im GREGORY ELECTRONICS CORP.

249-F Re, 46, Saddle Brook, N.J. 07662
Phone; (201) 489-9000

CIRCLE NO. 20 ON READER SERVICE CARD

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 Ignition
—Burglar Alarm—Sound Meter . . . over 60 items. Send 25¢ coin
(no stamps) for complete catalog. Technical Writers Group, Box
5594, State College Station, Raleigh, N.C. 27607.

OIGITAL ELECTRONICS! Complete 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.

CONSTRUCTION PLANS: Laser . . . $2.00. Missile Tracker . . .
$2.00. Catalog 25¢. ESP Experimenters Kit . . . $2.00. Howard,
P.0. Box 35271, Detroit, Michigan 48235.

ELECTRONIC 1GNITION: Boosts Voltage. Only $19.95. Box 2002,
Huntington Beach, Calif. 92647,

SURPLUS electronics for everyone. Free catalog. U.S. inquiries.
ETCO, 464 McGill, Montreal, Canada.

FREE Catalog lisis resistors, tubes, transistors, rectifiers,
condensers, tools, tuners, etc. Hytron Hudson, Dept. PE, 2201
Bergenline Ave., Union City, N.). 07087,

ELECTROENCEPHALOPHONE: brainwave monitor. Professional bi-
ofeedback instruments. J&J, 8102-E, Bainbridge, Wash. 98110.

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 114359,
Oklahoma City, OK 73114.

DIGITAL and analog computer modules. LED numeric display
kits. FREE LITERATURE. Scientific Measurements, 2945 Central,
Wilmette, ilinois 60091,

SHARE my Electronic Profits, your area! Free details! Hutson
23S, 1425 E. Madison, El Cajon, CA 92021,
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BURGLAR-FIRE alarm supplies and information. Free catalog.
Protecto Alarm Sales, Box 357-G, Birch Run, Michigan 48415,

WHOLESALE C.B., multiband receivers. Lowest prices. Catalog
25¢. G-Enterprises, Box 14p, Q’Fallon, 111, 62269,

HEAR POLICE/FIRE DISPATCHERS! Official Directory shows “‘con-
fidential” channels your area; receivers. $3. Cc ications,
Box 56-PE, Commack, NY 11725,

1973 HOBBY ELECTRONICS DIRECTORY. Hundreds of companies,
products, and services. Parts, test equipment, surplus, plans,
kits, and more. $1.50, Newcal Enterprises, Box 323-A, EI
Segundo, Cal., 90245,

ALPHA/THETA feedback instruments—$25. Sensitive circuit of
$75 unit. Ultimate ease of use. Inner Space Electronics,
Box 308PE, Berkeley, CA 94701.

FIREWORKS NEWS—Monthly magazine covering Fireworks, Con-
struction, Sources of Supplies, New Firms-Products. Free
Fireworks Catalogs with Subscriptions! $9.00 per calendar year.
Sample-Book ist $1.00! Pyro Press, Box 1202N, Lexington,
Kentucky 40501,

OSCILLOSCOPE improvement. Add trigger sweep and dual trace
to any scope using low cost kits. HTP, Box 901, Cupertino,
Calif. 95014.

E CATALOG
0% OFF COMPARABLE KITS*
*BUY DIRECT « SAVE §3$

FREE Catalog — Electronic Kits — Amplifiers —
Preamps — Psychedelic Strobes — Burglar Alarms |
Digital Tachometer —More: Free Catalog. 1
SWTPC, Box A32040, San Antonio, Tex. 78284, |

MECHANICAL, ELECTRONIC devices catalog 10¢. Greatest Values
—Uowest Prices. Fertik's, 5249 *D", Phi‘adelphia, Pa. 19120.

IGNITION SYSTEMS: Capacitor, Transistor.
Anderson Engineering, Epsom, N.H. 03239.

SCOPES, meters, test equipment, military and industrial surplus.
Write for free “‘Bargain Bulletins'. Lawrence Instruments, P.Q.
Box 744, Sunbury, Pa. 17801.

LASER Tube-—$9.50, Bargain Laser-Electronic Catalog—$1.00
{Refundable). Plasma Systems, Box 3261, San Jose, CA 95116.

AUTHENTIC, INSTRUMENTED, FLYING ROCKETS for casval or
serious experimenters. Over 80 scale, original, multi-stage or
ready-to-fly models. Solid-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-miniaturized equipment.
New, detailed tech manual and full-color catalog, 25¢ from
ESTES INDUSTRIES, Dept. 18H, Penrose, Colo. 81240,

FREE catalog. Surplus electronic parts, JK Piodhzt-s, P.0. Box
527-€, Norris, Tenn. 37828.

ELECTRONIC CDI Ignitions, VHF/UHF monitors, CB
Wholesale. Southland, Box 3591, Baytown, Texas 77520,

ALPHA/THETA brainwave biofeedback instruments. Unique dig.
ital filters for uitimate precision. BioScan, Box 14168E, Houston,
Texas 77021.

STROBELIGHT-flashtube, coil, neon, instructions: $4.95, bakelite
cases 4x3x1v2: 3/$2, 10/$5. Flyer. Mindlight, POB 2846PE,
Van Nuys, California 91404,

Information 10¢.

radios,

PARTS!
_‘(d&' Send For ‘»{

TUBES!

per e o

tube ORDER FREE
IF NOT SHIPPED

IN LOTS OF 100 IN 24 HOURS!
4219 UNIVERSITY AVE. SAN DIEGO, CALIF. 92105

New Color

Catalog
48 Pgs New Items

CORNELL'S® 33¢ 36‘:15;;
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We will equal any quantity dis- TRANSISTOR SPECIALS SCHOTTKY IC'S
count for any 1C or display | 2N3584 NPN_ Si  T0-66 35W 250V 2A 10MHz100Hfe $1.50 - L o0ood
offered by any surplus dealer 2N96S PNP GE TO-18 .15W 7V 1A .300 40 /$1-00 74574 T1.75
advertising _in this 2N1605 NPN GE TO-5 .1SW 24V .1A 14 125 s5/$1.00 ;:g{g; -{33
LIGHT EMITTING DIODES 2NS324 PNP GE TO-3 __60W 250V 10A 20 35 $1.50 7as112 .. 1.95
MVS026 ....00v0000...% .65 | 2NIOISDNPN Si T0-82 150W 200V 7.5A .02S 10 $14s AR oohe
ME4 IR LED'S . ...c0vor .65 | 2N3724 NPN_si__TO-5___.8W_ 30V 1.A 250 60 3/$1.00 745140 .. .99
MRD 148 Photo darlmqlonl 65 | 2N3772 NPN Si  TO-3 150W 60V _30A .2 30 $1.25 ;:g{gg {gg
2N610S PNP_Si_ T0-220 36W__ 40V 4A .8 60 50¢ e
p¥§3 000a ¢ NPN_ 51 T0-220 36W 40V 4A .8 60 $Se “C“’E COUNT“ v
74 1. 2N48S8 PNP Si_ T0.66_ 25W 40V 4A 40 46 s 60 | 12 Nixie mu & socket (8754)
el it MJ2251 NPN_Si T0-66_10W 225V .SA 10 40 S .70 | 1-7450
a 1l 2N3058 NPN §i T0-3 115W 100V 1SA .2 as $1.00 | 177473 $5.50
74 o q
4 o o
XIE TUBR L WAVE BRIDGE PA234 1 Watt
o4 o LoN 8754 WITH RS Audio AmpS ......... s1.25
4 5.0 SOCKET AND TOATA SHEET $2.25 3/56.00 LW 309K &
74 1 T 2001 .s511.25 i ggs=eﬂx:alor ..... $2.28
4 .1 Printed circuit board!‘Yz”: sl/z” double 400 | 1.15 | 1.50 741 OPER. AMP ... .
74 e ¥ Sided fiber gl o aa. 5/82.50 600 [ 1.35 | 1.75 n:‘ Adjusi 741 ..
4 -1. ~ 23 ator " 1Ill1000]
; ? MAN—1 LED READOUT ..$4.50 Silicon Power Rectifiers 'nm-zooz high
H L MAN—3 LED READOUT ..$2.95 PRV 1A 3A  12A SOA 7OARE 16 Amp LTIl
. 1l 100 .06 .09 .30 __ .85 A
5 ; { PRECISION TRIM POTS 00 07 .16 35 1.25 &
111000 | 82 1 500 OHM, 10K, 20K, 25K, - 2 = : 8
SOK ..covecnnvonans AOONNE:OS 20 E4SEINIESO 80 Phase Lock Loop ...
TANTULUM CAPACITORS or 3 for $2. Oo 600 .11 .30 .70  1.30 SB Phne Lock Loop .$3.2
4.7 MFD AT 20V .....5/$1.00 - 800 i .40 85 230 | 335 .2US to 1 Hour Timer $1. ;9
10 MFD AT 20V ......4/$1.00 | 8223 Field Prog ROM ...$8.00 | 7555 20 .35 1.10 275 | 531 High Slew Oper Amp $2. so
4.7 MFD AT 100V .$ .50 1101 256 Bit RAM ..... $4.00 o T AT 536 FET Iaput oper Amp :g o8
11 MFD AT 100V ....... .7 ilicon Control Rectifier: recision
MFD AT 100V $ .75 az:s -64 Bit Read Write sa0s B s 7oR | 540 7OW Power Briver  32.32
VERIPAX PC BOARD TRIACS 100 .30 __4S_1.00 _ 3.50 ]
This board is a 1/16" single 200 .50 75 1.25 6.50
sided paper epoxy board 4147 x PRV 1A 10A 15A 20A 300 €0 80 1.50
61/2” (standard veripax) DRILLED 100 .30 .60 .85 1.05 z = .
and etched, which will hold | 200 .65 .85 1.25 1.45 400 70 170 1.75  8.50 |'TIOTT foB Cambridge. Mass.
21-14 pin IC's, or 8,16 or LS| 300 .75 1.10 1.a5 1.65 Soo .80 1.25 2.00 Send check or Money Order. In-
DIP I1C's with busses for power 200 80 1.35 1.75 1.80 600 .90 1.40 2.25 11.00 diude postage. Average Wt. per
supply connections. It is also g = = = T's mackage 14 Ib, No C.0.D.'s.
ctched for a 22 pin 500 1.20 1.55 2.00_ 2.20 Tisas uJ -
Q = 2N3819 N Channel FET‘ Minimum Order $3.00
$S5.25 3/$14.50 sPress Fit 013T PROG. VIT's Rated companies 30 days net

Send $ .20 for our Spring catalog featuring Transistors and Rectifiers

SoLiD STATE SALES

Post Office Box 74A

Somerville, Mass, 02143
CIRCLE NO. 38 ON READER SERVICE CARD

Tel. (617) 547-4005

ELECTRONIC components, construction plans, wholesale catalog
25¢. HSC, Box 163, Hazel Park, Mich. 48030.

ELECTRONIC ORGAN KITS, KEYBOARDS, Independent and divider
tone generators, All diode keying. |.C. circuitry. Many com-
ponents. 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. 95129,

EXPERIMENTER and audiophile-test cables, chemicals, useful
items-Free catalog. Technical Services, Box 687, Arlington,
MN 55307,

Spark

DIAGRAM—Build Fly Back Checker, Condenser Checker,
Knocker, All three diagrams only $3.00. E.P. Electronics Co.,
Box 489, Colver, Pa, 15927,

AMAZING device converts cassette recorder into telephone
message sender. It answers phone, gives caller your recorded
message, hangs up. Nothing like it. Solid-state. $49.95. Satis-
faction guaranteed, Includes tape and free voltage adapter.
Amplicom, Inc., 11125 Weddington, North Hollywood, California
91601.

FREE 1973 Bargain Catalog of Electronic Components. Chaney,
Box 15431, Lakewood, Colorado 80215,

KITS, plans, components. Free Catalog. Krystal Kits, 2202 S.E.
14th, Bentonville, Ark. 72712,

WANTED

QUICKSILVER, Platinum, Silver, Gold, Ores Analyzed. Free Circu-
lar, Mercury Terminal, Norwood, Mass. 02062,

UY224S, UY227S, UX245S, UX280S needed. Richard Wolf, 7410
South 127th, Seattle, Washington 98178,

INSTRUCTION

LEARN ELECTRONIC ORGAN SERVIGING 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-ZD, Oiympia, Washington 98501,

AMAZING! Seventeen different Supreme radio-television diagram
manuals, $40.50 value; only $14.95. Supreme Publications,
1760 Balsam, Highland Park, Illinois 60035,

DIAGRAMS—Radios $1.50, Television $3.00. Give make and
model. Diagram Service, Box 1151PE, Manchester, Conn. 06042,

JAPANESE ELECTRONICS DIRECTORY. 350 brands, addresses,
tips, $1.00. Yunyuhin Sankosho, 601 S. Dodson, Urbana, lilinois
61801.

CITIZENS BAND EQUIPMENT. Discount prices on name brand
equipment. Write for price list, CRS Communications, 2271
Morris Ave., New York, N.Y. 10453.

ELECTRONIC Fever Thermometer, 30 second reading, kit, $14.95;
Assembled $19.95; 10 second model $29.95. ESP, 472 Westover,
Stamford, Conn. 06902.

APRIL 1973

ASSOCIATE DEGREE IN ELECTRONICS through correspondence
instruction. G.I. 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,

HIGHLY effective college-level home study programs in Electronics
Engineering and Engineering Mathematics. (Our 27th Year). Free
Literature. Cook’s Institute, Dept. 15, Box 10634, Jackson, Miss.
39209.

F.C.C. TYPE Exams Guaranteed to prepare you for F.C.C., 3rd.,
($7.00), 2nd., ($12.00), 1st., ($16.00), phone exams; Complete
package, $25.00. Research Company, Dept. A, Rt. 2, Box 448,
Calera, Alabama 35040.
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LOGIC trainers catalogs 50¢. UTI, POB 252, Waldwick, N.J.
07463.

LEARN COMPUTOR ELECTRONICS. Free homestudy details. Com-
pukits, Box 4192A, Mountain View, California 94040.

ON THE AIR announcer training at R.E.|. 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.I., 1336 Main Street, Sarasota,
Florida 33577,

SHORTCUTS To Success! Highly Effective, Profitable Short Courses,
(75 Choices), Study At Home, Diploma Awarded. Qur 27th Year.
Free Literature. CIEE-D, Box 10634, Jackson, Miss. 39209.

AVIATION ELECTRONICS TECHNICIAN—Prepare for exciting
career in new field of ‘‘Avionics.” Train at nation’s largest
aeronautical school. Indicate if eligible for G.l. Benefits.
Spartan Airschool, International Airport, Dept. MMW, Tulsa,
Oklahoma 74151.

PASS AMS! Memorize, stud

—1973 Tests-Answers'’ for rcz
First and Second class Radio-
telegy-one licenses. Newly revised
multiple-choice questions and dia-
grams cover all as tested in FCC
exams. —plus— 1f-Study Ability
Test.'' $3.95 p

P.O. BOX 26348.P
I SAN FRANCISCO, CALIF. 94126

TIONS

BEST F.C.C. Exam Books! “FCC License Handbook’ only $5.95.
Free Catalog. TAB BOOKS, B.R.S., Pa. 17214,

LEARN ADVERTISING. Course like University Extension. AAI-PE,
655 Teresita, San Francisco, CA 94127,

TAPE RECORDING COURSE: Taught by studio engineers. Free in-
formation. NNA, Box 721R, Rye, New York 10580.

PLANS AND KITS

ANTIGRAVITY DEVICE. Brochure rushed free. AGD, Box 3062-ZD,
Bartlesville, Oklahoma 74003,

CDl PLANS—Proven design $2.00. General Analog, 3014F S.
Halladay, Santa Ana, Calif. 92705.

¥ REE «T 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.

WALL-SIZED TV . . . Build a 72 INCH TV PROJECTOR for under
$15.00. Free Details: MACROCOMA, Dept. PE-4, Washington
Crossing, Pennsylvania 18977,

EMPLOYMENT INFORMATION

FCC FIRST, SECOND CLASS homestudy answer manual. Enter
Electronics. $9.95, Satisfaction Guaranteed. Pacific, Box 4188C,
Mountain View, California 94040,

FCC FIRST CLASS LICENSE through tape recorded lessons with
one week personal instruction. Radio License Training, 1060D
Duncan, Manhattan Beach, Calif. 90266.

COMPUTER ELECTRONICS! Complete course reveals basics of
Logic Design, Digital Electronics, Highly Effective. Free Litera-
ture, DYNASIGN, Box 60C1, Wayland, Mass. 01778.

EXCITING Overseas jobs. Directory $1.00. Research Associates,
Box 889-E, Belmont, California 94002.

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUNITIES. Report
on jobs now open. Details FREE. Aviation Employment Informa-
tion Service, Box 240E, Northport, New York 11768.
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““DIGITAL CLOCK ON A CHIp

ony $14.95

! i U.S. mahker. 24-
R ct substitute i famous U5, maker. by 77
?'I::- nﬁ"._"'ﬁi AGINE' ONE CHITP ELIMINATING 175 "ff; 1
Lther parts, Space Saver! Money saver! Latext in cluc NEw

3 Fetures 12 or 23-he, aperation, 1 or § dlgul.x. 5
R stin: Inthroal Migit multines oxcilly- JARRY
tor, lending zero blanking, high nutput current fu e Buy 3
"l" readont interfave, Single power supply u'wlr._l :'" Tako

Digst blunhing fur reduced current driun 1 l' thew 10 oW
range. Full MOS L1 Spee sheets included

IT'S NEW! 12-DIGIT 3 fersas
““CALCULATOR ON A CHIP"”

-Sorry, can’'t name U.S, maker! Type SD5001.
Similar to Moatek 5012. Outperforma Texas
8-digit TMS-1802. Features: 40-pin DIP; not 5§,
not 3, but only single :cnlcul-wr chip''. ldz;-
digit ity: 3 ipli -
vides, fixed point (0, 2, 3 or 4 decimal places),
chain operations, leading zero blanking, 7-seg-
ment decoded diaplay output, overflow lockout,
and negative sign output. Drives incandescent
fluorescent, Nixies, and LED readouts,

with instruction booklet, -

LED :!-Es:gg::s.r 03 tor $10

MAN-4 EQUAL $3.95

0-9 plus letters, for SN Fy
T431%. Snaps in 1d-pin DIP
socket, 1,% 5 V4 oy e
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Socket for above, SOc
35 WATT AUDIO O $3.33 7l
AMPLIFIER BASIC 2 FOR STEREOS$E
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930 10 transistor high power driver TO-5
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ade counter, SN7475 IC™, with a par of complimentary 35.
latch, SN7441 BCD de- Wl plastic transistaes, e, 2NA226 npn
coder driver 0-t0-9 and 2NG109 pnp. With schematics, printed
Nixie tube, instructions. ciecut und parts board layouts
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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—ail sizes. Schematics,
parts lists, formulas, operating instructions for all plating.
Guaranteed to save ypu 25%-75%. Some good units for sale.
Write for details. Platers Service Company, 1511-PE Esperanza,
Los Angeles. Calif. 90023,

TAPE AND RECORDERS

RENT 4-Track open reel tapes—all major labeis—3,000 different
—free brochure. Stereo-Parti, 55 St. James Drive, Santa Rosa,
Ca. 95401.

1930-1962 Radio Programs on tape. Huge Catalog! Sample
Recordings! $1.00 refundable!! AM Treasures, Box 192F, Babylon,
N.Y. 11702,

S— e —
AMPE X [y h
MAGH ETICRTARE RIOT! MAGNETIC TAPE

FACTORY FRESH. CHOICE OF SCOTCH #150/
#203. 1800 FOOT 1-MIL POLYESTER, 7”
REELS; OR AMPEX #611, —Quantity—
1200 FT. 7" ACETATE. 1-11 12+ 48+
#150-18 Scotch, Polyester, 1800 Ft. 1.95 1.83 1.75
#203-18 Scotch, Low Noise, 1800 Ft. 2.65 2.55 2.45
#611-12 Ampex, Acetate, 1200 Ft.  1.68 1.50 1.39
109%, to above Tape Prices for shipping/hdig,—59, over SRO 00

Add
SAXITONE, 1776 Columbia Road N.W., Wash., D.C. 20009

SCOTCH 24007 studio tape on 77 reel, degaussed and boxed,
12 for $11 POSTPAID. Free price list, Wide Response, 2926
Bentley Ave., Los Angeles, Calif. 90064.

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.

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. Technicians. 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¢ far giant catalog. Refunded first order.
United Radio Company, 56-P Ferry 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. 11218A,
Telephone: 212-633-280C.

TUBES, ANTIQUE—Send list. P.0. Box 5570, Compton, Calif.
90224.

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, Blcomington, Indiana 47401.
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ELECTRONIC BUILD SERVICE. Experienced with equipment from
miniature circuit boards to large control panels. Engineering,
consultation, drafting. Multiple Electronics, Post Office Box
2319, Anderson, Indiana 46011. Phone 317-642-4973.

INVENTIONS WANTED

INVENTIONS wanted. Patented; unpatented. Global Marketing
Service, 2420-P 77th, Oakland, Calif. 94605.

PATENT Searches including Maximum speed, full airmail report
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,

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.

INVENTORS: Protect your ideas! Free ‘“Recommended Proce-
dure”. Washington Inventors Service, 4227 Washington Building,
Washington, D.C. 20005.

INVENTORS! Either | will sell your Invention before you do,
(either through your own efforts or those of another firm) or
| 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—INVENTIONS—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.

PERSONALS

MAKE FRIENDS WORLDWIDE through international correspon-
dence. lllustrated brochure free. Hermes, Berlin 11, Germany.

MOVIE FILMS

8MM-SUPER 8-16MM MOVIES! Biggest Selection! Lowest Prices!
Free Catalog! Cinema Eight, Box 245-PE, N.Y.C. 10028.

DO-IT-YOURSELF

PROFESSIONAL ELECTRONIC PROJECTS—$1.00 up. Catalog 35¢.
PARKS, Box 15201A, Seattle, Wash. 98115.

SEMICONDUCTOR

SUPERMART

FREE CATALOG
NAME BRAND—
PRIME QUALITY
SEMICONDUCTORS

e MOTOROLA e RCA e
e FAIRCHILD e HEP e
e NATIONAL e SIGNETICS

Other Parts For
Popular Electronics Projects

CIRCUIT SPECIALISTS CO.
Box 3047 Scottsdale AZ 85257

CIRCLE NO. 7 ON READER SERVICE CARD

JEEPS Typically from $53.90 . . . Trucks from $78.40 . . .
Boats, Typewriters, Knives, Airplanes, Clothing, Multimeters,
Oscilloscopes, Transceivers, Photegraphic, 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. List 50¢.
Books, 4905 Roanne Drive, Washington, D.C. 20021.

HYPNOTISM

BOOKS

“MALE-FEMALE Hypnotism” Exposed, Explained! ''Secret Metth"
—They Never Know! $2, Rushed. Buaranteed! Isabella Hall, Sil-
ver Springs, Florida 32688.

FREE catalog aviation/electronic/space books. Aero Publishers,
329PE Aviation Road, Fallbrook, California 92028,

FREE book prophet Elijah coming before Christ. Wonderful bible
evidence. Megiddo Mission, Dept. 64, 481 Thurston Rd., Roches-
ter, N.Y. 14619,

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.

APRIL 1973

SLEEP learning. Hypnotic method. 92% effective. Details free.
ASR Foundation, Box 7566EG, Fort Lauderdale, Florida 33304.

FREE Hypnotism. Self-Hypnosis. Steep Learning Catalog! Drawer
H400, Ruidoso, New Mexico 88345.

PLASTICS

CASTOLITE pours like water, hardens like glass without heat.
Crystal clear, colors. Embed natural flowers, other objects.
Make fine gifts. Form flexible molds over any pattern, size.
Reproduce your own designs in plastics, candle wax, metal,
plaster, cement. Profitable. lilustrated Manual and Catalog Only
$1.00. CASTOLITE, Dept. 73D/PE, Woodstock, tl. 60098.
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POWER SUPPLY RECTIFIER
& FILTER CIRCUIT BOARD.

s

Rectlfier, filter, fuse
holder & bleeder res-
istor, on glass epoxy
board, ready to use
with anytransformer
up td 40 volts 2 amps,
all for less than the
price of the capacitor.
Complete data sheet
& circuit diagram.

3 xan
STOCK NO.J9483 $2.75 ea. 2/5.00 3/7.00

G.E. AUTO—TRANSFORMER

ldeal transformer for workbench,
lab, or experimental work.Over
40 different voltages, from 10

to 250 volts, at currents from

15 to 25 amps.In factory seal-
ed cartons.Data sheet shows

how to obtain all voltages.

5%’ 'x6"'x4%"" 21 Ibs.

Stk. No. J9467 12.50 ea. 2/22.00 &
COMPUTER GRADE CAPACITORS

32,00 mfd.40 V. Stk. F2210, 2.00 ea. 6/11.00
3,750 mfd. 76 V. Stk. F2116, 1.75 ea, 6/9.00

INCLUDE SUFFICIENT POSTAGE Excess
refunded. Send for new 48 page catalog, full
of circuit boards, transformers,readouts, semi-
conductors, capacitors and all kinds of hard
to find goodies. Minimum order, $3.00

A\ DA TLECTRONIS 0,
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BUSINESS OPPORTUNITIES

I MADE $40,000.00 Year by Mailorder! Helped others make
money! Start with $10.00—Free Proof, Torrey, Box 318-N, Ypsi.
lanti, Michigan 48197.

$200.00 DAILY In Your Maibox! Your opportunity to do what
mail-order experts do. Free details, Associates, Box 136.), Hol-
land, Michigan 49423,

FREE CATALOGS. Repair air conditioning, refrigeration. Tools, sup-
plies, full instructions. Doolin, 2016 Canton, Dallas, Texas 75201,

MAILORDER MILLIONAIRE helps beginners make $500 weekly,
Free report reveals secret plan! Executive (1K4), 333 North
Michigan, Chicago 60601.

HIGHLY

PROFITABLE ON E'MAN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings facts
about this unusual opportunity. Write today! Barta-
DEPD, Box 248, Walnut Creek, CA 94597.

FREE SECRET BOOK ~2042 Unique, Proven Enterprises.” Beat
inflation with fabulous, successful “‘Little Knowns.” Work home!
Haylings-B8, 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,

FREE BDOK *999 Successful, Little-Known Businesses.” Work
home! Plymouth Q4, Brooklyn, New York 11218.

FREE! FREE! Bargain Book—Central Camera Co., Dept. 1041,
230 S. Wabash, Chicago, NI. 60604,

SPORTS ACTION FILMS

START a new hobby, collect Pro Sports Action fi'ms on Super 8
and Regular 8mm; color or B&W. Write now for 25¢ catalog.
Elect. Dept., SPORTLITE, Box 500, Speedway, Indiana 46244,

RUBBER STAMPS

RUBBER address stamps. Free catalos. 45 type styles. Jackson's,
Box 443G, Franklin Park, 111, 60131.

FREE literature, business cards, letterheads, rubber stamps,
social security plates, labels, lifetime medical, pet, identifica-
tion tags. Geer's, 111 North Drive, Ottawa, Ohio 45875.

TREASURE FINDERS

TRANSISTORIZED detectors—$19.95 to $79.95. Family fun and
fortune. Cataiog write: Treasureprobe PE 34, Tennent, N.J.
07763.

FREE—Valuable Treasure Finder catalog sent by return mail.
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.
5 powerful models. $19.95 up, Instant financing available, Free
catalog. Relco, Dept. A-33, Box 10839, Houston, Texas 77018,

DISCOVER AMERICA’S FASTEST GRDWING HOBBY. White's Elec-
tronics, Inc., would like to send you—absolutely FREE, their 42
page, fact-filled catalog on Mineral and Metal Locating Equip-
ment. Amateurs or Professionals select from the world's largest
line of metal detectors, priced as low as $79.50, up. Detect
Gold, Silver, Copper—Nuggets, Coins, Jewelry, etc. Budget terms
available. For your convenience we have three major factory
locations in the U.S. and Canada, as well as over 1,000 authorized
dealers to serve you, See your local Yellow Pages, under '*Metal
Locating Equipment'’, or write: White's Electronics Inc., Room
No. 391, 1101 Pleasant Valley Road, Sweet Home, Oregon 97386
—Elk-Air Industrial Park, Dexter Drive, East, Elkhart, Indiana
46514—or White's Electronics Ltd., 33784 Hazel Street, Abbots-
ford, British Columbia, Canada.

FISHER DETECTORS. You deserve the best. Free
FR-L, Dept. PE-4, P.0. Box 490, Belmont, CA 94002,

literature,

MUSICAL INSTRUMENTS

PIANO TUNING LEARNED QUICKLY AT MOME! Tremendous field!
Musical knowledge unnecessary. Gl approved. Information free,
Empire School, Box 327, Miami 33145.

MAKE Money at Home as hi-gﬁs $150.00 per_wee_k or more
mailing our circulars. Details, 25¢. Cur-Jon Mailing Service,
Box 523 PL, Maplecrest Station, Maplewood, N. J. 07040,

GROW RICH DRIVING YOUR CAR. Magnetic signs, Big Money,
very, very easy. Copy Sign, 6644 Santa Monica Blvd., L.A., Calif.
90038.
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30% DISCOUNT name brand musical instruments, Fres Catalog.
Freeport Music, 455N, Route 110, Melville, N.Y, 11746,

WHDLESALE! Professional Guitars, PA Systems, Altec Speakers,
240W RMS Amplifiers. Free Catalog, Carvin, Escondido, Calif.
92028.

YDUR low cost ad in these columns will reach America’s largest
audience of Electronics Professionals and Electronics Hobbyists.
Send copy now for next fssue.
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REAL ESTATE

FREE .. . NEW . . . BIG . . . SUMMER 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,

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog yeasts, equipment. Sem-
plex, Box 12276P, Minneapolis, Minn, 55412,

36 AIRMAIL ENVELOPES. Printed with your name and address In
corner, $1.00. Satisfaction Guaranteed. JEANART STUDIOS, Dept.
E2, 715 E. 19th St., Brookiyn, N.Y. 11230,

APRIL 1973

EMERGENCY HORN—Hand-sized, self-powered, Perfect for emer-
gencies. Can be heard up to one mile. Will also repel attackers
or animals, without permanent harm. $3.50 postpaid. J. Ross,
Box 223, Jamaica, N.Y. 11431. Dept. PE.

YOUR LOW COST Classified or Display Classified Ad in these col-
umns witl be seen, read and responded to regular’y by America's
largest audience of Electronics Professionals and Hobbyists.
For $1.60 per word (minimum $16.00v your Classified ad will
produce sales results far in excess of the small amount you'tl
spend on advertising. If your preduct or service deserves more
prominent exposure to this audience, then Display Classified is
for you . . . and it's available in units of 17, 27 or 3” by one
co'umn at rates of $200.00, $400.00 or $600.00 per insertion
(even less if you sign up for a 6 or 12-time contract.) For
immediate action send copy and payment NOW to: Hat Cvmes,
Classified Advertising Manager, POPULAR ELECTRONICS in-
cluding ELECTRONICS WORLD, One Park Avenue, New York,
New York 10016.
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LIVE IN THE WORLD OF TOMORROW...TODAY'!

A BETTER LIFE

~ STARTS HERE
"y gy e e
ASTRONOMlCAL TELESCOPE KlTs
-lﬁ'ﬂﬂ O

Kit contains fine an-
/nealed pyrex mirror

blank, tool. abrasives

Stock N 70 003AV . 41,4” dlam 33" thick.$10.7S Ppd.
Stock No. 70,004AV. . .6~ diam. 17 thick. . .$16.95 fpd.
Stock No. 70,005AV. .8” diam. 13/3" thick. .$24.50 Ppd.
Stock No. 70,006AV. 5 -134” thick

30 IBS. yyamp s m- rms o o ol e - $44.50 FOB
Stock No. 7o,oo7Av 21/." thick

46 Ibs. ...

.»72.50 FOB

‘--———
“FISH" WITH A GIANT MAGNET

Go Treasure Hunting On The Bottom!
Fascinating fun, and sometimes very prof-
itable! Tie a line to our 5-pound Magnet—
drop it overboard ‘in bay, river, iake or
ocean. Troll it along the bottom. Your
‘‘treasyred’’ haul can be outboard motors,
anctiors, other metal valuables. Five-pound
Magnet is war surplus—Alnico V Type that
cost the Government $50. It lifts over 150
pound's on land—much greater weights under
water!

a1y,
| e

\

Stock No. 70,571AV ... ... .. $14.00 Ppd.
stock No. 70,570AV 3Vz2 Ibs. ... $8.75 Ppd.
$33.95 F.0.8.

\Stock No. 85,152AV 153, Ibs,
N — o —
GIANT WEATHER BALLOONS—8’ OR 16’ DIAMETER

“Balls of fun" for kids, traffic stop-
pers for stores, terrific for amateur
meteorologists. Create a neighbor-
hood sensation. Great backyard fun.
An exciting beach attraction. Ama-
teur meteorclogists can use these
balloons to measure cloud heights,
wind speed and temperature. Made
of heavy-duty neoprene. Inflate with
vacuum cleaner or auto air hose; or
locally available helium for high rise.
(8’ size)
Stock No. 60,568 AV ... $2.50 Ppd.
(16 size)

$7.00 Ppd.

Stock No. 60,632 AV ...

MAIL COUPON FOR

s |

{And our FREE CATALOG is packed with exciting and
unusual ecological & physical science items—plus
4,000 finds for fun, study or profit . . . for every mem-
ber of the family.)

———-—-
KNOW YOUR ALPHA FROM THETA!

Learn to control your Alpha-Theta brainwaves for relaxation,
improved memary, concentration. Head electrodes. hooked to
amplifier, filter brainwaves signaling audible beep for ecach
Alpha-Theta wave passed.
Wrist & finger contact pick up
and amplify heart beat, skin
resistance. Reliable, easy-to-
use trainer unit offers features
comparable to many higher-
priced models. Completely
safe. Most people can learn
Alpha rhythm controf in 10-12
hrs with full instructions in-
cluded.

Stock No. 71,606AV. . .$120.00 Ppd.
— = m B gy n
ELECTRONIC DIGITAL COMPUTER KIT

Soive problems, play games, predict weather,
even play miniature chess with this ac-
working model of glant electronic
brains. Amazing new fun way to learn all
about computer programming . logic,
decimal, binary systems, Laws of Sefs.
Even do your own orogramming after
completing the simplified, 116-page
instruction booklet. Circuits are eas-
ily changed, readout is from an
illuminated control panel. Requires

2 “D" batteries (not incl.).

Stock No. 71,434AV. . .$31.50 Ppd. (11 x 12V2 x 47)
SEE y .

THE STARS,
3” ASTRONOMICAL

MOON, PLANETS
CLOSE up! REFLECTING TELESCOPE
60 To 180 Power. Famous Mt. Palomar Type

See the rings of Saturn, the fascinating planet
Mars, Seas and Craters of the Moon, Star Clus.
ters in detail. New Improved, aluminized and
overcoated 37 diameter f/10 primary mirrqr,
ventilated cell. Equaterial mount with locks on
both axes. Equipped with 60x finder telescope,
ardwood tripod. Included FREE: VALUABLE
""HOW TO USE YOUR TELESCOPE" book;"'STAR
CHART"

'

‘.
S~

Il
Stock Ko. 85,0 d. 6” REFLECTOR TELESCOPE WITH

50 $32.95 Ppd.
DELUXE 3 REFLECTOR TELESCOPE ELECTRIC CLOCK ORIV
Stock No. 80,162 . $61.50 Ppd.  Stock No. 85,086 5239 50 F.0.B.
$99.50 F.0.B.

4Va” REFLECTOR YELESCDPE (45! T0O 270X) Stock No. 85,105

COMPLETE & MAIL WITH CHECK OR M.O.
EDMUND SCIENTIFIC COMPANY

GIANT FREE I 300 Edscorp Building, Barrington, N.J. 08007 i
CATALOG. How Many Stock No. Description Price Each Total l
¢ |
164 PAGES - MORE THAN I I
4000 UNUSUAL BARGAINS! | i
Completely new Catalog. Packed with huge selechonl o T
of telescopes, microscopes. binoculars. magnets, mag- I
lmliers‘ prisms, photo components, ecology and Unlquel
|L|gnhng items, parts, kits, accessories many hard- TOTAL $ I
to-get surplus bargains. 100's of ¢harts. illustrations. I pLease seno (] GIANT FREE CATALOG ™ AY " —_ =
' for hobbyists, experimenters. schools. Industry. I |
fhatll o 1 enclose [T cneck
| EDMUND SCIENTIFIC CO. | N [ money order fer § I
' 300 Edscorp Building, Barrington, N. J. 08007 DAY I
| Please rush Free Giant Catalog "AV"™ | GT]OA%X?{"\IFEKE NAME I
| Name I YOU MUST BE SATISFIED §:¥° ADDRESS
al I RN l
| Address I CITY. STATE ZIP I
LI S || S S R - R ——|
% CIRCLE NO. 15 ON READER SERVICE CARD
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FREE
INFORMATION

Here's an easy and convenient way
for you to get additional informa-
tion about products advertised or
mentioned editorially (if 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.

MARCH 1973 ~i‘TY CENTS
N

l. 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 5
number (s) at the bottom or f
next to the advertisement or [
editorial mention that is of
HOW WE HEAR THE WAY WE DC interest to you. (Key numbers
for advertised products also

UNDERSMANDING NEW FM TUNER SPECS

TEST REPORTS: p .
e Dyneco FM-5 Tuner appear in the Advertisers’ Index.)

e Wha-fadale W60E Speaker System

@SSt 3-Channet Adapter

e Courier“Gladiator”"CB Transceiver

oB &K S01A Semiconductor Curve Tracer . Simply cut out the card

and mail. No postage required.




Until we turned on our laser,
all Single-D cardioid microphones
seemed much alike.

The remarkable Model 670 microphone is
the product of exclusive laser holographic
research devoted to improving microphone
performance. Using a laser beam we are
able to measure movement as small as
.000005" while studying microphone dia-
phragms under actual operating conditions.

The results are genuine and impressive.
We are able to create a diaphragm that
operates closer to the theoretical ideal than
any other yet tested. Which brought
improvements in frequency response and
more uniform rejection of noise and feed-
back for more useable volume even when
acoustics are bad. Improvements that make
the 670 uniquely suited for sound reinforce-
ment, tape recording, and contemporary
music performances.

-Gulton

COMPANY

The Model 670 has converience features,
too. An integral pop and blast filter. Plus an
internal shock absorbing system that soaks
up handling noise. And a professional
connector. Change impedance from Hi-Z
to Lo-Z easily without soldering. Lifetime
guarantee against defects in material
and workmanship.

Choice of basic Model 670 at $45.00
suggested net, or Model 670V with handy
built-in volume control, $50.10. Also avail-
able with standard phone plug and carrying
case optional extra. Try these advanced
microphones today at your nearby E-V
microphone headquarters.

ELECTRO-VOICE, INC., Dept. 432P, 630 Cecli Street, Buchanan. Michigan 49107 ® -
1n Europe: Eleclra-Voice, S.A., Romerstrasse 49, 2560 Nidau, Switzerland o/ ‘
In Canada: EV ot Canagda, Ltd.. Gananoque, Ontario
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