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make learning
Electronics at home
fast and fascinating-

give you priceless
confidence.

Some NRI f]I’StS in training equipment

% .....
o K
P _ - =

®
?
f]_l St to give solid state 25" color TV, 5” wide

band oscilloscope, color bar generator and other
professional equipment engineered specifically for
education, You work directly on the receiver as you
build it, discovering the practical aspects of TV serv-
icing as you create a handsome new color console.
Only NRI includes an attractive woodgrain cabinet
without extra charge.

PRSI " st
-

o 3=
5
i
0
f]l St to give you a unique, exciting digital

computer with memory built especially for home train-
ing. You learn organization, trouble shooting, opera-
tion, programming as you build and use it. Performs
the same functions as commercial computers. Lessons
stress computer repair. You conduct a hundred ex-
periments, build hundreds of circuits. A solid-state
VTVM is included among ten training kits.

L
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NRI's “discovery” method is the result of over
half a century of leadership simplifying
and dramatizing training at home

The FIRSTS described below are typical of NRI's half century of leadership in Electronics home
training. When you enroll as an NRI student, you can be sure of gaining the in-demand technical
knowledge and the priceless confidence of “hands-on” experience sought by employers in
Communications, Television-Radio Servicing and Industrial and Military Electronics. Everything about

NRI training is designed for your education . .

. from the much-copied, educator-acclaimed

Achievement Kit sent the day you enroll, to “‘bite-size” well-illustrated, easy to read texts programmed

with designed-for-learning training equipment.

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK

There is no end of opportunity for the trained man in Electronics. You can earn $6 or more an hour in
spare time, have a business of your own or qualify quickly for career positions in business, industry,
government. And if you enroli for any of five NRI courses in Communications, NR! prepares you

for your FCC License exams. You must pass or NRI refunds your tuition in full. No school offers a

more liberal money-back agreement. The full story about NRI leadership in Electronics training is in
the new NRI Catalog. Mail postage-free card today. No salesman is going to call.

NATIONAL RADIO |NST|TUTE, Washington, D.C. 20016 (In Canada write: NRT Rep., 330 Progress Ave,, Scarborough, Ont.)

APPROVED UNDER NEW Gl BILL 1 you have served since January 31, 1955,

or are in service, check Gl line on postage-free card.

designed

QIQ_ -

(1]
?
i]_l St to give you true-to-life experiences as a

communications technician. Every fascinating step
you take in NRI Communications training, including
circuit analysis of your own 25-watt, phone/cw
transmitter, is engineered to help you prove theory
and later apply it on the job. Studio equipment
operation and troubleshooting become a matter of
easily remembered logic.

NOVEMBER 1972

from chassis up

A

L
3
fll St to give you completely specialized

training kits engineered for business, industrial and
military Electronics. Shown above is your own train-
ing center in solid state motor control and analog
computer servo-mechanisms. Telemetering circuits,
solid-state multi-vibrators, and problem-solving
digital computer circuits are also included in your
course.
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Editorial ,

By Milton S. Snitzer, Editor

ELECTRONICS IN THE KITCHEN

The other day we attended a press conference at which a new line
of microwave ovens was being introduced. Ovens of this type not
only cook food very much faster than do regular ovens, they also
preserve the nutrients in the food and keep the kitchen cool for
the housewife. This new line of ovens, Litton Minutemasters,
are able to cook a 20-pound turkey in two hours, a 10-pound
roast in one hour, or six hamburgers in seven minutes. An autornatic
defroster, which turns the oven on and off in 30-second intervals,
will thaw a solidly frozen 20-pound turkey with one easy operation
in only 90 minutes as compared to about 48 hours by conventional means.

Drawing about 12 amperes from a 120-volt ac circuit, the ovens
consume much less electric power because of their high speed than
do ordinary electric stove ovens. For example, a microwave oven
will use about $5 worth of electricity in a year as compared to $60
for a conventional electric oven.

Already widely used in restaurants, vending operations, institutions,
school cafeterias, and airlines, Litton is making a strong pitch to
get these ovens into home kitchens. The harried housewife is sure
to find the time-saving feature and the adaptibility of the ovens
to off-schedule meals very helpful. Since the temperature inside
the oven remains the same as the room temperature, most foods can
be cooked right in the container they come in, or even on a paper
plate. Also, there is no time-consuming messy oven clean-up
required because nothing can bake onto the sides or bottom of the oven.

Priced just below $400, the electronic oven should be able to
take care of about 80 to 90 percent of all oven-use requirements in
a typical home kitchen.

About 100,000 consumer microwave ovens were sold by the industry
in 1971, and sales are expected to double each year for the next five
years. By 1976, it is estimated that one out of four of all ranges sold
to consumers in the U.S. will be microwave types, either alone or
in combination with a conventional oven. This represents a market of
approximately $600 million.

Heart of the new ovens is a special magnetron tube which is
guaranteed for two years and is expected to last for ten years. Replacement
of the tube after the two-year warrantee expires will cost about $150.

All through the presentation, references were continually made to
the color-TV receiver, which is comparably priced. In the beginning,
sales of color-TV sets were very low, but shortly their sales curve
shot up to the 6 million unit per year rate they presently enjoy.
Microwave ovens should also enjoy a meteoric rise in a few years,
and Litton as well as other companies, both domestic and foreign,
want to be in on the ground floor.

What all this means to our readers, whether electronics
professionals or hobbyists, is that another application of electronics
has come really close to them at home. It also means that stove
repairmen may have to be electronics technicians in the future.

6 POPULAR ELECTRONICS Including Electronics World
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COMMERCIAL OPERATOR

F.(.(. LICEN

is part of the Grantham

ASSOCIATE DEGREE
program

IN ELECTRONICS

In today’s world of clectronics employment, an
FCC license is important—sometimes essential—
but it’s not enough! Without further education, you
can’t make it to the top. Get your FCC License
without fail, but don’t stop there. To prepare for the
better jobs, continue your electronics education and
get your Associate Degree.

This is good common sense for those who want
to make more money in electronics. It also makes
sense to prepare for your FCC license with the
School that gives degree credit for your license
training—and with the School that can then take
you from the FCC license level to the Degree level.

Grantham School of Engineering (founded in
Hollywood, California in 1951) specializes in the
teaching of electronics and supporting subjects

ATTENTION, WASHINGTON D.C. AREA
Grantham School of Engineering operates a res-
ident technical institute in Falls Church, Va. If
you are interested in attending resident classes to
earn your FCC license and prepare for a good
job as an electronics technician, ask for our free
GEI Bulletin. Write, phone, or visit:

GRANTHAM ELECTRONICS INSTITUTE

5884 Leesburg Pike
Falls Church, Virginia 22041
Telephone: (703) 8204417

—
—
—

-\\

i
/4?//{ o Y e /,ﬁ,

This free booklet |
explains what an |
FCC license and
ASET degree can %
do for your future.

mainly by correspondence, is authorized under
the laws of the State of California to grant aca-
demic degrees, is approved under the G.I. Bill,
and is an “eligible institution” under the Fed-
erally insured student loan program.

The A.S.E.T. Degree—the Associate in Sci-
ence in Engineering Technology —with a major
in electronics is offered in four “correspond-
ence semesters” plus a two-week residential
seminar. Then, for those who wish to continue,
the BSEE Degree is obtainable through further
residential training in engineering subjects and
transfar credits in the humanities.

For our free bulletin, clip and mail the cou-
pon below, or write to GSE, 1505 N. Western
Ave., Hollywood, Calif. 90027.

@ GRANTHAM SCHOOL OF ENGINEERING

Il Grentham School of Engineering  PE-11-72
1505 N. Western Ave., Hollywoed, Cal. 90027

Please send me your free Bulletin which explains how
the Grantham educational program can prepare me for
a degree in electronics.

{1 I am a beginner in electronics.

[J 1 have a little experience with electronic equipment,

] | am an experienced electronics technician.

Name =

Address

City

CIRCLE NO. 40 ON READER SERVICE CARD
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If paging speakers
all seem about alike
to you...wait

til you get to

the top

of the

ladder

to install

Electro-Voice
Paging Speakers
...l you pay less

it may cost you more!

-
B
B

LS

How many trips up the ladder does it take you
to finally install a paging speaker? (Be honest
and include the times you drop hardware, and
the extra trips to change level or positioning).
Good news! E-V has made paging speaker
installation easier and faster.

Now you need fewer tools and less time to
get better sound. Speaker base removes for easy
mounting, and it won't fall apart in your hands
in the process. There are no screw terminals
to short out, pigtails are already attached, no
transformer cover plates to unscrew, and final
speaker positioning is simpte and positive.

All this and great sound in the bargain. Plus
competitive prices on every model. More than
a dozen from which to choose. Write today for
our catalog or see your nearby Electro-Voice
sound merchant.

ELECTRO-VOICE, INC., Dept. 1126P,
630 Cecil Street, Buchanan, Michigan 49107

In Eurave: Electro-Voice, S. A., Romerstrasse 49. 2560 Nidau, Switzerland
In Carada: EV of Canada, Ltd., Gananoaue, Onlario

g/ec%k?éﬁ::f

COMPANY

CIRCLE NO. 12 ON READER SERVICE CARD

4 R
: /
_Letters

WANTS SOLID-STATE CIRCUITS BOOK

I am interested in obtaining a book of solid-
state circuits similar to those which have ap-
peared in the Solid State column in the past.
Have these circuits ever been compiled in book
form? If not, can vou suggest a good book of
solid-state circuits?

AaroN D. Soroyion, VE70C
Dartmouth, Nova Scotia, Canada

The schematic diagrams which have ap-
peared in the Solid State column have never
been compiled into book form. Such a book
would, of necessity, be large with an attendant
price tag. If you are going to get a lot of
mileage out of it, we can recommend the $20
| “Circuit Design Manual” by John Markus
McGraw-Hill Book Co., 330 West 42 St.. New
York, NY 10036.

DISAGREES WITH AUTHOR

I have two comments regarding “Hi-Fi
Loudspeakers: Facts & Fallacies” ( Part 1) in
the September issue. TFirst, it was because I
agreed with vour author on the fallacy of item
40 that I got into trouble. T refused to admit
to reality when T started hearing scratching,
rasping sounds from an old loudspeaker when
plaved at high volume levels. It was not until
the speaker failed due to erosion of a wire
in the voice coil that T discovered that the
magnet had shifted and was rubbing against
the coil.

Secondly, item 50 regarding the reasons why
manufacturers do not publish response curves
for their speakers would be humorous were
it not for the pervasiveness of this very atti-
tnde throughont our society. 1 sav, let the
public decide on what they should and should
not be told about the items they buy. 1 for
one refuse to deal with companies which are
mwilling to supply me with this type of in-
formation (response curves, for example) on
request.

D.L. SCHERMERHORN
I Hinsdale, Mass.

Your disagreement with item 40 is inleresi-
ing in light of the fact that the specific prob-
lem referred 1o was hum in the speaker. In
' this respect, the author is absolufely correct

POPULAR ELECTRONICS Including Electronics World
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Logically, raspy and scratchy sounds would in-
dicate @ mechanical fault “with the speaker
itself; hum is an amplifier, (uner, recorder, or
turntable problem.

Item 50 is. admittedly, a bit controversiol.
Just where manufacturer disclosures should
end is a moot point. Bui, again, we agree with
M. Brociner when he states that speaker re-
sponse curves are very confusing. The average
consuwmer, not 1o mention many knowledge-
able buyers, are not equipped to interpret such
curves.

REDESIGNS FET INTERVAL TIMER

After reading “Build The FET Interval
Timer” (Sept. 1968), 1 decided to design my
own version using an FET. My results were

CYATE POWER

even Detter than those obtained with the origi-
nal project. My circuit can be set for from
I to 101 seconds and has a zero-set for the
relay to put in just the right amount of current.
I am sending along the schematic diagram of
my design, hoping it can be of some use to
your readers.

GrORGE BLAKE
Simi Valley, Calif.

REVIEWER CHALLENGED

Your test report on the Heathkit Models
10-103 and 10-105 oscilloscope kits in the
Aug. issue (refer to pages 80-82) makes one
wonder whether or not you built these scopes
at all. Your statement that the checkout and
calibration requires the use of only a VTVM
or TVM is incorrect (for the 10-103 at least).
It is obvious that some calibrated signal source
is required to set the sweeps. Line frequency
will not do since the high-trequency sweeps
have a separate adjustment. Tt s remarkable
that the units met all their specifications, as you
“categorically” state, if they were calibrated
using nothing but a voltmeter.

R.L. IIARRINGTON
San Diego, Calif.

Through an unfortunate editing error, we
failed to mention that an dccurate time base
is indeed needed to set up the sweep in the
Heathkit 10-103. The 10-105, however, is set
up with its built-in crystal timebase module

NOVEMBER 1972

A Unique
New Concept
in Electronic

BOOK & KIT FOR

PRICE OF KIT ALONE:
Yes, for the price of a kit alone, you get a complete kit to
help you start building and learning—PLUS a book by
an electronics expert, loaded with scores of ideas and
plans for projects you will want to build! Each kit
contains all the necessary parts to construct the unit.

AUDIO MIXER—Mixes audio from 3 sources!—This FET mixer has a 3-
channel input—mixes sound trom all three without circuit loading or
impedance mismatching. Book is 125 One-Transistor Projects.”

Order No. K-1 (Total value $11.90) $7.95
S.WATT HI-FI AMPLIFIER—High power transformerless circuit—This
hi-ti amplifier will provide § watts or more of audio into any 3-4 ohm
speaker. No preamps or transformers required. Book is '"125 One.
Transistor Projects.” Order No. K-2 (Total value $13.90) $9.95
ELECTRONIC FORTUNE TELLER—Have fun with the laws of
chance!—As a mystery forfune teller, this fun device will answer all
yes-no questions at the touch of a button. Book is 104 Easy Projects
for the Electronics Gadgeteer.” Order No. K-3 ( Total value $8.90)  $4.95

AM WIRELESS MIK E—Broadcasts through any AM radiot—This
wireless mike will “"broadcast” through any AM radio set...from up to 100
f1. away. Book is ' Transistor Circuit Guidebook."’
Order No. K-4 (Total valve $11.90)

ELECTRONIC TOUCH SWITCH—Touch and light goes on!—This
modern device auvtomatically switches on body contact. Lamp
automatically comes on when switch is touched. goes off when contact is
stopped. Book is “Practical Solid-State Principles and Projects.”’

Order No. K-5 { Total value $10.90) $4.95
AUTOMATIC LIGHT-SENSITIVE GARAGE LIGHT CONTROL—Unit
switches when light hits it—Auvto headlighls will turn on either inside or
outdoor garage lights. Turn them off manvally when safely inside. Book is
“'Practical Solid-State Principles and Projects.”

Order No. K-¢ { Total value $13.90) $9.95
AUDIO SIGNAL GENERATOR INJECTOR—Use as a tester, audio
osciltator, or RF generator!—Makes 3 precision instrument for checking
frequency response of amplifiers and for signal fracing. Can be used as a
stable tone oscillator or as an RF signal generator.Book is ~Practlcal Sol-
id-State Principles and Projects.”” Order No. K-7 { Total value $9.90) $5.95
LOW-VOLTAGE DC POWER SUPPLY—Well filtered, half-wave
miniatyre circuit—An effective DC power source (10V, 1A) for test bench
applications, powering transistor circuits, charging batteries, etc. Book is
304 Easy Projects for the Electronic Gadgeteer.”

Order No. K- (Total value $8.90) $4.95
DIODE TESTER—Checks diodes in or out of circuit!—This diode tester
gives a quick go, No-go test for all types of diodes. Also idenfifies polarity
of unmarked diodes. Book is "/104 Easy Transistor Projects.”

Order No. K-§ {Tofal value $9.90} $5.95

HIGH POWER LAMP DIMMER—Replsces wall-mounted light switch—
Provides full adjustment of 1amp brllliance. Handles any number of lamps
up fo 1000 watts. Book is 104 Easy Transistor Projects You Can Bulld.”
Order No. K-10 (Tofal value $8.90) $4.95

Book/Kits available at leading parts distributors or use coupon below.

NO RISK COUPO MAIL TODAY

TAB BOOKS, Blue Ridge Summit, Pa. 704

$6.95

l s Enclosed {Send postpaid). |
| O] Please invoice me plus Shipping.
Please send the Book-Kits checked below: |
{ K2 K3 K-4 K5 |
' K.6. K7 K-8 K-9 K-10 '
' Name Phone l
Address . '
' City. State Zip
| Foreign orders must be prepald. Foreign prices 10% higher '

than those shown. Pa. residents add 6% sales tax.

PE-112
hen those shown. Pa. Fes e e e e = =dd
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Stereo Scene ,

\

AN AUDIOPHILE of my acquaintance—

a man whose business life is an example
of efficiency, organization and evactitude—
has one of the most chaotically disorganized
hi-fi systems T have ever encountered. To
begin with, he is one of those people of
more-than-modcrate means who is able to
indulge his whims quite often when it
comes to new equipment purchuses.

But what causes the real problem is that
he does not like to dispose of old equip-
ment. As long as an amplifier or a preamp
or a tape recorder works properly, it not
only stays on the premises, it also continues
to be a part of the system. Sometimes the
old equipment will ‘have suitable wiring
and switching to premit it to be selected
for use at will, but more often it is left
disconnected, with output cables dangling,
to be plugged somewhere into the system
whenever needed. The rear of his equip-
ment shelves (one of those big gray-pamted
steel affairs sold for use in industrial stock
rooms) is so festooned with dangling cubles
it looks Jike badly barbered bangs, and not
one of the cables is identified.

Every time he wants to connect a piece
of equipment into the system, e must start
at the component itself and trace cach cable
coming fromn it all the wayv to the other end,
sometimes untangh’ng{; it from spaghetti-like
clumps of other cables on the way. When
a piecc of equipment in the system mal-
functions, or when he can’t remember what
items he was using last time the system was

By J. Gordon Holt

fired up, he has been known to spend the
better part of a long evening plugging and
unplugging cables and doggedly tracing
each to its end, muttering darkly under his
breath. Meanwhile his guests sit around
with their newest records on their laps,
drinking beer and talking about the latest
super-powered amplifiers or the long-term
future, if any, of quadraphonic  sound.
More often than not, he has ended up just
unplugging everything, kicking the tangled
mess of loose ends under his work bench,
and using four or six more cables [rom his
seemingly limitless supply to wire together
the components we all came over to hear.

It isn’t that he doesn’t know what to do
about the situation. In fact, every time 1
visited him, he explained that he hadn’t
{;ottun around yet to labeling his cables,
ut would as soon as he had time. But if
you pursued the question a bit, the thing
that might really be his problem started to
emerge: “How,” he would ask, “could I
possibly label a pair of plugs that will go
into TAPE IN sockets on some occasions,
AUX sockets on other occasions, and LINE
IN sockets on others?” How indeed?

Cable identification is an unmecessary af-
fectation when a system consists of only
three of four components, all of which are in
plain sight on a s}gelf, for you can see where
any one wire goes just by glancing at it.
But when a system  gets more complex,
and/or when the components are cabinet-
mounted, with interconnecting wires disap-

Connections &
Interconnections-

Keeping Things Straight

10
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8 Sams Books to
update and broaden your

SERVICING
stereo
amps

* sosen a ane

Electronics Skills

Three are newly revised editions . .. 5 are brand new this fall...
all will be valuable additions to your library.

ABC'S OF LASERS AND MASERS

(3rd Edition}

By Allan Lyte} and Lawrence Buckmaster

The completaly updsted expianation and re-
view of the devel t and ions of
lasers and masers in measurements, communi-
cations. medical surgery, and industrial us-
ages; 128 pages; 5% " x 8%;"; softbound.

No. 20863 A ch L

99 WAYS TO IMPROVE YOUR SHORTWAVE
LISTENING  (NEW)

By Len Buckwalter

A valuable source of Intormatlon for both hob-
bylst and experienced technician. Includes:
antennas and installation, recelver improve-
ments, accessories,llmerlerence sources. trou-

NORTH AMERICAN RADIO-TV STATION

GUIDE (Bth Edition)

by Vane A. Jones

Lists nearly 10,000 a-m. fm anc television sta-

tions in the U.S.. Canada, Mexico, and the

West Indies. Includes: power {day and night),

antenna Y:eighl. and time sharing. Arranged ?y
e Tacalh h

FM MULTIPLEXING FOR STEREQ
(3rd Edition)

By Leonard Feidman

Analyzes the tm sterso signal; gives reguire-
ments for {m stereo receiver. covers multl-
plex decoder circult varloty and servicing.
sterno indicator lights ane nutolmaﬂc stereo

9 fr of i
and call letters. 160 pages: 5%" x 8%"
softbound.

No. 20915 ........... ...$3.95

ABC'S OF INOUSTRIAL ELECTRONICS
(NEW)

By J. A. Wilson

Covers the circuits and-applicatlons of elec-
tronics used in manufacturing. together with
all types of electronlcs systems that are not

ing tips, list fques. 144
pages; 5%2” x 82
No. 20911 .

101 QUESTIONS AND ANSWERS ABOUT
AM, FM, & SSB [MNEW)
Ey Leo G. §ands

.$3.95

y about the three
basle modulation techniques and the various
types of transmisslon. Describes besl uses.
tachnical aspects and limitations of each In a
QAA format. 96 pages: 5% x 812¥; sofibound.
No. 20919 feeaenens .- .$3.95

1-2-3-4 SERVICING STERED AMPS
(NEW)

By Forest H. Belt

Detsils the ‘'divide and conguer’ method of
troubleshooting and servicing stereo equip-
ment and shows how to apply the method
for best results. Many tllustrations and sche-
matlcs in this clear, easy-to-read manual. 240
pages; 5%” x B%”; sofibound.

No. 20012 . 4

—— —— —_———— — — —— —

d for home entertainment. Tells and
shows how electronics have Improved on old-
ey i c

g. test an pro-
cedures. 176 pages; 5%:” x 812" saftbound.
No. 20910 ..$4.95

MARINE SINGLE SIOEBANE

(NEW, NOT SHOWK)

By Donald M. Stoner and Pisrre 8. Goral

Fills a void in published }itarature.on the sub-

ject of Marine Single Sidwband. the method

by which all marine electronlc voice com-

munications must soon be Zarrled out. Covers

all acets of Single Sidebend in marine com-
ications. 192 pages; 5Va” x B%”; solt>

time of h an: on-
trols, 96 pages: 5%” x BY2”; uoftbound.
No. 20813 .. Percn.d $3.9

A

HOWARD W.SAMS & CD,, INC

4300 Waeat 82nd Steset, |ndl-nuﬁo|l:, bndisnas 48288

bound.

No. 24029 ...95.85

{

|

Order from your Electronics Parts Distributor, [J 20063 [J 20915 I
or mail to Howard W, Sams & Co., Inc. |
Send baoks checked at right. $. nelcsed Qom0 20013 |
Piease include sales tax where applicable. |
Canadian prices slightly higher. {J 20018 [J 20910 1
] Sond Free 1972 Sams Book Catalog. 20112 (24029 |
Nemse. l
Addre l
City_ State. _zip. :
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pearing into and appearing fr ‘m holes be-
tween compartments, cable identification
can save considerable time and effort when-
ever vou have to plug something else into
the system. And if vou ever have to call
in a service technician to troubleshoot your
system, clear identification of cables cun
sometimes save money since vou won't ha
to pay the technician’s time while he traces
each one and hangs his own luhe]]ing tags
on the ends of them.

What, exactlv. should we know about
any dangling cable plug? We should know
where it comes from, where it goes, and
which channel it is supposed to carry from
here to there. All this data can he gleaned
from a suitably color-coded lalel. Here's
how:

For simplicitv’s sake, both ends of each
cable should carry the same basic color.
And since everv interconnection in a stereo
svstem involves two cables, it makes sense
to make both cables the sume color. as long
as we have the means for distinguishing
left channel from right channel. We have.
If each wrapped label carries the hase color
along onlv about % of its length, we can
use the remaining space for a ring of black
to indicate left channel or a ring of red to
indicate right channel. And if we put the
channel-identifving ring on the side of the
label towards which the signal is moving,
we have an instant indicator as to whether
that is the end of the cable that plugs into,
say, the TAPE OUTPUT or the AUX IN-
PUT on the recorder.

What to Use. The cheapest and easiest
way of applving the color identifications is
to use small (% by % inch) gummed pa-
per labels, wrapped around each cable right
behind its plugs, and colored with felt-
tipped marking pens. The labels, available
from many stationers’ stores, should be of
the kind that vou lick rather than of the
self-adhesive varietv. The latter tend to un-
wrap in time, and the adhesive gets gum-
my and sticky through interaction with
plasticizer in the cable insulation. To attach
each label, moisten it, wrap it around the
cable, and roll it between your fingers until
the adhesive sticks. It will then, frequently,
be loose to slide along the wire, in which
case vou slide the label back from the plug,
put a dab of contact cement on the cable,
slide the label hack over this while it’s still
wet. and roll it between the fingers a few
times.

12

The colors used should be sufficientlv dif-
ferent from one another to enable a person
with normal color memory to match colors
without having to compare them side by
side. A suitable spectrum might consist of
black, brown, red, orange, yellow, vellowish
green, Iute-summer-grass green, greenish
blue, blue, magenta (purple), grav and
white. \Vhite, of course. means no color on
the label, but the other colors should be
obtained in the cheapest waterproof-ink
marking pens vou can huy—preferably ones
with a pointed rather than a chisel-shaped
tip.

The colors listed will allow you to com-
pletely code twelve pairs of cables, which
should be enough for practically any in-
stallation. If it isnt, you can expand the
variety by using two wide bands of color
around every four labels instead of the sin-
gle base color, but in this case, the bands
should adjoin instead of being separated by
a white stripe. Since you may now use
reverse combinations of colors (for exam-
ple: red channel-identifying stripe with

reen and yellow bands, or red stripe fol-
owed by vellow and green hands), there
are enough possibilities that you need
never again confuse any cable with another.

SIGNAL
“DIRECTION"

Wide blue band designates signal on

color-coded band installed on cable.

It is easier to color the labels bhefore
they are put on the wires so the first thing
to do is to use each pen to color ¥ of each
of four labels. Then take the black pen
and put the edge stripe on two of the la-
bels, and do the same thing in red on the
other two, leaving a small border of white
between the colors. Finally, fasten the la-
bels to the wires with both red-striped ones
on the saume wire and with the stripes to-
ward the left (or the right, but both the
same), and both black-striped ones on their
wire with their stripes to the same side as
hefore. The diagram on the next page shows
how they should be.
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Ask your franchised dealer” to A-B the BOSE 501
with any speaker he carries that uses
woofers, tweeters and crossovers.

There is an important reason why we ask
you to make this iest. There are inherent
limitations of performance in the use of a
woofer, a tweeter and a crossover—limitations
covered in detail in earlier issues. The bypassing
of these limitations played a large part in the
advances which have made the BOSE 901 the
most highly reviewed speaker, regardless of
size Or price.

We set out to design a lower priced
speaker which would preserve as much as
possible of the performance of the 901. Most
important, we were able to design into the 501
much of the 901’s great advance in spatial
properties. The BOSE 501 is the second
DIRECT/REFLECTING® speaker system.

But it became evident that there was no way
to keep the advantages of multiple small full-
range drivers and equalization. The cost problem
was too great. We were forced to accept the
woofer-tweeter-crossover combination as the
only feasible compromise and set out to achieve
the fullest possible realization of this design
approach.

Qur engineers designed a unique woofer
with an unusually long voice coil which provides
tight control of bass transients. They developed
a new and different approach to crossing over
the outputs of the woofer and the two tweeters.

In the process they became convinced that in

terms of quality of performance there is no

acoustical reason to spend more than $125 on any
speaker containing woofers, tweeters and crossovers.

The design goal of the 501 was to
outperform any other woofer-tweeter-crossover
speaker. You be the judge. if we have succeeded,
the results will be obvious to you when you
make the comparison.

*literature sent in answer 10 your request will
include a list of franchised BOSE dealers in your
area who ore capable of demonstrating BOSE
speakers to their full performance.

Patents applied for. ®

NATICK. MA. 01760 w -/ /L7 =B

You can hear the difference now.
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RED BLUE
FROM
BLCE COMPONENT
BLACK

SIGNAL
DIRECTION

Narrow red and black bands indicate
directions on pair of stereo cables.

If there is a “standard” hookup for vour
components that vou return to after each
bout with a new piece of equipment, it is
helpful to mark the receptacle that each
color-coded cable end goes into. For this,
vou'll need a sheet of round self-adhesive
labels of between % and % inch in di-
ameter. Since channels are clearly marked
on most components, or are easily deter-
mined by position (left is usually the upper
receptacle of a pair), the round labels need
only bear the base color of the two wires
going to those receptacles. If the base “col-
or” is two bands, half of the round label can
be each color.

A problem might arise here if vou found
it necessary to use anv reverse combinations
of base colors. With' half of the circle in
each color, there would be nothing to in-
dicate the order of the colors (as the chan-
nel-identifying stripe allows us to do on
the cable markings). In this case, the sim-
plest thing to do is leave one edge of the
round label uncolored, so the white edge
can correspond to the white band on the
cable label, and the color next to that be-
comes the “first” color. (But don’t use white
as a base color.)

invisible Backs. There is onlv one thing
that can make a shambles of this neat little
marking system. If vou cannot see the backs
of your components without pulling the
equipment cabinet away from the wall.
those pretty colors on the loose ends of
dangling cables won’t mean much. You'll
still be able to tell which channel is which
and which wires come from outputs and
which go to iputs, and this mayv be all the
information you need. Most cabineted sys-
tems have only four dangling cables, for
the connections to an external tape record-
er, and you can make the necessary con-
nections properlv with the clues on hand.
But what to do if there are more than four?
This is easy. You make up round labels with

14

the base color of the wires coming from
each component, and put them in some
unobtrusive spot on the front of the appro-
priate components. And in the rare case of
a preamplifier that has two sets of tape
monitor connections, vou can cut vour col-
ored round label in half (or smaller if nec-
essary) and fasten it to the front panel
right next to the markings that say TAPE
MON 1 and TAPE MON 2.

What About Speaker Cables? Thus far
we've concentrated on the problem of iden-
tifving shiclded signal cables. What about
loudspeaker cables? The same system ap-
plies, except in this case it is necessary to
be concerned with the electrical polarity
of the connections as well as their continu-
ity. (Cable-plug connections cannot be
made the wrong way; loudspeaker connec-
tions can.) There are, of course, four con-
nections to each speaker cable—two at each
end. What we must do to maintain proper
polarity (phasing) is to determine which
wire at one end corresponds to which wire
at the other end of the cable.

In most cases, this is simply a matter of
observation. The molded lamp cord or “zip
cord” frequently used for speaker connec-
tions nearly always has a molding seam—a

iy

RIB

In most cases, zip cord for speakers
has a small molding rib on one side.

tiny ridge—running the entire length of one
wire. As long as the cable has never heen
cut and rejoined anvwhere along its length,
vou can be certain that the seamed wire at
one end corresponds to the seamed wire at
the other end, and these are the wires that
should be marked with our twist-around
labels.

In vare cases, vou may encounter a zip
cord that doesn’t appear to have a molding
seam. Most of these will be found to have
different-colored inner conductors, with one
copper-colored and the other silver-colored;
and this will serve to establish the con-
tinuity that is required.

If there is no visible difference at all be-
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THE MOST POWERFUL SCIENTIFIC CALCU-
) LATOR FOR UNDER $500.00

The price of the 7400 is low enough to make a
desk top computer available to almost anyone.

SIGNIFICANT FEATURES NOT FOUND IN MOST
COMPETITIVE MACHINES

= DYNAMIC RANGE: 10-99 to 1098

= DATA STORAGE: 2 Aunxiliary Storage Registers plus
up to 7 push-up Stack Registers.

= Roll up and roli down keys for complete control of
operational stack

® Interfacing provisions for printer and programmer

u Correct X {Allows the operator to correct one digit,
without re-entering the whole problem)

& polar to Rectangular conversion and Retangular to
Polar conversion

DISPLAY: Either full floating or scientific notation, 14

large, easy-to-read digits.

SIZE: 8%" x 12" x 3%" WEIGHT: 4 ibs.
7400A 3 Registers Kit $299.85
Assembled $379.95
74008 5 Registers Kit $319.95
Assembled $399 .95
7400C 7 Registers Kit $399.95
Assembled $419.95

PRICES INCLUDE CARRYING CASE

MITS will repair any 7400 for a fee of $25.00 for a 5
year period after the normal 1-year warranty has expired.

WRITE OR MAIL COUPON FOR [} am interested in additionzl information.
ADDITIONAL INFORMATION: | yame

" MICRO INSTRUMENTATION |  aooRess , :
& TELEMETRY SYSTEMS,1nc | i1y

2016 San Mateo NE, Albuguerque, New Mexico 87110 505-266-2330 s STATE ZIP E

]
e o o e oo e 8 o e e b 8 ———d

CIRCLE NO. 21 ON READER SERVICE CARD

Use Your Bankamericard or Master Charge r [ == R
i OKit
L ) E ENCLOSED IS CHECK FOR MODEL# . [1Assembled
m IT’ ! AMOUNT OF CHECK (Include $5.00 for Postage & Handling) $
;
1
]
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tween the wires (as is seldom the case).
all is not lost. You can check continuity by
using each speaker cable in turn as a jump-
er to bridge a broken connection to a lond-
speaker.

Here’s the procedure. Completely discon-
nect one speaker cable from the loudspeak-

[ +

AMPLIFIER
OUTPUTS

2
@

Making continuity test to establish
proper phasing for stereo speakers.

er and from the amplifier, and bend it
double so that all four wire ends are near
each other (but not touching). Disconnect
one wire from the other speuaker, and join
it to any one of the four wires from the
disconnected cable. Now, touch each of the
remaining three in succession to the pre-
viously disconnected speaker terminal. The
one that restores the sound is the other end
of the wire twisted to the other wire, and
these two ends should be marked with an
identifying lalvel. Reconmect this cable, us-
ing the marked wires for the “hot” connec-
tions at both ends, and then completely
diconnect the other speaker wire and check
it out the same way. (You can also simply
tie a knot at both ends of one of the con-
ductors, leaving the other conductor with
unknotted ends.)

il BLACK
-
(o]

©

LEFT GND
AMP OUTPUTS

+_1 RED RED
o]
o]

RIGHT GND

Put markers on the positive leads of
cables going to two stereo speakers.

If there are only two speaker cables,
logic would dictate that one be color-coded
red (for right) and the other black (for

16

left). The same color would, of course, be
used at both ends of each wire. If you need
other speuker-wire pairs, start digging into
the other colors, but put a red or black
stripe at the end of each of these other
basic colors to indicate channel orientation.

Are You Color Blind? Finally, since it is
known that color-blindness is a common
afHliction, we come to the problem of iden-
tifying cables without using colors. In this
case, there is no alternative but to use writ-
ten identifications, which call for slightly
larger gummed labels (% by 1% inch)
but only two marking pens—red and black.
(Red/black color blindness is exceedingly
rare.) Instead of wrapping the label around
the cable like a tube, it is sandwiched over
the cable, and the identifying legend is
written in on both sides of the label in any
abbreviation system that makes sense to

TO PREAMP "TNR" INPUT

RED LETTERING
(FOR RIGHT CHANNEL)

install this
lettering.

if color
kind of

coding is out,
label with simple

you. For example, a right-channel cable
normally used for tuner connections might
say TNR at both ends, with arrows to in-
dicate the “flow” of signal. Or, for greater
flexibility, you might use identifying num-
bers instead of specific descriptions, again
with arrows indicating which end of each
cable goes to, and which from, each com-
ponent. The latter arrangement would lend
itself to the use of round-label markings at
the receptacles, but the writing on these
would be so small that it would be probably
easier in the long run to read the legend
right on the back panel of the component,

My audiophile friend, having no trouble
with color blindness, was eternally grateful
to me for showing him how to organize his
system to eliminate all wiring confusion in
future. But he has yet to buy his labels or
marking pens.
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Write for Dixie’s
Wholesale Stereo Gatalog

[save on dynaco & everyone else]

Save More by Mail from Dixie Hi-Fi...
Write Now for Our FREE 36 Pg. Wholesale Catalog

When vou can save over 50% and no less we are actually wholesale. (Incidentally,
Y

than 20% on the big names in Hi-Fi — the new Dixie Catalog is full of the new
it makes good sense to write for our Free four channel equipment and software.)
36 page Wholesale catalog. We'll immediately answer mail or phone

DIXIE, one of the country’s top stereo requests for quotes. All items are shipped
wholesalers, fills all orders promptly. At factory-sealed and guaranteed.
prices actually lower than “’Discounters’”.

Forover 14 years, we've built our mail- Write today for your Free Wholesale
order business with Hi-Fi buffs because Catalog!

WE HONOR

BANKAMERICARD master charge

i1 A | : e mil.uvmlnmcno
You cant beat
the dlynaco

Susammay s ]
A AF-6

Svgﬁ@[ﬁ]ﬂ »} Y AM-EM

) ] “ TUNER
{Especially when it comes from Dixiel) ﬁ ® (Kit or

SHBcn
’ 4 assembled)

Dynaco is just one of many- brands fa oy

you'll find in the new Dixie Catalog.
And, whether you assemble the
superlative new AF-6 AM/FM Stereo

= STERE0-400

Tuner and the Stereo-400 Power Amp IZ’%?/VVI\EIR AMP
by yourself or get it already wired — (Kit or
You're assured of the ultimate in S Bid

accuracy and power at the lowest
possible cost.

Dep. PE-11
I'"‘FIDE'.ITY 10140 Bacon Drive

WHOLESALERS Beltsville, Md. 20705
= Phone 301-937-3090

Write Today for FREE Wholesale Catalog

CIRCLE NO. 10 ON READER SERVICE CARD
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RCA Institutes Home Training may be

your best investment
forarewarding
career inelectronics

18 POPULAR ELECTRONICS Including Electronics World
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LEADER IN ELECTRONICS
TRAINING

For over half a century, RCA Insu-
tutes, Inc., a subsidiary of RCA, has
been a leader in resident school tech-
nical training in electronics. For many
years, 1t has offered home study train-
ing in electronics.

RCA AUTOTEXT TEACHES
ELECTRONICS RAPIDLY,
EASILY

Beginner or refresher, AUTOTEXT,
RCA Institutes’ own method of pro-
grammed Home Training will heip you
learn electronics rapidly , easily.

WIDE CHOICE OF CAREER
PROGRAMS

Start today preparing for an electron-
ics career. On the attached card is 8 list
of “"Career Programs,” each of which
starts with the amazing AUTOTEXT
method of programmed instruction.
Look the list over, pick the one best
suited to you and check it off on the
card.

SPECIALIZED ADVANCED
TRAINING

For those already working in electron-
\cs or with previous traming, RCA In-
stitutes offers advanced courses You
can start on a higher level wihout wast-
Ing time on work you already know.

K

PERSONAL SUPERVISION
THROUGHOUT

All during your program of home
study, your exams are reviewed and
your auestions are answered by RCA
Institutes instructors who become per

sonally involved in your efforts and
help you over any ‘‘rough spots™ that
may develop.

6 HANDS-ON TRAINING

To give practical application 1o your
studies, a variety of valuable kits are
included in many programs. 1n RCA’s
Master TV/Radio Servicing Prcgram,
you will actually build and keep an all
solid-state black and white TV set, and
y color TV set. You also construct an
oscilloscope which s yours to keep
and use on the job.

FCC LICENSE TRAINING —
MONEY BACK AGREEMENT

Take RCA’'s Communications Career
Program or enter with advanced
standing and prepare immediately for
your 1st, 2nd, or 3rd Class FCC Radio
Telephone License examinations, RCA
tnstitutes money-back agreement as
sures you of your money back If you
take, and fail to pass, the FCC exami-
nation laken within 6 months after
completing the course.

8 CONVENIENT PAYMENT PLANS

You get a selection ot tuition plans.
And, we are an eligible institution
under the Federally insured Student
Loan Program.

RCA INSTITUTES IS FULLY
ACCREDITED

RCA institutes i1s hcensed by N.Y.
State and s accredited by the Accred-
itng Commussion  of  the MNational
Home Study Courcii. Its courses of
study, faculty and instructional tacil-

8

ties are approved by the State Educa-
tion Department. In addition, all RCA
Institutes courses and programs re-
quire the approval of the RCA Insti-
tutes Board of Technical Advisers who
represent various technical, research
and educational activities of RCA Cor-
poration.

Approved by N.Y. State Education
Dept. for the training of veterans.

SEND ATTACHED POSTAGE PAID CARD
TODAY! FREE DESCRIPTIVE BOOK
YOURS WITHOUT OBLIGATION!

It reply card s detached, send this coupon

RCA INSTITUTES, INC.
DEPT.694-211-0

320 W. 31 ST.

NEW YORK, N.Y. 10001

Please send me FREE illustrated career
catalog. | understand that ! am under no
obligation.

Name

Address

City

State . Zip

T

Veterans Check here O

fn the Master TV/Radio Servicing Pro-

am_ you build and keep the alf sotid-

s-ste biack and whits TV sei, the color
TV set, the oscilloscope and the multi-
reter shown above
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Haveyouhada
job interview lately where
you really felt needed?

Let's face it. It's tough to get a good job without
experience. And how much experience can you have fresh
out of high school?

If you'd like a job Interview where you'll really feel

needed, see your Army Representative.
| He's got over 200 job-training courses to choose
from. Construction, transportation, computers, you name 1t
If you're qualified, you'll get it Guaranteed

You'll get paid well for 1t, too. Today's Army starts you
at $288 a month, and that's over and above the free meals,
free housing, free medical and dental care, and 30 days paid

vacation each year.
' Most importantly, the skill you learn in the Army is
yours to keep. S0 even if you don't make the Army a career,
you'll have a good start on a career of your own. Including
~ up to 36 months of financial assistance at the college of
your choice.

For the location of your nearest Army Representative,
call 800-243-6000, toll free. (In Connecticut,

call 1-800-822-6500.) Today's Army
wants to join you.

p |

Army Opportunities Date P S
Dept. 200, Hampton, Va. 23369 2PE 11-72}

I'd like to know more about job-training and promotion in today's Army.

Name_—— . Date f birth.

A — o County

———————— ———

[
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The new Dual 1229.

For those who want nothing less than
a full-size professional turntable.

If you nowown a 1219, we dont believe
youll want to rush right out and trade it in
fer its successor, the 1229, But if you have
been considering a 1219, we do believe the
additional refinements of the 1229 will bring
you closer to a decision.

Forexample, the 1229
has a built-in illuminated
strobe for 33-1/3 and 45
rpm. With a typical Dual
innovative touch: an
adjustable viewing angle
that you can set to your
own most comfortable
position.

Another refinement is on the stylus
pressure dial which is now calibrated in tenths
of agram from O to 1.5 grams. This provides
finer control in setting optimum stylus pressure
for today s finest cartridges, designed for
tracking in this range.

Such refinements, while giving you more:
control over your Dual, don't actually affect
its performance. Dual performance is a
function of the total precision inherent in the
design which has long made Dual’s premier
model the best-selling "'high-end”" turntable
of themall.

The gyroscope is the best known
scientific means for supporting a precision
instrument that must remain perfectly balanced
in all planes of motion. That is why we selected
atrue gyroscopic gimbal for the suspension of
the 1229 tonearm. This tonearm is centered and
balanced within two
concentric rings,
and pivots around

Stylus pressure dial calibrated
intenths of g grom from O 1o 1.5
grams: in quarters of o grom
from 1.5 10 3.0 groms

their respective axes. Horizontal bearing
friction is specified at less than fifteen
thousandths of a gram, and Dual's unerring
quality control assures that every 1229 will
meet those stringent specifications.

The platter of the 1229 is g full-size
twelve inches in diameter, and cast in one
piece of non-magnetic zinc alloy. Each platter
is individually dynamically balanced. Dual’s
powerful continuous-pole/synchronous motor
easily drives this massive seven pound platter
to full speed in one quarter turn.

A turntable of the 1229's caliber is
used primarily in its single-play mode. Thus,
the fonearm was specifically engineered to
perform precisely as a manual tonearm:
parallel to the record instead of tilted down.
For multiple play, the Mode Selector raises
the entire tonearm base to parallel the
tonearm to the center of the stack.

All these precision features and refine-
ments don't mean that the Dual 1229 must
be handled with undue care. On the contrary,

1 likeall Dudls, it is quite
§ rugged and virtually
% foolproof.
So we're not being
|, rash when we include a
full year guarantee
% covering both parts and
labor. That's up to four
times the guarantee
you'll find on other automatic units,
Visit your franchised United Audio dealer
and ask for a demonstration.
We believe you will oin the other

purists” who ®
prefer Dual. M

viewing angle. from directly o
heod to 20° away

The rew Dual 1229, $199 50 less base.

United Audio Products Inc., 120 So. Columbus Ave. Mt Vernon, NY 10553
Exchpsive US. Disteibunhon Ageney for Duat.
CIRCLE NO. 36 ON READER SERVICE CARD
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News Highlights

REACT CB’ers Help Out in Flood Disaster

The increasingly important role plaved by volunteer civilian radio
communications groups in responding to emergencies was dramatically
—and tragicallv—underscored during the Rapid City, South Dakota
flood disaster. There was remarkable cooperative activity in Rapid
City among REACT CB teams, governinent, radio amateur and Red
Cross groups. Among the casualties of that disaster were five REACT
team members who gave their lives attempting to help their neighbors.

New In-Line Color TV Picture Tube

A new 19-in. in-line color picture tube will be introduced bv GE
next spring. The new tube will be up to two inches shorter and four
pounds lighter than its predecessors. In addition to the new in-line
beam arrangement, the tube will use a slotted mask-screen assembly
and a Dlack matrix surround. The new tube requires fewer converg:
ence adjustments—only four compared to twelve in the conventional
delta-arranged electron guns.

New Radiation Standards for Diagnostic X-ray Machines

The Food and Drug Administration acted recently to make X-ray
examinations safer for millions of Americans by establishing new
radiation protection standards for diagnostic X-ray machines and
components. The new standard specifies improvements manufacturers
must make to reduce X-rav exposures from equipment produ-ed atter
August 15, 1973, The standard will require that all types of equip-
ment Dbe capuble of restricting the beam to the size of the X-rav
film or fluoroscope receptor. Under specified conditions, the standard
states, the leakage shall not exceed 100 millirvoentgens in one hour
at a distance of one meter from the X-ray tube assembly.

Student Experiments Selected for Skylab

Experiments proposed by 19 high school students from 16 states
have been approved for the earth-orbiting, manned Skvlab space
station in 1973, The 19 experimenters are from the 25 national win-
ners selected bv the National Science Teachers Association earlier this
vear. The proposals were selected from over 3400 submitted by U.S.
secondary school students. Skylab is an experimental space laboratory
that will he orbited next vear to conduct experiments from the vantage
point of space. The first manned mission, with three astronauts. will
last up to 28 davs; the second and third three-man missions are planned
to last up to 56 days.

Another Quartz All-Electronic Watch
Joining the ranks of companies who have offered quartz ull-elec-
tronic watches is Microma Universal Inc., Mountain View, Cal. Evalu-
ation quantities of the solid-state watch movement are available to
the timekeeping industry at $110 each. Utilizing a quartz crvstal as
the 32.768-Hz time base, the movement achieves accuracies of better
than 5 seconds a month. Time is read by meuns of a liquid-crystal
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digital display, which is composed of four digits showing hours and
minutes. Seconds are indicated by a flashing colon between the two
pairs of figures.

Minority-Group Research Scientists

A new program designed to find, develop and hire more candidates
from minority groups for its research staff has been started by Bell
Labs. The program offers outstanding minority-group college gradu-
ates a combination of tuition, living expense stipends, and summer
employment in a research lab while they study for masters and doc-
torate degrees. Participants who complete the program and earn the
doctorate degree will be reviewed for appointment to a research post
in the Labs. Candidates who do not continue in the program may be
considered for employment in technical areas other than research.

Institute of High Fidelity Elections

Results of recently held elections for posts in the Institute of High
Fidelity (IHF) are as follows: President, Herb Horowitz (Empire
Scientific); Vice President, Bernie Mitchell (Pioneer Electronics);
Treasurer, Walter Stanton (Pickering/Stanton Magnetics); Secretary,
Bill Kasuga (Kenwood Electronics); members of the Board of Di.
rectors: Arthur Gasman (British Industries); and Jerry Kaplan (Pana-
sonic). The following members of the Board of Directors are already
seated and have one year remaining in their terms: Stan Grossman
(Rectilinear Research); Don Palmquist (Altec); und Hiroshi Tada
(Sansui Electronics).

Hams Warned by FCC About Commercial Traffic

The FCC has evidence that a number of hams have been using
phonc-patch and auto-patch repeaters for commercial communications.
Both systems permit direct interconnection to the regular telephone
system. A ham, for example, operating on vhf in a vehicle may readily
trigger a remote repeater which can then be automatically tied in to
the phone lines; he may then easilv communicate with practically
anyone with a telephone. Use of interconnection equipment is not
prohibited by the FCC Rules. However the above type of operation
encourages commercial or business communications, which are not
permissible in the Amateur Service.

Joint Domestic Communications Satellite Program

Fairchild Industries of Germantown, Md. and Western Union Inter-
national of New York, N.Y. have established jointly a new domestic
communications satellite business. The two companies agreed to form
4 new corporation to be owned equally by the companies involved.
This corporation will be headquartered in the Washington, D.C. area
and will pursue the ol)taining of an FCC license for a domestic satellite.

EIA of Japan Denies Charges of Dumping

26

The Electronic Industries Association of Japan has formally denied
charges that Japanese consumer electronic products manufacturers
receive substantial export subsidies. EIA-] also attacked the “hy-
pocrisy” of complainants Zenith and Magnavox who, among others
“have themselves benefited from substantial outright subsidies offered
by the Government of Taiwan and Mexico to promote exports, to the
United States, of television sets and other consumer electronic prod-
ucts produced by their subsidiaries in these countries.” In its reply to
charges which are being investigated by the Treasury Department,
the EIA-] requested the Department to dismiss the complaints.
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FEATURES
TO LOOK FOR IN
SELECTING SW RECEIVERS

, "5;; 2o 5 aj

! PART 1
H

ALONG WITH

LAB TESTS ON 5 TYPICAL COMMUNICATIONS SETS
BY JULIAN D. HIRSCH Hirsch-Houck Laboratories

HE thrill of listening to shortwave

broadcasts originating in far-oft lands has
for decades captured the imaginations of
people thronghout the world. Today’s short-
wave listener  (SVWIL)  can receive clear
transmissions from powerful stations in any
part of the world with an ease that would
have astounded s counterpart of the
1930%. ‘Though loaded vith propaganda,
there is 4 wide choice of progriuns.

Wlhen choosing « receiver, the SWL must
consider carefullv his interests and needs.
The extremely powerful transmitters and
elaborate antenna svstems used by muny
SW broadcast stations can be heard easily
in any part of North America with the sim-
plest of receivers. If the BBC, Radio Mos-
cow, and Voice of America meet your
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listening needs, almost any receiver will be
adequate.

On the other hand, there are hundreds of
SW stations less powerful than those of
the major powers. Their weaker signals,
imterference from adjacent channels, and
often irregular operating hours make re-
ceiving some of these stations (and obtain-
ing confirmations fron them) quite a “feath-
er in the cap” of a serious SWL,.

A mnmber of more or less specialized
receivers with a wide diversity in features
and prices are available to the S\WL. Some
are essentially portables designed to operate
either on hatteries or house current. Others
are similar to the communications receivers
used by amateur and commercial radio
stations, but their frequency coverage is
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different, und they have certain operating
refinements.

To illustrate the choice available to the
SWL toduy, we have evalnated a group of
receivers which more or less fall into the
above categories. Some share character-
istics of both groups: one—essentiallva
versatile table radio—seems distinct from
either. The receivers we tested list from
about $100 to almost $350, with a corve-
sponding “spread” in features and perform-
ance.

Our performance measurements imcluded
sensitivity at two or three points in each
frequency range provided, dial calibration
accuracy, selectivity, and image rejection.
Sensitivity was defined as the antenia input
in microvolts (;1V), modulated 30 percent
at 400 Hz, which resulted in a 10-dB ratio
of signal-plus-noise to noise.

A frequency counter was used to verifv
the dial calibration at two or three points
on each scale. To determine selectivity the
ability of the receiver to reject interference
from a station close in frequency) we mea-
sured the i-f bandwidth at four levels rela-
tive to the center of its passband (—6 dB
90 dB, —40 dB, and —60 dB). The
image response of a shortwave receiver is
very important, since a superheterodyne
receiver can receive not only the frequency
to which it is tuned, but its “image” re-
moved by twice the i-[ frequency. \Many
shortwave receivers, especially general cov-
erage tvpes, have poor image rejection, and
the “busy” sensation one gels when tuning
across their bands is often due to the fact
that each station is being received twice!

We listencd to each receiver in all its
modes. and on all its bands. using the built-
in antenna where applicable, as well as
appropriate external antennas. Comparisons
were miade between pairs of receivers under
identical conditions to judge their ease of
tuning and ability to receive both weak and
strong signals. Receivers \ere phvsically
tapped while receiving SSB or CW stations,
to judge mechanical stability.

COMMUNICATIONS RECEIVERS

Lafayette HA-600A.

Apparently designed as a low-cost re-
ceiver for the novice ham opevator as
well us the SWL, the HA-B00A is a general-
coverage - receiver. It tunes the low-fre-
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quency band of 150-400 kIiz and provides
continuous coverage from 550 kilz to 30
MH7 in four bands.

The band-spread  dial (as large as the
main tuning dial) has its own pointer.
driven by a separate knoh. It hus scales for
ihe amateur bands from 10 to 80 meters,
keved to index marks on the main tuning
scales. There s also a logging scale, cal-
ibrated from 0 to 100, on the band-spread
dial.

The TIA-600A has a product detector for
CW and SSB reception with adjustable bfo
frecuency for reception of either sideband
in the SSB mode. The receiver has a head-
phone jack, separate audio and r-f gain
controls, and an antenna trimmer. The
function switch includes @ SEND position
which silences the receiver during trans-
missions. and  an  automatic noise limiter
for AM reception.

Good sensitivity and selectivity charac-
terize the 11A-B00A receiver. The i-f bhand-
width was 4 kHz at —6 dB, 9 kHlz at —20
dB, 12 kIz at —40 dB, and 14 kIz at —60
dB, largely due to the use of four ceramic
filters in the i-f amplifier. The sensitivity
was tvpically between 1.5 and 2.0 ¢V on
the high-frequency hands, 3 wV on the
broadeast band, and 8-12 uV on the low-
frequency band.

The calibration error on the main tuning
dial was 2 to 3 percent. When it was set
o the index marks for the vurious ham
bands, the error was usually sufficient to
ivalidate the calibration  of the band-
spread dial. However, when the main tuning
dial was set for correct band-spread dial
readings at the upper end of each hand, the
calibration error across the band was only
10-20 kHz.

Image rejection was 41 dB at 7 MHz but
down to 3 dB at 30 M1z This is tvpical of
general-coverage, single-conversion  super-

o

Lafayette HA-600A
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heterodyne receivers. The mechanical sta-
bility of the higher frequencies was poor,
with strong microphonic sounds emitted
when the cabinet was lightly tapped. The
noise limiter drastically reduced the audio
output and was not very effective against
impulse noise. The S meter did not respond

j 8 —— o

i
Tt

in the preferable logarithmic manner since
a five-fold increase in signal strength pro- } ”l””
duced a change of 9 S units instead of the

——

expected 3 or 4 units.

Although this receiver left something to
be desired as a ham receiver, its low price
and numerous control functions could make
it a good choice for a beginner or casual
SWL.

The HA-600A receiver is catalog priced
at $99.95, less speaker.

Realistic DX-150B.

Tuning from 535 kHz to 30 MHz in four
bands, the DX-150B is another general-
coverage receiver. A separate band-spread
dial is calibrated for the 10-80-meter ham
bands. The front panel controls include bfo
pitch, a-f and r-f gain, band switch, antenna
trimmer, and the two tuning knobs. Four
slide switches control the automatic noise
limiter (anl), AM or CW/SSB operating
modes, fast or slow ave time constants, and
receive/ standby modes of operation. There
is also a headphone jack located on the front
panel.

The circuits in the DX-150B are simple
vet highly effective, using FET's in the 1-f,
mixer, oscillator, and first i-f stages; ceram-
ic if filters; separate AM and product
detectors; and an IC audio amplifier.

The receiver had an average measured
sensitivity of 1.5-25 yV on the high-fre-
quency bands and 7 uV on the broadcast
band. Tts selectivity was good at —6 dB for a
4.5-kHz bandwidth, —20 dB for 8.3 kHz,
—40 dB for 16.3 kHz, and —60 dB for 29.2
kHz bandwidth. Image rejection was 45 dB
at 7 MHz and a remarkably good (for a
single-conversion receiver) 42 dB at 30
MHz.

The main tuning dial calibration error
was very small-between 0.5 and 1.0 per-
cent over its entire range. When it was set
for correct band-spread calibration at the
high-ﬁ‘equency end of each band, the band-
spread calibration was accurate within 15
kHz over each of the ham bands. Tuning
was easy and non-critical even on SSB
signals. The r-f gain control attenuates sig-
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Realistic DX-150B

nals before the r-f amplifier and reduces
stage gain which greatly reduces the possi-
bility of front-end overload on strong sig-
nals.

The S meter was very optimistic, reading
S-9 with only 3.1 uV of signal at 11.5 MHz.
With any reasonably good external antenna
the meter will be “pinned” by almost every
signal unless the r-f gain is turned down.
The automatic noise limiter was fairly ef-
fective (on AM reception only).

The receiver was slightly microphonic;
placing the speaker on top of it would result
in acoustic feedback at moderate listening
levels. In general, however, mechanical and
electrical stabilitv was compatible with
good CW and SSB reception.

We would judge the DX-150B to be an
excellent low-cost receiver for the novice
ham or beginning SWL. The crowded dial
calibration and lack of band-spread scales
for the SW bands are its chief drawbacks
i SWL service, hut the band-spread dial
can still be used for easy tuning at any
frequency. (This is not really necessarv
since the main tuning system is smooth and
free from hacklash.)

The Reualistic DX-150B is listed at
$119.95. A matching speaker, the SP-150,
is available for $8.95.

Allied SX-190.

At an appreciable upward step in per-
formance and price (over the reviously
described receivers) is the Allied SX-190.
This is a superhet double-conversion re-
ceiver which covers eleven 500-kHz bands
between 3.5 MHz and 30 MHz. It is
normally supplied with nine crystals (for
the first conversion oscillator) for the SW
bands at 16, 19, 25, 31, and 49 meters;
the 27-MHz Citizens Radio band; and the
20-, 40-, and 80-meter ham bands. (The
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40-meter range includes the 41-meter
broadeast band.) Additional crystals can be
purchased for any one 500-kHz band be-
tween 3.5 MHz and 10 MHz, and another
band between 10 MHz and 30 MHz.

The first i-f of 2420-2920 kHz is con-
verted to 455 kHz by a highly stable linear
vfo. The tuning dial is calibrated from O to
500 kHz in 1-kHz steps; its coverage ex-
tends for an additional 50 kHz above and
below these limits. The dial reading is
added to the low-frequency limit of each
band to obtain the actual received frequen-
cy. A crystal-controlled marker oscillator
provides calibration signals at intervals of
100 kHz and 25 kHz over the entire range
of the receiver so that the dial calibration
can be guaranteed to be better than 500 Hz
at any point.

The FET cascode r-f amplifier in the
SX-190 is tuned by a separate dial which
is calibrated from 3.5 to 30 MHz and can
be adjusted for best reception. The if
amplifier, with two stages of ceramic filters,
is followed by separate AM and product
detectors. The crysta]-controlled bfo has
switchable frequencies for reception of USB
or LSB.

The r-f and a-f gain controls are con-
centrically mounted. The r-f control atten-
uates the signal ahead of the r-f amplifier
to prevent overloading on strong signals
when the control setting is reduced. An i-f
Q multiplier provides a tunable selective
peak or notch for interference rejection.
Ou the mode switch are positions for LSB,
USB, STANDBY, AM, and ANL. A head-
phone jack is located on the front panel.

The receiver’s measured sensitivity was
9.3 uV. Its selectivity was oustanding at
—6 dB at 4.1 kH1z, —20 dB at 6.5 kHz, —40
dB at 8.7 kHz, and —60 dB at 9.2 kHz.
With the Q multiplier, the skirt selectivity
was further improved to 4.7 kHz at —20dB,

Allied SX-190
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6.9 kHz at —40 dB, and 7.6 kHz at —60 dB.
The double-tuned r-f preselector, plus the
use of a high first i-f, resulted in very good
image rejection: 77 dB at 7 MIz and 65
dB at 30 M1z

The S meter readings varied logarith-
mically at approximately 3 dB/S unit. A
5.5-uV signal was needed for S-1 at 11.5
MHz and 240 pV produced an S-9 reading.
Dial accuracy, once set with the crystal
calibrator at one end of any band, was
within 1.3 kHz over the entire band. Reset-
ting the dial to the nearest 25-kHz marker
gave a {requency readout accuracy limited
only by the visual dial resolution—about
200 Hz.

The receiver was rock-stable, and vigor-
ous pounding on the cabinet produced no
effect even when receiving SSB or CW sig-
nals. In construction, operation, and elec-
trical performance, this is an outstanding
receiver for the serious SWL. Tuning in a
station requires no more than setting the
dial to its frequency and peaking the pre-
seleclor. When a station is tuned in. ils
frequency can be resolved lo better than
1 kHz directly from the dial.

The noise limiter works quite well (on
AM only), and the Q multiplier is able to
remove most forms of heterodyne interfer-
ence.

The Allied SX-190 receiver is list priced
at $249.95. A matching speaker, SP-190, is
available for $19.95.

Drake SW-4A.

The R.L. Drake Co., well known to hams
as a leading manufacturer of high-quality
receivers and transmitters, has designed a
receiver—the SW-4A—specifically for the
SWL. This receiver is a double-conversion
superhet with eleven 600-kHz ranges which
are tuned by a very linear, accurately cali-
hrated oscillator whose dial divisions are at
1-kHz intervals.

The SW-4A covers the 11-, 13-, 16-,

L 19-, 95-, 31-, 41-, and 49-meter SW bands:

a low-frequency band of 150-500 kHz; and
the AM broadcast band in 450-1050-kHz
and 950-1550-kHz segments. The first con-
version, to an i-f of 5645 kHz, uses a
combination of crystal and variable fre-
quency oscillators, and crystals are available
at nominal cost to cover other bands within
the overall tuning range of the receiver,
although one of the standard ranges must
be sacrificed for each added range.
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A quartz crystal lattice filter in the first
i-f amplifier provides selectivity, and a
5190-kHz crvstal oscillator converts to the
second i-f of 455 kHz. The r-f amplifier is
tuned by a preselector which is calibrated
to match the tuning ranges of the receiver.

This is a hvbrid receiver, the onlv one
of this group that does not emplov a fullv
solid-state design. The r-f and i-f sections
tuse vacuum tu%es, but transistors are used
in the audio and age amplifiers and in the
tuning oscillator section. The latter is un-
conventional with a permeability-tuned vio
whose 4.9-5.5-MHz output is heterodvned
with the output of a crystal oscillator to
produce tlre required conversion oscillator
frequency.

The SW-4A is intended onlv for AM re-
ception and has no bfo or product detector.
Tuning dial calibration accuracy is rated
at =3 kHz after calibration on anv given
hand. However, there are no built-in mark-
ers; so, one must depend on CHU (7335
kHz) or WAV (10 or 15 MHz) for cali-
bration unless another accurate frequency
source is availuble.

The front panel of the receiver reflects
exceptional operating simplicity. There is
only one band switch, a preselector knol
whose calibrations are color-keyed to the
band  switch markings, a tone control
volume control/power switch, and the
tnning knob and dial. There is ulso a head-
phone jack and an illuminated S meter. The
dial is calibrated from 0 to 500 and from
500 to 1000. The turing knob has 25
divisions around its skirt. The sum of the
knob and the dial readings, added to the
band switch setting, gives the received fre-
quency.

Drake SW-4A
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This Drake receiver was one of the most
sensitive units in the group, exhibiting a
relatively uniform sensitivity of 1.4 to 1.7
N oon all the SW bands. In the broadeast
band, the sensitivitv was 2.3 to 5.0 uV, and
on the lmv-frequency band, it was 18 to 70
pV. Although we set the dial at onlv one
frequency (15 MHz), calibration was very
good throughout, within 1 kHz at almost
every point we checked. Since it is not
practical to tune an AM signal (as com-
pared to C\V and SSB signals) with greater
accuracy in any case, the lack of a marker
oscillator does not seem to present any
problems.

The measured i-f handwidth agreed al-
most exactlv with the manufacturer’s speci-
fications: 5.0 kHz at —6 dB, 7.7 kHz at
—20dB. 10.7 kHz at —40 dB, and 16.2 klz
at —60 dB. The S meter had an accurate
logarithmic response, at 6 dB/S unit, over
its range. At 11.5 MHz, 6uV gave an S-2
reading (the meter gives an S-1 reading
with no signal), and 220 pV corresponded
to S-9. The imuge rejection of the S\V-4A
was very good: 80 dB at 7 MHz and 64 dB
at 25.5 Mz,

The receiver was mechanically and elec-
tricallv stable, very easv to tune, and gave
ample evidence of superior workmanship
and qualitv. For the S\WL who is interested
onlv in broadeast reception and has no need
for CW or SSB modes, the simplicity and
performance of the S\V-4A give the re-
ceiver strong udVantage over most other
receivers. Hunting DX on the lower fre-
quencies  (broadcast and low-frequency
bands) is aided by an optional accessorv
loop antenna (AL-4) which mounts directlv
on.top of the receiver cabinet and plugs
into a special jack on the rear apron.

Selling price of the Drake S\V-4A re-
ceiver is $335. A matching speaker, the
MS-4, is available for $22, and the AL-4
loop antenna is $22.

Heath SB-313.

The most advanced—and expensive—
S\VL receiver we tested was the [leath
SB-313. Available only in kit form, it is a
double-conversion superhet covering nine
500-kHz bands: 3.5-4.0 MHz, 5.7-6.2 Mz,
7.0-75 MHz, 9.5-10.0 MHz 11.5-12.0
MHz. 14.0-14.5 MHz 150-15.5 iz,
17.5-18.0 MHz, and 21.3-21.8 MHz The
SB-313 is basically the same as the SB-303,
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the company’s deluxe ham-band model, ex-
cept for its frequency bands. (Three are
common to both models.)

A crystal-controlled oscillator converts
the input frequency to an 8.5-9.0 Milz i-f
range. The well-known Linear Master Oscil-
lator (LMO) used and proven in Heath’s
“SB” series of amateur receivers and trans-
mitters operates from 3.0 to 5.5 MHz and
converts to the 3395-kHz second i-f. Multi-
pole quartz crystal filters (three separate
ones for AM, SSB, and CW) provide the
receiver’s exceptional selectivity in the sec-
ond i-f amplifier. Both AM and product
detectors are used, with switchable crystal-
controlled bfo frequencies for USB or LSB
and CW reception.

The three-position agc switch has posi-
tions for off, fast, and slow; the fast time
constant is used for CW, while the slow time
constant is preferable for SSB and AM
reception. There are separate r-f and a-f
gain controls, and a separate r-f attenuator
which is adjustable up to about 60 dB. The
preselector stage s manually tuned for
maximum signal response on each band. A
function switch has standby and operate
positions plus two positions for the 100-
kHz and 25-kHz crystal calibrator fre-
quency markers. A headphone jack is also

rovided.

The SB-313 tuning dial has two sections
—the upper horizontal scale is marked off
0-5, and the circular dial below it has 100
divisions. Each corresponds to 1 kHz, and
one rotation of the dial moved the upper
pointer from one digit to the next. The
direct dial readout in kHz is added to the
setting of the band switch to determine
the received frequency.

This receiver is all solid-state and is con-
structed on a number of plug-in printed
circuit boards to facilitute easy assembly
and servicing. It is a thoroughly profes-
sional design, bearing a closer resemblance
to quality commercial and military gear than
it does to consumer merchandise.

The measured sensitivily was very good,
from 1.2 to 2.0 xV across the entire tuning
range. The crystal filters provide a near-
ideal steep-skirted selectivity characteristic
with the AM filter having a 5.4-kHz band-
width at —6 dB, 8.3 kHz at —20 dB, 12.7
kilz at —40 dB, and 28.2 kllz at —60 dB.
Their steep skirts made it difficult to meas-
ure the response of the SSB and CW
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Heath SB-313

filters which have rated bandwidths of 2.1
kiHz and 400 Hz.

When we set the tuning dial calibration
at the lower edge of any band, the fre-
(JUENCY error was well below 1 kHz across
the full 500-kHz tuning range. If the dial is
calibrated at the nearest 23-kHz marker
frequency, the readout accuracy is limited
only by visual resolution (about 150 Hz).
Image rejection was by far the best of the
receiver group at more than 100 dB at 3.5
MHz and 73 dB at 21.3 MHz. There are a
few low-level spurious responses; the worst
we found wus in the first i-f pass band
where, at 8.8 Mz, a 25,000-uV signal pro-
dnced an S-9 meter reading.

The S meter’s response was basically
logarithmic with about 3 dB/S unit over
most of the meter scale. At 11.5 MIlz, a
5-uV signal gave an S-1 reading, and a
280-,V signal produced an §-9 reading.

The SB-313 is for the most advanced
SWL. Although the assemblv of the kit is not
difficult, it is an involved and time-consum-
ing project which we would recommend only
for the experienced kit builder. Obviously,
many of the features of this receiver would
be of little value to a casual listener or to
someone interested only in AM SW broad-
casts. However, if CW and SSB reception is
a significant part of your listening activity,
the SB-313 is very close to the ultimate in
S\WL receivers.

The Heath SB-313 receiver is catalog
listed at $339.95. The matching SB-600
speaker is available at $19.95.

Next month, in Part 2, we will report
on portable receivers and a table model. ®
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T IS midnight at General Hospital. In

the semi-dark coronary care unit (CCU),
patients with heart problems requiring close
observation sleep in glass-enclosed cubicles
within view of a specially trained nurse at
the central-station desk.

A new patient arives, and the CCU
nurse promptly tapes three dime-sized discs
to his chest. Coated with an electrically con-
ductive paste, these metal discs are con-
nected to a flexible cable which the nurse
plugs into a connector on the wall. She
reaches up and switches on a bank of in-
struments mounted on a shelf above the
patient’s bed. A light begins to flash at a
rate of about once a second, each flash
triggered by an electrical impulse from the
patient’s heart.

On another instrument, a meter pointer
moves up-scale to indicate the heats/min-
ute. The nurse adjusts two pointers on the
face of the mecter, setting the low and high
alarm limits; if the patient’s heart rate
should go above or below these limits, an
alarm will sound at the central-station desk.

On a bedside monitor oscilloscope, a spot
of light traces a series of pulses. Originating
in the patient’s heart, these pulses are picked
up through the metal discs on his chest.
The nurse adjusts the scope.

Having attended to the needs of the new
patient and adjusted the bedside instru-
ments, the nurse returns to the central-
station desk where she glances up at the
large eight-trace scope suspended from the
ceiling. Here, the heurt pulses of all CCU
patients, including the new one, are dis-
plaved for easy observation.

Seated at the desk, the nurse pushes a
nunmbered button; a desk-mounted instru-
ment unrolls a strip of chart paper on which
a pen has traced the voltage waveform gen-
erated by the patient’s heart. The tracing,
an_electiocardigrum (ECG), is an impor-
tant diagnostic indicator of the condition
of the heart.

Automatic Alarms. The philosophy and
rationale of central monitoring systems is
that thev call immediate attention to a
patient experiencing a cardiac enrergency.
The sound of an alarm at central station
brings immediate medical assistance. Tt has
been estimated that, in cases of cardiac
arrest, the probability of survival is 90 per-
cent if the patient is treated within one
minute. It decreuses to only 10 percent at
three minutes.
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The adjustable pointers on this meter
set the high and low alarm limits for
patient’'s heart rate. (Courtesy: GE)

Without central-station monitoring, ade-
quate patient care would require a greater
number of nurses. Even with an increased
nursing staff, there would still he a sig-
nificant possibility that a nurse might not
be at bedside when an emergency occurs.
With an automatic alarm system, the emer-
gencev is detected within seconds. An audi-
ble alarm sounds and, bv means of an
illuminated numeral, the CCU nurse knows
the bed number of the patient in distress.
Furthermore, an electrocardiograph responds
to the alarm by producing a strip chart
showing the patient’s ECG immediately be-
fore and after the attack.

A systems diagram of a typical patient
monitoring system is shown in Fig. 1. Each
bedside installation includes an ECG ampli-
fier, a heart-rate meter, and an oscilloscope.
It mav also include respiration, tempera-
ture, and blood-pressure monitors which
ccmmunicate with central station and can
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Electronics
Monitors
Hospital
Patients

OSCILLOSCOPES, CLOSED-CIRCUIT
TV, COMPUTERS, AND TRANS-
DUCERS ARE USED TO KEEP
TRACK OF PATIENT'S CONDITION

BY ED BUKSTEIN

Dept. of Bioelectronics, Hennepin County
General Hospital, Minneapolis, Minn.

trigger the alarm when conditions go beyond
preset limits. In Fig. 2 are shown the com-
ponents of a bedside installation.

One Millivolt Input. The ECG amplifier
at bedside receives the heart voltage detected
by the electrodes on the patient’s chest.
This voltage is approximately 1 mV in
amplitude. It undergoes a giin of about
1000 in the ECG amplifier to provide an
adequate signal for the bedside scope and
rate meter and for feeding throngh cables
to central station.

A characteristic ECG waveform is shown
in Fig. 3. The P, R, and T waves corres-
pond to electrical events within the heart.
The ECG waveform repeats itself during
each cycle of heart activity. Typically, this
is 60-80 times/minute, or about once a sec-
ond. Since parts of this cardiae waveform
Lave voltage variations on the order of
one hertz or less, the ECG amplifier must
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have excellent low-frequency response. High
frequency response, on the other hand, is
not critical because the ECG waveform
contains no signiﬁcaun components above
100 Hz. So, the typical frequency response
of an ECG amplifier is 0.05-100 Hz; but
many instruments contain a switchable fil-
ter which can limit the high end to less
than 60 Hz to minimize ac pickup.

Counting Heart Beats. The heart-rate
meter counts the R waves of the ECG pat-
tern. (The R waves are greater in amplitude
than the P or T waves as shown in Fig. 3.)
This instrument is basically a frequency
meter designed to respond to pulse rates
of 0 to 5 pulses/second. This corresponds to
heart rates of up to 300 beats/minute (BPM)
for which the meter scale is calibrated
accordingly.

The rate meter’s high and low alarm lim-
its can be set by means of movable tabs
which mechanically position a lamp and
photocell inside the meter’s case. An opaque
vane, moving along with the meter puinter,
passes between the lamp and photocell to
trigger the alarm. One lamp photocell as-
sembly is situated upscale for the high-
limit alarm and another is located down-
scale for the low-limit alum. Excessive
heart rates (tachycardia) and insufficient
heart rates (bradycardia) trigger the alarms.

Slow Sweep & Long Persistence. The
monitor scope is similar to conventional
oscilloscopes  but has several special fea-
tures necessitated by the nature of the sig-
nals to be displayed. Relatively slow sweep
speeds are required so that one or more
heartheat cycles will be displayed during
each horizontal sweep. Tvpical sweep speed
is 22 mm/second (about 1 in./second).
Some monitor scopes have a front-panel
switch which doubles the sweep speed to
50 nim/second, permitting the waveform to
he “stretched” horizontallv for a closer look.

Designers of medical instrumentation pre-
fer to put as many controls as possible
on the rear panel or inside the case. This
makes the instruments easier to operate and
discourages “knob twisters.” Hence, controls
for vertical size, vertical positioning, focus,
and intensity may be located on the front
panel, rear apron, or inside the case.

Another important characteristic of a
scope designed for cardiac monitoring is
the long persistence of its phnasphor screen.
This is required so that the left side of the
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CENTRAL STATION
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l : Fig. 1. Block diagram shows how
DG | | an 8-bed monitoring system with
| | central station control is used.
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lrace will still be visible as the spot ap-
proaches the right side of the screen. Re-
cently, however, several manufacturers of
medical electronic equipment have marketed
a storage-type scope which can simulate
infinite persistence. By pushing a button,
the waveforn on the screen is “frozen” in
place to permit unhurried and detailed
examination.

Memory Tape. Monitoring svstems also
include, either at bedside or at central sta-
tion, a short-term memory, tvpically in the
form of a 30-second loop of magnetic tape.
The patient’s ECG is continuously recorded
on the tape loop until an alarm condition
arises. When this happens, the recording

BEDSIDE INSTRUMENTS

process ceases, leaving a record on tape of
the patient’s ECG for the 30-second period
preceding the alarm. The tape is then auto-
matically “dumped” into the graphic record-
er at central station, pr():lucing a graph of
the patient’s heart action leading up to the
attack.

In some of the newer installations. solid-
state digital memories are being used in
place of magnetic tapes. These no-moving-
parts memories eliminate the problems of
wear, adjustment, and lubrication associat-
ed with mechanical components.

Miscellanecus  Parameters. Although
ECG und heart rate are parameters of pri-
mary interest, additional measurements are
often required. Respiration rate body tem-
perature, and blood pressure are examples

j, of other frequentlv monitored paraineters.

I g score | | Blood pressure can be monitored via a

: : strain-gauge transducer (-(‘mn'ecle’(’l throngh

i a flnidfilled tube to a “needle” inserted

! | into an artery or vein, depending on wheth-

: ot weans | | oer arterial or venous pressure is to be

| p:msune b1 RATE : monitered. The resistance of the strain gange

= pe | MOMTeR METER || changes with pressure variations in the
L-FFF - J=J=- blood stream. The maximum pressure

QS i o ECTRODES ol e systolic) occurs wllen_ the Tieart ‘contracts
32|z oz to force 'b]ood out into the circulatory

ol2(<] ¢ &£} = system; minimum pressure (diastolic) occurs

ad e ‘”i = = when the heart relaxes. Systolic and dia-

L

TO CENTRAL STATION

Fig. 2. Basic bedside instrumentation.
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stolic pressures are indicated on meters at
bedside and/or central station. Adjustable
alarms can be set for hoth high and low
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Qs

Fig. 3. Typical electrocardiagram wave.

SYSTOLIC {MAX.) PRESSURE

DIASTOLIC (MIN.) PRESSURE

Fig. 4. Example of blood pressure wave.

limits, The pressure waveform shown in
Fig. 4 is displayed on either a bedside scope
or at central station.

Respiration can be monitored by measur-
ing the changing impedance between a pair
of electrodes as the chest expands and con-
tracts. A thermistor can be used to measure
temperature rectally or in the armpit.

The Future. The present trend in bio-
electronics is toward the use of more in-
struments to monitor a greater number of
patient parameters. Central station monitor-
ing is becoming more commouplace in hos-
pital areas which previously emplo; ed only

Bedside instruments monitor the pa-

tient's ECG, heart rate, and biood
pressure. (Courtesy: Hewlett-Packard)

NOVEMBER 1972

Closed-circuit TV permits observation
of patient from central station. In-
struments at right monitor heart rate
and blood pressure. Digital readout
shows parametzrs for a selected pa-
tient. (Courtesy: Smith Kline Insts.)

This central station equipment shows
extent to which electronic instrumen-
tation has become a vital part of
medicine. (Courtesy: Hewlett-Packard)

bedside instruments or none at all. In many
hospitals, central monitoring svstems are
being tied into digital computers which de-
tect trends and changes in patient paramet-
ers and which provide (on command)
readout of patient data.

Bioelectronic instruments have followed
an evolutionary pattern which is the same
as that of equipment designed for other
uses. Although many first-generation vac-
aum-tube instruments are still in use, most
modern instruments are of second-generi-
tion transistor design. Nor is integrated cir-
cuit equipment a rarity.

For the hioelectronics technician, the fu-
ture is filled with an increasing number
of fascinating, sophisticated, life-suving
instruments. @®
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Next to a willingness to
work, nothing will improve your
chances of success in electronics
more than a college-level
education. But family obligations
and the demands of your job
may make it very difficult for
you to attend classes. That
doesn’t mean you have to forget
about getting ahead. CREI
malkes it possible for you to get
the college-level education you
need without going back to
school.

Learn at home

At your own pace, your
own schedule. . . without giving
up your present job. CREI
lessons are written to be clearly
understood without the presence
of a teacher. Your problems are
anticipated. Your instructors
will work with you in a very
personal manner and give you
all the individual attention you
need. Many men learn far more
readily through home study
than they ever did in the
classroom.

Not for beginners

CREI programs are written
for men familiar with basic
electronics, but who want to
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get the advanced, specialized
knowledge they must have to
move up to engineering-level
positions and engineering-level
pay. All CREI training material
is developed with the help of top
engineers and scientists from
private industry and
government laboratories. Each
of these men is an expert in his
field of electronics. He knows
exactly what level of specialized
knowledge a man needs to work
successfully in that particular
field today. This is your
assurance that what you learn
from your CREI study can be
applied on the job.
You can have confidence
in CREI
Since 1927, CREI has
helped tens of thousands of men
move ahead in every phase of
the electronics industry. You'll
find CREI graduates and
students in key jobs wherever
up-to-date knowledge of
electronics is demanded.
Leading companies recognize
the quality of CREI education.
Many pay all or part of CREI
tuition for their employees.
CREI education is
up-to-date education
CREI courses are
continually being revised. New
developments are included as
quickly as they occur. Right

ou don’t have
t a college
ectronics.

now, CREI students are
getting the latest
information on cable TV
LSI chips, microminia-
turization, lasers and
masers. telemetry
systems, servomech-
anisms and data
links. If it’s new in
electronics.
CREI-and you—
will know
about it.

Send for free book
with complete information
on CREI programs

Use postpaid card-
no stamp needed. If card
is detached use coupon or
write: CREI, Dept. E1211C
3939 Wisconsin Ave.,, N.W.,
Washington, D.C. 20016

Founded 1927
Accredited Member of
the National

Home Study Council
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CREL. A Division of the McGraw-Hill
i Continuing Education Company
i Dept.E1211C,3939 Wisconsin Ave, N.W.
! Washington. D.C. 20016
Please send me free book with full information about
CREI Programs.

Nuame e
i
1 Address i
| ]
1 Cit Stute Zip !

Employed by
' Typeof Present Work
¢ Tam interested in: (IComputers [IElectronicngineering
Technology [INuclear Engineering Technology
1 Industrial Electronics [1Electronics Systems
Engineering Television Engineering [JNon-Technical
| Course in Computer Programming CONew! Cable TV

! APPROVED FOR TRAINING UNDER NEW Gl BILL |
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TACH-DWELL METER

ONE LOW-COST IC DOES DOUBLE DUTY
BY NORMAN J. OLSEN

SING only one low-cost digital IC, it is

easy to construct a compact instrunient
that can measure both rpm and dwell angle
of an internal combustion engme. Use of a
simple equation then permils rpm calibra-
tion of almost any tvpe of engine at any
rpm.

As shown bhelow, gates A and B are
connected as a one-shot multivibrator with
R5 and C2 used as the timing clements. As
the engine operates, the distributor points
open and close, causing the one-shot to
generate fived aniplitude pulses with a repe-
tition rate that is a function of the engine
rpm. When SI is in position 2 (tach)
these pulses are applied to gate D (the
meter driver). The large value of C3 in-
tegrales the pulsating voltage so that it is
smooth with an amplitude proportional to
the pulse frequency—or engine rpm.

When SI is in position 3 (dwell), gale
C is used as a conventional inverter with
the pulses passed through SI to gate D.
The pulses are integrated by C3 and the re-
sulting de is read off on meter AT The
one-shot gates (A and B) are not used in
this mode.
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R ! &
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OV=SAAAAA, 2 13 —’__AMA{’ Y s ]
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Calibration. To calibrate the dwell scale.
Set S/ to position 3 und, with the two in-
put leads shorted, adjust R3 for a full-scale
deflection. This represents the anguolar dis-
tance hetween the lobes of the distributor
cam shaft; i.e. 45° for an eight-cylinder en-
gine (60° for six cylinders; 90° for four).

For the tachometer scale, determine the
desired full-scale (in rpm) indication. Ry
multiplying the rpn by the number of
cylinders and dividing by 120, vou will
find the audio frequency required. For ex-
ample, assume a speed of 1000 rpm for an
8-cylinder engine. The trequency is 66.67
Hz (about 10 volts output). Select a value
for R4 so that, with 66.67 Tz as an input,
the meter will indicate at the full-scale
mark. The same re]nlions]]ip can be used to
determine the audio frequencv required for
intermediate pinindications—or for other
than 8-cylinder engines.

Installation. Connect the ground lead to
a suitable chassis ground on the vehicle.
Use a length of insulated wire to connect
the “dist” input to the non-grounded con-
nector on the distributor points. Be sure
that this lead is kept awav from moving or
high-temperature engine components. The
meter itsell can be mounted in any con-
venicnt, visible place. @

Circuit can be built on PC or perf
board and enclosed in a plastic box.

PARTS LIST

B1—Two 1.5-velt D cells

Cl—0.1-ul", 400-voli capacitor

C2—0.5-ut. 50-rolt capacitor

C3-250-ul", 10-vol1 elecirolytic capuacitor

DI1—Diode (HEPI36 or IN9/4)

ICI-—Integrated circuis (HEP570 or MC-
24P)

MI—0-1-mA meter

RI—47.000-0hm, ".-watt resistor

R2—10.000-0hm, Yi-wai resistor

R3-—10,000-0hm potentionmeter

Ri—See text

R5—20,000-0hm, Vo-waur resistor

S1—Three-pole, three-position rotary switch

Mise—Suitable enclosure, hattery holder, in-

sulated cable for distributor connection.
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BUILD A

Speed Timer for Model Gars

ALSO TIMES BIKES, TRIKES, OR TRACK RUNNERS

F YOU have a youngster around the

house, you know that model auta racing
is the “in” thing these days. Although
model racing sets come with a variety of
accessories, one thing that is usually lack-
ing is a timer to indicate lap speed. The
Speed Trap Timer described here is a ver-
satile device that complements any racing
set and can also be adapted to time any
interval, whether the subject is bicycles, tri-
cycles, or track runners.

There are two speeds of interest in rac-
ing: lap speed, which can be measured with
a stop watch, and instantaneous speed at
any point. The Speed Trap Timer measures
both with the flick of a switch; and the
construction cost is surprisingly low since
all of the parts are readily available and
many may already be on hand.

How It Works. The heart of the Timer is

NOVEMBER 1972

BY PHILIP HARMS

a digital-to-analog converter which changes
a digital count to an analog current that can
be read directly on a panel meter. Figures
1 and 2 show the complete circuit.

Two light beams are formed with photo-
transistors serving as the light receivers.
The beams are placed a known distance
apart and the timer begins when the first
beam is broken and stops when the second
is interrupted. The time interval between
the two breaks is equivalent to instantane-
ous speed. To measure lap time, the timer
begins when the first beam is broken and
stops when it is broken a second time.

Unijunction transistor Q3 serves as a re-
laxation oscillator frequency source with
capacitors Cl and C2 used for the two
trap times and C3 and C4 for the lap
times.

Phototransistors QI and O2 operate as
saturating switches. When light strikes the
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S2 POSITIONS

ICI—-MC724P
IC2—-MC790P

- 50~500 MPH!
2-5-50 MPH f TRAP

3—-SHORT TRACK!
4—LONG TRACK § AP

ALL IC’S—PIN4 TOGND
PINII TO +3.5v

FIRST
BEAM  ep3i2

Dr 5
.Oly 9
L——)I———J 8 e ve
10)ICI-D Ic2
7

1 10
I FiG2

+3.5v 1—

R8
5100

AN A |
—_— —_— 10
- R7
+3.5V—WNU\<-T
[ N
$3
2 s2¢C RESET
&) '
!
= .
R2-—220-0hm, Yy .wwatr resistor
PARTS LIST R3,RE—12.000-0hm, Vi-wartt resistor
R5—180-0hm, Y4-watt resistor
CI1—1000-pF capacitor R6—3300-0hm, Y-watt resistor
C2, C6-001-uF capacitor R7—1000-0hm, Yh-watt resistor
C3—2.2-ul, 10-volt electrolytic capacitor R8—510-0hm, Yy-wau resistor
CA—22-pF, 6-volt tantalum capacitor R9-R13—560-0hm, Y4-wart resistor
C5—4000-uF, 15-volt electrolytic capucitor R14—20,000-0hm, Y4 -1waut resistor
CT7—15-uF, 10-volt tantalum capacitor RI5—10,000-0hm, Yy-waurt resistor
DI—1A4, 50V diode (IN100! or similar) RI16—5100-0hm, Y4-wart resistor
D2—1.3V zener diode (IN749 or similar) R17-—2700-0hm, Y4 -watt resistor
FI—YA fjuse und holder R18—1300-0him, Yi-watt resisior
H—0.3V lamp and holder (optional) RI19—12.0hm resistor (see text)
12,13—#222 lamp (see text) SI—=Spst slide or toggle switch
1C1—Four-section 2-input NOR gate 82—3-pole, 4-position rotary switch
(MCT24P, HEP570) S3-—2-pole, normally ciosed pushbutron
1C2—Dual IK flip-flop (MC790P, HIEP572) switch
M1-—0.10-mA dc meter TI—03V, 14 flament transformer

01,02—Phototransistor (HEP312)
O3--UJIT (2N4870, HEP310)

04— Transistor (2N1921, HEP245) Note—The following are availuble from South-

05-Q9—Transistor (IN4420, 2N4123, 2N 5225,
HEP724)
R1—150,000-0hm, Y-wair resistor

Fig. 1. Breaking the light beams causes pulses developed
in the unijunction transistor to pass to counter circuit.

Misc~—Suitable chassis, knob, candalabra

lamp sockets (2), mounting hardware, eic.

west Technical Products, 219 . Rhapsody,
San Antonio, TX 78216: PC hoard, $2.34;
PC board plus semiconductors, $14.45.
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+8V
+
M
0-10mA DC
RI6
5.1K

RI4 %ms RI7 RI8
20K %mx 2.7K 1.3K
Q5 Q6 Q7 a8 Q9 _L
ALL IC'S—
PIN 4 TO GND
PIN 11 TO +3.5V
Q5-Q9 2 < 2 s
2N4420 2R9 2RIO 2RI 3Ri2 RI3
2N4123 35600 25600 35600 25600 5600
2N5225 l S 3 .\
3 13 5 9 3 13 5 9 3 13
12 0 4 = 19 4 I_.4
12 el w2 1/2 172 172
COUNT 21 rcp 8 1c3 2 1c3 8 1ca 2l 1ca
A Fr t t I
12 10 12 10 i2
T = = = = =
oA RESET
FROM FIG | Fig. 2. Digital-to-analog converter sums flip-flop currents
TERMINAL N through meter. Reset line comes from Fig. 1. gating circuit.

ph()tosensitive base, the transistors saturate
and the collector drops to near ground
potential. When the light is interrupted, the
transistor turns off and the collector voltage
rises to that of the supply. NOR gates
IC1-B and IC1-C are connected as a Cross-
coupled latch and operate in the sume man-
ner as a logic switch anti-bounce circuit.
The latch is set when the first transistor
(Q1) is turned off and resets when the sec-
ond is twned ofl. To set the latch, QI
mnust turn back on before Q2 turns oft. This
will be discussed in more detail later.

If S2 is in one of the positions to measure
trap time, the low output of ICI-C is
routed to ICI-A through S2B. This opens
the gate and allows the UJT pulses to enter
the count-up flip-lops. When the second
beam is interrupted, the output of ICI-C
goes high aad turns off the pulses going into
the count-up circuit. The totalizer is a five-
bit, count-up circuit, giving 32 bits, or in-
crements, of resolution. The outputs of the
five flip-flops are routed to Q5 through Q9.
The binary sum of the five transistor collec-
tor currents determines the total current to
the meter. It will be noted that the collector
resistors double in value for each transistor.
While the resistor values are not exact
doubles, this causes little effect in the over-
all meter reading. The builder can substi-
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tute 1% resistors if accuracy has to be
improved

Once the car has passed through the trap,
the count is retained and the speed is regis-
tered on the meter until reset. The meter
can be reset to zero by pressing S3, which
returns all of the flip-flops to the zero state.
The same function is done automatically by
gate [CI-D. WV hen the first beam is inter-
rupted, a narrow pulse is generated through
C6 and R6 and shaped by ICI-D. This
pulse resets the counters to zero automa-
tically before each count-up cvcle is begun.
Since the pulse is onlv 5 us wide, it does not
affect the counting cycle.

I2
#
RISE
I3 20 g
@#zza 7
+8vV
Q4
2N492]  +3.5V
E1l
+
c7
1134
VAC 1SuF
4.3V
Fl
f/2a i
Fig. 3. Circuit for dc supply
and ac supply to beam lights.
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If lap times are to be measured. the
count-up circuit operates in the same way
but the imput to ICI-A is controlled in a
different manner. Flip-flop 1C2-A is initially
cleared with the reset hutton and, when
the first light beam is broken. pin 8 goes
low, allowing the UJT pulses to begin the
count-up cycle. When the light beam is
mlerrupted a second time, the flip-flop re-
verts to the high state, thus halting the
count-up cycle. Fli])-ﬂop IC2-A must be
reset to zero manually since several addi-
tional components would he necessary to
implemenl an automatic reset.

The power supply circuit for the Timer
is shown in Fig. 3.

Construction. The photograph shows how
the prototvpe was constructed. The circuit
was assembled on a printed circuit board
(see Tig. 4) though the circuit is not critical
and could be huilt on perf board.

Before beginning construction, decide
what you are to time—small cars bicycles,
efc.—since this determines whether vou
want to mount the phototransistors in the
cabinel or outboard. In the prototype, for
instance, a 4-inch gap was used between
light beams, but a larger gap may be nec-
essary, depending on the light source used.
(In the prototype, the author used type 222
lamps, which are 2.2-volt bulbs with integral
lenses that help direct the light. However.
it was found that bulbs from dillerent
manuflacturers give different results so it
may be necessary to experiment. If bulbs
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Fig. 4. Actual size foil pattern (at
left) and component layout. Foil pat-
tern under Q4 acts as small heat sink.

of a different voltage are used, resistor R19
can be changed. For 6-volt bulbs, connect
them in parallel directly to the transformer
secondary.)

Instal]l the timing capacitors on S2, tving
the ground return to pins 3 and 4 of sec-
tion C. Be sure all connections are correct
or some strange results mav occur when you
begin testing the unit. It’s hest to solder
wires on all the terminals of the switch
and tag them for later connection to other
components.

The phototransistors are very fragile and
should be mounted only after all other wvir-
ing and installations are complete. Since the
phototransistors have no mounting support
of their own, use two small pieces of perf
board with a hole in each that is just
large enough to have the phototransistor
pressed into it. The emitter and collector
leads are wired directlv to the PC hoard. If
you are using the photolrunsistors away
from the cabinet, use miniature phone jacks
to connect the light receivers to the bourd.

Use white paint to block out the scale
on the meter and black press-on type to
put on the speed marks.

Testing. If verv accurate timing is re-
quired, a digital counter can be used to
set the frequency of the UJT oscillator.
In most cases, however, this is unnecessary
since all times are relative and a faster
car will always show up as faster regardless
of the frequency.

Adjust the Tight beams so that they
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directly strike the phototransistor lenses.
(For a light beam gap of a foot or more and
lights a few feet from the phototransistors,
high intensity lamps can be used. For tim-
ing bicycles or anything else large, flash-
lights with good reflective lenses work
satisfuctorily.) The phototransistors have in-
tegral lenses which restrict the received light
to a beam of approximutely 10°. Connect
a voltmeter between each collector and
emitter (or ground) of the phototransistors
and position the light beams for a minimum
voltage (about Yo volt). 1f you are unable to
drop the voltage to at least 240 volt, check
the phototransistor for correct positioning. If
necessary, reduce the resistunce of RI19 to
increase the lamp brightness. Remember,
however, that the lamps should not be op-
erated too brightly or they will burm out
too soon. Break the light heam and note
that the collector voltage increases to about
one volt.

When it has been determined that both
phototrunsistors are operuting c()rrectly, set
$2 to position 3 and press the reset button.
The meter should indicate zero current
(maximum speed) and the reading should
remain after the button is released. Break

A 4-inch gap between lights was used

in prototype (left). Timing capaci-
tors are mounted directly on switch.

the frst light beam and observe that the
meter pointer moves ap in steps toward the
right. If vou can count the steps, there
should be 31, with the 32nd returning the
meter to zero. Switch the Timer to posi-
tion 4 and note that the meter moves up at
a much lower pace.

To stop the meter, momentarilv break the
second beam and then the first. The meter
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should freeze until the reset button is
pressed. Remember, that when checking the
lap timer function, the second beam must
be broken before the first beam is broken
uguin—\\fhich is what a car does.

With 82 in position 2, break the first
light beam and note that the meter needle
oscillates around the midscale mark. Break
the second beam and the needle should stop
somewhere on the scale. With S2 in posi-
tion 1, the meter should be at midscale after
the first beam is interrupted; but the fre-
quency is high enough that oscillation
should not he noted.

In measuring trap times, always use posi-
tion 2 of the switch first if readings are
near 50 mph. It a slow car is timed on the
higher scale, the count-up circuit will
“overflow” and an invalid reading will
result.

Modifications. The timer can be changed
to sujt different appli(-ati()l1s—without chang-
ing the PC board circuit.

The values of the timing capacitors
(C1-C4) can be changed to suit vour partic-
nlar race layout. For instance, a speed of
50 mph is equivalent to 73 ft/s or 876 in./s.
Thus, a car traveling 50 mph will cover
0.876 in. in one millisecond. If we start
with a four-inch gap between light beams,
it will tuke 4.56 ms to cross the two beams.
If the maximum count we can allow before
overflow is 31, we can say that 31 counts
equals 4.56 ms and one count equals 147
us. Therefore, the frequency of the pulses
coming from the UJT should have a period
of about 147 us to give a maximum cur-
rent reading of 50 mph. Using rough cal-
culations for a UJT oscillator, the oscilla-
tion perio(l 1s equal to emitter resistance
times emiller capacitance. The resistance
of RI is 150,000 ohms so the capacitance
is 147/150 nanofarads or approxinmte]v
1000 pF, which is the selected standard
value for CJ in the 30-500 mph range.

A general equation for calculating the
value of the UJT timing capacitor is C=
17.5G/RBS. where C is the capacitance in
microfarads, R is the value of RI in kil-
ohms, G is the light-beam gap in inches,
and S is the maximum scale speed in miles
per hour. The same equation can be used to
determine the lap-time capacitors, using the
distance around the track (in inches) for G.

When mounting the phototransistors at a
distance from the meter, with long leads.
it may be necessary to use an emitter fol-
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lower buffer circuit to eliminate noise. The
phototransistors have high impedance and
are rather sensitive to noise. A buffer cir-
cuit is shown in Fig. 5, with three-pin micro-
phone connector p]ugs to connect the cir-
cuit to the timer.

The power supply can be replaced by
batteries if you want to cut costs or are
worried about youngsters using a toy that
plugs into the ‘wall. Use a 9-volt battery
for the 8-volt source; the voltage difference
should have no effect on the operation. The
current through the meter may be slightlv
higher, so a small resistor in series will bring
full-scale current back to the end murk.
Three D cells can be used to operate the
IC’s and. although the resultant 4.5 volts

‘»-_ +8vDC

2N4 420

\\ HEP312

Fig. 5. Use this circuit when wide
spacing between beams is required.

will not damage them, a silicon diode in
series will drop the voltage to about 3.9,
with a resultant lowering of current drain. @

SelectaVision MagTape System

RCA TO MARKET COLOR VIDEQ PLAYER FOR CONSUMERS

HE Tatest home video recorder/player,
which will be available in 1973, is the
all solid-state RCA SelectaVision MagTape
unit. Meusuring 22”7 X 174" x 54%”. the
unit has a front-panel slot to accept a
97 X 64” x 1%” molded plastic tape cart-
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ridge. A set of piano key switches are used
to control the various operations. The only
connection between the player/recorder
and the TV set is through the untenna
terminals. The set is tuned to un unused
channel for tape operation.

The player/recorder includes both viif
and uhf tuners so that a monochrome or
color recording can be made of one channel
while watching another. An automatic timer
is also included to turn the recorder on at
any desired time. There is provision for
using an external black and white camera
for the “do-it-yourself” TV producer, at
home or at work.

Although the first units will be inde-
pendent of the TV set, RCA points out that
thev will be followed by combination models
incorporating both color TV receiver and
the plaver/recorder. Final pricing will be
determined when the system reaches the
selling stage, but it is expected to be under
$700; the cartridges will cost about $30.

When not in use, the hook-size tape cart-
ridge is completely closed so that the tape
is never exposed or handled. Chromium
dioxide (high energy) tape is used and the
approximate 900" of tape in a cartridge per-
mits about one hour of use. When the
cartridge is inserted in the slot. an internal
lever opens the cartridge to permit the
tape to come into contact with the rotalting
headwheel (four heads). ®
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lT 1S likely that hi-fi historians will con-
clude that the most significant change in
loudspeaker design was produced more by
revolution than by evolution. The sudden
appearance of the high-comp]iunc'e acousti-
cal-suspension woofer in the 19350’y with
its abilitv to provide satisfying bass in a
small box put big speaker systems on the
defensive. Then the demands of stereo and
quadraphonics reversed the rules so that
bass outpnt per unit of cabinet volume
became more important than conversion
efficiency (sound output versus clectrical in-
put). Speaker systems became smaller and
smaller while amplifier  power ratings
soared. The bass reflex seemed to be in
danger of becoming extinct.

During the past yeawr or two, the first
signs of a possible revival for the reflex
have become evident. One straw in the
wind is the amnouncement this year of
several new reflex speaker svstems. Another
is the apparent 1¢ newed interest in Hoor
model systems even while engineers are
coming up with new designs which improve
reflex Joading in bookshelf cabinets.

Bass reflex enclosures require careful de-
sign. But where conversion efficiency is im-
portant, the reflex is worth the effort. The
typical efficiency of an acoustical suspen-
sion speaker is about 1 percent; that of a
larger reflex model such as the Electro-
Voice monitor systems may be as high as 5
percent. Most reflex svstems will deliver
room-filling sound in a typical home envir-
onment from a 10-watt amplifier. Too, re-
flex partisans claim it has greater dynamic
range, lower distortion, and a more relaxed
and smoother bass.

Away from the Boom Box. The fact that
anvone would apply the adjective “smooth”
to the bass reflex suggests that it has come
a long way from the “boom box.” One
reason for boomy bass from a veflex svstem
was that the builder usually based his di-
mensions on generalized charts rather than
precisely matching the hox to his speaker.
Manufacturers of commercial enclosures at-
tempted to reduce design complexity—and
cost—by approximations which resulted in
less than optimum performance. Today,
more attention is given to both the tuning
and internal dumnping of the system. For
example, some changes were made in the
acoustical damping of the -V Sentrv 1 and
Sentry 1I speaker systems which produce a
cleaner low end in the new Sentry TA and
Sentry TIA models.

NOVEMBER 1972

THIS HI-FI SPEAKER
ENCLOSURE IS SHOWING
SIGNS OF NEW LIFE

BY DAVID B. WEEMS

Obviously, there is more to a speaker
svstem than enclosure design. The type of
box is only one of many factors which con-
tribute to the sound. This brings up a
question: Can listencers hear the difference
between a typical reflex and a typical
sealed box speaker? To find out, Utah—a
company that makes both types of systems

set up test demonstrations at several hi-
fi shows. A-B comparison tests were made
with L-pads in the circuit to equalize vol-
ume levels. Savs Al Altenhof of Utah, “The
visitors seemed to be split 50-50 in their
preferences.” Nor were the listeners wishy-
washy about sound. “There were very few
listeners with  vague preferences,”  says
Altenhof.

Utah’s experience implies that the re-
flex has a solid future, particularly if it
can be made competitive with the scaled
box in space requirements. WwWe'll have more
to sav about some of the new models, hut
first let’s take a look at the historv of the
reflex.
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L L

(A) (8)

Fig. 1. Types of reflex speaker systems. (A) The classic bass reflex—full-size
enclosure with port area equal to speaker cone area. (B) Ducted-port compact.
(C) Auxiliary radiator reflex. (D) Methods of treating resonance problems include
(a) collar of resistive material over speaker,
material, (c) resistive panel. All the methods are usually not employed together.

WOOFER
154
b C
N
DRONE B
() )

(b) enclosure stuffed with damping

The Classic Bass Reflex. The classic bass
reidex consists of a large box tuned, by a
simple port, lo the speaker’s  free-air
resonance. In the typical old-fashioned reflex,
the port area is about equal to that of the
woofer cone. The air in the port acts as a
second large piston which, like the speaker
cone, can compress or expand the air in the
box. At system resonance, both the port
piston and the speaker cone try to compress
the air at the same time. This action damps
cone movement at resonance, contro]ling it
and reducing  distortion. The speaker’s
original resonance is replaced by two new
resonances, one higher and one lower in
frequency than that of the speaker operated
in free air. These new resonances are easily
identifiable as two peaks in the speaker’s
impedance curve.

Earlv experimenters sometimes nsed com-
pact boxes for reflex operation. But they had
to restrict the port area, losing some port
radiation and loading effectiveness. in order
to mamtain proper tuning. Later, thev
added a duct to the back of the port
which increased the mass of air in the port.
With the same air volume in the enclosure.
and the same compliance of vibrating air,
increased muss lowered resonant frequency.
This permitted a larger port area or a fur-
ther reduction in enclosure volume, which-
ever goul was considered more important.
Most of today’s designs are based on the
ducted port. Regardless of the type of port,
all reflexes utilize the same cone damping
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principle. James F. Novak, Chief Engineer
at Jensen, says, “It reallv matters very
little as to what the shape of the port is or
what the duct material is so long as the
enclosure is properly tuned.” N

HIGH < HIGH FREQUENCY
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Low :
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Fig. 2. Internal details of JBL Aquarius 4.
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If conventional reflex enclosures are made
too small, several problems result. One,
mentioned above, is the reduced output
from the small port which mukes the en-
closure act like a leaky box. In extreme
cases, the advantages of reflex loading are
Jost. Another demon of small boxes is the
upper resonance which increases in amp-
litude and frequency as enclosure volume
is reduced. When it occurs at about 100 Hz
or higher in frequency, it adds an unnatural
boom to male speech. Some designers at-
tack this problem by adding an acoustical
resistance to the system, usually as a ve-
sistive material stretched over the back of
the speuaker to increase damping. Others
put the resistance in a slotted or drilled
partition or even stull the enclosure itself
to reduce the resonance. The increased re-
sistance broadens the tuning and makes the
hox “act” bigger than it really is, but with
some loss in efficiency. Each of these de-
sign tricks, or variations on them, are being
applied today by manufacturers of com-
mercial bass-reflex systems. And they have
added a few new ones.

The New Reflexes. Reflex loading is
found in speakers at various points along
the price scale. It can be used for inex-
pensive systems because special woofers are
not required.

One development of recent years which
has enabled the mannfacturer to cut the
cost of reflex speakers is the type of ducl
used todav. The shelf or slot which was an
integral part of the enclosure has been re-
placed by a low-cost cardboard tube. The
tube is also easily installed and tuned. Ex-
amples of ducted-port compact systems are
the Jensen Model TI-30, Lafavette Radio
Electronics Criterion 100B, and the Truson-
ic Velonte series.

Lafayette Criterion 100B uses tubular
ducted port at upper right in photo.
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Ducted-port compacts are not abways list-
ed at the bottom of a line of speuaker svs-
lems. The Utah Model 1S-4, a three-way
system, is considerably more expensive than
their Model AS-1 and AS-12 two-way
acoustic-suspension models. Also, in the
Kenwood line, the two lower priced models
are sealed boxes, but their newer more
expensive Models KL-5060 and KL-3080
offer reflex loading via a damped pipe.
According to Carl K. Uemura, National Ser-
vice Manager for Kenwood, the damped
pipe design was chosen after many experi-
ments and extensive field testing. He savs
that Kenwood’s goal for the new speaker
svstems was to obtain a well-damped, clean
bass with efficient low-end power response.

The ‘‘Drone Cone." The simple port has
heen largely replaced by the duct, particu-
larlv in compact enclosures. Another sub-
stitute has been emploved bv some designers
who want to obtain full radiation from
small boxes and vet achieve correct tuning.
This is the “drone cone,” sometimes called
a passive radiator (PR) or auxiliary bass
radiator (ABR). Tt is simply an extra bass
cone with neither voice coil nor magnet as-
semblv. The sane laws of physics govern
the behavior of the drone as that of any
driven cone. This means that its resonant
frequency is dependent upon its mass and
compliance. It can be tuned by varying its
mass, typically by adding or removing card-
board dises from the rear center of the
cone.

The drone cone is not a new idea. It
was described in 1952 hy B.N. Locanthi of
JBL. One goal of early advocates of the
drone was to improve on op(‘n—port perform—
ance by insuring uniform particle velocitv
and in-phase performance across the radi-
ator. An added benefit was a reduction in
reflected midrange soimd which is some-
times transmitted through an open port. A
disadvantage of the drone cone is its cost
which is higher than a hole in the balflle.
Also, it has no magnet to control it; so
cone damping must ‘be purelv mechanical.
This requires careful design of the suspen-
sion svstem.

Engineers who choose the drone system
contend that with proper suspension design
it can yield improved (ransient response
over conventional reflex svstems. Thev buase
their argument on the use of a small woofer
wilh better inherent transient response. The
wooler’s effective cone area is doubled by
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the matching passive unit. Also, the drone
can be tuned to a lower frequency than the
woofer itself by adjusting the drone’s mass.
Because it vibrates in-phase with the woof-
er cone over its effective operating range,
the drone damps the woofer cone at the
woofer’s resonant trequency, offering the
reduced distortion of an open port. Severul
commercial speaker svstems now use the
drone principle, notably the |BL Lancer
Models 44 and 77 compacts and the new
Bang & Olufsen Beovox 5700. The latter
is unother example of a reflex mode] which
tops a line of sealed-box speaker systems.

In addition to new methods of porting
and tuning reflex speaker systems, somne en-
gineers are applying imaginative designs to
reflex enclosures to obtain special effects.
For example, the Tannoy Orbitus I offers
360° radiation of all frequencies by its
horizontull_v mounted 12” dual concentric
loudspeaker which faces upward into an or-
bital deflector. When a conventional large
woofer is mounted horizonta”y, the cone
may be deflected by the force of gravity,
moving the voice coil into an area of non-
uniform magnetic field. Tannoy designed a
suspension system for the Orbitus I wooler
which maintains cone stability in that posi-
tion. The Tannoy Monitor line of speakers
requires large enclosures if unvented. So,
the semi-compact floor model designed for
the Orbitus I is ported at the bottom by
a duct. This duct on the opposite panel from
the speaker is in contrast to the tradi-
tional speakers in the Tannoy line which
are frontal radiating systems.

Another reflex speaker system with a hori-
zontally mounted woofer is JBL’s Aquari-
us 4. 1t differs from the Tannov system
in that the JBL system uses reflected sound
at the high frequencies produced by a ver-
tically mounted tweeter on the rear panel.
With the lows radiating in a horizontal

Bang & Olufsen Beovox 5700 employs

auxiliary bass radiator at the left.
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Tannoy Orbitus | is a floor model of
medium size with ducted-port refiex.

plane and the highs in a vertical plane,
there is interaction between the right an-
gle dispersion patterns which, according to
JBL, increases the apparent size of the
sound source. At first look, the Aquarius
4 appears to violate an old rule of thumb
which states that no enclosure dimension
should be more than three times that of an-
other. The Aquarius 4, however, is actual-
ly a double-chamber reflex. The upper cham-
ber contains damping material and is term-
inated in an acoustic filter to prevent its
acting as a resonant pipe.

V-M - Corporation produces a line of
Spiral Reflex speaker systems which are
even more subdivided than the Aquarius 4.
The number of chambers in the V-M Sys-
tems varies inversely with the size of the
enclosure. The smaller the box, the more
chambers contained within it. William
Kovach of V-M states that the extra
chambers in the smaller boxes serve to delay
the low—frequency sound much as it is de-
layed in large enclosures by the greater
distance it must travel. The larger V-M
floor models have four chambers, and their
shelf speakers have six.

A survey of the new speaker systems dis.
cussed above shows some unusual combina-
tions of features making the enclosures
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sometimes resemble sealed boxes or laby-
rinths. In fact, a strong characteristic of
current reflex design seems to be a willing-
ness among engineers to crossbreed between
enclosure types. The Aquarius 4, for ex-
ample, offers horn loading at the front of
the woofer cone, while the rear chumber is
a broadband tuned pipe. The V-M speakers
and the Adiniral tunuel reflex systems also
appear to be modified labyrinths. And the
drone-cone speakers of various manufactu-
rers operate as reflexes, but from a box that
is acoustically sealed to middle and high
{requencies. '
Another reflex-sealed bhox hybrid is not
even listed as a reflex. It is represented by
the Dynaco line of speakers which contain a
duct stuffed with material to prevent radia-
tion from the duct mouth. The duct is
functional in another way: pressure build-up
inside the enclosure compresses the material
in the duct and slightly alters the volume
of the box. This change in volume alters
the resonant frequency of the system. The
Dynuco cabinets may be regarded as vari-
able-volume enclosures. One advantage of

JBL Aquarius 4 ducted reflex uses un-
usual dual chambear internal design.
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The Dynaco A-25 speaker has a ducted
port but is not classified as a re-
flex since the port does not radiate.

the stuffed duct approach is that it produces
a smooth speaker impedance curve which
permits more efficient power transfer from
the amplifier to the speaker.

After looking at the variety of reflex
designs available today, it would be fool-
hardy to attempt to guess what construction
details will be adopted in the future. But
it is a safe bet that there will always be
a demand for more bass from small enclo-
sures. James F. Novak says that the recent
trend away from reflex speakers can be ex-
plaived by the fact that today’s cabinets
have become acoustically too small for some
of today’s woofers which would require
very large “optimum volume” reflex enclo-
sures. Then he says, “I do, however, see
this trend possibly reversing back to the
reflex design except that this time the
woofers will become smaller.”

Al Altenhof also sees a continued trend
toward smaller enclosures. He says that
they will require smaller woolers with high
compliance and refined magnetic circuits.

\Whatever the future of reflex speaker
systems, there can be little doubt that they
are available today in greater variety than
ever hefore. @
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BUILD A

STROBE
GUBE

FLASHER FOR POP MUSIC
OR MOTION-STOPPING STROBE

BY RICHARD M. FISHER

LTHOUGH electronic strobes are most

often used in industrial and photograph-
ic applications, the dramatic effect of a
flashing light makes a nice complement to
the modern pop-music scene. It also makes
a good, hard-to-miss, obstruction warning
light.

The Strobe Cube described here can be
used for both purposes, and it has a variable
flashing rate (with a maximum that does

not do harm to the eve). Any type of con-
tainer can be used though the kit mentioned
in the Parts List includes a square translu-
cent plastic hox.

Theory of Operation. The circuit is shown
in Fig. 1. Isolation transformer T! is op-
tional, but its use is recommended in the
interest of safety. When the power is on,
capacitor C3 is charged up through the
combination of RI and R2. The voltage
across R2 is also coupled through T2 to the
anode of SCRI. As soon us the voltage
reaches the flashover potential of neon lamp
11, a positive pulse is applied to the SCR
gate. This causes the SCR to turn on and
C3 is (lischarge(l through the primary of
T2. A high-voltage spike is then generated
across the secondary of T2 and is applied
to the trigger electrode of the flashtube. The
main de power is also applied across the
fashtube, so that as soon as the trigger
pulse occurs, the gas in the tube ionizes
producing a bright flash of white light. Ca-
pacitor C3 is discharged, and the process
repeats. The flash rate is determined by the
resistance setting of R1.

Construction. A PC houard foil pattern
and component lavout are shown in Fig. 2.
Optional transformer T/ is not on the board,
Install all the components except the flash-
tube, observing the proper polarities.

’lDI .
| ci
sl T IN40O3 Iz
saf *20vF RI FLASHT JBE
) IMEG ~ RED
117VAC b2 3 oot
117 VAC R2 ®
150K 2 TRIGGER
> A Rloet
c2 c3
+ |204F +{4uF SCRi
p 2N2325
R3
1500
TI—1I7V: 117V isolation transformer {op-
PARTS LIST tional )
T2 Trigger transformer (see note)
CL.C2--20-uF, 250-volt electrolytic capuacitor  Misc—Suitable  translucent plastic  cube,

C3-—4-ul, 150-volt electrolviic capaciior

D1,D2—Diode (IN-1003)

H-—NE-2 neon lump

12—5-1caty flushtube (see note)

RIl—1-megohm linear-taper
(with integral S1)

R2—150.000-0hm, Ya-watt resistor
3—150-0hm, Ye-watt resistor

S1-—-8pst switch (on RI)

SCRI—Silicon controlled rectifier (2N2325)

potentiometer

mounting brackets, TV cheater assembly,
knob, mounting hardware, etc.

Note—The following are available from DEC,
99 I 4th St., New York, NY 10003: 5-watt
flashtube (FT-104), $3.75: trigger trans-
Jormer (TR-14), $2.00; PC board. $3.50-
PC board and all parts (except TI1)
814.95; Pleviglass cube, $595; complete
hit, $19.25. Please add $1.25 on all orders
to cover postage and handling.

Fig. 1. Flashtube is triggered when SCR1 turns on and charge on C3 leaks off through T2.
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Fig. 2. Actual size foil pattern for the
strobe cube is shown at right. Com-
ponents are mounted as shown above.

The flashtube has three leads, one at each
end of the U tube and one connected to a
strap around the tube. The latter connec-
tion is the trigger electrode. Solder a short
length of thin wire to this electrode and
wrap it around the tube four times, making
sure that the wire does not contact either
of the other two leads. Wrappiug the wire
around the tube increases the trigger Jead
surface contact. Mount the flashtube in
place, noting that the cathode has the large
electrode and should be connected to the
minus side of the power supply. Trigger
transformer T2 has a red dot at one pin
(the high-voltage pulse termiual) and must
be connected as shown.

A conventional TV “cheater” conmector
was used on the prototvpe to make the ac
contacts.

All components except T1 are mounted
on PC board as shown on prototype.

NOVEMBER 1972
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Testing and Installation. Connect the ac
cord to the isolation transformer and turn
on SI (located on RI). A 3-ampere fuse
may be used to protect the circuit until vou
are sure that it works properly. Do not
touch the circuit until y()il have made sure
that all capacitors have been discharged.
Changing the setting of RI will cause the
strobe to Hash at different rates.

If you make the cube, mount the PC
board on the bottom plate, remenmbering
that the potentiometer wounting hardware
is used to hold the bottom plate to the re-
mainder of the cube. Cut a small hole in
the side of the cube where the potentiome-
ter is located. The rest of the cube is ce-
mented together and a small picce of plastic
is cemented to the side opposite the poten-
tiometer hole so that a small holding screw
can be inserted through the botton. @®

OPERATING CONDITIONS

The equivalent series capacitance of C1
and C2 is 10 ul’. The energy input to the
tube, per Hash, is E = UCV2 = K(10 x
10—) (340)* = 0.578 joule. At six flashes
per second, the total power to the tube is
6 times the energy per flash or 3% watts,
which is well within the 5-watt rating of
the Hashtube. Approximately 9 flashes per
second will hit the 5-watt limit. \Vith the
cirenit enclosed, any heat gencrated re-
mains in the enclosure. Therefore, if the
llasher is to run continuously near its maxi-
mum rate, ventilation holes must he used.
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0 New Heathkit Projects

S 68995*

NEW Heathkit
Engine Analyzer

For 3, 4, 6 and 8-cylinder engines.
The CM-1050 includes leads and
accessories for testing conven-
tional, transistor, and magneto
ignition systems, regardless of
voltage or grounding. Uses 3
"“C" batteries (not included).

Kit CM-1050, 9 Ibs. .. .. 64.95"

NEW Heathkit
215.Digit VOM

A compact, solid-state multimeter with
digital readout —at a fantastic kit-form
price. The new Heathkit IM-1202 has four
overlapping ranges to measure voltages
from 10 mV to 1000 V on DC (either
polarityl, 10 mV to 700 V rms on AC,

7995*

10 uA to 2.5 A on AC or DC current. Five resistance ranges
measure from 1 ohm to 2 megohms. Front panel polarity switch
reverses inputs without changing leads.

Kit IM-1202, 6 Ibs. ................ ... 79.95*

NEW Heathkit 21V Color TV —
Solid-State Plus Detent UHF Tuning

The new Heathkit GR-271 is the 21-in. (measured diagonally) version of our famous
GR-800, the most advanced color TV we've ever offered. The GR-271 has the same
state-of-the-art tuning convenience with power detent sefection of all VHF and
any 12 pre-selected UHF channels; exclusive angular tint control for consistently
better flesh tones; voitage controlled varactor UHF tuner & MOSFET VHF tuner
for unmatched sensitivity; exclusive MTX-5 matrix tube with etched face plate
for increased contrast, less glare. Plus, the GR-271 has buiit-in dot generator,
convergence panel and volt-ohm meter — full remote control options, too. It's
Heathkit TV at its finest in a space-saving size.

Kit GR-271, less cabinet, 121 tbs. .. ... ... ... ... .. ... .. ...499.95*
Assembled GRA-501-21, table model cabinet shown,
tough walnut Marlite® finish, 33 Ibs. ................ . ... . .. ......5495*

NEW Heathkit/ Thomas Spinet Organ
with two 44-note keyboards

A kit for the whole family to build and enjoy. The all-solid-state T0-1160 Heathkit/
Thomas Spinet has full 44-note keyboards for Solo and Accompaniment, exclusive
Color-Glo keys that light up to indicate notes and chords. With the Color-Glo
course included you'll be playing songs almost instantly. There are six solo stops
- flute 16/, 8’ and &', trumpet 8', oboe 8, and violin 8. Five accompaniment stops
—horn 8', diapason 8', melodia 8', cello 8, and pedal voice with 16’ & 8 com-
bined. Plus both regular and a new “light”" vibrato effects. Other features include
keyboard jacks for private earphone listening or use of a tape cassette deck. The
beautiful pecan-veneer cabinet is shipped fully assembled, includes bench. The
T0-1160 Spinet organ is one of the most exciting gifts you can give or get for
Christmas.

Kit T0-1160, 211 1bs. ........................... ... ... ...689.95*

-

a4 NEW Heathkit
£ C-D Ignition System

matically varies spark duration —fonger for

3995*
low battery, cold-morning starts, shorter for

high-rpm cruising. Screw-on terminals make installation easy; ex-
ternal pushbutton tets you override system without removing leads.

Kit CP-1060, 4 ibs. ......... ... ... ... .3995*

This simple, one-evening kit will increase
spark-plug and point life up to 50,000 miles
on any car or truck using a 12-volt, negative
ground system. The Heathkit CP-1060 auto-

NEW Heathkit
30 MHz Counter

The Heathkit [B-1100 gives 1 Hz
to over 30 MHz counting on a full
s 5-digit readout with 8-digit capa-
bility. The tighted overrange indicator makes
misreading virtually impossible. Stable time-
base circuitry assures accuracy better than 3
ppm from 22° to 37° C. Diode protected J-FET
gives improved triggering over 100 mV to 150 V
input range. Solid-state circuitry mounts on one
large board.
Kit 1B-1100, 6 Ibs. . ..

169%*

..$169.95*
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to Brighten Anybody’s Christmas!

See them all
in this NEW
FREE CATALOG

NEW Heathkit 6-Digit Electronic Alarm Clock

The exciting Heathkit GC-1005 Digital Clock displays hours, minutes and sec-
onds on highly visible cold-cathode readout tubes. A gentle “beeper” alarm can
be set for 24-hour cycle and features a snooze switch that gives you seven more
minutes of sleep before the alarm sounds off again. The all-solid-state circuitry
is designed to display either conventional 12-hour or 24-hour international time
(Manual shows you how to wire it for the readout you prefer). Includes am/pm
indicator light to facilitate setting time and alarm. Special fail-safe circuit flashes
all “eights” on display if 60-cycle line voltage is interrupted.
Kit BC-1005, 81DS. . ... oovvmnnnnneceee e

NEW Heathkit 8-Channel VHF Band-
Scanning Monitor with digital readout

Crystal-controlled monitor tunes any selecced 9 MHz segment of the 146 through
174 MHz band — gives you police, fire, marine, ham 2-meter, etc. Features either
manual or automatic scanning with numerical readout, channe! lock-out buttons.
Priority channel "0"" takes precedence over all other channels when in the auto-
matic mode. Also has built-in speaker and rear-panel jack for remote speaker;
Gimbal bracket and mounting plate for either base-station or mobile use. Oper-
ates on either 120/240 VAC or 12 VDC. Includes crystal 0SC/Mixer signal source
for easy alignment. Order up to eight Crystal Certificates with kit, filt out and
return for speedy delivery of the frequencies you need.

Kit GRI1D, 9lbs. ..o :
GRA-110-1, Crystal Certificate, postpaid

b ... 119.95%
.......... each 4.95*

,, NEW Heathkit
”. Dolby” Cassette Deck

A kit-form cassette deck utilizing the
famous Dolby™ noise reduction sys-
tem. Accommodates the greater fidel-
ity and dynamic range of chromium
dioxide cassettes. Independent switches provide
Dolby on/off and regular or Cr0, bias control.
Domestic-make tape transport comes preassembled
for easy kit building.
Kit AD-1530, 21 Ibs.

24995*
. 249.95°

.

HEATHK!T ELECTRON!C CENTERS — AR1Z.: Phoenix, 2727 W. Indian School Rd.; CALIF.:
Anaheim, 330 E. Ball Rd.; EI Cerrito, 6000 Potrero Ave.; Les Angeles, 2309 S. Flower St.;
Pomona, 1555 Orange Grove Ave. N.; Redwoed City, 2001 Middlefietd Rd.; San Diego
{La Mesa), 8363 Center Dr.; Woedland Hills, 22504 Ventura Blvd.; COLO.: Denver, 5340 W.
38th Ave.; CONN.: Hartford (Avon), 395 W. Main St. (Rte. 44); FLA.: Miami (Hialeah), 4705
W. 16th Ave.; GA.: Allanta, 5285 Roswefl Rd.; ILL. Chicago, 3462-66 W. Devon Ave,;
Downers Grove, 224 Ogden Ave.; IND.: Indianapolis, 2112 E. 62nd Ave.; KANSAS: Kansas
City (Mission), 5960 Lamar Ave.; MD.: Baltimore, 1713 E_ Jo%l‘aa Rd.; Rockville, 5542
Nicholson Lane; MASS.: Boston (Wellesley), 165 Worcester St.; MICH.; Detroit, 18645 W.
Eight Mile Rd. & 18149 E. Eight Mile Rd.; MINN.: Minneapolis (Hopkins), 101 Shady Oak
Rd.; MO.: St.Louis, 9296 Gravois Ave.; N.J.: Fair Lawn, 35-07 Broadway (Rte. 4); N.Y.:
Buffalo (Amherst), 3476 Sheridan Dr.; New York City, 35 W. 45th St.; Jericho, L., 15
Jericho Turnpike; Rochester, Long Ridge Plaza; OHI10: Cincinnati (Woodiawn), 10133 Spring-
tield Pike; Cleveland, 5444 Pearl Rd.; PA.: Philadelphia, 6318 Roosevelt Bivd.; Pittsburgh,
3482 Wm. Penn Hwy.; TEXAS: Dallas, 2715 Ross Ave.; Houston, 3705 Westheimer; WASH.:
Seattle, 221 Third Ave ; WIS.: Milwaukee, 5215 Fon~ 7 1 ar

>Send For Free '73 Heathkit Catalog’ m
B I

Your new Heathkit Catalog is ready
and waiting. If you're not already into
a Heathkit hobby, what's holding you
back? Ask around and you'll find a
Heathkit builder who can show you
the rewards. You'll pay yourself back
for your kitbuilding time with better
products. Better in terms of price,

value, performance specifications,

and self-service features. And the
Heathkit line-up is bigger and better
than ever. Including color TV, stereo/
hi-fi, electronic organs, home appli-
ances, engine tune-up tools, radio
control, shortwave, marine gear, in-
struments, hundreds more, They are
alf in the free '73 Heathkit Catalog.
Send for yours now.

NEW Heathkit Dual-Range
Visual/Audible Fish Spotter®

Flasher-type sounder with
two ranges reading 0-60
and 0-240’. Audible alarm
can be set to sound at any
level in between. Super
Bright neon light. Runs on
12 VDC ship's power.

Kit MI-1031-1, with
thru-hull transducer,

6 Ibs. o.....99.95%
Kit MI-1031-2, with
transom transducer,

6 lbs. ... 999

Benton Harbor, Michigan 49022
] Please send FREE Heathkit Catalog.

] Enclosed is $ = = __, plus shipping.

Please send model{s) - e
Name e
Address. I
City __ State e ——

Prices & specifications subject to change without notice.

*Mail order prices; F.0.B. factory. CL-443R

CIRCLE NO. 16 ON READER SERVICE CARD
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DIGITAL LOGIC
TUNES TV RECEIVERS

FLIP-FLOPS AND GATES HAVE ARRIVED FOR TV SETS

Digita] logic has, until recently, been the

exclusive property of calculators, com-
puters, and the like. However, it now ap-
pears that the flip-flops have canght up with
TV receivers.

According to a paper published by the
Matsushita ~ Electric  Industrial Co., TV
Products Development Laboratory  (the
R&D branch of Panasonic), the new Sys-
tem is called “Total Electronic Logic Tun-
ing Svstems for TV Receivers”.

Two such systems have been proposed,
each using 1C logic and varactors to replace
the mechanical tuner currently used. One ap-
proach uses pushbutton switches for tuning,
while the other uses a simple 10-button
decimal selector switch and gas-discharge
readout tubes for channel indication, The
logic for this latter system is shown in the
accompanyving diagram, and shows that the
system also works for uhf.

Alth(mgh varactor devices have heen used
as afe controllers in I'M and TV receivers

tal logic for controlling the varactors, in-
stead of the usual low-level dc.

The selected channel, via the front-panel
pushbuttous, is encoded into a binary num-
ber. This signal is then fed to another logic
circuit and eventually turns on a particular
gate associated with that channel. The gate,
in turn, supplies the tuning voltage to its
associated varactor. Each varactor is accu-
rute]y pretuned via a preset potentiometer
(called Voltage Memory) for each channel
so that when the associated gate operates,
the TV set is “on the head”.

The selected encoded binary number is
also applied to a BCD-to-decimal decoder
and used to drive a pair of front-panel gas-
discharge readout tubes that indicate the se-
lected channel. The simpler version of the
electronic tuner does not have the readouts.

Panasonic feels that the use of this new
digital system will eliminate the problems
associated with mechanical switching and
expects this approach to provide high reli-

for many years, this new approach vses digi- ability, small size, and lower cost. ®
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TIIE children’s game of tag has alwavs
been good to keep the kids outside and
out of mom’s wav. But sometimes, it rains;
and then the kids are inside. When the kids
come in, the TV goes on. Now, with “TV
Tag,” the magic of television can be coupled
with the fun of tag; and rain or shine, you
and the kids will be happy. Ou the other
hand, TV Tag is fun for adults too—a good
conversation piece and a challange to play.

TV Tag is a two-part system. One part is
vour ordinary home television receiver; the
other is a collection of seven inexpensive
integruted circuits, three transistors, a hght
bully, and a handful of resistors and ca-
pacitors. There are no modifications or
connections to be made to the TV set. Any
vacant channel from 2 to 6 can be used
to receive the video signal from the game.

Two white dots are displayed on the TV
screen, one controlled by player A and the
other by player B. Each player has two
knobs to rotate. One knob moves his dot
up or down, the other moves it left or right.
A slide switch determines which plaver is
«it” and his dot flashes off and on for easy
identification. The plaver who is it moves
his dot into a corner of the screen and
begins his count. The other player positions
his dot anywhere on the screen. At the
count of ten, the it dot begins to stalk the
other dot; and with some luck and skill, it
eventually tags the other dot. Immediately,
the tagged dot disappears from the screen
and a lamp on the game begins to flash.
Depressing the reset button causes the
tagged dot to reappear and the flashing light
goes off.

Theory of Operation. As shown in Fig. 1,
the circuit can be divided into four basic
sections: TV receiver sync generator, plaver-
adjustable delay circuits, logic circuits, and
modulated r-f source.

The circuits shown in Fig. 2, generate
the necessary horizontal and vertical svnc
pulses to lock the raster on the TV set. The
circuits are similar except for the timing
elements. Two inverters are cross-coupled
15 astable multivibrators (15,750 Hz for
horizontal; 60 Hz for vertical) which drive
inverters operated as half-shots to generate
the required pulses.

The manually controlled delay circuits,
shown in Fig. 3, are also similar, except
for the time constants. Each section is
further divided into similar pairs, one for
player A and one for player B. Each circuit
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PLAY
ELECTRONIC
TAG
ON YOUR
TV

“TV TAG”"—UNIQUE GAME
FOR THOSE RAINY
AFTERNOONS

BY JEFFREY W. ANDERSON

takes the IT and V svncs, inverts them and
uses them to trigger a pair of monostable
multivibrators. The amount of delay intro-
duced is determined by the settings of the
control potentiometers (RI0, R14, RIS, and
R22), operated by the players. The delays
determine the positions of the dots on the
screen.

The output of each horizontal multivi-
brator is fed to a half-shot that generates a
600-ns pulse at the end of the adjustable
delav time, while each vertical output is
fed to a half-shot that produces a 200-300-ps
pulse. The horizontal pulse determines the
width of the dot, and the vertical pulse
determines its height. An inverter at each
output processes the pulse for further use.

If these outputs of the delay circuits
were displayed on the TV screen they would
appear as a pair of crossed lines, similar to
the cross hairs of a rifle scope, except that
they would be variable. However, by using
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Fig. 1. The circuit of the TV Tag can be divided into four

(same frequencies as monochrome TV),

a coincidence detector, only the line cross.
or a small dot, can be passed to the r-f
stage. This is the purpose of the three-input
gates (IC6) shown in Fig. 4. Pin 3 of IC6
has a narrow pulse output when hoth
horizontal and vertical pulses for plaver A
are present, while pin 9 has the same for
plaver B. The two sets of adjustable-
position dots are then mixed in IC7 and
passed to another 3-input gate where thev
are combined with the original I and \
svne pulses. The combination of R26 and
CI7 operates the gate in the lincar portion.
The output at pin 5 is 1.5 volts dc for a
no-signal, no-svne condition. This produces
a pedestal for the positive dot video and
negative-going syne. That is, all dot video
is composed of pulse excursions ubove the
L5-volt pedestal; and all sync consists of

ICI=MC789P

002yF gg
10K

1CS5,

v
SYNC Fig3

1yF AND
IC6,
VAl FIG.4
cs
IyF
Fig. 2. Sync generators use hex inverters.
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parts: a sync generator
delay and logic sections, and r-f oscillator.

PARTS LIST

1.C2—0.002-uF capacitor

3,C20—0.001-uF capacitor

4-C6,C11.C13—1-pk electrolytic capacitor

0,C9—0.01-ul capacitor

8.C10-—-330-pF capacitor

CI12,C14—0.1-uF capacitor

C15,C16.C18—5.uF elccirolytic capacitor

CI7—0.05-uF capacitor

C19—180-pF capacitor

C21,C22—24-pF capaciior

C23—]-pF capacitor

D1.D2—Diode (IN34)

11—Low-voltage lamp ( #338,49 or similur)

IC11C31C5—1ex  inverter (MC789P  or
1EP573)

1C4.1C7—Quad 2-input NOR gate (MC724P
or HEP 370)

1C6—Triple 3-input gate (MC792P)*

I1—Phono Jack

L1—4 turns of #18 wire, spaced “L7 oon 4
diameter slug-tuned form

O1-Q3—Transistor (2N3904 or HEP736)

RI.R3,RI2RI6,R20.R24—1 1,000-0hm resistor

R2.R1—3900-0hm resistor

R5.RO,RI0,RI4.R18,R22—10,000-0hm
tiometer

R7—9100-0hm resistor

R8—1800-0hn resistor

RO.RI3—1000-0hm resistor (see text)

RI1LRI5RI19.R23—50,000-0hm potentiomerer

RI7T.R21—3900-0hm. resistor (see text)

R25.R31,R32—4700-0hm resisior

R26-—-68,000-0hm resisior

R27.R28—33.000-0hm resistor

R29--2700-0hm resistor

R30—220-0hm resistor

R33-—-33-0hmt resistor

R3-L—300-0hm resistor

S1—Normally open pushbutton switch

S2—Dpdt slide or toggle switch

Wisc—Suitalile enclosure, interconnecting
cable, knobs, D cell (2) with holders and
connectors, mounting hardware, etc.

*1f you cannot locate an MCT792P triple 3.
input gute, use two HEP381 dual four-
input guates (also RTL) with only three
inputs on euch gate and the fourth input
grounded.

C
«
C
D
€

poten-
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Fig. 3. Delay circuits are multivibrators

excursions below this pedestal. This video
signal is fed to the r-f oscillator-modulator.
Two inverters of 1C5 are cross-coupled
to form the identification multivibrator that
is coupled through the i switch to the
three-input gate that corresponds to the dot
chosen to be it. This causes the selected
dot to flash at three cvcles per second.
Since the game is won when the pursuing
dot catches the other one, a diode gate (D!
and D2) is used lo detect the coincidence.
The positive-going pulse from this gate
causes the tag flip-flop, consisting ol a pair
of two-input gates of IC7. to change state.
The 3-Hz identification signal is then passed
to the tag gate consisting of inverters from
IC5, which turns on the lamp driver Q1.
At the same time, the tag flip-flop inhibits
the selected three-input gate (part of IC6),
causing the tagged dot to disappear. De-
pressing pushbutton S/ resets the tag flip-
flop enabling the tugged dot to re-appear
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TO
IC6,
FIG.4

TO
1C6,
FIG.4

TO
1ce,
FI1G.4

IC2-MC789
1C3-MC789
1C4-MC724
IC5-MC789

+3V

Ccla
ApF

whose output pulses can be delayed.

(if the coincidence is removed) and tuming
out the tag lamp.

In the r-f section, shown in Fig. 5, the
composite video is impedance nsatched bv
Q2 and applied to the base of 03, the r-l
oscillator. A tuned circuit in the collector
is set to the desiredd TV channel, and the
modulated r-{ is taken from JI.

Initial Adjustment. I{ vour TV set uses
an indoor (rabbit ears) antenna, simply
connect a short length of wire to output
jack JI and run the wire reasonably close
lo the antenma. If vou have an outdoor TV
antenna, connect a length ol transmission
line from J! to the antenna terminals on
the set.

Set the pluyers’ vertical  positioning
potentiometers (RI8, R22) to approxi-
matelv the middle of their rotation. Set
the A horizontal potentiometer 4 clockwise
and B % clockwise. Locate a vacant channel
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V SYNC H SYNC
/’ FROM ICI, FROM ICI,
FIG. 2 FIG. 2

IC6-MC792
IC7-MmC724

ALFIG.3
A2 FIG.3

DOT COIN.
DET.

D2

IN34

BI,FIG. 3
B2,FIG. 3

VIDEO-SYNC

MIXER
COMPOSITE
5 VIDEQ

T0
FIG. §

58K I DENT. MULT

R27
33K

RESE +3v

=l
Si

2
+3V
TAG
3 GATE
| S

2N3904

TAG FLIP-FLOP

Fig. 4. Logic circuits convert crossed

(between 2 and 6) on vour TV set; turn
on the TV Tag; and press the reset button.
Spread or compress LI (r-f oscillutor por-
tion) until a strong signal is seen on the
I'V screen. (It may or may not be in svne.)

Once a strong signal is obtained, adjust
the horizontal and vertical svne  controls
oun the TV Tug (R5 and R6, respectivelv)
until a stable raster is seen. Two dots nav

R-f oscillator and modulator.

Fig. 5.
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lines into dots and provide tag functions.

also be wvisible. Adjust L1 and the set’s fine
tuning until the best image is seen. Adjust
the set’s contrast und brightness control
until the two dots stand out very clearly,
with one ﬂushing on and off at about 3 Hz.

Operate the B vertical control (R22) so
that the dot is within 10% of the top and
bottom of the screen. Do the same with the
B horizonal control. To limit the dot’s
travel, the trimmer potentiometer in parallel
with the plaver control determines the span
of dot movement, while the resistor in series
with the player’s  control potentiometer’s
rotor adjusts the span centering.

For example, in the horizontal position-
ing of player A’s dot, trimmer BRI/ controls
the span of dot movement, while R9 adjusts
the span centering. The series value is
selected first by setting the horizontul posi-
tion control (RI0) to minimum resistance
and then adjusting the value of the series
resistor (R9) until the dot is about 10%
from the left of the screen. Then rotate R10
to its maximum position and adjust RIJ
until the dot is about 10% from the right of
the screen. Then move plaver A’s vertical
control (R/8) to minimum resistance and
adjust RI7 until the dot is about 10% from
the top of the screen. Placing RI8 at maxi-
mum should cause the dot to go within
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Photo of prototype shows how lights
and reset button are mounted on top
of chassis with controls on the ends.

10% of the bottom of the screen. If it
doesn’t, adjust R19.

Repeat this procedure for the horizontal
and vertical positioning of plaver B’s dot.

When both dots have been adjusted for
span and centering, try to tag one dot
with the other. If the proper events having
to do with tagging and reseting do not
occur. check the circuit wiring.

The TV receiver should be set for maxi-
mum contrast with the Drightness reduced
until the lmckground just disappears. The
two dots (one flashing) should then be in
high contrast on a dark l)ackground. @

GROWTH OF CBS SQ-A

London SQ Convention. Columbia Rec-
ords’ SQ team recently attended and par-
ticipated in the company's annual con-
vention, held this year in London, where
a presentation of future SQ programs
and plans were made. At the convention,
demonstrations were conducted using
the first SQ full logic consumer product,
Sony’s Model SQD-2000.

Many conferences were held with
United Kingdom audio equipment manu-
facturers whose interest in SQ and quad-
raphonics has been awakened by the
momentum of the U.S. market. Evidence
of this growing European interest is seen
in Servo-Sound, a Belgium-Holland based
hi-fi manufacturer which has begun mar-
keting SQ decoders. Sonic, a French
manufacturer with retail stores in Paris,
Audio-Sonic, a Dutch distributor, and
Cambridge Audio, a U.K. based hi-fi
manufacturer, will also market SQ de-
coders sometime this fall. SQ hardware
licensees can anticipate consumer inter-
est in SQ playback equipment through
the growing library of discs from CBS
Records and EMI on the European mar-
ket.

National Quadraphonic Radio Commit-
tee Meeting. On July 25, seven proposed
multi-channel FM broadcast systems
came under study by the National Quad-
raphonic Radio Committee of the Elec-
tronic Industries Association. The pro-
posed systems have been classified into
five categories: Category | with Quadra-
cast, RCA, and Motorola, proposes utili-
zation of a 76-kHz subcarrier with double-
sideband modulation; Category Il (Zenith),
also proposes use of a 76-kHz subcarrier,
but with single-sideband modulation;
Category 1l (General Electric) also pro-

4-Channel Status Report

poses, a subcarrier at 76 kHz, but this
time with vestigial-sideband modulation;
Category IV, suggested by Radio Pro-
gramming/Management, requires no 76-
kHz subcarrier; nor does CBS in Category
v, with their matrix system, require the
76-kHz subcarrier.

All systems in Categories I-IV also uti-
lize an additional subcarrier in quadra-
ture with the existing 38-kHz subcarrier.
Categories | and 1l will require abandon-
ment or relocation of present SCA ser-
vice. Although matrix programs can be
broadcast under existing stereo rules,
the CBS proposal calls for standardiza-
tion of SQ encoding and the transmission
of an identification signal by modulating
the 19-kHz pilot carrier.

SQ Logic IC'S, Customized Discs, New
Licensees. Motorola has made excellent
progress on the development of the full
SQ logic integrated circuit system. It is
expected that the logic IC’s will be avail-
able before January 1973. As more data
on the logic IC system become available,
CBS promises to keep the interested
public informed.

Columbia Special Products is ready to
assist in fashioning special SO discs for
promotional purposes. Many SQ licensees
have ordered customized discs and are
using them as giveaways with the sale
of SQ hardware.

Finally, H.H. Scott and Telex Corpora-
tion (along with their subsidiary, Waters
Conley, Inc.) have joined the growing
family of SQ licensees. This raises the
total of SQ licensees to 40 brands, and
it is estimated that these brands account
for more than 60 percent of all stereo
equipment that is sold in the United
States.
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on & Detection

Part 2: Radioactivity Detectors

IONIZATION AND HOW IONIZATION CURRENT IS DETECTED

BY J. G. ELLO, Radiation Measurements and Instrumentation

N PART 1 of this series, the various
tvpes of radioactivity and the behavior of
each were discussed. Before getting into the
details of radiation detection, the topic of
Part 2, a review of the churacteristics of
the three types of radiation is in orcler.

In Part I, it was stated that the alpha
particle’s large mass and high velocity con-
tribute to its good ionizing power. Because
its penetrating power is weak, the alpha
particle is easily absorbed by a few sheets
of newspaper. And, being a particle with a
positive charge, it can be deflected in b
magnetic field.

The beta particle has more penetrating
power and achieves a greater velocity than
the alpha particle. Because of its negative
charge, it can he deflected in a magnetic
field, but in the opposite direction to that
of the alpha particle. The beta particle has
less ionizing power than the alpha particle,
but its Penetrating power is greater, a thin
sheet of aluminum or Lucite being required
to absorb the particle,

Because they are electromagnetic waves
—not particles—and without an electrical
charge, gamma ravs cannot be deflected in
a magnetic field. Gamma rays travel at the
velocity of light and are highly penetrative.
It may take several inches of lead or 3 or 4
ft of concrete to absorb them. Of the three
types of radiation, the gamma ray has the
least ionizing power.
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Electronics Division, Argonne National Laboratory

lonization. \Vhen it passes through matter
or gases like air, nuclear radiation produces
ion pairs. The manner in which ion pairs
are formed by an alpha particle colliding
with an oxvgen atom is shown in Fig. 1.
The electron dislodged by the alpla particle
becomes a negative ion, while the remainder
of the atom. now minus one electron, bhe-
comes a positive ion. Note that the collision
forms two oppositelv charged ions; hence
the term “ion pair.”

The alpha particle continues to produce
ion pairs amtil it has lost all its energy
through collisions. The process may result
in more than 100,000 ion pairs in a cubic
centimeter of air. In a similar manner, a
heta particle produces jons, but only at
a rate of about 300 ion pairs per cubic
centimeter of air.

Gamma and X rays which are not particles
also produce ion pairs, but in a slightly
different manner. Gamma Tays can eject
electrons from atoms with sufficient ve-
locity to muke them collide with other atoms
th produce ion pairs. The number of ion
pairs thus formed depends on the energy
of the freed electrons.

Ion pairs made from nentral atoms move
about in random paths until, through recom-
bination, thev eventuallv hecome neutral
atoms again. However, if ions are produced
in an electrical field, they are affected by
the field.
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Fig. 1. lon-pair production is the re-
suit of alpha particle striking atom.

Consider a small chamber with one set
of parallel plates (electrodes) on the inside.
it is being irradiated by a beta ray source
as shown in Fig. 2. With the power switch
open as in A, no electrical field is applied to
the electrodes. In the absense of an elec-
trical feld, the ions will recombine to {form
neutral atoms (as a result of the attraction of
opposite charges). However, when the
switch is closed as in B, an clectrical field
is generated hetween the electrodes. This
forces the ions to move in opposite direc-
tions, the negative ions to the positiv clec-
trode and the positive 1ons to the negative
clectrode. Eventually, as shown in C, the
ions become nentralized since the positive
ions attract negative ions from the negative
electrode and the negative ions give up
their charge at the positive clectrode.

'
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Fig. 2. Neutralization of ions is shown.
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Detecting lonization Current. The basic
scheme shown in Fig. 3 is an example of
a radiation detector. Attached to the detec-
tor, in series with a sensitive ionization pulse
current meter, is a power supp]y which can
be varied from zero to some high vollage.

The effect of the detector voltage on
m‘ntru]izing ion pairs in six different re-
gions is shown in the graph in Fig. 4.
The three curves show that an alpha particle
ionizes more atoms in its path than do the
heta particle and gamma ray.

Assume that the detector chamber which
contains a counting gas (Fig. 3) is exposed
to a radioactive source with the detector
voltage set to zero. There is no electrical
ficld to accelerate the ions which wander
about and vventuall_v recombine. Hence, no
meter pointer deflection will be observed.

Now. when a low voltage is applied to
the detector, creating a weak electrical field
hetween the anode und cathode, a small
portion of the negative ions is neutralized
or collected at the anode. However, slowey
moving ions have ample time to recombine
before reaching the anode, und the pulse
size is smaller. This partial collection of inms
takes place in the recombination region on
the graph.

[+ + anoDE + +‘l

50 006 +
O o 6 T
—7

= — CATHODE —
Fig. 3. lonization current measurement.

af3y] o=

Ruising the detector voltage increases the
electrical field and accelerates the ions, les-
sening ion recombination and permitting
more ions o be collected by the anode. By
further increasing the voltage, a point is
reached at which the ionization current is
proportional to the detector voltage and all
ions are collected as fast as they are pro-
duced. This occurs at the “saturation point”
on the graph and places the detector operat-
ing characteristics in the ionization region.
Anv additional increase in detector voltage
in this region will not increase the toniza-
tion current because only ions formed by
the radioactive particles contribute to the
jonization current flow in the detector.

Beyond the ionization region (Hat por-
tion of the curve), any additional increase
in detector voltage will result in an increase
in detector ionization current. This is evi-
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Fig. 4. Chamber voltage vs pulse size.

dence that some new phenomenon is taking
place within the detector. Since the voltage
has been increased, the electrical field has
been increased which accelerates the ions
toward the anode at a much greater velocity.
The negative ion, or electron, with its higher
velocity, has enough energy to dislodge other
electrons, creating additional ion pairs which
contribute to the total ionization current.
This secondary electron region is shown on
the curve as the proportionul regions.

In the proportional regions, under ideal
conditions, it is possible to differentiate be-
tween alpha, beta, and gamma ionization
current pulses as shown on the graph. In-
struments which use this portion of the
curves are known as proportional counters.

In the Geiger-Muller region on the graph,
the detector’s voltage is increased to a level
sufficient to cause an avalanche of freed
electrons. For example, one alpha or beta
particle or gamma ray will ionize an air
atom with so much energy that a freed
electron is capuble of freeing another elec-
tron and these, in turn, free other elec-
trons to create an avalanche effect. This
electron multiplication reaches a point at
which all ionization current pulses are equztl
in amplitude (G-M threshold point where
all curves join to form a single curve on the
graph). Radiological instruments operated
in this region are known as Geiger-Muller
survey meters.

The last section of the graph is the con-
tinuous discharge region. Here, the detec-
tor’s voltage is so high that once an ioniza-
tion takes place, there is a continuous dis-
charge of electricity like an arc across the
gap between the anode und the cathode.
Consequently, this region is of no use at
all for detection of radioactivity.

Next month in Part 3 in this series, we
will discuss the use of the counting regions
in various radiological survey meters. @

SATELLITE PICTURES SHOW EARTH'S RESOURCES

ONE of the important sources of informa-
tion obtained from the Earth Resources
Technology Satellite (ERTS), launched last
July by NASA, is the multitude of photo-
graphs of the earth that are transmitted back
daily. There are more than 300 prime sub-
scribers for the data and they represent 35
countries. The data is available through neg-
ative and positive prints processed with
Eastman Kodak Company equipment.

The ERTS photographic system has the
capability of churning out as many as 300,-
000 photos weekly. Since it photographs
only a section of the earth each day, it takes
the satellite 18 davs to cover the entire
world. There are seven sensors on the
satellite—each relaying separate data back to
NASA ground stations located at Goddard
Air Force Base; Fairbanks, Alaska; and
Goldstone, Calif. Data from the satellite are
fed to computers at Goddard and then to a
photo laboratory; and a complete set of
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prints is sent each dayv to Sioux Falls, S.D.,
where scientists, geologists, etc.,, can view
areas of interest. ®
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HEN the semiconductor industry began

to expand in the 1950, transistors and
solid-state diodes and rectifiers quickly re-
placed their vacnum-tube counterparts in
many ;1pp|iculi0n& Then as now, the com-
plete transition from tubes to semiconduc-
tors was not possible because of the limita-
tions of the latter. In 1937, however, an
important  step  toward the goal of total
replacement by semiconductors was taken
when General Electric Co. introdnced the
silicon controlled rectifier, or SCR.

Briefly, the thyratron permits the control
of power in switching applications with only
a small energy loss in the control cirenit.
By applving a signal to a control grid, the
thyratron is made to conduct between a pair
of electrodes (anode and cathode) and re-
mains conducting with no further excitation
at the control grid. In fact, in normal oper-
ation, the grid ceases to control the thyra-
tron once conduction begins, To stop con-
duction, the anode must go from a high
positive potcntiu] to near zero as in the
phase reversal of a 60-I1z power line.

The SCR performs in an analogous man-
ner; and, in addition to the imherent im-
provements in reliability and simplicity af-
forded by semiconductors, some of the
Lindred devices of the SCR can function as
tarn-on/off systems to control bidirectional

Cutaway view above of an SCR courtesy of
International Rectificr Corporation.
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PRINCIPLES OF OPERATION AND
APPLICATIONS OF THE
SILICON CONTROLLED RECTIFIER

BY JOSEPH H. WUJEK

currents. an impossible task for the thyra-
tron and other vacuum tubes.

How It Works. The operation of the SCR
is perhaps best understood by examining
the device’s pnpn junction. shown in equiv-
alent form by the two transistors in Fig. 1.
Assume that the control (gate) electrode
is connected so that its voltage is the same
as, or slightly negative with respect to, the
voltage on the cathode. Transistor Q2 is
cut off and only leakage current flows in
the cirenit. If the gate voltage is made posi-
tive with respect to ground, the base-enitter
junction of Q2 becomes forward biased and
Q2 begins to conduct. Moreover, Q1 also
hecomes Torward biased and conducts. As
Q! starts conducting, its collector current
aids in twming on Q2, just as collector cur-
rent from Q2 assists in turning on QL

This mutual aid is a form of regener-
ation, or positive fecdback. A point is
reached at which the switching action
“runs away” from the control fnput and
hecomes  self-sustaining.  In  regeneration,
Q1 and Q2 are operated at saturation, and
the voltage drop from the collector of Q2
to ground is the sum of the 0.7-volt base-
emitter drop of Q7 and the 0.2-volt collec-
tor-emitter drop of Q2. (The voltages are
for silicon transistors only.) Thus, the switch
exhibits a low voltage drop and vequires no
control input power to sustain conduction.

To turn off the circuit, the current in
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Fig. 1. The transistor circuit at left
is equivalent to actual SCR at right.

the transistor bases must be internally re-
duced to a level at which the current gain
of @I and Q2 is insufficient to supply the
required currents. Since it is not practical
to get into the transislor junctions, the cur
rent i1 the emitter-collector branch is re-
duced. This is accomplished automatically
it the supply voltage is derived from an ac

source. (The SCR is primarily an ac device
although in de applications it will serve as
a “latch,” or memory switch, and remain
conducting until the anode current is re-
duced or interrupted. )

The point at which the anode current of
an SCR is sufficient to keep the device
conducting is called the holding current.
The peak voltage (anode positive with re-
spect to cathode) at which the SCR does
not undergo breakdown for given condi-
tions of bias between the gute and cathode
is the the peak forward blocking voltage;
this is usually specified with the gate con-
nected to the cathode through o lov
resistance.

The peak reverse voltage with the anode
negative with respect to the cathode is also
specified with the gate connected to the
cathode through a low resistance.

Leakage currents increase with lemper-
ature increases and roughly double for
every 10° C rise. In Fig. 1, the transistors
cannot distinguish between currents caused
by leakage or from a triggering pulse. Hence,

Sio
P 2

(D DEPOSIT Si0, LAYER S

N - SILICON WAFER

® ETCH wINDOWS IN
OXIDE 8 DIFFUSE P

(® LAP OFF BOTTOM OXIDE
ETCH WINDOW 8 2 N P Y i
REDIFFUSE P
@ REDEPOSIT OXIDE. ETCH
NEW WINDOW.
DIFFUSE N ? ?
: CATHODE |
GATE
(WA l
(® CUuT OUT INDIVIDUAL [Pe—] [
PELLETS. METALLIZE N
CONTACT AREAS. ATTACH l
LEADS. ANODE CUTTING
PLANE

CATHODE LEAD.
{ATTACH TO AL.
METALIZED AREA)}

These diagrams show the steps in the
fabrication of a silicon controlled
rectifier as made by General Electric.
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BOTTOM FACE OF PELLET BECOMES
ANODE CONNECTION AFTER MOUNTDOWN
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Typical SCR packages for Internation-
al Rectifier Corp. units which have
current ratings from 50 to 100 amps.

care must be exercised in determining the
teinperature enviromnent and external cir-
cuit conditions to prevent thermal turn-on.

Other unwanted turn-on mechanisms are
the devices built-in junction capacitances
which provide paths for current when the
anode-cathode vollage is changing. Cinrent
throngh a capacitor is propm'h’mml lo the
voltage rate of change with time. A fast
Chamging \()llago can introduce sufficient
current to trigger the SCR. This parameler
is specified as the “critical time rise” and
usually is given in V/us.

The forward and reverse breakdovwn volt-
ages have already been mentioned. Unless
some means of externally Jimiting the cur-
rent is used. these breakdown voltages will
destrov an SCR. Except where severe trans-
ient voltages are present, the hreakdown
voltages will present no problems if the
specilied ratings are not exceeded.

Parameters & Characteristics. If the SCR
is to he intelligently employed, it is essential
that the user be {amiliar with the device’s
various  parameters and  characteristics.
These specifications are given in the manu-
facturer’s data shects. In choosing an SCR,
first check the maximum allowable ratings,
including the maximum current handling
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capacity which may he stated as average
current or rms current or hoth. To use either
specification, the current waveform through
the SCR must he known.

The peak surge current. usually specified
for a 60-Hz half-wave excursion, is the
enrrent the SCR can handle on a low dutv-
cycle basis, permitting the SCR to cool off
hetween surges. These currents can be as
much as 10 times greater than the rims
current. Such ratings are useful when the
SCR is emploved in “crowhar” operation
to discharge a capacitor bank.

Power ratings for the entire SCR, as
well as for the gate circuit are often stated.
These ratings depend on ambient and case
femperatures. Maximum voltage and  cur-
rent in the gate circuit are sometimes
specified.

Finally, temperature limits for storage
and operation are given. The low-tempera-
ture limit is dictated primarily by the dif-
ferences in thermal expuansion between the
chip and surronnding materials. The upper
limit is set by considerations of damage to
the crvstal substrate.

When using the SCR as part of a cireuit,
the peak reverse and peak forward blocking
fignres specified are the currents that flow
Al given sels of bias conditions when the
SCR is not conducting. These currents can
be viewed as leakage and must be stated
for a given l‘t*mperulurc or tcmperulure
range. An SCRs leakage is on the order of
0.1 percent of its forward current. Hence,
an SCR rated at 100 amperes forward cur-
rent cannot he used to control a 30-mA
load since the leakage current will be about
the same as the current being controlled.

The gate trigger voltage and current are
specified for given anode-1o-cathode voltuges
and gate-to-cathode resistances. They are
lemp(‘mtl1rv-depen(lent and often gruphical-
lv plotted for SCR’s not to trigger. The
minimum values for firing at given tempera-
tures also appear on the plots. This infor-
mation specifies  the voltage and current
required for triggering the SCR, as well as
the bius conditions to be maintained in the
blocking state.

The peuak on voltage is the drop hetween
the anode and cathode for a given load cur-
rent and temperature. It is generallv in
the range of 1 to 2 volts. The Tiolding cur-
rent specifies the level to maintain to pre-
vent the SCR from turning off.

The turn-on and turn-off times are stat-
ed for SCR’s intended for high-speed switch-
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ing. The operating conditions must be speci-
fied if these parameters are to be useful.
Some fast SCR’s have low-current switching
times in tens of nanoseconds.

Design Considerations. Ounce the SCR is
inserted between the power source and the
load, a means must be provided for trigger-
ing it. When used to control ac, one of the
simplest ways of triggering is to use the
phase control methiod. The negative al-
ternation takes care of the turn-off. Then
all that is necessary to drive the SCR into
conduction is application of a pulse to the
gate when the anode is positive with respect
to the cathode. A phase control triggering
scheme in its simplest formn is shown in Fig.
2. By choosing  the appropriate resistance
and capacitance values for the network, the
time, or phase, relutionship of the gate with
respect to the anode-to-cathode voltage can
be determined. Household lamp dimmers
often are designed this way and may employ
two SCR’s buck-to-back to control both ac
alternations.

Because the phase hetween the gate and
anode-to-cathode voltages determines the
time the SCR conducts, the average current

Of PROTECTS GATE FROM REVERSE-~VOLTAGE
BREAKDOWN

D2 CHARGES C ON NEGATIVE ALTERNATION
R CONTROLS TRIGGER POINT

V
Bl
of A Meur Vouracs
o
[
= SCf TRISGERS
1
g ‘b - GATE-LaTr00E Vorra0E
!
1
L4 ANODE GOES NEGATIVE
I WITH RESPECT TD CATHODE
o —— Lono Current
- FRNG ANGLE

Fig. 2. Schematic of a typical pulse
triggering circuit to turn on SCR.
Waveforms below show voltages and
current and indicate the firing angle.

72

through the SCR is dependent upon this re-
lationship. The firing angle can also be
derived from an isolated source like an
error signal in a feedback system. When
more current is needed, the error signal
“tells” the trigger cwcuit to advance the
gate voltage to turn on the SCR earlier
in the cycle. This results in an increase in
average current flow since the SCR con-
ducts for a longer period of time.

A transtormer provides good isolatior,
between the trigger circuit and the load.
The control signal might be a dc¢ voltage,
such as the on/off conditions of a switch
or logic circuit. A simple oscillator can
be used to furnish the gate pulses, con-
trolled by a simple AND gate.

If moderate or high currents are to be
controlled, the fast turn-on of the SCR
can generate high-frequency noise that will
be radiated into space and passed along
ac power lines. These noise spikes may in-
terfere with radio and TV reception and
cause malfunctions in interference-sensitive
equipment. Filters can be used in the
power line to reduce this noise, but a dif-
ferent means exists for drastically reducing
or eliminating the noise.

If the time at which the anode voltage
crosses through zero and begins its swing
toward positive (with respect to the cathode)
can be sensed, a trigger pulse can be provid-
ed at that instant. The SCR then starts
conducting early in the positive alternation
and the current (in a resistive load) follows
the sine wave of voltage rather than sud-
denly jumnping from leakage level to a high
forward level (see Fig. 2). Several manu-
facturers offer 1C’s designed specifically as
zero-voltage  detectors to use in  this
application.

Applications. Apart from the familiar lamp
dimmer switch and speed controls for cer-
tain tvpes of ac motors, the SCR is used
in the home to provide continuous (as op-
posed to stepped) control of heat in elec-
tric kitchen ranges. In industry, the SCR is
used to control power in battery chargers,
power supplies, and machine tools. Welders,
power regulators, and temperature control
systems have been designed using the SCR
as - a power control element. Among the
most popular of automotive electronic igni-
tion systems available is the SCR-fired sys-
tem and its variations. And new applications
for the SCR are continuously  beiug
discovered. ®
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EVEN IF THEY NEVER SEE
YOUR SLEEK NEW COBRA 135, THEY'LL
KNOW YOU HAVE THE BEST.

They'll know by listening.
Because you’'ll send with
all the power allowed—15
watts P.E.P. input. Plus the
extra authority of 1G0%
modulation with Dynaboost
speech compression.

You'll transmit on 23 AM
and 46 SSB modes. Two
separate transmitters give
you the best of each, with
overload protection

Your own ears will confirm
what we say. 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. Thrze
filters—one crystal. two
ceramic—keep adjacent
channels under wraps.

And Cobra’'s noise dlanker
1eally punches holes in
noise, both AM and SSB.

COBRA 135
AM/SSB

$41995

microphone included

The control console has
everything. Adjustable
AM/SSB RF gain control.
Backlit RF output/ SWR/S
meter. 24-hour digital-leaf
cleck. llluminated mode
selector. And full-function
controls.

Both talking and listening,
it's the first base station to
combine all the features
you want in one package.
And as for looks—wow!

Ack your CB dealer to show
you the best. Cobra 135.

Product of Dynascan Corporation, 1801 West Belle Plaine Avenue, Chicago, lllinois 60613

CIRCLE WO. 2 ON READER SERVICE CARD
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A Government FCC License can
help you qualify for an exciting,
rewarding career in ELECTRONICS,
the Science of the Seventies.

Read how you can prepare for

the license exam at home in your
spare time — with a passing grade
assured or your money back.

Ir‘ YOU'RE OUT TO BAG A BETTER JOB in Electronics,
you'd better have a Government FCC License.
1t will help you track down the choicest, best-paying
jobs in the growing field of Electronics.

Demand for people with technical skills is growing
twice as fast as any other group, while jobs for the
untrained are rapidly disappearing. Right now there
are thousands of new openings cvery ycar for elec-
tronics specialists. And you don't need a college
education to qualify!

But you do necd knowledge, knowledge of elec-
tronics fundamentals. And there is only one nation-
ally accepted method of mecasuring this knowledge
" the licensing program of the FCC (Federal Com-
munications Commission).

Why a license is important

An FCC License is a legal requirement if you want
to become a Broadcast Engincer, or get into scrvic-
ing any other kind of transmitting equipment — two-
way mobile radios, microwave relay links, radar, ctc.
And even when it’s not legally required, a licensc
proves to the world that you understand the principles
involved in any clectronic device. Thus, an FCC
“ticket” can open the doors to thousands of exciting,
high-paying jobs in communications, radio and TV
broadcasting, the acrospace program, industrial auto-
mation, and many other arcas.

So why doesn’t everyone who wants a good job in
Electronics get an FCC License?

It’s not that simple. You must pass a Government
licensing exam. A good way to prepare for your FCC
exam is to take a licensing course from Cleveland
Institutc of Electronics.

Our training is so effective that, in a recent survey
of 787 CIE graduates, better than 9 out of 10 CIE
grads passed the Government FCC License exam.
That’s why we can offer this famous Money-Back
Warranty: when you complete any CIE licensing
course, you'll be able to pass your FCC exam or be
entitled to a full refund of all tuition paid. This war-
ranty is valid during the completion time allowed for
your course. You get your FCC License — or your
money back!

And with CIE, you learn at home in your spare
time. With AUTO-PROGRAMMED? Lessons, you'll
pick up the facts, figures and electronics theories you

e ——— e

CIE HAS CAREER COURSES
TO FIT YOUR BACKGROUND

ELECTRONICS TECHNOLOGY with LABORATORY
. teaches you the fundamentals. With a 161-piece labo-
ratory you apply the principles you learn by analyzing and
trouble-shooting electronics equipment.

ELECTRONICS ENGINEERING . .. A college-level
course for men already working in Electronics. Covers
steady-state and transient network theory, solid-state
physics and circuitry, pulse techniques, computer logic
and mathematics through calculus.

may have considered “complicated”. . . even if you've
had trouble studying in the past.

CIE Grads get licenses . . . better jobs

The value of CIE training has been demonstrated
time and again by the achievements of our thousands
of successful students and graduates.

An outstanding example is Ed Dulaney of Scotts-
bluff, Nebraska. He passed his 1st Class FCC License
exam soon after completing his CIE course. Today,
he owns two companies . .. one to manufacture and
distribute two-way radio equipment, the other to main-
tain and repair such equipment along with home radio,
TV and stereo sets. He says: “In the last three years
we sold more than $1,500,000 worth of equipment
through dealers in cvery state plus Canada, South
America and Europe.”

Richard Kihn, Anahuac, Texas, worked in the
engine room of a tugboat when he started his CIE
training. He reports, “Before finishing, I got my FCC
License and landed a job as broadcast engineer at
KFDM-TV in Beaumont, Texas. 1 was able to work,
complete my CIE course and get two raises . . . all in
the first year of my new carecr in broadcasting.”

Send for FREE books

If you'd like a chance to succeed like these men, send
for our FREE book, “How To Get A Commercial
FCC License.” It tells you all about the FCC License
... requirements for getting onc . . . types of licenses
available . . . how the cxams arc organized and what
kind of questions are asked ... where and when the
cxams are held, and more.

With it, you will also reccive a second FREE book,
“Succeed in Electronics.” For your convenience, we
will try to have a representative call. Send for both
books today.

APPROVED UNDER G. 1. BILL

All CIE career courses are approved for cducation-
al benefits under the G.1. Bill. If you are a Veteran
or in service now, check box for G.I. Bill

information.
Cleveland Institute

&
CI of Electronics, Inc.

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

Cleveland Institute of Electronics, Inc.
1776 East 17th Street, Cleveland, Ohio 44114

| |
I |
: Please send me your two FREE books: =
1 1. Ipur boo'k on “How To Get A Commercial FCC 1
icense.'
: 2.Your school catalog, “Succeed in Electronics.” :
i | am especially interested in: i
| [ Electronics Technology [ Electronic Communications i
| [ Broadcast Engineering [ Industrial Electronics i
| O First Class FCC License [ Electronics Engineering i
: ] Electronics Technology with Laboratory l
| Name I
] (PLEASE PRINT) |
: Address :
l City —t :
= State Zip Age II
| Veterans and Servicemen: ]
L [ Check here for G.1. Bill information. PE-SGJ'

CIRCLE NO. 5§ ON READER SERVICE CARD

NOVEMBER 1972

WWW amedaaaradiehietary com

77


www.americanradiohistory.com

Product
lest Reports

TEAC MODEL AT-100 STEREO FM TUNER
(A Hirsch-Houck Lab Report)

PR R

BERSN -
w@ v s ASDE

THE Teac Model AT-100 stereo T\ tun-

er 1s a companion (o the (-ompun)"s
Model AS-100 integraled slerco amplifier,
In fact, the tuner verv much resembles (he
amplifier in size and styling. The lower part
of the tuner’s front panel, finished in black
contains toggle switch levers for stereo/
mono selection, interstation I'M mmuting, and
high-h‘equen(-_v channel blending tor noise
reduction on weak stereo FM signals. The
power switch is « pushbutton. The large

slide-rule dial glows a soft blue when the
tuner is turned on.

The satin-finished aliminum upper por-
tion of the front panel is l;u'gel_\' filled by
the dial escutcheon. The dial calibrations are
linear. accurate, and well spaced, mul\ing it
easy (o lune to a specific l‘roquency. To the
left of the dial are two meters, also illumi-
nated in blue, which indicate relative sig-
nal strength and zero-center tuning.

The large tuning knob, located to the
right of the dial, drives u sillky smooth fly-
wheel mechanisin that can traverse the full
M band with a single spin of the knob.
A tiny orange light to the leflt of the
stereo/mono switcl indicates when a sterco
broadeust is being received. The switel is
normally left in the STEREO position since
the tuner automatically switches to mono

Upper curve on graph shows frequency response, while the lower curve is cross-
talk over frequency range of 30-15,000 Hz for the Teac AT-100 stereo FM tuner.
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Radio Shack Presents “The Sight of Music”

Five easy-to-build kits that add spectacular “space age”
lighting effects to your favorite musical selections. Whether
your bag is Bach or Rock, you can fill it with an entire new
dimension in sight AND sound experience! See them at any
of our over 1500 stores in all 50 states.

Strobe Lite Kit makes any party a “now’’ scene! Stops
motion — puises of blue-white light give a throbbing
“tar-out” effect. Adjustable to tempo of music from

60 to 600 beats per minute Has super-bright xenon
strobe bulb, woodgrain viny! case. It's the “with-it”
way to add good vibes to any situation! $29.95

3.Channel “3D" Color Organ Kit connects to any hi-fi
set and makes reds. greens and blues dance to your
musical beat! Each color responds to a different
frequency., and color briliance controls let

you adjust ‘em the way you want! $29.95

3-Channel Light Control/Color Organ Kit.
Here's a two-way fun-maker that guarantees
a good time! Use the built-in color organ, or
plug in three separate light sources {room
lamps. Christmas tree bulbs, etc.) to create a
pulsating scene. Handles 900 watts. $29.95

Psychostrobe Kit. Super-compact —
take it along to create an exciting “stop-
motion” effect on any party scene. Has
100's of hobby and mechanical uses
too! Xenon bulb, intensity switch, and
three “freeze-speed” ranges with fine
adjustment control. $19.95

S S Psycholite Kit attaches to the speaker
2.Channel “3-D” Color Organ Kit terminals of your music system, lets you
hook up room lights so they pulsate with
. your music. Also doubles as hight

} dimmer. Handles 600 watts. $14.95

3-Channel Light Control / Color Organ Kit
FREE 1973 CATALOG

See What's REALLY New in

Electronics! Stereo, Com- a l° ae
munications, Hobby, Parts,

Kits, Antennas, Tools, Much and ALLIED RADIO STORES

, More. At Your Nearby Store E A TANDY CORPORATION COMPANY
e s or Write. P. 0. Box 1052, Fort Worth, Texas 76107

CIRCLE NO. 27 ON READER SERVICE CARD
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IHF sensitivity. Audio output was

when 1o pilot carrier is received with the
incoming signal.

In the rear of the tuner are inputs for
300-ohm  and  75-ohm  antennas. an  un-
switched ac ontlet, line fuse. and two pairs
of audio outputs. One pair of outputs de-
livers a fixed level, nominally 1 volt; the
level from the other pair of outputs can be
varied between 0 and 1 volt via a nearby
control.

The AT-100 has FET’s in its {ront end. A
fr)ur-gzmg tuning capacitor is used for im-
proved selectivil_\/ and rejection of out-of-
band signals such as images. The i-f ampli-
fier has six ceramic filter sections us well as
a total of ten stages of limiting (six tran-
sistors and four sets of diodes). A sophisti-
cated muting circuit is emploved. It has a
rated threshold of 10 vV, which is also the
level for antomatic stereo switching so that
a weaker signal will be received only in
mono. The rated THF nsable sensitivity is
2.0 1V, and the capture ratio is put at bet-
ter than 1.5 d1.

Laboratory Measurements. We measured
the THF sensitivity of the AT-100 tuner at
L85 uV, slightly better than specified by
Teac. The caplure ratio was 1.4 dB, also
better thun its published specification. The
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other key performance aspects of the tun-
er were, in general, also surpassed in onr
tests insofar as instrument limitations al-
lowed.

For example, the AM rejection was 52.5
dB (rated 50 dB). Image rejection was 93
dB (rated 90 dB), and alternate channel
selectivity wus a very impressive 99 dB (rat-
ed 65 dB). The distortion at 100 percent
modulation was 0.63 percent (rated 0.5
percent), but since our signal generator has
about 0.5 percent residual distortion. it
seems that the AT-100 easilv meets its spec-
ifications. The signal-to-noise ratio at 1000
AV input was 72.5 dB (rated 70 dB).

The sterco M frcquenc_v response was
well within =1 dB from 30 Hz to 15,000
Hz as rated. Stereo separation was 38.5 dB
at 1000 Hz (rated 40 dB). Our separation
figures did not match the manufacturer’s
specifications at low frequencices, reducing
to 11.4 dB at 30 Hz. The published rating
claims better than 20 dB separation from
50 Hz to 15,000 Hz; we found it to he het-
ter than 20 dB from 85 Hz to 15,000 Hz.
Obviously, this difference is of no practical
consequence since channel separation in the
lowest audible octaves is minimal in any
stereo program.

The muting threshold wus slightly Tower
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than claimed. The tuner became activated
at 6 1V, and muting took place when the
signal level dropped below 4.5 pV. The
audio output from a 100-percent modulated
signal was about 1.5 volts.

Comments. The Teac AT-100 tuner
was an outstanding performer. It delivered
clean, fully quieted programs from 37 FM
stations on one week-day afternoon. This
may not sound like a great achievement,
but in view of the fact that we used a
folded dipole antenna tacked to a basement
ceiling at grade level, we think it points up
the true quality of this fine tuner.

The muting circuit was one of the best we
have used. It was totally free from noise
and distorted program sounds, coming on
with a barely audible click when the sta-
tion wus tuned dead center. There wuas a
briel time lag, lasting a small fraction of a
second, in the muting circuits so that the

tuning could be scanned rapidly across the
dial by a twist of the knob without a sound
emerging from the speakers. At normal tun-
ing rates, the muting action appeared to be
mstantaneous.

Every significant specification of the AT-
100 was easily met bv our test sample.
Among them, its capture ratio, image re-
jection, and alternate channel selectivity
were far above the performance of the av-
erage good-quality FAM tuner. Clearly, this
is no “average” tuner. It is a fitting com-
panion to the very fine Teac Model AS-100
integrated stereo amplifier as well as the
Teac Models 1230 and 1250 tape recorders,
which it matches in styling.

The AT-100 measures 16%” X 129" X
5%¢” and weighs 16.5 Ib. The black metal
cabinet can be decorated, if desired, by
using optional teak wood panels. The list
price of the Teac AT-100 stereo FM tuner
is $229.50.

Circle No. 65 on Reader Service Card

TFE MODEL PP-1A STEP GENERATOR

Z out 500
Tr ¢« 2 nsec sLow

4
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2

A SQUARE-WAVE generator is useful to
have around an electronics workshop or
on a home workbench for checking rise times
of oscilloscopes, calibrating probes, toggling
logic cireuits, checking audio amplifiers, and
the like. Such a generator can also be used
by hams and SWL'’s to provide accurate
frequency markers out to 30 MHz or so, due

NOVEMBER 1972

to the high harmonic content of the square
wave.

No doubt, many readers already have
square-wave generators which they use for
a “square” standard. But just how square is
your square wave? With the progress in
bandwidth extension of modern oscillo-
scopes, a couple of microseconds rise time
just is not fast enough.

The TFE “Pocket Pipper” Model PP-1A
(a kit priced at $19.95) is a small battery-
operated square-wave generator that uses a
pair of fast switching transistors to generate
square waves at either 2 kHz or 200 kHz,
front-panel switch selectable, at 50 olms
output. This in itself is not unusual, but the
inclusion of an extremely fast acting tunnel
diode output stage converts the square wave
into a super square wave having a rise time
of less than 2 ns—fast enough to check
the transient response of a 50-MHz scope
or the rise time (bandwidth) of video am-
pliﬁers.

Who needs such high-quality square
waves? It is an old maxim that the test
equipment used must be at least a decade
better than the circuit under test. With the
constant upgrading of other test gear, and
some of the circuits with which we are
presently working, we needed a new stan-
dard square wave to make certain that our
test equipment. was up to snuff. After all,
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that is why we upgraded our bench gear in
the first place,

Easy Assembly. The PP-1A kit is a rela-
tively simple project to tackle even for a
neophyte. At most, assembly time should
oceupy only a couple of hours of careful
work. A small printed circuit board is pro-
vided to speed the assembly time along. \Ve
found that installing all components within
the small metal housing required a bit of
dexterity, but the project is not bevond the
abilities of anyone who has gotten beyond
the “all-thumbs” stage.

After inserting the special 4.5-volt bat-
tery called for—another close fit—we teste
out the Pocket Pipper on our 25-\MHz scope.
The CRT truce revealed that the gencrator
was indeed extremely fast. The rise-lime
trace can barely be seen, attesting to th
fast switching action of the tunnel diode.

One thing we did notice about the trace
patterns produced by the PP-1A was that
the leading edge of the waveform exhibited
a slight overshoot. However, this should not
impair the usefulness of this handy little in-
strument since there is absolutely no ringing
that we could detect on our lab-type scope.

Circle No. 66 on Reader Service Card

SUPEREX MODEL PEP-77D ELECTROSTATIC HEADPHONES
(A Hirsch-Houck Lab Report)

M OST headphones are actually miniature
londspeakers in which a voice coil
moves in a magnetic field and drives a dia-
phragm or cone measuring tvpically from
2”7 to 3”7 in diameter. It has long been
known that electrostatic transducers are frec
from many of the imperfections of dynam-
ic, or moving coil, designs. The large radi-
ating area and peak amplitndes required in
full-range electrostatic speakers have made
them too bulky and expensive for most peo-
ple. but their sonic virtues are undisputed.
Since a headphone is a miniature loud-
speaker, a logical move would be to use
electrostatic elements in the earcups. The
sealed aiv cavitv between the diaphragm
and the ear drum allows « strong bass re-
sponse without excessive size or displuce-
ment (consider that a 3”7 dvnamic head-
phone can produce a powerful output at
20 Hz). There are several differences he-
tween electrostatic and dynamic phones,
however, which affect their installation and
operation.

Construction. The Superex Model PEP-
77D electrostatic headphone system ($120)
consists of a headset (Model PEP-71) and
a small control console. Unlike a dynamic
headphone, an electrostatic phone requires
a de polarizing voltage (nearly 300 volts
in the PEP-77D) und ac signal voltages of
the same order of magnitude. The control
console contains two indepen(]ent step-up
tfransformers, each of which is driven from
one of the speaker outputs of a stereo power
amplifier. Each earcup contains two closely
spaced metal mesh electrodes. Between the
electrodes is a very thin metallized Mylar
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(lizlphragm. The diaphragm operates at the
de polarizing voltage, while the electrodes
are driven in push-pull, above and helow
the average level, by the high-vollage ac
signal from the coupling transformer.

The electrostatic field between electrodes
exerts a force on the Mylar diaphragm
which moves under close control of the
exciting \f'oltage. Radiation from the rear of
the diaphragm is absorbed by padding with-
in the earcup. The front radiation passes
through foam plastic damping pads on its
way to the listener’s ear.

In addition to the step-up transformers,
the control console contains a power sup-
ply for the de polarizing voltage. If the unit
is plugged into the ac line and turned on
by the illuminated rocker switch on the
front panel, this voltage is gencrated by a
line-operated voltage multiplier power sup-
ply. However, it can also be operated in-
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(lependentl_\f of the ac line as a self-energized
system. The voltage multiplier is then driv-
en from the high signal voltage at the sec-
ondary of the left-channel transformer. Per-
formance is identical in both modes except
that under self-energized operation, it may
be necessarv to momentarily turn up the
volume when starting to listen in order to
generate enough de voltage. No switching
is necessary to change from line-energized
to self-energized operation.

Although the electrostatic  headphones
themselves require little audio power, the
PEP-77D system does consume some power
in its power supply (about 1 watt from
the ac line) . As a result, these phones cannot
bhe opemte(l from the usual receiver or amp-
lifier headphone jack which is normally
driven from the speaker outputs through a
resistance on the order of 200 ohms. Termi-
nals on the rear of the console are con-
nected to the amplifier’s speaker outputs,
and a duplicate set of terminals on the con-
sole drive the speakers when a switch on
the console’s rear panel is set to the SPEAK-
ERS position. Speaker and phones cannot
be operated simultaneously. Also on the
rear panel of the console are individual lev-
el controls for the separate earcup systems,
and two sockets for the PEP-T1 headphones.

The PEP-71 is a Iightweight, conven-
tional-appearing headphone with foam pad-
ded vinyl covered ear pads and a comfort-
able padded headband. The headphone
weighs 14 ounces, and the coil cord can be
extended to 15 feet. The control console is
housed in a wooden walnut-finished cabi-
net with  sloping front.

Laboratory Measurements. We measured
the frequency response of the PEP-77D sys-
tem with a simple coupler consisting of a
flat board into which our calibrated micro-
phone was inserted, flush with its surface.
The earcup was centered over the micro-
phone, while a 1-pound weight pressed it
to the surface. Although, like most head-
phones, the frequency response curve mea-
sured in this manner was by no means flat,
it was considerably better than we have
measured in most better grade dynamic
phones. A slight loss of low frequencies (be-
low 50 Hz) may have been the result of air
leaks around the earpiece and microphone.
The response extended well beyond 15,000
Hz, the upper calibration limit of our mic-
rophone. It was still strong at 20,000 He.
The output was somewhat reduced in the
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REGISTERED SALES-SERVICE

PACE , )}
makes PACL:
another

BREAK

2 YEAR
FACTORY
SERVICE
WARRANTY

Roucy

23 CHANNEL CB TRANSCEIVER

ALL crystals supplied *

5 Watts of Transmit ¢
Pace plus modulation ¢
Ceramic microphene *

Pace Model 223
Locking latch rack °

S

$109.95

From the PACE U. S. Engincering Team that
introduced the first all transistor CB transceiver,
the Model 223 offers another breakthrough in both
Price and Quality. Taking advantage of U.S. mass
production techniques and enginecring knowhow,
the PACFE, Model 223 provides the truly great bar-
gain for todays C B operator who wants performance
and price with the quality guarantce of a U.S.
manufacturing firm.  With a NO compromise
design approach the PACY engincers built a double
conversion recciver with a full 6 section tuned
filter network for maximum receiver performance
even under adverse conditions - we can guarantce
performance for 2 years because we shake cvery
one in the roughest QC test proceedure ever
designed for 2 way radios.

If vou comparebefore youbuy you'll join the Proud
Pace owner's club!

((0)) PACE COMMUNICATIONS

Division of PATHCOM INC. 24049 South Frampton Ave.
Harbor City, California 90710 = (213) 325-1290
Export: 2200 Shames Drive, Westbury, New York 11530

CIRCLE NO. 24 ON READER SERVICE CARD
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2G0C- to 5000-Hz region and had a broad
peak between 10,000 Iz and 17,000 Hz.

The impedance, as seen by the driving
amplifier, was between 30 ohms and 50
ohms over much of the audio range. It fell
off to about 8 ohms in the 10,000 to 20.-
000-Hz octave.

The PEP-77D developed a 100-dB sound
pressure levcl—\'ery loud—with about 200
mW of drive, a considerably higher effi-
ciency than we have measured with other
electrostatic phones. An acoustic oulput of
115 dB at 1000 Hz could be obtained with
onlv 1 percent distortion. The distortion was
much lower at better listening levels.

As compared to a wide group of phones
we have lested. the PEP-77D runked high
in smoothness of frequency response, tone-
burst yesponse, and sound isolation from
ambient noises. Thev also were able to de-
liver at least 10 dB higher sound levels
than other electrostatic phones checked, at a

L-percent distortion level; and in this re-
spect, they compared favorably with many
good dvnamic phones.

Listening Impressions. The Superex PEP-
77D had a strikingly smooth, clean, and
transparent quality. Not only did they sound
better than most dynamic phones we have
nsed, but they outperformed some of the
hest loudspeaker systems in their clarity and
transparency. (This adjective is necessar-
ily overworked when describing the sound
ol a good electrostatic phone, hut only be-
canse we do not know a betler one!) Of
course, it is difficult to compare the sound
of @ headphone to that of a londspeaker
because of the totally different subjective
effects thev give. But at least one can be
certain that these phones provide a faithful
acoustic analog of the electrical input sig-
nal, and that is what sound reproduction is
all about.

Circle No. 67 on Reader Service Card

PEARCE-SIMPSON COUGAR 23 CB TRANSCEIVER

HE Pearce-Simpson Congar 23 is a com-

pact, mobile, solid-state CB transceiver
(lesigned for AM operation. Special features
not usually found in an AM rig of this (ype
inclide a switchable noise hlanker (as well
as a full-time conventional noise limiter)
and a seven-way melering sclnp.

The other features of the Cougar 23 often
found in mobile CB transceivers include ad-
justable squelch, external-speaker jacks for
receiver output or for the built-in public
address system; delta tune; detachable mic-
rophone; and operation from a 12-14-volt
de, positive or negative ground, source.

Technical Data. Dunal conversion is used
on receive. The first i-f is 11.275 NIz
while the second i-f is 455 ki1z. A ceramic
filter at the second i-f provides a 50-dB ad-
jacent-channel se]octivity while maintaining
a 5-kHz bandpass for good a-f quality.

Heterodyning-oscillator signals at the first
and second mixers are obtained from the
company’s “HctroS)'nc" system of frequency
synthesis. Except for the frequencies in-
volved, this method is like that found in
many CB rigs. In principle, two crystal-
controlled frequencies are combined “with
that of the incoming signal at the first
mixer to produce a first i-f; a third crystal-
controlled frequency at the second mixer
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produces the last i-f. Channels are changed
by switching in different crvstals in proper
combination at the first mixer. A delta-tune
setup at the second conversion oscillator
has three positions which permit the re-
ceiver’s frequency to he shifted by a given
amount around the center frequ‘ency,

The r-f stage is a FET for low cross-
modulation, while the first mixer is a bi-
polar transistor. Fine sensitivity is achieved
with this front-end arrangement, measuring
0.3 uVund 0.5 uV for 10 dB (S + N)/N
with 30 percent modulation at 1000 and
400 Hz respectively. Image rejection was
found to be 65 dB. The second mixer is
unique for a CB rig in that it is a balanced
type, using diodes, which also function as
gates for the noise blanker. With the bal
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a high- fidelity

TDK SUPER DYNAMIC (SD) TAPE

anced arrangement, switching tramsients at
he gates are eliminated lor quieter opera-
tion

The noise blanker circuit has a high-gain
integrated circuit r-f amplifier fed from the
antenna. This is followed by pulse-delector
diodes and transistors as noise-pulse ampli-
fiers for operating the gates. The svstem is
highly eflective without distorting the sig-
nal. However, quite a loss in overall signal
level is experienced with weuk signals (less
than 10 ;V). But with strong signals. there
is little audible loss. thanks Lo the age action.

There are two age svstems. One gates
the first a-f amplifier which functions as the
squelch. The range of the squeleh threshold
adjustment tested out to be 0.25-10,000
nV. The age characteristic held the a-l
output level to within 6 dB with a 20-dB
input change of 1-10 pV or 6 dB for a 60-
dB input change of 10-10,000 pV.

The a-f system ends up with a class B
push-pull power output circuit which also
doubles as a PA svstem rated at 5 watts.
The most we could obtain with ¢lean qual-
ity on PA was 2.75 watts into an 8-ohm
load. The hot side of the 12-volt supply ap-
pears on the external-speaker jacks. There-

fore, care must he taken not to allow the

speaker leads lo come in contact with the
sround side of the power source. Other
wise, the supply line will short circuil and
the power line fuse will hiow.

During Transmission. On transmit, the
carrier is generated by combining the crvs-
tal frequencies used at the first conversion
for the receiver with another crvstal-con-
trolled =ignal at the transmitter mixer. This
causes an-channel signals to he produced.
Three-section  handpass coupling circuits
il the mixers minimize the possil)ility of
undesired spurious respouses. The overall
frequency lolerance is rated at 0.003 per-
cent (—30° to +65° C). With our test
unit operating at a 70 F ambient tempera-
ture. two-thirds of the channels were fai
better, within 0.0005 percent, with the re-
mainder less than 0.0015 percent.

Tlie of signal is amplilied and applied to
U driver for the PA which operates at 3
watls input. A lriple-section pi-network
provides harmonic filtering and matching to
52-ohm loads or those presenting an S\WR
of 3:1 or less. With operation from a 13.8
volt source. a carvier of good output at 4
watls is obtainable.

\s usual. both

the dri\;er and the PA

the t_ape that
turned the
casselte into

medium
&— —_—

Until TDK Jeveloped gamma ferric oxide, cassette

recorders were fire for taping lectures, conferences, verbal
memos and family fun—but not for:serious high fidelity.

Today you can
choose among
high-quality
stereo
cassette
dacks.

10 % 0 1000
IFREQUENCY I8 g

The new magnetic oxide used in TDK Super Dynamic

tape distinct.vely differs from standard formulations in such
important properties as coercive force, hysteresis-loop

.

squareness, average particle length (only 0.4 micron!) and
particle width/length ratio. These add up to meaningful
perlormance differences: response capability from 30to
20.000 Hz. d-astically reduced background hiss. higher
output level, decreased distortion and expanded dynamic
range. In respons= alone, there's zbout 4 to 10 db more
output in the region above 10.000 Hz—and this is

immediately evident on any cassette recorder, including
older types not designed for high performance. There's a
difference ir clarity and crispness you can hear.

Available in C305D, C60SD. C90SD and C1?OSD length

TDK ELECTRONICS CORP.

®
CIRCLE MO. 33 ON READER SERVICE CARD
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LONG IBLAND CITY, NEW YOAK 11103
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are modulated by the receiver’s power am-
plifier, in which case an automatic modula-
tion control (AMC) setup is brought into
play. This is a compression system that
holds the modulation to 100 percent during
large variations in speech level inputs. Un-
like conventional limiting and clipping af-
fairs which usually introduce considerable
distortion during such action, the AMC al-
lows a good a-f waveform to be obtained
at all times with little or no distortion, put-
ting out a clean signal and maintaining a
high modulating level for a huskv signal.

The seven-way metering setup is better
defined as an indicating system inasmuch as
the meter itself is engaged for onlv four
tunctions:  received signal strength in S

units; relative r-f output power; sensitivity
calibration for SWR readings; and the mag-
nitude of the SWR. The other functions
are indicated by lamps at the meter win-
dow: amber on receive: dull red on un-
modulated transmit; and bright (varying)
red on modulated transmit.

The transceiver, listed at $189.95, is
clean teatured, trimmed in chrome. The
speaker is bottom-hcing. The rig measures
845 X TH X 2% and weighs 4% 1b.
Power drain on receive is slightlv less than
200 mA; on transmit, it is slightly greater
than 1 A. A protective meusure against ap-
plication of incorrect power polarity is pro-
vided by a diode which short circuits the
supply line and blows the fuse.

Circle No. 68 on Reader Service Card

LEE MODEL EC SIGNAL-TRACING PROBE

ECENTLY, we had the opportunity to

try out a new concept in basic test gear
in the form of the Lee Electronics Lab
Model EC Dvnamic Serviset. In appearance,
this new “gadget” resembles an OVergrown
test probe measuring 77 long bv 1% in
diameter. In operation, however, we were
surprised at the number of things the
Model EC could do.

With a prod on one end and an insulated
alligator clip on the other. The probe can
be used us an r-f signal tracer, an audio
signal tracer, and y-f/a-f signal injector, an
ac/de voltage presence indicator (60-20.-
000 volts), a low resistance/short circuit in-
dicator, a high-voltage powered leakage
checker, a substitute for a low-value capac-
itor or a high-value electrolvtic capacitor,
and a substitute for high-, medium-, or low-
value resistors. We are not through yet; the
instrument will also check speakers and
phones for continuity and phasing, and it

2

Let us know 6 to 8 weeks in advance so that you
won't miss a single issue of POPULAR ELECTRONICS
INCLUDING ELECTRONICS WORLD

Attach old label where indicated and print new
address in space provided. Also include your mailing
label whenever you write concerning your subscrip-
tion. It helps us serve you promptly.
Write to: P.0. Box 2774, Boulder, Colo., 80302, giving
the following information.

[0 Change address only.

O Extend subscription.  (J Enter new subscription.

W 5yrs. $21 @3 3 yrs. $15 A7 1 year $6
O] Paymentenclosed (1 extraissue per yr. as a BONUS)
{1 Bill me later.
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can cven be used to make some general
transistor tests.

The complete package includes the Mod-
el EC, a special earphone with extension, a
“Klipzon” adapter, high-voltage adapter,
kinkless lead for testing, “mini” lead, 1.5-
volt AA cell carrying pouch, and 30-page
instruction manual. All of this is supplied

i

i you have no label handy, print OLD address here.-;{rl

\ /

,addvess (
(- Y

please print

138Y7 X144y

&

e o e e e el O
name please print 0713
address o - o
city state zip

Add’l postage: $1 per year outside U.S., its possessions & Canada.
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under the basic Model EC price of $3+4.95.

The theory behind the Serviset is simple.
No matter how complex the appuaralus un-
der test. it can be broken down into discrete
stages with each performing its own unique
fumction. Each stage can also be bhroken
down into various combinations of capaci-
tors, resistors, inductors, and tube or tran-
sistor. If you work on the premise that
there is an a-f or r-f input, then this signal
can be traced from the input to the output.
When you get to the stage that does not
operate, the Model EC can be used as a
substitute for the various components or
be used to bypass this stage, thus helping
1o further isolate and localize the trouble.

As mentioned earlier, the Model EC uses
only one  tesl lead to perform ils many
functions. Using the instrument is as sim-
ple as inserting the test lead prod into one
of the 13 receptacles in the upper end of
the probe. Each receplacle is clearly identi-
fied according to function. The neon lamp
high-voltage indicator is visible through a
small hole in the probe shell; the low-re-
sistance indicator lamp is readilv  visible
throngh its hole at the upper end of the
probe.

Servicing a Radio. We used the Servisel
to check out an inoperative broadcast-hand
receiver. It was easy to follow the r-f signal
from the antenna through the converter and
to locate the problem in the i-f stage. Once
he trouble was localized, plate voltage
checks showed that all appeared to be okay
in this arca. However, going to the screen
grid, we noted that there was no voltage.
Further checks, using the Model EC as a
substitute resistor, revealed that a resistor
was open. Once the receiver was repaired,
we again used the instrument as an audio
and r-f signal tracer to check it out; the
receiver worked fine. And we discovered,
by using the Serviset as an electrolytic ca-
pacitor substitute, that the small amount of
audible hum could be reduced to nil bv
beefing up the filtering.

Generally, we found that the Model EC
Serviset is a handy troubleshooting tool to
lave around. It can be used in place of
much more expensive and specialized equip-
ment when first checking out a set to get
a rough idea of why it does not work. On
the other hand, the Serviset does not and
cannot take the place of a VTVM or an
oscilloscope when accuracy is required.

Circle No. 69 on Reader Service Card
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ELECTRONICS—NEW
TROUBLE-SHOOTER

A compact—complete
circuit analyzer

The SERVISET

Model EC

Patented

INTRODUCTORY
PRICE

$34.95
POSTPAID

A precision engineered professional quality electronic
test instrument. Ideal for field or bench servicing of
all types of Communications gear.

CHECKS: sync, sweep, video. audio circuits. high
voliage supplies (DC, RF or Pulse)., low voltage
supplies, coils, capacitors. resistors, {ubes, tran-
sistors. diodes, transformers. speakers, etc. Will
locate trouble to a particular stage, determine de-
fective component and can actually be clamped in
circuit to restore circuit operation temporarily in
80% of component or tube detects. Ideal for locating
and confirming intermittents.
SPECIFICATIONS:

RF & AF Signal Tracer, RF & AF Signal Injector, AC
& DC Voltage Indicator 0/60/550/20,000 DC Polarity
Indicator 60/550/20,000 volts, Lo ohms 0-5. Hi ohms
0-500k-20 megohms. Tests Condensers. .00025-12 mid.,
Tests Resistors 2 ohms-20 megohms. 2 Capacitance Sub
ranges .01-1 & 4-40 mfd., 3 Resistance Sub ranges 50-500
ohms. 5k-25k. 100k-1 meg.

30 Day Money-Back Guarantee

LEL

LEE ELECTRONICS LABS., INC.
88 Evans Street
Watertown, Massachusetts 02172

CIRCLE NO. 18 ON READER SERVICE CARD
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Put more
punch in your work.

With a Greenlee Chassis Punch you can punch
clean, true holes in seconds. Round, square,
key or D. In 16-ga. metal, hard rubber, plastic
or epoxy. Available at radio and electronics
parts dealers. Write for catalog E-730.
Greenlee Tool Co, 1764 Columbia Ave., Rock-
ford, I11. 61101,

GREENLEE TOOL CO

A Unit of Ex-Cell-O Corporation (Xt Gy
CIRCLE NO. 14 ON READER SERVICE CARD
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g, MAC'’S SERVICE SHOP

Philosophy

of a Kit Manufacturer

HEN Barnev entered the service depart-

ment, still shivering a bit from the bleak,
cold November morning, he found Mac,
his emplover, thumbing through the pages
of a catalog.

“Hey, vou've got a new Heathkit catalog!”
the youth exclaimed. “How come 1 don’t
have mine?”

“Rank has its privileges,” Mac replied
with a teasing grin. “This came sort of
special delivery when Gene, my old friend
with the Heath Company, dropped in for
a short visit last evening and left it.”

“I suppose you two went at it hammer
and tongs as usual,” Barney said. “I can
just hear you nit-picking the assembly in-
structions for the last kit you put together
that didv’t work perfectly the first time vou
turned it on, and I can hear Gene counter-
ing with scornful remarks about crusty old
service technicians who never really learned
how to make a decent solder joint and who
stubbornly refuse to follow clear step-by-
step instruction in the manual.”

“You must have been listening,” Mac
chuckled reminiscently. “But then we set-
tled down and Gene gave me a lot of infor-
mation on the painstaking steps that are
tuken to see to it that a Heathkit is as
error-free and fool-proof—both in design
and in the instruction manual—as possible
before it is put on the market. T think you,
or anyone else who ever put a kit together,
will find this interesting.”

“I'm _all ears,” Barney invited, settling
himself comfortably on the end of the ser-
vice bench.

“Okav; after an engineering design has
been frozen—I hate that barbarism ‘fn-
alized’—it is turned over to the Manual De-
partment for publications treatment. The
Manual Department gets six sets of parts

»
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By John T. Frye, WOEGV, KHD4167

and an operating prototype of the kit. Us-
ing these, the author of the manual evolves
a general building procedure and step-by-
step sequence. He strives to simplify wiring,
to avoid redundancy of parts, to arrange
complex wiring in proper layers, and to avoid
more than four soldered connections to «
single point. This last, of course, is to avoid
rosin joints or the possibility bottom wires
will stack up unsoldered because heat from
the iron does not reach them. Working in
collaboration with the design engineer, the
author actually builds the kit, making care-
ful handwritten notes of every procedure.
After a preliminary check this written ma-
terial is turned over to a typist for initial

typing.

Pre-proofing and Proof-Building. “Next
comes the pre-proof cycle. The design engi-
neer and the author huild the kit from the
author’s notes. This brings to light manv
obvious errors and spotlights a need for im-
provement in the sequence of several steps.
After these corrections and modifications
have been included in the written instruc-
tions, the kit is ready for the proof-building
stage.

“The instructions are reproduced on a
Xerox machine, and a proof-build program
is scheduled involving 18 to 20 people,
depending on the complexity of the kit.
These proof-builders represent a cross-sec-
tion of capable engineering people, market-
ing people, customer services people, pro-
duction and office persounel, and always
one or two novices. A novice is defined as
someone who has never assembled a kit
product before. By necessity these are al-
ways Heath employees, and they are issued
kits on a Friday afternoon to take home and
assemble from the Xerox-prepared instruc-

POPULAR ELECTRONICS Including Electronics World
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tions. If the kit is fairly compley, they |
may be allowed two weekends with the due
date on a Monday morning; but quite
often the proof—l)ui]ds are due back on the |
Monday following the Friday they were
issued.

“As these people assemble their kits, thev
keep track of their tinve and are encouraged
to write their comments directly in the
‘manual’ at the appropriate place where |
Jifficulty was encountered or an ervor de-
tected. If the kit does not perform correctly
when completed, the proof—buildw is encour-
aged to try to locate and correct the trouble
himself if he can, but working or not, the
proof-builds  must be turned over to an |
evaluation engineering group on the due
date. This group is entirelv separate from
the engincering design group, and their
function is to see how well the completed
kits perform—if they perforin at all—and to
determine whal is wrong it they will not ‘
work., Is the failure due to a defective
component? To incorrect assembly or wir- I
ing? To a manual error? ,

“Finally the proof—l)uilders meet with the
engineering evaluation group, and individual
experiences and suggestions are gone over in
sreat detail to determine what changes, if
any, are needed. Sometimes a different value
of component is recommended, or a supplier
is required to tighten up his quality control,
or holes in the chassis must be changed,
or instructions need to bhe clarified. Out
of all this information comes the data that
formulates the final pack, parts count, and
final manual. Occasionally, however, when
the proof-build corrections and changes are
excessive, the company may elect to hold a
‘post-proof-build.” This is a second proofing
stage beyond the proof-build to verify that
all the changes and corrections have been
caught in the final printing. This post-proof
build usually involves only one or two l

builds.”

“Man, they onght to have all the bugs out
by that time!” Barmey exclaimed.

“They still don’t take that for aranted.
As a final check, the tenth pack of the
first production run for the product is puiled
off the line by quality control and  built
again to make sure nothing has huppcne(l
during the interim between engineering
sign-off and the initial production run. And ’
the first production run is not shipped until
completion and verification of the produc-
tion proof by quality control. Formal re-
ports are required at each stage.”
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— ABOUT YOUR

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:

vl -
Iri-Star Corporation
Dept. W, P. O. Box 1946
Grand Junction, Colorado 81501

DEALER INQUIRIES INVITED
CIRCLE NO. 35 ON READER SERVICE CARD

SUBSCRIPTION

Your subscription to POPULAR ELECTRONICS is
maintained on one of the world's most modern,
efficient computer systems, and if you're like 99%
of our subscribers, you'll never have any reason
to complain about your subscription service.

We have found that when complaints do arise,
the majority of them occur because people have
written their names or addresses differently at
different times. For example, if your subscription
were listed under “William Jones, Cedar Lane,
Middletown, Arizona,” and you were to renew it
as “Bill Jones, Cedar Lane, Middletown, Arizona,”
our computer would think that two separate sub-
scriptions were involved, and it would start send-
ing you two copies of PopuLar ELECTRONICS each
month. Other examples of combinations of names
that would confuse the computer would include:
John Henry Smith and Henry Smith; and Mrs.
Joseph Jones and Mary Jones, Minor differences in
addresses can also lead to 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 to enclose the mailing label
from the cover of the magazine—or else copy your
name and address exactly as they appear on the
mailing label. This will greatly reduce any chance
of error, and we will be able to service your
request much more quickly.
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“Well, that explains why T am so often
frustrated when I'm building a kit and
think I've finally caught them leaving out
an essential part or shorting me on hard-
ware or making a goof in the manual.
Invariably the nissing item shows up tucked
away in some obscure corner of the carton
or in one of the sacks I've discarded as
empty; and the glaring mistake in the man-
ual turns out to be a mistake in my careless
reading of it.”

“Know what you meuan,” Mac nodded.
“It’s sort of like the bitter-sweet feeling vou
have when your checkbook won't agree with
the bank statement and you're practically
sure the bank has finally made an error;
but then, on the tenth review, vou discover
a subtraction error in your checkbook.”

“I'll bet you gave Gene a lot of Why
Dontcha’s,” Barney hazarded.

Kit Philosophy of the Company. “Natu-
rally,” Mac said with a grin. “But he
knocked them down as fast as I tossed
them up. Out of my suggestions and his
patient explanations of why the ideas were
not practical, T think I acquired some in-
sight into the ‘kit philtosophy” of the com-

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- r
ing advantages by drastically reducing combustion
contaminants and restoring power lost by the use
of smog control devices. Equipped with handy
switch for instant return to standard ignition, the
Mark Ten B works with ANY 12 volt negative ground
engine. Both systems install in ten minutes with-

out rewiring.

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

creased performance.
Mark Ten (Assembled) $44.95 ppd.

Mark Ten (Deitakit) $29.95 ppd.
(Kits available in 12 volt only,
positive or negative ground)

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

Mark Ten B $59.95 ppd.
(12 volt negative ground only)

pany. I believe the same philosophy applies
to any other kit instrument manufacturer
who p'uts out quality products.

“First is the idea nothing should be done
for the builder that he can do well for
himself. Doing so increases the cost of the
kit and deprives the builder of much of the
pride he has in the finished product. Tf
wires are cut to length, sub-assemblies are
all put together, and instructions are ob-
jouslv written for a seven-year-old, the
labor involved in doing all this will add
verv materially to the cost of the kit, since
labor is a major item in the cost of any
product these days. At the same time, the
builder will be made to feel the manufuc-
turer is holding his wrists at every step of
the assembly, and this will subtract material-
ly from any teeling of personal accomplish-
ment. Money saved by allowing the builder
to furnish as much labor as possible and by
assuming he is an intelligent human being
cun be spent to improve the quality of the
kit instrument while still keeping its price
below that of an inferior assembled unit.”

“Makes sense,” Barney agreed. “Some-
times 1 gripe and grow! when I encounter
a tedious procedure in a kit assembly (pre-

\; DELTA PRODUCTS, INC.

PO BOX 1147 » GRAND JUNCTION. COLORADO 81501
PHONE: (303} 242-9000
Please send me literature immediately:
Enclosedis$
O Ship ppd. O Ship C.0.D.
Please send:
— Standard Mark Ten {Assembled) @ $44.95 ppd.
— 6 VolIt: Neg. Ground Only ___ Positive Ground
—— 12 Volt: Specity Negative Ground
—— Standard Mark Ten (Deltakit®) @ $29.95 ppd.
(12 Volt Positive Or Negative Ground Only)
Car Year Make
Name
Address
City/State _ Zip:

[
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paring lengths of coaxial cable, for instance)
but T get the job done; and I certainly would
not want to pay some high-priced worker to
do it for me. After all, the average kit
builder is very likelv a special breed whf)
really enjoys putting kits together. He dresn’t
]m‘y a kit instrument just lyecause it costs
less than a comparable assembled mit. He
savors every moment of the assembl from
the time he opens the carton, sniffs that
indescribable wrona of new insulation and
lacquer. and catches his first peek al the
exciting colors and shapes of still-unrec-
ognized items, until he proudly peels the
backing from the little blue model Tabel
and presses it against the chassis. He has
watched something grow entirelv under his
own hands from a jumbled mess of parts to
an attractive, reliable device.”

“Spoken like a real afficionado” Mac
said. “But whether or not a person as-
semables or uses kit instruments, 1 strongly
fec] he and the entire electronic industry
owe a debl to kit manufacturers. They
have made it possible for many service
technicians, experimenters, and radio ama-
tenrs to purchase and become familiar with
equipment they could not otherwise atford.
Many a small shop opens for business with
a service bench (ull of Heathkit or other
manufacturers” kit-tvpe instrunments. Then as
the business prospers and the techmician’s
time becomes more valuable, he tends to
purchase assembled  replacement instru-
ments. I'll bet if you could get the figures.
owd find kit instrument mannfacturers
really have helped the sale of all instrument
mannfacturers.”

“Yeah,” Barney agreed. “Many a person
enters the electronics field by the act of
pulting together a simple kit. Once he learns
he can wire @ bunch of parts together and
make an instrument that really works, he
is hooked for lile. “Who says electronics is
black magic? he asks himsell as he signs
up for a correspondence cowrse in elec-
tronics or heads for an engineering course
in college.”

“Speaking of education,” Mace concluded,
“I've always admired the kit manulacturers’
efforts in this area. They try to tell the
builder not only how to assemble the in-
strument but ulso why it works as it does.
Every manual has a ‘Circuit Dcscription'
section. Heath's color-TV receiver manuals
include what is actually an excellent short
course in color-TV theory and practice. T
consider this most commenduble.” @® |
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) Attention
Electronic
Technicians!

SCHOOLING OF EXCELLENCE

in ELECTRONICS
ENGINEERING

If you have adequate schooling and experience
at the technician level you may be able to qualify
to enter our college-level Home Study Program in
Electronics Engineering. The CIEE Program is
OUTSTANDING, and up-to-date in every respect.
CIEE is a forward-looking school, and Engineer-
ing is taught on the basis of application and
understanding rather than on the basis of mem-
orization. All lesson material and texts are
thorough and easy-to-understand. Through this
Highly Effective Home Study Program in Elec-
tronics Engineering you can raise your status
and pay to the Engineering !evel. No residence
classes required for those who qualify. If you are
an electronics technician with above-average am-
bition, and not willng to settle for anything less
than the best home study Engineering Schooling
available anywhere, then you should write TO-
DAY for our free revealing descriptive literature.
There is no obligation, and no salesman will call
on you.

COOK’S

o/ a/eclronics £n9innrin9

Raymond Road
P. 0. Box 10634
Jackson, Miss. 39209

INSTITUTE
Established 1945

Formerly Cook’s School of Electronics

CIRCLE NO. 6 ON READER SERVICE CARD

THE BEER
ESSENTIALS

... are easy to come by at Wine-Art,
America’s leading supplier of home
brewing and winemaking equipment
and ingredients. Less than §5 buys
the ingredients for a 5 gal. batch of
beer. It's easy — and saves you
money, too. Send $2 {or "The Art of
Making Beer"” and the

Wine-Art Handbook,

a complete cata- 47

log of beer, wine,
liqueur and soft
drink makings.
Write: WINE-ART,
Dept. PE, 4324
Geary Blvd.,San .
Francisco,Ca. R

94118. _
4 -
::s. %

{%
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NTS Home-Trining in Eecironics was i

Slar' 01 Somelhing big lor James Gupton

An NTS Graduate

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

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

Quite a list.of accomplish-

92

ments for a man who began his
career with an NTS diploma
and a job in TV & Radio servicing,

Any student can succeed

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

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

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

Exciting “Project Method”
Training

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

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

Each week brings new
excitement when you actually
see the progress you've made.

POPULAR ELECTRONICS Including Electronics World
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NTS Duild$ Sell-confidence.

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

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

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

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

(James Gupton's address
avaijlable upon request).

NTS COLOR TV SERVICING

R —

Solid-state
315 sq. in.
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,” A.F.T., solid-state,
24-channel detent UHF/VHF power
tuning, and much more! Also

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

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

ety
Solid-state | | ==
BAWTV, | &
74 sq. in. hy .
picture S
(cabinet H
included)

B

- e
Big, Colorful NTS

| Guide to new

iog

opportunities in f 7(
Electronics.

Yours FREE!

NATIONAL TECHNICAL SCHOOLS
4000 S. Figueroa Street
Los Angeles, California 90037
Please rush me FREE Color NTS Elec-
tronics Guide & FREE lesson, plus in-
formation on course checked at right.
No obligation. No salesman will call.
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Checker, and Signal Generator,
TV and all other equipment are
yours to keep.

NTS ELECTRONIC &
COMPUTER TECHNOLOGY

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

Build 3
and keep )
this exclusive NTS
Compu-Trainer. It teaches

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

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

NTS ELECTRONIC

COMMUNICATIONS

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

the big opportunity field of trans-
mitting and receiving.

5-watt AM
Transmitter/
Receiver

You build and keep 14 Kits, including
this amateur phone 6-meter VHF
Transceiver, NTS's exclusive
6-transistor solid-state Radio, and a
fully transistorized Volt-Ohmmeter.
Also, learn 2-way radio, Citizens
Band Microwaves, and radar.

NTS INDUSTRIAL &
AUTOMATION ELECTRONICS

Automation is the future of industry,
and you can play an important part!
Learn industrial controls by

training on the NTS Electro-Lab

(a complete workshop). You also
build and operate this 5" solid-state

TQ@‘"’;&”"‘ [ ———— R

[J MASTER COURSE IN COLOR
TV SERVICING

[] COLOR TV SERVICING (FOR
ADVANCED TECHNICIANS)

[] MASTER COURSE IN B&W TV
& RADIO SERVICING

[] MASTER COURSE IN
ELECTRONIC COMMUNICATIONS

[1 PRACTICAL RADIO SERVICING
FCC LICENSE COURSE
MASTER COURSE IN
ELECTRONICS TECHNOLOGY

[7 AUTOMATION & INDUSTRIAL
ELECTRONICS

[] COMPUTER ELECTRONICS

[] BASIC ELECTRONICS

(] AUDIO ELECTRONICS SERVICING
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NAME .
ADDRESS.

CITY oo

STATE -
[J Check it interested in Veterans Training
ill.

7] Check if interested ONLY in Classroom

oscilioscope. And you perform
experiments that involve
regulating
motor
speeds, tem-
perature,
pressure,
liquid level.
and much
more. All
equipment
is yours to
keep.

All solid-state!

NTS AUDIO ELECTRONICS
SERVICING

Learn sound theory — how it

works in home radio, car tape decks,
stereo multiplex component
systems, and more! Setup a spec-
tacular music system. Learn

about sound distortion, amplification
and control, loud-speaker baffles,
problems of system installation, etc.

Build and keep this famous Heath
Stereo Receiver and Speakers
Included is Volt-Ohmmeter, In-
Circuit Transistor Tester and sofid-
state Radio. Prepare yourself for
great opportunities in the Home
Entertainment Industry!

CLASSROOM TRAINING

AT LOS ANGELES

You can take classroom training at Los
Angeles in sunny Southern California.
NTS occupies a city block with over a
million dollars in technical facilities.
Check box in coupon below.

APPROVED
FOR VETERANS

Accredited Member: National Associa-
tion of Trade and Technical Schools;
National Home Study Council.

NATIONAL G2 SCHOOLS

Resident & Home Study Schools
World-Wide Training Since 1905
4000 S. Figueroa St., Los Angeles, Ca. 90037
|

Dept. 205-112

= zZIP

under new G.1. Bi

Training at Los Angeles
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BY LEWIS J. NEWMIRE
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LET ELECTRONICS HELP YOU MAKE DECISIONS

VEN top-flight executives sometimes numeric readout—they just mav need a
have trouble making decisions. If thev  “Decid-O-Tron.” This batterv-powered de-

don’t have a flippable silver dollar ]1;111(1}"— vice can be used any time or anv place to
or a solid-stute Ouija board with alpha- help the undecided take the fatal step.

sl

o

Q4
HEPS9100

12
#47
ICI
:J_\"m HEP583
?6\/
c2
IpF
! PARTS LIST R6—330-0hm. Yy-watt, 10% resistor
Ri—47-0hm, Yy-watt, 10% resistor
2—1.5-v0lt C cell (4 needed) SI-—Spst normally open pushbuiton switch
C1—=200-uF . 15-v0lt electrolytic capacitor (black)
C2—1-ul. 50-volt electrolviic capacitor S82—-Spst normally closed pushbution switch
DI—3.6-volt zener diode (IEP102) (red)
112447 ump Misc—Suitable chassis (Harry Davis 260)
ICI—RTL KN flip-flop (11 EP583) with cover, battery holders. lamp socker
O1—Unijunction transistor (HEP310) with lens (one red, one green,) mounting
' 02—Transistor (HEI728) hardware, etc.
03,04—Dual  transistor (HEPS9100) Note—The  following are available from
RI-—100-0hm, Yywart, 109 resistor Lljay Electronics, 1437 S. Main St.. Tulsa
R2—68.000-0hm, Vi-catr. 106 resistor OK 74119: etched and drilled PC board for
R3.RIORIT—220-0hm. Vi-watt. 10% resistor 51.85: tront panel cover, with black printing
Rd—536-0hm. Vi-watr. 109 resistor on gold und pressure-sensitive adhesive back
R5,R8.R9- -560-0hm. Vi wart, 10% resistor tor 80¢, posipuid.
Fig. 1. Decisions are made by random toggling of flip-flop through operation of S2.
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Fig. 2. Actual size foil pattern (at
right) and component layout (above).
Observe polarities on semiconductors.

How It Works. The heart of the circuit
(Fig. 1) is IC1, a JK flip-flop whose outputs
can be in one of two stable states: high or
low. Each output controls a lamp driver
(Q3 or Q4) and since only one flip-flop
output is positive at any one time, only one
lamp can be lit at one time.

With pushbutton switch SI closed, UJT
Q1 operates as a conventional relaxation
oscillator. This signal drives Q2 into satura-
tion, causing its collector voltage to drop
at each pulse applied to its base. This
negative-going pulse is used to toggle the
flip-flop.

It St is kept closed, and pushbutton
switch S2 is opened, capacitor C1 starts to
charge up and the voltage across R2 is
reduced. This lowers the charging current
for timing capacitor C2 and reduces the
trequency of oscillation to the point where
it stops. This is what provides the “deci-
sion.

Resistors R10 and RI1 are used to reduce
the stress on 3 and Q4 and the filaments
of 11 and 12. This is necessary since the
lamps have high inrush currents when cold,
the resistors limit the current to about 20
mA.

Construction. Although any type of con-
struction can be used, the best method is
to fabricate a PC board using the foil pat-
tern and component layout shown in Fig. 2.
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Mount the board in a suitable chassis
with the lights and pushbutton switches on
the front panel as shown in the photograph
of the prototvpe. Use different colored
lenses for the lamps and for the pushbut-
tons.

The battery holders ure mounted in the
bottom of the chassis with short lengths of
insutated wire to connect the PC board to
the other components.

Operation. With SI depressed for some
short interval of time, the two lamps should
alternate. In this mode, the circuit is unable
to make a decision. With S/ still depressed.
press SZ2. After a few moments, the two
lamps will alternate slower and slower until.
finally, only one lamp remains lit.

Is “the output randoni? \We asked the
Decid-O-Tron that very question; and 50%
of the time it said, “Yes.” ®
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Test Equipment
Scene

~

SINE WAVES, and occasionally square

waves, are of great use in the testing of
audio gear. Having a good audio generutor
and a respectable scope, one usually as-
sumes that the displayed sine-wave output
of the audio generator can he used as a
“standard” waveform on which all measure-
ments can be based. But, is this alwavs
true?

In professional audio testing and circuit
design labs, the distortion inherent in the
test gear is usuallv well noted and ac-
counted for in making analvses. But what
of the tvpical technician who doesn’t have
the sophisticated gear whose distortion is
known? He looks at the sine wave from
his audio generator and, if it looks good,
assumes that he has a reasonably distortion-
free waveform. He mayv not be aware that
the sine wave he is observing can have 2,
3, or even 5% distortion, yet may still look
pertect.

How can vou determine the quality of
your sine wave without resorting to ex-
pensive test gear? Build the circuit shown
in Fig. 1. You will recognize an op amp
inverter with a capacitor input, which forms
a differentiator. By differentiuting a wave-
form, any inherent distortion can be seen
immediately. Potentiometer RI huas been
added to adjust the high-frequency  re-
sponse, while the optional B3 and C3 are
used to remove anyvoac component present
in the noninverting input of the op amp. If
simplicity is desired (without too much
impairment of the results), just ground the

Sine Waves
& Scopes

98

By Leslie Solomon, Technical Editor

“+” input of the op amp. Optional ca-
pacitor C2 is used if very low noise opera-
tion is desired. It can be left out for
conventional use. The figure also shows how
to calculate the low- and lligh-h‘cqlwncy
cutofl points, if required.

c2
/7083
-
c | |
OWF | Rz |
lNPUTO—'\m—i P +ov
Rl ¥
6000
— OUTPUT
+

FOR LOWEST NOISE:
RICI=R2C2

-

HIGH FREQ. CUTOFF: Fo * e
LOW FREQ CUTOFF:Fy= ol
Fig. 1. Using op amp as differentiator.

Before trying out the circuit, first set up
vour audio sine-wave generator and a scope
for the best viewable sine-wave display,
preferably one or two cycles. If you have
dual-trace capability, then use one channel
to observe the generator output (differenti-
ator input) directlv, and the other channel
to observe the output of the ditferentiator.
With power applied to the differentiator
and a sine wave input, you should see both
sme waves on the scope. There will be some
phase shift present, and this is normal.

Take a careful look at the original sine
wave from the generator, then look at the
differentiated waveform. As is well known,
a differentiated sine wave is still a sine
wave, but if the waveform is not preciselv
sine, any minute rate-of-change differences
will be “boosted” by the active differenti-
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ator. The adjustment of R/ will cause the
distortion to be emphasized.

If you pass the generator waveform
through an audio amplifier, then connect
the differentiator between the amplifier
output and scope (reducing the amplifier
gain to prevent clipping), and compare the
input sine wave with the output sine wave.
You will see distortions vou never thought
existed in vour amplifier. In some cases.
this distortion cannot be detected by con-
ventional means (see Fig. 2).

Fig. 2. Although upper waveform looks
pretty good, after going through the
differentiator, the distortion is accen-
tuated as shown in bottom waveform.

IFor those who want to “calibrate” the
differentiutor, a source of approximately
1-kHz triangular waveforms is required as
the input to the differentiator. \When a
triangular wave is differentiated, it results
i a square wave. The rising edge of the
triangle produces the top edge of the square
wave, while the descending edge of the
triangular waveform produces the bottom
portion of the square wave. Adjust Rl for
minIimum overshoot, as you would a scope
probe.

Now, if vou use the triangular wave-
form as the input signal for the audio
amplifier under test, couple the output of
the amplifier to the differentiator and scope.
You will note that any distortions of the
imput triangular wave produced by the am-
plifier will result in “notches” on the dis-
plaved square wave.

Further Thoughts on Scopes. \le have
had some mail asking questions about
scopes, and this seems as good a time as
any to clarify a few points.

The question usually asked is why two
scopes with similar specs show somewhat
different waveforms. Or, “Why doesn’t mv
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scope display the same normal waveform
that the manufacturer shows in the manual
for a particular piece of electronic geur?"
Another common question is, “How much
bandwidth do 1 really need in my scope?”

All these questions have to do with the
scope’s vertical amplifier response charac-
teristic. Although the specs state that the
bandwidth of a particular scope is “de to X
MHz. +3 dB”. it doesn’t end there. It is
what happens to the vertical amplifier re-
sponse at its high end that tells the true
response storv. It is the “rolloff” on the
curve that tells whether the scope will dis-
play those high-frequency transients prop-
erlv. (Of course, the vertical amplifier
response  should not show any excessive
bumps or dips.) Many scopes are specified
to have their upper 3-dB point as a sine-
wave response, but most signals have some
steep edges.

The response curves of lab-grade scopes
usually have a “Gaussian” rolloff, with the
—3-dB point approximately one-half of the
—12-dB frequency. This means that, if the
scope specs show 3 MIlz as the upper 3-dB
point, the response ut 12 dB should be at
about the 10-MHz point. The closer vou
get to the Gaussian rollofl, the better the
scope will display the correct waveform
with those elusive high-frequency transients.

You can use a signal generator having
a Hat output to check how your present
scope fits in. It von find that your scope
has too fast un upper-end rolloff, then it
probably uses peaking coils to extend the
high end.

Some typical vertical amplifier response
curves are shown in Fig. 3. and the effect
ol the peaking coils can clearlv be seen.
Just keep that smooth, gentle rolloft in
mind, und vou can’t go wrong. Note that
the curve should have a reasonably flat top,
within a couple of dB, to keep some fre-
quencies from being amplified more than
others and distorting the waveform.

| JOHz IOOMz IKHz VOKHz IOOKHZ IMHz IOMHz IOOMMHZ

DC SCOPE EFFECT OF
_ o™ PEAKING COILS
- )
Ogp===r ' saussiaN
ROLLOFF
s /™~ AC COUPLED
-3dé5 SCOPE
]
—edpl '|
\
= \
\
\
-12dB— 2

1
Fig. 3. Typical vertical amp responses.
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another great
new idea

reversihle
ratchet handles

for Xcelite "'99"” tools
s O © 00 0 0 O @

These two unique plastic (UL) handles extend
the usefulness of all Xcelite Series ‘99" tools,
make welcome additions to any “'99" set.

Both regular (99-1R) and Tee (99-4R) types
accept more than 60 individually available nut-
driver, screwdriver, and special purpose snap-in
blades to speed and simplify assembly and ser-
vice work.

Fully enclosed ratchet mechanism is built to
highestsocketwrench quality standards. Recessed
reversing shift operates at the flick of a thumb.
Patented spring chuck holds blades firmly.

nationwide availability through local distributors
REQUEST BULLETIN N670 Made in U.S.A.

L e —

XCELITE, INC. » 20 BANK ST., ORCHARD PARK, N.Y. 14127

Send Bulletin N670 on Series '99'* Reversible Ratchet
Handles.

name

address
state & zone

CIRCLE NO. 39 ON READER SERVICE CARD
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There is also a relationship between the

| vertical amplifier response and the sweep

speed. Keep some bhasic rules-of-thumb in
mind. For instance, a 1-us period (time)
equals a 1-MHz frequency. This means that
if vou want to display a single 10-\Hz
wavelorm on the screen. the sweep must
take 0.1 us to span the trace. A 10-M1lz
scope having a 1-ps maximum sweep speed
means that vou will see 10 waveforms on
the sweep. Most triggered-sweep scopes are
calibrated in terms of sweep speeds of so

| many seconds or microseconds per division

of sweep truce. Obviously, the smaller the
number (faster sweep), the higher the fre-
quency that can be displayed as a single
waveform. Many scopes are also provided
with some form of expansion for even faster
sweep speeds, making more detailed ex-
anination possible.

Another associated topic is that of rise
time. The rise time of the vertical amplifier
must be better (shorter) than the rise time

OVERSHOOT

.__—nmcmc7

DUE TO
SHARP
UPPER-END
ROLLOFF

RISETIME

o

Fig. 4. Nomenclature of pulse parts.

of the signal heing displaved. (Rise time
as shown in Fig. 4, is measured from the
10% to the 90% points of the waveforn
being observed.) For an error of 5% or less
the rise time of the scope should he uhout
one third that of the signal being checked.
To caleulate vour scope’s rise time, if you
know the high-frequencv rollofl, use the
equation T'r K/B, where K is a con-
stant (usually .35 for a pulse overshoot of
3% of the pulse peak amplitude), B is the
upper-frequency —3-dB point in MHgz, and
Tr is rise time in microseconds.

Assume a scope response is 10 MHz at
the upper —3-dB point. The rise time comes
out to 0.35/10 or 0.035, which is 35
nanoseconds. This then is the bhest rise
time of this scope. With the one-third rule
just mentioned, a waveform with a rise
time of 105 nanoseconds is the fastest that
can be displayed with a rise-time accuracy
of 5 percent. ®
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Communication?

Scene
..

T WAS a long, hot summer in the city

and the unrest in certain neighborhoods
was paramount on municipal officials’ minds.
The mayor cruised in his car everv evening
so he could quickly arrive at any trouble
spot. Fortunately, his rapport with inner
city residents was good and he could talk
down confrontations between irate street
leaders and police before a full-blown riot
could develop.

Tonight, the mayvor tuned to the weather
channel on the receiver in his car. ITe was
hoping for a rain forecast because rain could
keep the militants off the streets. But the
forecaster was talking only of more sultry
heat.

Suddenly, the forecast broke off in mid-
sentence. “Signal 99! All units merge at the
corner of North and Tth Streets,” blared the
receiver, “Large crowd. Have riot gear
ready.”

“Thank God for that priority override,”
thought the mavor. “I can get there before
this situation erupts into something that
can’t be stopped without violence.”

Arriving almost simultaneously at  the
scene were news media reporters and minor-
ity-group community leaders. All had scan-
ners installed in their cars after the pre-
vious vear's urban problems. All had set
their “priority overrides” on the police

Scanners for
Monitoring

VHF&UHF

NOVEMBER 1972

By Malcolm F. Parrish
Pearce-Simpson

EDITOR'S NOTE

A scanner, or scanning receiver, is
a fixed-tuned, crystal-controlled re-
ceiver that automatically tunes or
scans through a number of fixed fre-
quencies until it reaches a channel
that is being used. The receiver then
remains tuned to that particular chan-
nel as long as the transmission con-
tinues. Audio squelch is used to elim-
inate all noise from unused channels.
The receiver is, of course, un-
squelched when the signal comes in.

channel. Precious time had been gained in
correcting a bad situation before the fire-
hombs could be thrown. The press would
have the actual storv on the air within
minutes to dispel the usual false rumors
which could lead to trouble in other parts
of the city. The false rumors tended to play
up quickly broken-up confrontation situa-
tions turning them into large-scale riots—
so the quick press coverage played a usetul
role.

This kind of application is only one of
the reasons for the boom in scanner use
across the countrv. The uses are tremen-
dously varied. Boatmen find thev add greatly,
not onlv to their pleasure, but also to
safetv. In most boating areas, the National
Weather Service transmits continuous ma-
rine weather information on a 24-hour-a-day
basis on either 162.55 Mz or 162.40 Mliz.
Boatmen also like to listen to intership con-
versations (a good way to find out who'’s
catching fish). Thev can monitor the calling
and distress frequency, know if their yacht
club is calling them, or listen to the local
telephone company station; and do it all at
the same time.

Scanners are also being used increasingly
by Civil Defense officials, Citizen’s Band
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TYPICAL FREQUENCY ALLOCATIONS ON VHF AND UHF BANDS

operators, police and fire bufls, and others.
They are a tremendous asset to such or-
ganizations as REACT uand other public-
service-minded groups.

Scanner manufacturers have done a good
job in reacting to the requirements of this
growing and diverse market. The first scan-
ners to reach the market could cover only
one of the three popular bunds. The first
units were either vhi low band (30 to 50
MHz) or vhf high band (150 to 174 MHz).
Uhf (450 to 470 MHz) is getling more pop-
ular and so a]ong cane equipment to cover
this exciting area.

Now, a new gencration of scanners is
making an appeuarance, units that cover two
or even all three of the hands. The number
of channels covered by the receiver is in-
creasing too. IFor example, recently the
Pearce-Simpson Division of the Gladding
Corporation introduced a multiband  unit
with a 16-channel capability. An 8-channel
capability is common.

Many New Features. As time has gone
by, scanners have hecome more sophisti-
cated with many more features. Yet, be-
cause of the increase in volume, pricing
has stayed relatively stable or even gone
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down. Single-band equipment is available,
less crystals, for around $125 and the multi-
band gear is available for around $160.
Crvstuls are available for about $6 cacl.

Many of the new features are obvious to
the prospective user. Look for scanners
with a priority channel, one to which the
set will automatically return at your di-
rection. For the fireman or policeman who
wants to miss nothing on his frequency, yet
hear what’s going on elsewhere, this feature
is a musl.

Scanners switch automaticallv from one
channel to another. Some units allow vou
to set the speed of the scanning as vou
desire and almost all have manual as well
as automatic scanning. Another feature ul-
lows vou to block out any channel simply
by flicking a by-pass switch.

On the multiband gear, the abilitv to
program the units is very important. Sup-
pose vou have an eight-channel scanner
that covers high band and low band vhi.
Obviously, you want to be able to set as
many channels on each band as is desirable
in vour area. On some equipment this can
be done by flicking a switch. On others vou
must move wires and on still others it is
preset. Look for casy programming so the

POPULAR ELECTRONICS Including Electronics World
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unit you buy will meet your requirement,
not someone else’s.

Specifications Are Important. The g¢ood
receivers have crystal filters. The result is
that vou hear the signal you wuut and all
the others are rejected. Look for specifica-
tions on sensitivity, selectivity, spurious re-
jection and adjacent-channel rejection. Good
specifications mean equipment that  does
the job right.

When talking about scanners, the subject
of antennas is important but often over-
looked. Vht and uhf are line-of-sight fre-
quencies so the higher the antenna, the
better performance you can expect. The
little antennas that come with the sets do a
surprisinglv good job; but il you are on the
fringe of a channel you want to hear, put
an anlenna on your roof and the signul will
probably come booming in.

Todav’s scanners are very versatile when
it comes to installation. They ave all solid-
state with very low power consumption.
This also keeps down the size. Mounting
brackets for installation in car, truck or
boat are usuallv standard. To use at home,
just plug into the ac line and away vou go.
Both ac and de operation are common.

Perhaps the most common problem re-
garding scanners is finding out the fre-
quencies to listen to. Your best bet is to ask
vour local deuler. If he is going to sell this
equipment he’s got to know what’s gomg
on in the area. Give him a chance and he'll
put you in the know. ®

“It's OK, but don’t expect too much—
it's only made of fat, jelly, and water.”
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Introducing
Pickering
_ H;ldses

They make the difference for
those who can hearit.

You will hear the difference the moment you put
them on. For Pickering has engineered a remark-
able difference into these fine headsets.

Their sound is unmistakably natural, imparting a
fulier sense of realism to the music. And Pickering’s
attention to important details goes even beyond the
electro-machanical innovations which result in their
extraordinary reproduction performance.

Nothing has been done in a perfunctory manner
in the new Pickering headsets. Their matchless
styling is the result of tasteful employment of color
dynamics, making their appearance as impressive
as their sound. They can be comfortably worn over
long listening periods. From the natural conforming
adjustable headband, to the softly comfortable ear
cushions, right on down to the flexible heavy-duty
ptug — every detail is special with Pickering.

When it comes to headphones, however, words
simply can't do it. Demonstration does. Put ours to
the test against any other comparable units at your
local dealer...you'll hear the difference.
ILLUSTRATED: Pickering Model PH-4955 a true
two-way reproduction system with individual woofer
and tweeter and L-C crossover network in each ear-
piece. Frequency Response: 22-20,000 Hz. Hand-
stitched ioam-filled headband and ear cushions,
coil cord and flexible heavy-duty plug. Only $59.95.
Also available, Model PH-4933, with single full-
range speakers. Only $39.95.

For complete information write Pickering & Co.,
Inc., Dept. PE, 101 Sunnyside Boulevard, Plainview,
New York 11803.

Q PICKERING

N T AR

“for those who can hear| the difference”
CIRCLE NO. 25 ON READER SERVICE CARD
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THE RECHARGEABLE

ALKALINE

BATTERY

NEW BATTERY OFFERS ECONOMY AND LONG OPERATING LIFE

BY SAMUEL C. MILBOURNE

T HE RECHARGEABLE alkaline is a rel-

atively new type ot battery. Similar in
construction to the regular alkalines (hut
marked “rechargeable”), these hatteries
have a potential of 25 or more recharges.
They require no added electrolvte or walter:
and they are available in the conventional
1.5-volt D, C, and AA sizes.

The exclusive product of the Mallory
Batterv  Co., the rechargeable alkaline
should not be confused with nor can they
e used to replace nickel-cadmium batter-
ies. They can, however, he used for radios,
cameras, toys, flushlights, portable TV re-
ceivers, record players, tape recorders, etc.
Higher priced initially than carbon-zinc
tvpes, the rechargeable alkaline’s cost, di-
vided by the number of charges it can tuke,
yields excellent overall economy.

Rechargeable alkaline batteries are sold
fully charged and have a shelf life of two
vears or more. Charging should be done at
frequent intervals and always before they
discharge below 1.2 volts. IF the output is
allowed to drop to 0.9 volt, these batteries
may sufter irreparable damage.

The AA. C, and D cells are sold two on
a card and list for $2.00, $3.00, and $3.50,
respectively, for the pair. ( Fortunately,
there is usuallv a substantial trade dis-
count.) The applicable charger lists at
$6.00. Specifications for the 1.5-volt battery
tvpes arc listed in the Table.

Mallorv is also making available a 6-volt
version of the alkaline rechargeable battery.

Fig. 1. Simple test circuit for check-
ing rechargeable alkaline batteries.

20
c
VOM o
AA
o0 lani "An" ?nl Pt ag "o
1 T 1 T3 71
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It is roughlv 6” high and weighs 3% pounds.
It can furnish 2.5 amperes for 1% hours.
The recharge capacity of this battery is 7
A-hr and a maximum recharge rate of 600
mA. It has an internal 10-ampere fuse; so,
use a S-ampere fuse externally.

The rechargeable 6-volt battery is a
natural for any tvpe of portable or mobile
application. Two in series can be used as a
convenient bench supply for testing 12-volt
solid-state mobile equipment.

The charging time for any battery can
be estimated from the recharge capacity of
the batterv in ampere-hours (A-hr) multi-

Type Number Recharge Charge Rate Charge Rate
and Size Capacity 36 Hr. Max. 16 Hr. Max.
SA15AA (AAYO.3 A-hr  13.5mA 27 mA
SA14C (C) 1.0 A-hr 40 mA 80 mA
SA13D (D) 2.0 A-hr 80 mA 160 mA

plied by the percentage for recharge losses.
For example, the SA15AA batterv’s re-
charge capacity is 0.3 A-hr. If this battery
is recharged at 13.5 mA for 33 hours, this
would result in 0.445 A-hr—or 50 percemt
extra, which is an average amount.

Charging rates for rechargeable alkaline
batteries can be increased, thus decreasing
the charging time required, if a voltage-
limiting charger circuit is used. This would
remove the battery electrically from the
charging circuit when the desired voltage
level is attained. However, if the previously
stated rates and charging times (see Talle)
are used as a guide, or the maker’s rela-
tively simple charger is used, nothing mor
is needed except patience.

It is recommended that vou make up
some sort of chart to log all battery re-
charge times and dates. Make the charts
small enough to be rubber-cemented or
taped to the cquipment in which the re-
chargeable alkaline batteries are used. Also,

POPULAR ELECTRONICS Including Electronics World
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it 1s a good idea to run perlodic voltage
checks on the batteries in use. You can as-
semble a simple battery tester by following
the circuit shown in Fig. 1. The indicating
device to be used with this test circuit is a
simple VOM.

When should a battery be checked to
determine if it is in need of a recharge?
When the equipment in which it is used
begins to mulfunction—the receiver to dis-
tort, the record plaver to slow down, et¢.—
the batteries are readv for recharging. But
vou will obtain longer life from these bat-
teries if vou check them out and charge
them more often. (Remember, NEVER re-
charge a new batterv.)

One ol the simplest batterv chargers is
an unregulated type, such as the Mallory
Model BC-15 shown in Fig. 2. This unit
will accommodate all three 1.5-volt cell
sizes and charge them at the proper rates.
The charger is very safe to handle. The
step-dowl{ transformer is located in the line
plug housing; so, no lethal or dangerous

voltage levels appear in the charger itself.

The stepped-down voltage is supplied to
two separate charging circuits through sep-
arate diodes, current-limiting lamps and
dropping resistors. There are three current
controlled circuits availuble to each of the

Fig. 2. Commercial battery charger

accommodates all 1.5-volt cell sizes.
charging troughs. A clever device at the
positive ends of the batteries makes contact
with one of the three dropping resistors so
that the proper charging current is applied
to each of the three sizes. The current-limit-
ing lamps are shown to the left of the
batteries. One or both lamps lights up ac-
cording to how the charger is loaded.

Three levels of light ure noticeable, one
for each battery type. The charging levels
are 27 mA. 80 mA, and 160 mA for the AA.
C, and D cells, respectively. @®
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s%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.
® Guaranteed to stay within specifications for one full year.
Fluke 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 seli-zero feature eliminates oft-
seterrors. ® 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.0O.Box 7428,
Enmg Seattle, Washington 98133.
———————
e —

Get all the details from your nearest Fluke sales office. Dial
toll-free 800-426-0361 for address of office nearest you.

CIRCLE NO. 13 ON READER SERVICE CARD

Start your custom
Burglar/Hold-up/Fire Alarm
System with the FC-100.
Add on Sensors, Alarms

and Accessories 1o suit your |

own needs.

“Do-it-Yourself” Installers

Handbook included. No

technical knowledge needed —

No soldering.

100% Professional in Design, Reliability,
Performance.

‘Fail Safe-SYSTEM BY EICO

A New Concept in “Do-it-Yourselt” Home Protection

FREE 32 PAGE EICO CATALOG
For latest catalog on EICO Test Instruments, Stereo, EICOCRAFT,
Projects, Environmentai Lighting, Burglar/Fire Alarm Systems,
and name of nearest EICO Distributor, check Reader Service
Card or send 25¢ for First Class mail service.

z 7@
EICO, 283 Malta Street, Brooklyn, N.Y. 11207 m

CIRCLE NO. 41 ON READER SERVICE CARD

105

WWW akherieaaadiahistary com


www.americanradiohistory.com

4 )

. INew Products

CE! TRANSISTOR CURVE GENERATOR

The Model TCG-1 transistor curve generator
available from Caringella Electronics Inc. tests
transistors and other semiconductor devices hoth
in and out of circuit. Used with any oscilloscope,
it displavs the dynamic characteristics of npn
and pnp bipolar transistors, FET’s, MMOSFET’s
and dual-gate MOSFET's, diodes, zener diodes,
tunnel diodes, etc. The instrument contains all
the circuits required to generate the base steps
and collector sweeps. Unique features include:
direct transistor beta readout: capability to con-
secutively test npn and pup transistors without
changing settings of controls or switches: and
simultaneous calibration of the vertical and hori-
zontal scope channels for accurate veadings. The
TCG-1 is available as « kit or factory wired.
Circle No. 70 on Reader Service Card

LAFAYETTE 4-CHANNEL SQ AMPLIFIER

Lafayettc Radio Electronics’ Model 1LA-64
4-channel amplifier features a built-in logical
decoder for playing the new SQ dises and SQ
FA broadeasts to reproduce encoded 4-chan-
nel sound. The SQ decoder section of the LA-
64 has advanced logic/age circuitry to pro-
vide precise decoding of all SQ program ma-
terial. The four power amplifiers also repro-

duce discrete 4-channel cartridge and reel-to-
reel tape sources. Power output is 37.5 watts
per channel, continuous, into 4 ohms. Lafay-
ette’s “Composer” circuit is ulso featured: it
provides derived quadraphonic  sound from
present 2-channel stereo discs. tapes, and FM
broadcasts and enhances m()nopl]()nic material.
Circle No. 71 on Reader Service Card

MURA FET MULTIMETER

The Model FET-200 solid-state multimeter made
by Mura Corp. has the latest in field-effect tran-
sistor circuitry. The outstanding feature of this
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instrument is its precision 3 percent accuracy.
Compactin size (5”7 X 3% X 1%") and weighing
only 3 pounds, the FET-200 is battery powered
and has all controls and jacks located on the front
panel for easy accessibility. Input impedance is
10 megohms on «ll de ranges. A new zero center-
ing feature allows positive and negative potential
readings without the need for changing test leads.
Measuring capability is to 1 megohim in the re-
sistance function, to 600 volts in both ac and de.
Circle No. 72 on Reader Service Card

PIONEER COMPACT CARTRIDGE PLAYER

Small enough to fit in a glove compartinent,
Pioneer Electronics of America’s Model TR-
222 mini-8-track  cartridge player features a

[ n.,‘t%’"%

unique four-program vertical headshaft mech-
anism which provides precise tapehead con-
tact  and  minimizes crosstalk. A shielded
capstan provides trouble-free tape feed. Also
included  are automatic and manual track
change; volume, tone, and balunce controls:
and  track indicator lights.
Circle No. 73 on Reader Service Card

PEARCE-SIMPSON SSB CB TRANSCEIVER

Cheetalhh SSB from Pearce-Simpson represents
a new plateau in mobile SSB/AM CB radio
transceivers. It is the smallest mobile single-
sideband unit on the market: vet it features
the maximum 15 watts peak-en\'elope—power
output allowed on SSB. Also, Cheetalh SSB is
the onlv mobile AN/SSB unit with an SWR
bridge for checking antennas. Features include
a variable r-f gain that controls both AM and
SSB, plug-in nmicrophone and power cords
and an S-unit/RF weter which changes color
from transmit to receive.
Circle No. 74 on Reader Service Card

MIGRONTA TUNE-UP ANALYZER

Following the trend among economy and ecol-
ogy minded people for do-it-vourself tuneups,
Radio Shack is offering a new tune-up ana-
lyzer which they say is accurate enough for
professional use and easy enough for the home
mechanic to handle. The Micronta Tune-Up
Analyzer has a 6” color-coded scale for read.
ing engine speed and dwell angle on any 4-,
6-, or 8-cvlinder engine. Its voltage and cur-
rent scales are used for indicating alterna-
tor or generator, regulator, diode, and hat-
tery conditions and provide a means of good/

POPULAR ELECTRONICS Including Electronics World
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bad point checks. The analyzer is designed
for use in any I2-volt de mobile electrical
system.

Circle No. 75 on Reader Service Card

UTAH THREE-WAY SPEAKER SYSTEM

A striking appearance and a strong “big sys-
tem” sound are the major features stressed by
Utahh Llectronics for their new Model MP-
3000 three-way speaker system. Finished in
genuine walnut on all four sides, the system
Jeatures a unique sculptured foam arille, acous-
tically more transparent than cloth, that adds
eye appeal. The high-compliance 15" woofer
has a 27-diameter voice-coil and a GA-pound
magnet structure. Cloth edge rolls smooth the
response of the 57 midrange speaker. Two
dome tweeters with horn amplification assure
elficient reproduction of highs over a wide
dispersion angle. Separate controls for the mid-
range and tweeters are provided.
Circle No. 76 on Reader Service Card
LEADER TWO-CHANNEL AC MILLIVOLT METER

Audio signal quality of 4- and 2-chaimel stereo
circuitry can be accurately and rapidly checked
with the Model LMV-89 two-channel ac mil-
livoltmeter from Leader Instruments Corp.
Measuring range is 100 pV to 300 Voin 12
steps with +3 percent full-scale accuracy.
Decibel scule readings are at 0 dB = 0.775
and 1.0 V each over the entire range. The
meter has an easy-to-read meter face and two
independent scales with separate pointers.
Each channel has separate switches and am-
plifier system to assure operation without
crosstalk effect. Both channels operate sep-
arately or in common-mode on channel 2.
Circle No. 77 on Reader Service Card
KENWOOD DELUXE TUNER & AMPLIFIER

Kenwood has added a new pair of stereo com-
ponents to their line of stereo amplifiers and
tuners: the Model KA-6004 200-watt (T11F)
direct-coupled amplifier and the matching Mod-
el KT-6005 AM/stereo FM tuner. Both are

designed for the audiophile who demands top
performance. The integrated amplifier’s pre-
amp employs a new type of tansistor for
greater resistance to heat and humidity and
boasts an excellent signal-to-noise ratio. The

NOVEMBER 1972

equalizing stage has been designed to obtain
an exceptionally  wide dynamic rane (420
m\" peak-to-peak maximum input level at
1000 Hz) to assure that anv fortssimo pas-
sage will be reproduced without overload dis-
tortion. The power wmplifier and matching
tuner have equally impressive features. Con-
tinuous power output is 40 watts per channel
into 8 ohms.

Circle No. 78 on Reader Service Card

SANYO 4-CHANNEL MUSIC SYSTEM

Among ten new 4-channel music systems re-
cently introduced by Sanvo Electric, Inc., is
the Model DXR-51T1 with a built-in decoder
matrix circuit and four separate amplifiers. It
comes complete with four speaker systems and
an AM/stereo F\I receiver. Tape recordings
made in 2-channel stereo can he reproduced
through the system in 4-channel sterco through
the  built-in ~ 4-channel  matrix circnit,  The
DXR-5111 is attractively priced for those who
want to get acquainted with quadraphome
sound without making a large capital invest-
ment.

Circle No. 79 on Reader Service Card

CHRISTIANSEN RADIO MINI-MOUNTS

A uew breadboarding technique has been de-
veloped  for ]1i%h-perf()nn;mcc circuitry by
Christiansen Radio Co. The new Mini-Mount
Dreadboarding system consists of a variety of

winiature etched patterns, each designed to
mount an active or passive electronic com-
ponent. No holes need be drilled since pres-
sure-sensitive  adbesive holds  the elements
firmly in place yet allows them to be moved
or replaced as ‘the circuit develops. Analog,
digital, and r-f circuits (de to the GHz re-
gion) can be effectively breadboarded using
the Mini-Mounts. The Mini-Mounts are avail-
able as kits with a selection of types as nsed
in general breadbourding work or in bulk
when a particular tvpe is required in volume.
Circle No. 80 on Reader Service Card
ROBINS 4-CHANNEL SYNTHESIZER

Sterco owners waiting for resolution of the
battle of 4-channel systems can trv quadra-
phonic sound with an inexpensive adapter
from Robins Industries Corp. The adapter is
actually a synthesizer which enables 2-chan-
nel material to produce 4-channel effects. It is
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{ a compact “black-box” affair which can be
T U N E R s E R VI C E tucked away behind the amplilier or receiver
with swhich it is used. Independent volume

VHF, UHF, FM or IF Modules . . . contmb are provided for setting up left-rear
All Mak and  right-rear  levels and balance.
L aKes Circle No. 81 on Reader Service Card

st g hr. Service! o suwe o oo o
1 YEAR GUARANTEE

kit deluxe capacitive-discharge ignition svstem
kit. The assembled system when properly in-
stalled is said to develop 50 percent more

VHF-UHF-FM $ 9.95

UV-COMB. $16.95

{F-MODULE $12.50
] Major Parts charged at Net Price

P.T.S. is overhauling more tuners for
more technicians than any other
tuner company in the world!

LIKE TD DO IT YOURSELF?
Send one Dollar (redeemable) for our
60 pages of top information

TUNER REPLACEMENT GUIDE AND
PARTS CATALDG
For fastest service, send faulty tuner with
tubes, shields and all broken parts to:

PTS ELECTRONICS, INC.

" Pocision Turen Servce”

HOME OFFICE .
RBox 272 & Rioomington. Ind. 47401 » Tel. 812, 824-93!

WEST—
Box 11354 e Sacramento. Calif. 95811 » Tel. 916, 482-6220

SOUTH 5
Itox 7:4:32 e Longview, Tex. 75601 » Tel. 214, 753-4334

SOUTHEAST—

ng 6881 e Jacksonviile. Fla. 32205 ¢ Tel. 904. 389-9952 -

EAST— spark energy for more complete fuel contbus-
Box 3184 o Springtield. Mass, 01103 ¢ Tel, 413, 734-2737 . — 3

MOUNTAIN— tion and to increase spark magnitude to 3 to
Box 4245 o Denver, Colo. 80203 » Tel. 304. 214.2818 . N . .
CIRCLE NO. 23 ON READER SERVICE CARD 5 times normal for faster acceleration and

by inereasing point and plug life from three
to ten times and provide 10 to 20 percent
better gas mileage. The system can be used
with any 4-, 6, or 8-cylinder engine employ-
ing  12-volt negative ground electrical ~ sys-
tem.

[ Circle No. 82 on Reader Service Card

quicker starts cven in subzero weather. This
I system should reduce the need for tune-ups

POLUPLANAR

Double Knit
Speaker Kits

Everything you need to make your own
Hi-Fi speaker system. Includes modern-
styled double-knit grille cloth, chrome
frame, stand and %" thin Poly-Planar
speaker. Ideal for
desk top, shelf or

GENERAL RADIO STROBE LIGHT

The Model 1542-B “Strobotac”  electronic
stroboscope made by General Radio is said to
provide 15 times the beam light output of
previous models and does so withont an in-
crease in price or sacrifice in performance.
At $99, the 1542-B remains the most eco-
nomical unit in GR’s low-cost strobe line and
floor. A great sound- still has the same 180-3800 Hashes/minute
ing speaker for 4- range, simAple operation, and mgged construe-
A T tion as its higher-priced counterparts.

or 25 watts RMS. | Circle No. 83 on Reader Service Card

Send for detailed ! CHANNEL MASTER MATYV ANTENNA SERIES
specifications. I Channel Master Antenna Laboratories las an
The Speaker You nounced a new MATV Super Vector Series. The
Don’t Have To See 75-ohm antennas are designed to deliver superior
To Hear! tront-to-back ratios, outstanding directivity, and
3 stability. They deliver 25 dB minimum £/b
The Mag’tran Company ratios and provide maximum rejection of inter-
311 East Park Street « Moonachie, N. J. 07074 terence from unwanted channels with narrow
beam widths and high directivity. Further, they
CIRCLE NO. 20 ON READER SERVICE CARD provide excellent impedance matching as a re-
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sult of their low VSWR’s. Elements we 50%
stronger than those of ordinary antennas, and
all fittings and hardware are of stainless steel.
Address: Channel Master, Ellenville, NY
12428,

NEW PLIER LINE FROM HUNTER TOOLS

Hunter Tools had announced a completelv new
plier Tine titled “Duradium.” Duradium is the
result of combining the finest quality alloy
vanadinm tool steel with a special heat treat-
ing method. All of the working surfaces are
selectively induction hardened. Cutters are avail-
able in full Bush, semi-Hush, and regular styles:
wiring pliers are available with finelv serrated
or smooth jaws with rounded edges. Address:
Hunter Tools, 9674 Telstar Ave., Ll Mlonte
CA 91731,

CHEMTRONICS TUNER SPRAY KITS

Chemtronics is introducing the “Slim-Jim”
Vranster Tuner Spray Kit, the newest innova-
tion in tuner sprays specifically desioned to
meet the field servicing needs of servicemen.
The Slim-Jim features a refillable comept.
Bench-size cans of Tun-O-Wash, Tun-O-Brite,
and Tun-O-Foam are packaged with o shirt-
pocket-size can (the Slim-Jim). The large cans
we used to fill the small can in about 30
seconds, providing the serviceman with enough
tuner spray for 6-10 tuners, depending on how
dirty the tuners are. No special attachments or
gudgets are required for transterring chemicals

from the large cans to the Slim-]im. Address:
Chemtronics Inc., 1260 Ralph Ave., Brooklyn,
NY 11221,

BITRAN DIGITAL READOUT MOUNTING KIT

The Bitran Co. recently introduced their Model
R4T kit for mounting RCA ~“Numitron” digital
readouts. The kit comes with a nonreflective
front viewing window of red cireularly-polar-
ized material made by Polaroid Corp. which im-
proves the appearance of the readout, a flat
Llack bezel, tube sockets (4), chassis, all
mounting hardware, and a panel cutout and
drilling template. Readout tubes are not in-
cluded. Address: Bitran, P.O. Box 4921, Colum-
bus, OH 43202.

TESCOM PRECISION WELDING TORCH

A tinv torch which welds wires up to 0.002”
and steel up to 16-gauge has been developed by
Tescom Corp. Called the “Little Torch,” it is
ideal for heat bonding, welding, and soldering
applications in all fields. It uses oxygen and a
fuel gas such as acetylene, hvdrogen, LPG, or
natural gas to produce flune temperatures to
6300° . Gas consumption rate is 0.023-2.54
cu ft/hr. Five different tips. designed to swivel
a full 360° for handling ease, are supplied. The
two smallest tips have sapphire jeweled ori-
fices for durabilitv and precision. Address: In-
strument Division, Tescom Corp., 2633 S.E.
4th St.. Minneapolis, M\ 55414
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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 ticket to the powerful
CASCADE performance can be hurried along by writing
us for complete information.

iy |UTAH ELECTRONICS
d HUNTINGTON, INDIANA 46750

\
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HOW WOULD YOU LIKE
TO BUILD A BIG,
BEAUTIFUL, SOLID STATE
BELL & HOWELL 25-INGH
GOLOR TV YOURSELE...

| / TR o
: F :' . P~ b 5 3
|

...and maybe build
awhole new future while
youre at it?
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Try it. Build this beaut of a color TV your-
self. You'll enjoy the personal satisfac-
tion —especially if you're already handy
with a set of tools. And you'll pick up a
pretty thorough knowledge of home en-
tertainment electronics along the way.

Who knows? Maybe that's your bag.
Maybe you'll tind yourself enjoying the
process of building your color TV as
much as the end resuit. If you do, you've
got a heck of a career opportunity wait-
ing for you in a big, booming industry:
home entertainment electronics. You
might even end up with a business of
your own in color TV servicing.

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

Even if you're not interested in a full time
electronics career, you can e€arn extra
money part time —or else just enjoy elec-
tronics as a hobby. With your new skills
you can build and service stereo hi-fi sys-
tems —including FM-AM radios . . . phon-
ographs . . . open reel tape recorders and
cassette or cartridge player/recorders.
You could even build yourself a complete
“home entertainment communications
center’—complete with the new gadgetry
of cartridge television when it comes out.
The skills you build up by following this
brand-new program are more than
enough lto service almost any type of
home entertainment electronic device.

Not just a “kit”—a complete at-home
learning program in home entertainment
electronics systems

Don't confuse this program with an ordi-
nary hobby kit. It's much more than that,
It's a complete at-home learning program
prepared by skilled instructors at Bell &
Howell Schools. You're getting as much
as the guy who's ptanning a lifetime ca-
reer in electronics—even if you're not
planning a career yourself.

Follow simple, step-by-step instructions
It doesn't matter if you've never had any
training in etectronics before. Nobody's
going to start throwing “diodes” and “ca-
pacitors” at you right off. You start with
the basics. You take it one step at a time.
You walk before you run. And you'll be
amazed at how quickly you start to feel
comfortable with things that seemed
complicated at the beginning.

Attend special “help sessions”

if you like

In case you should run into a sticky prob-
lem or two — one that you can’t handie on
your own—come in and see us. We've
scheduled help sessions every few Satur-
days at the Bell & Howell Schools and in
many other cities throughout the U.S. and
Canada. Drop by. Meet an expert instruc-
tor in person. Talk over any rough spots
with him—and with other students. You'll
enjoy the chance to “talk shop™'.

Master the most up-to-date

solid state circuitry

Solid state is here to stay. Not just color
TV but almost every type of electronic
device will eventually move farther and
farther in the direction of total solid state
circuitry. Get to know the most advanced
“trouble-shooting’’ techniques for these
sophisticated circuits. You'll find an al-
most irresistible demand for your skills.

Why you should know electronics

No matter where you look, the amazing
technology of electronics is becoming a
bigger and bigger part of the picture.
More and more automotive parts and di-
agnostic instruments are electronic.
Many large manufacturing piants are
controlled almost entirely by electronic
systems—in the hands of a few skitled
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electronics technicians. The increasing
use of two-way radio . . . the huge prom-
ise of cable television . . . the astonishing
growth of electronic data processing all
open doors to exciting new career oppor-
tunities for the man with thorough train-
ing in electronics. In fact, the day may
come when the man who does not have
electronics skills will be severely handi-
capped in many industries.

So maybe you're not planning a career
in electronics. It still makes sense to get
the kind of know-how that may turn out
to be indispensable in a lot of other ca-
reer areas—Ilike medical research, broad-
casting, engineering, business manage-
ment, construction and many more.

Why you should get your training from
Bell & Howell Schools
Skilled instructors at Bell & Howell
Schools — carefully selected for
their knowledge, experience
and teaching ability —plan
each program with the utmost
care and attention. Each year,
they spend over $200,000.00 im-
proving programs and materials
and keeping them in step with new
developments in electronics,
Many thousands of people have
used their Beli & Howell Schools
training as the foundation for new
careers and businesses of their own in
electronics. Even if all you want is
an interesting hobby, you can hardly
help becoming a skilled expert. ;

You build and keep the exclusive
Bell & Howell Schools Electro-Lab® ¥
— a complete laboratory-in-the-home
To make sure you get practical experi-
ence with instruments used daily by pro-
fessionals, in addition to the 25-inch
color TV, you build and keep a Design
Console, an Osciltoscope and a Transis-
torized Meter (see details at right). These
are the three instruments you'll work with
constantly—both during your program
and thereafter.

CONSIDER THESE ADVANTAGES:

Help Sessions We've scheduled "“help
sessions” every few Saturdays at the Bell
& Howell Schools and in many other
cities throughout the U.S. and Canada.
Top instructors give you expert guidance
and you meet other students, too.

Resident Study After you complete
your program, you can transfer to any of
the resident schools for more advanced
study, if you wish.

Lifetime National Placement Service
When you complete your course, we help
you locate a position in the field of Elec-
tronics that fits your background and in-
terests. This unique service is available
at any time after you graduate.

Veterans’ Benefits We are approved
by the state approval agency for Veter-
ans' Benefits.-Check the box for details.

Student Financial Aid We are an eli-
gible institution under the Federally In-
sured Student Loan Program. Check the
box for details.

Build yourself a big. beautiful, solid
state Bell & Howeli 25-inch color TV. It
may be the start of something even
bigger.

Detach postage-paid
reply card below and
mail today for free

information about...

= Solid state Bell & Howell 25-inch color
TV Ultra-rectangular 25-inch diagonal
with full 315 sq. inch screen. Lets you
view more of the transmitted image.
25,000 volts . . . 100 transistors . . . 72 di-
odes...4 advanced IC's...3-stage solid
state IF . . . solid state VHF, UHF tuners

automatic fine tuning and many other
quality features.

s Design Console Use this to rapidly
‘breadboard’’ circuits without soldering.
Equipped with built-in power supply L
test light . .. speaker .. . patented plug-in
modular connectors.

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

= Transistorized Meter Combines most
desired features of vacuum-tube volt-
meter and quality multimeter. Registers
current, voltage and resistance measure-
ments on a large, easily-read dial. Fea-
tures sensitive, 4-inch, jewel-bearing
d’'Arsonval meter movement.

For Free Information, Mail Card Today!

if card has been removed, write:

DeVAY NSTITUTE OF TECHNOLDGY
ONE OF THE

332R2

M BELL = HOWELL SCHOOLS

4141 Belmont, Chicago, Illinois 60641

WWW akherieaaiadiahictary com

{TV kit not available in Canada)
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DIGITAL ELECTRONICS:
PRINCIPLES AND PRACTICES
by Brice Ward

For those people who like to learn by building,
we can recommend this book on digital elec-
tronics which treats equally with theorv and
practice. It is composed of three main sections:
theovy, experiments, and kits. The chapters on
theorv are followed by experiments which paral-
lel the explanations, providing a reinforcement
pattern which mukes for easv learning. In ad-
dition to explaining and showing how each
digital function and device operates, the text
also goes into the various numbering svstems,
building-block approaches to digital systems,
and how to put together various digital ele-
ments to obtain counters, encoders and de-
coders, registers, ete. Three appendices and a
glossarv ave provided.

Published by Taly Books, Blue Ridge Summit.
PA 17214, 288 pages. $8.95 hardbound, $5.95
softhound.

SOLID-STATE ELECTONICS
by George B. Rutkowski

Todav’s electronics technician, often called an
associate engincer, is expected to assume many
responsibilities formerly delegated to engineers.
Consequently, he must have more than a pass-
ing knowledge of solid-state components and
theorv. This new hook was written to help
meet that objective. The author discusses the
fundamentals and develops the student’s ahilitv
to select proper design components for solid-
state electronics. A modified programmed stvle
is used. and each point discussed is followed
by at least one worked-out example. The prob-
lems, with examples, make this hook an ex-
cellent study guide for hoth classroom and
self-studv use.

Published by Howard W. Sams ¢ Co., Inc.
4300 West 62 St., Indianapolis, IN 46268.
Hard cover. 616 pages. $15.50.

RADIO CONTROL FOR MODEL BUILDERS,
Revised Second Edition

by F. M. Marks & W. Winter
The text in this book encompasses the latest
innovations in the rapidly growing hobby of
radio control for modelers. All phases of this
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fascinating subject are covered, including trans-
mitters, receivers, and actuators; and the vari-
ous types of batteries are evaluated. Special
emphasis is placed on the most advanced
method of radio control which makes nse of the
digital proportional technique. Helpful features
inclnde information on licensing requirements,
a list of R/C modeling magazines, aud a comn-
plete glossary of radio-control terms.

Published by Hayden Book Co., Inc.. 116 V. 14
St., New York, NY 10011. Soft cover. 160 pages.
$4.45.

CALCULUS FOR ELECTRONICS,
Second Edition
by A. E. Richmond

The clements of differential and integral cal-
culus as applied to electrical and electronic cir-
cuits are presented in this texthook. It covers
basic caleulus, partial derivatives, double inte-
grals, infinite series, and introduces differential
equations. Inclnded in the new edition are prob-
lems on semiconductor device characteristics.
Special features include the reorganization of
ear]y chapters to improve the presentation,
greatlv expanded graphs, and review questions
with answers to all odd-numbered problems.
The appendix briefly treats trigouometric iden-
tities, certain curves from analvtic geometry,
and determinants.

Published by McGraw-1ill Book Co.. 330 West
42 St., New York, NY 10036. Hard cover. 544
pages. 89.95.

CONFIDENTIAL FREQUENCY LIST
by Robert B. Grove

This first major compilation of AM, CW, SSB.
RTTY, and FAX non-lroadcast stations made
available to the general public is a who’s who
of unusual radio stations. Frequencies, call-
signs, locations, schedules, and radiated power
are given for thousands of radio stations oper-
ating between the hroadcast and lLani bands
from 12 kHz to 27,240 kHz. Revealed are
radio freqnency and callsign information here
tofore kept nnder wraps, such as Interpol,
CIA, RTTY Press, USAF Global Acro, Spv
and  Number stations, radiobeacons, weather
broadcasters, AMVER, Flying Doctor Service,
foreign embassy networks, hurricane lumters.
and many more.

Published hy Gilfer Associates, Inc., P.O. Box
239, Purk Ridge, NJ 07656.

AUTOMOTIVE ELECTRONICS
by Graf & Whalen

A complete list of all applications of elec
tronics to be found in a modern antomobile
would surprise the average car owner bv its
length. The list has grown steadily as car
munufacturers continue to add new features and
to improve the old. Presented in this ook is
a complete picture of mobile electronics d« velop-

POPULAR ELECTRONICS Including Electronics World

WWW akhrerieaniadiahictary com


www.americanradiohistory.com

e Other unlimited uses

VHF /UHF

»UALKND PLi
[ oo00000000 '
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designed for:

® Police, Fire and
Municipal Depts.

FR-2526 VHF/UHF 95
FR-2528 LF/VHF

10 CHANNEL

% Dual Channel non-restrictive programming of channels allows
any combination of preselected channels to fit your needs

% Priority channel-locks out all other signals

% Any channel may be switched out of scanning sequence

% Carrier Delay—You may hear mobile callbacks

A sophisticated professional automatic scanning monitor with the

FM MONITOR
RECEIVERS

most reliable circuitry ever conceived. Has more power, more audio
and more features than other monitors. New ceramic filter provides
excellent adjacent channel operation in urban areas. All solid state.
2 watts of “Voice Fidelity,”” easy access plug in crystals. Dual pur-
pose power supply for 117VAC and 12VDC, negative ground only.

SONAR RADIO CORP., 73 Wortman Ave., Bklyn, N.Y. 11207
Please send information on SONAR-SCAN FM Monitor Receivers.

e County, State & b
Federal agencies FR-2525_UHF only $179.95 § 2me Dept. 800
e Commercial & In- Comes with AC and DC power { Address.
dustrial applications cables, mounting bracket, less i
crystals.  Crystals $5.00 ea. City. State. Zip

-
CIRCLE NO. 32 ON

ment, starting with an account of the inven-
tion of the “self-starter,” progressing through
present-day accomplishments, and projecting in-
to the future when computer control of cars and
traflic safety features mav become common-
place. The book is well illustrated with photos,
drawings, and schematics and is quite com-
prchensi\'e in its coverage.

Published by Howard W. Sams & Co., Ine.
4300 West 62 St., Indianapolis, IN 46268. Soft
cover. 320 pages. $6.95.

UNDERSTANDING AND USING
COMMUNICATIONS RECEIVERS
by John Schultz

Professional help on buying, installing, and
using communication receivers are offered in
this new book. A semi-technical approach is
used to help the reader become knowledgeable
about receivers so that he can choose equip-
ment best suited to his needs. Included are a
study of the electromagnetic spectrum, how
radio waves are propagated, and the obstacles
and disturbances which aftect reception. Vari-
ous types of receivers are analyzed, including
new, kit, and surplus types.

Published by Tab Books, Blue Ridge Swnmil,
PA 17214, 192 pages. $7.95 hard cover; $3.95
soft cover.

READER SERVICE CARD
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TRANSISTOR AND INTEGRATED
ELECTRONICS, Fourth Edition
by Milton S. Kiver

An extensive revision of the author’s earlier
“Transistors” book, this new volume covers the
theory and application of solid-state  devices
and integrated circuits. Written expressly for
vocational students, it contains a minimum of
mathematics at the elementary algebra level.
This updated edition contains three totally new
chapters on FET's, IC’s, and semiconductors
used in computers.

Published by McGraw-Hill Book Co.. 330 Wes!
42 S1.. New York, NY 10036. Hard cover. 704
pages. $12.50.

ABC’S OF INDUSTRIAL ELECTRONICS
by J.A. Wilson

This easy-to-understand  book analyzes the
field of industrial electronics from a career
point of view rather than on a deeply toch-
nical level. It explains how industries use elec-
tronics to control machines and manufactur-
ing processes, some difficult—if not impossible
—to control by old-time manual methods.

Published by Howard W. Sams & Co., Inc.,
4300 West 62 St., Indianapolis, IN 46268. Soft
cover. 96 pages. $3.95.

eREE |lltintosh caraLoG and Fm DIRECTORY
Get all the newest and latest information on the
SEND TODAY!

new Mclntosh Solid State eqguipment in the
Mclntosh Laboratory Inc.

Mclintosh catalog. in addition you will receive an
FM station directory that covers all of North
America.

i e et

-
!

SRUMCIE SRR KRR N N 2 Chambers St., Dept. PT-1172 I

| Binghamton, N.Y. 13903 !

: NAME :

| ADDRESS — ]

FM/FM STEREO TUNER | |

MX 114 and STEREO PREAMPLIFIER LC'TY - S_TﬁTE — _Z_'_P__ ]
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[New Literature

SUPREME PUBLICATIONS MASTER INDEX

Just issned by Supreme Publications is their
Master Index covering all of the company’s exist-
ing monochrome and color TV receiver manuals
and radio receiver mmanuals back to the 1926-
1938 issue. The index is a great convenience in
looking up material in Supreme manuals. deter-
mining the year of manutacture of a model, or
comparing chassis and model numbers. Hints on
the use ol diagrams as a service aid are also
given. For a copy of the Index, seud 50¢ to:
Supreme Publications, 1760 Bulsamn Rd., High-
land Park, IL 60035.

CORNELL ELECTRONICS CATALOG

Cornell Electronics Co. has just published a 48-
page catalog which lists vacuum tubes, hi-f
equipment and systems, multitesters, etc. All
entries are fully described and are accompanied
by prices. In a separate 2-page section are listed
books devoted to troubleshooting and repair of,
radio and color and monochrome TV recivers,
appliance repair, and fundamentals of transistors.
Address: Cornell Electronics Co., 4217 Universi-
ty Ave,, San Diego, CA 92105.

ARCHER TRANSISTOR SUBSTITUTION GUIDE

The new Archer Transistor Substitution Guide
avaliable from Radio Shack lists 15,000 conuner-
cial transistor tvpes which can be directly re-
placed or substituted for by one of 29 Archer
transistors. Detailed specifications and electrical
characteristics for each of the 29 transistors are
given. The 96-page publication also contains use-
tul information on the care and handling of
transistors, details on testing, and important sug-
gestions on the use and replucement of transistors.
For a copyv of the Guide, send $1.00 to: Radio
Shack, 2617 W. Seventh St., Fort Worth, TX
76107.

SBE CB EQUIPMENT BROCHURE

Available from SBE is a fold-up brochure which
lists and describes the company’s Trinidad, Cata-
lina, Capri, Coronado, and Cascade II hase sta-
tion, mobile, and portable AN CB transceivers;
Console, Sidebander II, Superconsole SSB/AM
base station and mobile transceivers; and acces-
sories. Accessories listed include an SSB/AM
desk-type dynamic microphone, an ac power sup-
plv, a power supplv/charger, and a voice-
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operated relay (VOX). Address: SBE Linear
Svstems, Inc., 220 Airport Blvd., Watsonville,
CA 95076.

BIRD SHORT-FORM CATALOG

The new 4-page short-form catalog (No. SF-72)
lists all standard and a dozen new coaxial load
resistors, absorption wattmeters, r-f attenuators,
and coax switches stocked by Bird Electronic
Corp. Listed for the first time is the Model 4370
broadband, wide-range Thruline® r-f wattmeter
as well as transmitter monitor/alarms and panel-
mounted wattmeters. In addition to basic per-
formance specifications and prices, SF-72 also
describes custom-built accessories and the new
air-cooled r-f systems terminations without fans
or water inttoduced at the IEEE and NAB shows.
Address: Bird Electronic Corp., 30303 Aurora
Rd., Cleveland (Solon), OH 44139.

EIA CONSUMER ELECTRONICS ANNUAL

The 1972 “Consumer Electronics Annual,” de-
tailing facts and figures relating to the produc-
tion, distribution, and sales of the industry’s
products has just been published by the Con-
sumer Electronics Group of the Electronic In-
dustries Association. In addition to providing
factnal information on the industry for the past
vear, this compact hooklet describes the devel-
opment of the industry over its 52-yvear history.
Per-copy price is 50¢; quantity discounts avail-
able. Address: Consumer Electronics Group,
Electronic Industries Association, 2001 Eye St,,
N.W., Washington, DC 20006.

BLAKESLEY ELECTRONICS PC BROCHURE

A new service, providing one-of-a-kind and
short production runs of printed circuit boards
from your own etching guides, is described
in a four-page brochure from Blakesley Elec-
tronics. It also explains how, using artwork
supplied by the company, your positive etch-
ing guide layout is converted into a semi-
finished (undrilled) or finished ready-to-go
PC board. Address: Blakesley Electronics, Box
686, Svracuse, IN 46567.

NBS METRIC CONVERSION CHART

The National Bureau of Standards has pre-
pared a handy pocket metric converson card
which contains the minimum data needed for
converting from customary to metric units of
length, arca, volume, mass (weight), and tem-
perature. A centimeter scale is along one edge
of the plastic card, an inch scale along the
other. A direct readout scale for °C/°F is
also given. All numbers are stated to two-
place accuracy, sufficient for most needs. Cards
are available at 10¢ each ($6.25 per hundred)
as SD Cat. No. C13.10:365 from: Superin-
tendent of Documents, U.S. Government Print-
ing Oflice, Washington, DC 20402, or from
local U.S. Department of Commerce Field
Offices.

POPULAR ELECTRONICS Including Electronics Werld
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Surplus Scene/

~

By BAlexander W. Burawa, BAssociate Editor

A REALISTIC LOOK AT THE MAIL-ORDER BUSINESS

MANY readers doing business on the
Surplus Scene for the first time or on
very rare occasions have aired peeves in
the mail we receive. One of these is the
“unusually long” wait that seems to exist
between sending in an order and receiving
the ordered parts and/or equipment. An-
other is the dealers’ so-called habit of mak-
ing substitutions for parts ordered.

Let us deal with the lag situation first.
When one deals through the mails, it must
be expected that there will be a time lag
of two or more weeks between the time an
order is placed and the receipt of the
merchandise ordered. This time lag de-
pends on a number of factors. Bevond the
dealers’ control are the distance that sepa-
rates him from the customer, the manner
in which the filled order must be shipped,
and the class of mail the customer uses
when sending in his order. IFor smiall parts,
regnlar Parcel Post is most often used by
the dealer to ship out orders. For bulk
items like transmitters, modulators, and re-
ceivers, the dealer usually ships via express
or motor freight. The postal priorities for
delivery ure based on the class of mail used.
Express and motor freight companies have
similar priorities based on the tvpe of
handling specified.

There are some in-company lags with
which the customer must contend. Orders
are usuallv processed on a first-come-first-
served basis. Should vour order arrive at a
time when the dealer is deluged with orders,
it may take several days before it is proc-
essed. Too, if stocks of particular items
have been exhausted, the dealer might have
to place vour order in the back-order file.
All told, most reputable deulers make every
effort to make the time lag short.

NOVEMBER 1972

Many surplus dealers still have to guard
against deadbeats who send in checks with
their orders without having funds in the
bunk to back up their checks. If the dealer
ships merchandise before a check clears the
bank, he can be left holding the bag. So.
for any order involving about $25 or more,
give the dealer a break by figuring in the
time it will take for your check to clear
your bank. If you are in a real hurry to
obtain vour merchandise, pay for your
order with a postal or a bank money order,
both of which are as good as cash. Never
send cash.

And now for peeve number two. Be fore-
warned that most surplus parts dealers do
ship substitutes for items ordered that are
no longer in stock. This is especiallv true
of solid-state components like transistors,
diodes, and IC’s. In the great mujoritv of
cases, however, the substitute parts will e
identical or very similar in operating per-
formance to those you specifv. If you do
not want substitutes, so stale on your
order form; most dealers will comply with
vour wishes. The substitution policy, inci-
dentally, does not apply to equipment or-
ders. You either get the VIVM, transmitter,
oscilloscope, receiver, or tube tester you
order or your money is refunded.

Grab-bag specials on assorted parts can
put you way ahead. Bear in mind, however,
that these specials are primarily of use onlv
if vou are building up a spare parts inven-
torv to use in experimenting. The same
applies to those surplus PC board and card
assermnblies vou see offered. Do not rely on
a grab-bag special of assorted parts to vield
a specific part called for in a project; if vou
do, vou will likelv come out the loser. When
you need a specific part, order that part. ®
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ELECTRONICS MARKET PLACE

NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or indi-
viduals offering commerciai products or services, $1.50 per word
(including name and address). Minimum order $15.00. 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 set!, $1.00 per word (includ-
ing name and address.) No minimum! Payment must accompany
copy. DISPLAY CLASSIFIED: 1” by 1 column (2% wide), $185.00.
2" by 1 column, $370.00. 37 by 1 column, $555.00. Advertiser to
supply cuts. For frequency rates, please inquire.

GENERAL INFORMATION: First word in all ads set in bold caps at
no extra charge. All copy subject to publisher's approval. All
advertisers using Post Office Boxes in their addresses MUST
supply publisher with permanent address and telephone number
before ad can be run. Closing Date: 1st of the 2nd manth pre-
ceding cover date (for example, March issue closes January 1st

Send order and remittance to Hal Cymes. POPULAR ELECTRONICS
Inciuding ELECTRONICS WORLD, One Park Avenue, New Yark,
New York 10016.

FOR SALE

FREE! bargain catatog. Fiper optics, LED’s, transistors, diodes.
rectifiers. SCR's, triacs, parts. Poly Paks, Box 942, Lynnfield,
Mass. 01940.

GOVERNMENT Surpius Receivers. Transmitters, Snooperscopes,
Radios, Parts, Picture Catalog 25¢. Meshna, Nahant, Mass. 01908.

ROCKETS: tdeal for miniature transmitter tests. New illustrated
catalog. 25¢. Single and multistage kits, cones, engines, launch-
ers, trackers. rocket aerial cameras. technical information. Fast
service. Estes Industries, Dept. 18-C, Penrose, Colorado 81240.

LOWEST Prices Electronic Parts. Confidential Catatog Free.

KNAPP, 3174 8TH Ave. S.W., Largo, Fla. 33540.

ELECTRONIC PARTS, semiconductors, kits.iFREE FLYER. Large cat-
alog $1.00 deposit. BIGELOW ELECTRONICS, Bluffton, Ohio 45817.

GREGORY ELECTRONICS
Reconditioned & Used

FM 2.WAY RADIO SAVINGS

Partial List—Send for New Catalog

etecrme Voice Commander I

FULLY SOLID STATE FM N - -
Transmitter-Receiver | S
132 to 174 MHz I Ell——
=11

T WATT QUTPUT

Y2 MICRO-VOLT SENSITIVITY
Size: 9.5" x 5.3" x 1.7 A

'
a1 (L

_ T - ":ﬁ? |
High performance. completely self-con- 2

tained two-way FM radic. Compact. light-
weight, easily operated and hand-carried. |

Housed in high- $148- \s‘"i' : :r ‘

impact  2-section
case. All external
Lots of 5 N A il 4

hardware polished
stainless steel.

Proper charges | (ess 10% . $133.20 tincludes rechargeable
availahle sepa- Lots of 10 nickel cadmium bat-
rately. $15, each. | -01S O

te
less 15% ..$125.00 £, (Srystaly & tun-

PROGRESS LINE STRIPS
These s:rip.\ re physically compiete, but arc sold on an as-is
basis oniv

rower supply. 30 MA E13 MA E16 MA/E33 MA /E36 MA/E42
s Vibrator .. .%$20. L. %200 ... .., .. ..%20.

s uS25. & .. %525,

9 1] tubes
Note: MA E42
wide band . - .518. .. .%25. . ..%25. ...%30. . ..%12,
RX wide band

less ovens Soo- %18, 0 %518 . S18. . .$18. ...512.
14”7 Progress Line Case, consisting of front basket and front plate
with Jock ... ... ... B O F O W - - O s el B .$10.

Low band dual front end, 2 freq. RX strip $20.

GREGORY ELECTRONICS CORP.

249-F Re, 46, Saddle Brook, N.J.'07662
Phone; (201) 489:9000

CIRCLE NO. 15 ON READER SERVICE CARD
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WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machine,
Speakerphone, Carphone, Phonevision. Auto Dialer, Touch Button
Dialer, Central Dial System. TELEVISION: $35.00 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.

RADIO—T.V. Tubes—36¢ each. Send for free catalog. Cornell,
4213 University, San Diego, Calif. 92105.

CONVERT any television to sensitive, big-screen oscilioscope.
Only minor changes required. No electronic experience neces-
sary. |llustrated plans. $2.00. Relco-A33, Box 10563, Houston,
Texas 77018.

MECHANICAL, ELECTRONIC devices catalog I(E. G;eatést Valués
—Lowest Prices. Fertik's, 5249 “D'", Philadelphia, Pa. 19120.

SENCORE, B&K Test Equipment Unbelievable Prices. Free Catalog
and Price Sheet. Fordham Radio, 265 East 149th Street, Bronx,
N.Y. 10451.

ELECTRONIC lgnition. Various Types. Information 10¢. Anderson
Engineering, Ensom, N.H. 03239.

METERS—Surplus, new, used, panel or portable. Send for list.
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.

BUILD YOUR OWN SPACE-AGE TV CAMERA
& | ONLY KNOWN SOLID-STATE CAMERA KIT! |deot for exparimenters,
- hows, industry, efc. % High quality ® Bocked by over
* Guormteed

ifican; & Stepby step conshruction

ion peby s
Model XT-1A, Secies D camplete with vidicon $149.50

postpaid onywhere in USA & Canodo (less vidicon mbe $116.95pp)
PHONE or WRITE for CATALOG.
1AL 402-087-37T1
Mony other kits, ports ond plans evailable including sarter kits, focus-
deil. coils, vidicon wbes, const. plans, audio subcarrier kit, etc.

1301 BROADWAY ATV Research  oaomn oy, nisk. 68731

ELECTRbNIC COMPONENTS—Distributor prices, Free catalog. Box
2581, EI Cajon, Californla 92021.

ANTIGRAVITY, experiment and theory, Rushed--$2.00. U.S. In-
quiries. Intertech 7A2, 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,

BURGLAR Alarm Systems equipment, dealers and private. Write:
United Security, Box 2428, Dublin, Calif. 94566,

POPULAR ELECTRONICS Ingludina Electronics World
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GET ''Music Only”’ FM Programs. SCA Adaptor fits any FM tuner
or receiver. Free list of stations with order. Kit $14.50 (with
Squelch $19.50) Wired and Tested $25.00 (with Squelch $29.95).
All plus postage and insurance. Thousands Sold. SWTPC, Box
E32040, San Antonio, Tex. 78284.

FREE Catalog. Parts, circuit boards for Popular Electronics proj-
ects. PAIA Electronics, Box C14359, Oklahoma City, OK 73114.

FREE Kit Catalog: Shortproof powersupply $39.50. Ultrasonic
Alarm $37.25. SWTPC, Box B32040, San Antonio, Tex. 78284,

FIRE & BURGLAR ALARMS
1972 Handbook & Catalog

Save Hundreds
of Dollars

Learn the cost of Professional Alarm
Equipment. Know how it is installed.
Discover how you can save Hundreds-
Of-Dollars by installing your own sys-
tem. See the latest in technology such ©
as LASER BEAMS., INFRARED BODY
HEAT DETECTORS and ELECTRONIC
SIRENS. 1972 ""Handbook & Catalog'',
84 pages. fust $1.00 postage and handling. $1.00 is credited
to first order. )

ALARM COMPONENT DISTRIBUTORS

33 New Haven Ave., Dept. P.E., Milford, Conn. 06460

FREE Kit Catatog: Color Organs $11.00. Psychedelic Strobes
$17.50. Professional quality-lowest prices. SWTPC, Box F32040,
San Antonio, Tex. 78284.

TEST EQUIPMENT, Aerospace-laboratory Grade. Request your
needs; will mail appropriate catalogs (we have 24 catalog cate-
gories). Only for Engineers, Businesses, Schools and advanced
Technicians. Goodheart, Box 1220PE, Beverly Hills, Calif. 90213.

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 !gnition
—Burglar Alarm—Sound Meter . . . over 60 items. Send 25¢ coin
(no stamps) for complete cataiog. Technical Writers Group, Box
5594, State College Station, Raleigh, N.C. 27607.
SURPLUS electronics for everyone. Free catalog. U.S.
ETCO, 464 McGill, Montreal, Canada.

inquiries.

WRITE for our free 32 page catalog. It lists resistors (14 differ-
ent types, in kits and singly), 1542 tube types, 3024 different
transistor types, many transistor kits, rectifiers in kits and
singly, condensers of various types, tools, wire, antennae, phono-
graph cartridges and needles, speakers, CRT boosters, controls,
switches, T.V. tuners, yokes, fly-backs, etc. Hytron Hugson,
Dept. PE, 2201 Bergenline Ave., Union City, N. ). 07087.
ELECTROENCEPHALDPHDNE brainwave momtor Professmnal bi-
ofeedback instruments. J&J, 8102-E, Bainbridge, Wash. 98110

DIGITAL and analog computer modules. LED numeric display
kits. FREE LITERATURE. Scientific Measurements, 2945 Central,
Wilmette, 1llinois 60091.

ELECTRONIC ORGAN KITS, KEYBOARDS for music synthesizers
and organs. Every component for organ circuitry. 25¢ for
catalog. Devtronix Organ Products, Dept. C, 5872 Amapoia Drive,
San Jose, Calif. 95129.

LATEST snooping countermeasures: Manual $10.00. Negeye, Box
1036X, Anderson, Indiana 46015.

WE SELL CONSTRUCTION PLANS-—gold
recovery unit—infra-red scope—x-ray fluoroscope—alternator
adapter—200 watt inverter-—electronic insect trap—burglar
alarm system—chemical formulary (home products}—electro-
plater—plans $5.00——plus many more!—ask for FREE catalog—
creative products, 1551 east loop 820, Dept. E-1172, fort worth,
texas 76112.

recovery unit'—sifver
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Electronics Goodies

The unexpected in high quality and low price.
Check KITS on which you want more info:
[J variabte Alternating [ High-Low Lamp Dimmer
Lamp Flasher KC16 $3.25 KC7 .48
] Pre-Wired Radio Chassis ] Semi- ConductorKcT:ste;

Pius Parts to Build Tele-
phone AMP, 2-Way Inter- [ Lamp FlasherKC5 $2.35

com, More . KRA1 $4.88 Pre-Wired Noise/Dis-
{J Electronic Coin-Tosser furbance Vibration Detector
8 $3.25 2K7 .48
[JLamp Dlmmer with [ Precision Time-Interval
miriac) & . 5 s KC68 $2.95  Kit with IC ..KC70 $3.25
[] Electronic Organ Basic [] Light Activated Relay
......... A $3.35 KC26 $3.85
[:j Vibration Alarn'2K7 .48 [ Light Achvaied %CR Re-
lay ..i.a.. .. KC51 $4.05
Variable Controls ] Electranic Metronome
C48 $3.99 KC2 $2.65
[7] Warning eren D Tone Generatnr Probe
KC62 $2.65 {{ p————— KC37A $2.45
[ Electric Tlmer [] Sound (Nonse) Squirter
KC31 $3.25 €37 $1.98
1 Code Practlce Oscullator [C] Reed Swﬂch with Relay
0 $1.75 KC57 $2.85
[C] Rectifier Tester for P}V O Automoblle Alarm
KC63 $1.25 v G h4A $1.50
Nixie Hi-Voitage slmply ariable Flasher
o KC13 $1.9 9 $3.25
[0 Retaxation Osciltator [T Diode 5w1tch
KC58 99¢ C64 $1.35

CORTLANDT ELECTRONICS, INC.
16 Hudson St., New York, N.Y. 10013
[] Send me KITS information checked above.

[ Send literature on your line of top quality 1Cs, Tran-

‘ Triacs, Diodes, Capacitors, Resistors, etc.
Money Back Guaranteed.

‘ Name _

Address

sistors,

2
| |
[ |
[ |
[ |
i
l
n
[ |
[ |
[ |
[ |
[ (] Electronic Organ with
|
[ |
[ |
[ |
[ |
[ |
[ |
[ |
[ |
[ |
l
l
l

City _State Zip
\L-------------------

CIRCLE NO. 7 ON READER SERVICE CARD

RESISTORS: Carbon Composition brand new. All standard values
stocked. 2 Watt 10% 50/$1.00; Y2 Watt 10% 40/$1.00. 10
resistors per value please. Minimum order $5.00. Postpaid. PACE

ELECTRONIC PRODUCTS, Box 161-P, Ontario Center, New York
14520.
DIAGRAMS—TV Radio, etc. $2.00. Techservas, Box 1167,

Berketey, Ca. 94701.

CB Radios in quanmy direct from Japan at frachon of U.S.
prices. Send $2.00 for information on 30 Japanese companies.
K. Englert, 1263 Warner Ave., Los Angeles, Caiif. 90024.

BRAINWAVE FEEDBACK—$25, fully assembled, sensitive, selec-
tive, easy to use. inner Space Electronics, Box 308, Berkeley,
Ca 94701.

IN PIANO humidity control system. Safe. fully automatic. Stops
expensive piano problems. Hughes Electronics, Box 6487,
Asheville, N. C. 28806.

AUTON for CHRISTMAS! New Principle lgnition AUTON ONE $5.00,
AUTON TWO $11.00, AUTON THREE $17.50. Postpaid, Guarantee,
\nformation: Price Autonics, Box 1581B, National City, California
92050.

AUTOMGBILE BURGLAR SYSTEM with system connected even HOT-
WIRING will not start motor, $7.95 complete. Deluxe-Horn blows
when ignition is on or HOT-WIRED $12.95. VANSONS MFG. &
SALES, 10175 Breidt, Tujunga, Calif. 91042

ELECTRONIC CDi ignitions, VHF/UHF monitors. Wholesale. South-
land, Box 3591, Baytown, Texas 77520.

MICROPHONES, miniature, sensitive, dynamic, used in hearing
aids. Weigh less than one gram. $5.00 postpaid. Rudy Stanowski,
Box 2528, La Puente, Calif. 91746.

FREE! Unique comno-ent catalog, world’s smallest SCR’s, LED’s,
ThermocOuples, parts. Chaney, Box 15431, Lakewood, Colorado
80215.

ne
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INTEGRATED CIRCUIT
COMPUTER BOARDS

‘-&?' [
e 4

Modern boards, containing from 15 to 19
Fairchild TTL ICs.plus other parts.Catalog
value of ICs on each board over $40.00

STOCK NO.F9407 2.75 ea. 2 diff,
boards 5.00, 3 diff. boards 7.00.

VOICE / SOUND OPERATED RELAY
Complete ready to operate PC assembly, in-
cludes solid state components and microph-
one.ldeal for alarms, door openers etc.
Circuit diagram and application data.

STOCK NO.F5054 1.25 ea. 6/7.00
COMPUTER GRADE CAPACITORS (BRAND NEW)
40,000 mfd. 10 volts 1.25 ea. 6/7.00 Stk. No. F2026
70.000 mfd, 10 voits 1.75 ea. 6/9.00 Stk. No. F2118

6000 mfd. 55 volts 1.50 ea. 7/9.00 Stk, No. F2117
3,750 mfd. 75 volts 1.75 ea. 6/9.00 Stk. No. F2116

Many other items—send for new 48 page catalog
All merchandise guaranteed. Please include
postage. Excess will be refunded.

A ETALCTRINGS €0,

617-388-4705

CIRCLE NO. 8 ON READER SERVICE CARD

FREE diodes with free catalog. BDJ Electronics, 11 Revere,
Tappan, New York 10983.

"HOW to Make Printed Circuit Boards" Booklet plus complete
catalog. Send $1.50 postage and handling. DEVELOPMENT DESIGN
TECHNOLOGY, Dept. PE, 5901 N. Cicero Ave., Chicago, Ill. 60646.

COPPER CLAD, P.C. Board Material. Assorted Sizes and Grades.
$15.00 value. 2 pounds only $3.85 including postage. DEVELOP-
MENT DESIGN TECHNOLOGY, Dept. PE, 5901 N. Cicero Ave.,
Chicago, Iil. 60646.

XENON Strobelight Flashtubes FT 106 50W $2.50, 2/$4, 10,316,
100/$125. Plans 50¢. Mindlight, POB 2846PE, Van Nuys, California
91404,

DIGITAL 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.
Limited—Clock plans included with Course! Free literature.
DYNASIGN, Box 60A4, Wayland, Mass. 01778.

CONVERT any alternator in car or truck to 110 volts at 3,000
watts. Complete kit $19.95 postpaid. For Deico, Ford Chrysler
alternators. CPA RADIO, 2115 Norris Canyon Road, San Ramon,
CA 94583.

BURGLAR-FIRE alarm supplies and information. Free catalog.
‘Protecto Alarm Sales, Box 357-G, Birch Run, Michigan 48415.

SWL's FREE antenna info, catalog of insulators, wire, coax,
balun. Palomar Engineers, Box 455, Escondido, Calif. 92025.

DIAGRAMS—Radios $1.50, Television $3.00. Give make and
model. Diagram Service, Box 1151PE, Manchester, Conn. 06042.

FREE catalog of electronic bargain parts. Send to: Kness

Electronics, 3236 N. Elston, Chicago, 1Il. 60618.

ELECTRONIC IGNITION: Boosts Voltage. Only $19.95. Box 2002,
Huntington Beach, Calif. 92647.

120
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CAPACITIVE DISCHARGE IGNITION IS HERE
TO STAY ITS THE BEST!

Our CAPTRON compares
feature by feature with
all others. Don't
buy a high priced i
limited production unit
when our mass produced design sells for i
only $29.95ppd. Completely assembled. J

Order Today! from — GENERAL ANALOG
12 volt negative | 3014F S. HALLADAY ST. Dept C
ground onlv. SANTA ANA, CALIF.

Your money back within

30 days if not satistied.
ALPHA/THETA feedback instruments—$25. Sensitive circuit of
$70 unit. Uttimate ease of use. Inner Space Electronics, Box
308PE, Berkeley, CA 94701.

PRINTED CIRCUITS IN 24 HOURS—from magazine page, magic
marker layout, etc. Etch & trim $3. Up. BECO, Box 686, Salem,
VA 24153.

92705

A NEW INSTRUMENT TO USE WITH YOUR SCOPE

MULTITRACER

Use with your preseni Osciltoscope 1o Irace Resistors,
Capacitors, Transformers, Diodes. Transistors, Zeners. Tri-
gistars, most Semiconductors. IC’s. etc. @ Also shaws con-
Unuity. in-circuit and go/no-go checks. ® Complele with
diagrams and instructions. No internal scope cannections.
® For medivm or smail production runs or for hobbyist,

experimenter, engineer. or ham
ONLY $19.95 -CHECK OR MONEY ORDER
WHY PAY MORE?
BOX 14, LESCO ELECTRONICS, SKOKIE, ILL. 60076

. $3.00.7Missile Tracker . . .
$3.00. Cataiog 25¢. ESP Experimenters Kit . . . $3.00. Howard,
P.0. Box 35271, Detroit, Michigan 48235.

SCOPES, Counters, Meters, Bridges, Precision Instrumentation
Components. Industrial and Government Surplus. G-R, Tektroniy,
H-P, Weston and others. Many “‘one of a kind" specials. Send
name and address for free ‘‘Bargain Bulletins’' to. Lawrence
Instruments, P.0. Box 744, Sunbury, Pa. 17801.

SUPREME twenty different radio-television volumes. $50 value,
only $19.95, postpaid. Supreme Publications, 1760 Balsam,
Highland Park, Itlinois 60035.

PLANS AND KITS
FREE Kit Catalog: Why does every major College, University,
Technical 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.

FREE Kit Catalog: Amazing new Universal Digital Instruments
with plugins as featured in Popular Electronics. Unbeatable
prices. SWTPC, Box D32040, San Antonio, Tex. 78284.

ANTIGKAVITY DEVICE. Brochure rushed free. AGD, Box 3062-2D,
Bartiesville, Okiahoma 74003.

TRIGGERED Sweep conversion kits—EICO 460, Heath 10-102.
Details—HW Electronics, RR#2, Bloomfield, Ontario, Canada.
U.S. Inquiries.

LOUDSPEAKER cabinet—Attractive, quality design. 25Hx20Wx10D.
Easily, economically built. lllustrated plans $2.00. Christian, Box
19220, Indianapolis, ind. 46219.

AM CAR RADIO BOOSTER. FET Tuned RF amplifier for car radios
or any AM radio. 30 DB gain. Plans $3.00, Kit $18.00, Wired
$29.95. Free literature. Check or M.0. R.R. Faulkner, Box 26,
Redondo Beach, Calif. 90277.

FREE Kit Catalog: Digital Microlab $29.95. Also Segmented and
Nixie Readouts, Timebases, Scaler, Electronic Digital Clocks (all
featured in Popular Electronics) SWTPC, Box C32040, San
Antonio. Tex. 78284.

UNI[lUEiianditrusual proj(H pla_ns,- sendisl.oo airm;ailed super
hobby catalog. Design Systems, Box 386, Endicott, New York
13760.

PLANS: P_rofitable eﬁct_ronic devices. fiterature free. Barta-PEG,
Box 248, Walnut Creek, California 94596.

WANTED

QUICKSILVER, Platinum, Silver, Gold, Ores Analyzed. Free Circu-
lar. Mercury Terminal, Norwood, Mass. 02062,

CONSTRUCTION PLANS: Laser . .

POPULAR ELECTRONICS Including Electronics World
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QUICK CASH . . . for Electronic Tubes, Semi-Conductors, Equip-
ment (Receivers, Transmitters, Scopes, Vacuum Variables etc.)
send Lists now! Write: Barry Electronics, 512 Broadway, New

York, NY 10012. (212) 825-7000.

SPEAKER, Barker Duode. Write: Robert Perkins, Annvinal Road,

Scituate, Mass. 02060.

HIGH FIDELITY

An overload in wattage
of amplifier output ac-
tivates circuit breaker
and prevents damage.
Reset circuit breaker
ond make sure you use
correct values of
Speaker Guard.

18 DIFFERENT VALUES

- MANUFACTURED 8Y

WORKMAN

" ASK FOR CAT. 7 "d45C

Suhe. ;1 1Pw TECRMOL XY 1M
BOX 1828 SARASOTA fuLa 13574

PRODUCTS. INC

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.

STERED Components at lowest prices. Send for free cakalog.

Carston, Box 1094-A, Danbury, Conn. 06810,

FREE Kit Catalog. Amplifiers: Lil Tiger $11.10, Unversal Tiger
$30.00. Preamp $44.50 (Featured in Popular Electronics) Mixer-6

Input $13.75. SWTPC, Box A32040, San Antonio, Tex. 78284

McGEE RADIO COMPANY
World’s Best Selection of Speakers
Almost Every Size From 1% to 18"

WOOFERS — TWEETERS — CROSSOVERS
MANY HIGH FIDELITY KITS.
McGee's Speaker Catalcg
Sent Free Upon Request

NORELCO HI-F{ SPEAKERS

An Added Full Line of Norelco Hi-Fi Speakers
For The System Builder
McGEE RADIO COMPANY,
1901 McGee Street PE,
Kansas City, Missouri 64108

ELECTRICAL SUPPLIES
AND EQUIPMENT

PLATING Equipment, Portable Platers, Supplies and “Know-
How.” Build your own tanks for nickel, chrome, etc. Easy-to-
install PVC liners. Rectifier components—all sizes. Schematics,
parts lists, formulas, operating instructions for all plating.
Guaranteed to save you 25%-75%. Some good units for sale.
Write for details. Platers Service Company, 1511-PE Esperanza,
Los Angeies. Calif. 90023,
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PHILCO 11.TRANSISTOR

AM RADIO CHASSIS

Originally design for portabie phono
systems, and tape cassottes]
. Use as:
@® Covers 555 Kes to ® Mike amplifier
1500 Kcs Brosdcast band ® Phono amplifier
® AC or DC ® Tape amplifier
One ot the most versatile AM Radio and multi-purpose
fu] amplifiers we have seen at Poly Paks famous *Economy™
price. Measures only 412" x 3" x 27 high. With tuning
°“|y capacitor, IF circuilry, loopstick, ant., volume control
with switch, AC and phono-mike jacks. Separate switch

for changing from AM radio to amplifier. Uses either
$s 110V plug-in adapter (Aot with unit) and a 9-volt

buttery power. Exceptional sensifivity and power. Feeds

into 16 ohm speaker. Complete with spec sheets, dia
grams. and hookip ideas.

B s < <t ast A NS akeaa adaiuhpkaahghet gk yxghshgiy

¥ « t 8 TRANSISTOR Gonly

, AMPLIFIER CHASSIS ,95

)rh;;{fﬂ" section of the chassis.

l\ Ty A i/e 47 x 2" high.
et B etrtrivteirretrlrteteteletririrtrtarie i rinain
$1.98 MAGIC ‘SOUND TR|GGER”

Unique Seientific Deviee, “hand elap N
i i ds onl )
ce. Use with phe

Same except minus the radio

i

tal mike amphtier, triggers SCR.
"se s burglar alarm, intrusion di

A
.‘;",o\ el trigRers ays, LED®
¥

3

s, Eve
may he used. With hand booklet.

“ GENERAL ELECTRIC
3.WATT AUDIO AMP

Delivers 3. watis contiuous. 10 watts peah, With

heat sinks; micra-nuni size: 2l x¥e". 9 to 30V sup-

ly. High sensitivity, to 16 ohms. For mono and }

tereo phonos, tape, FM, AM, TV, servo. 3 FOR $6.00 2 95
- BRAND NEW LOWEST PRICES $ -

DIGITALS-2SH KT

Smaller more compact 87 ¥ 5% x 3" case.

Wainut laminnted tapered front eihnet, with
gold-line fromt. Tapered tegs for easy viewing. Largs
Only G.E 7-segment flucrescent “hlue-green”™ polaroid

glow for the latest easy-viewing. FEATURES: & display
{ubes, completely etched and thru plated circuit board,
L J

M1 IC's. Includes BCD cutputs for use with timer

options, may he wired for 12 or 21 hour display.
WITH  Indicates HOURS, MINUTES, SECONDS. 115 VAC 66
CASE cy. Gift packed. Wt, 3 lbs Buy 3 — Take 10%

slew rate op-amp
532 Micro power 731 T0-5
533 Micro power 709 .

536 FET iaput op amp . .

537 Precision 741 T0-5

540 7O0W pwr driver amp

550 Preclsion 723 voltaBe reg.
555 Timer 2 uSeconds to 1-hour
558 Dual 741 (mini DIP) ... .. ..

0
)
0l
L]
0O
]
J
a o
[] 565  Phase lock loops (&) ... .. . 3.25
(] 566 Function generator (mini DIP). 3.25
[] 567 Tone decoder immi OIP). .. .. 3.25
(] 595 Four quandrant multiplier .. . 3.10
(] 702C  Hi-gala, DC amp, TO-S . .2 for 1.00
[] 703C RF.IF, amp, 14 ckts, TO-5 .. 1.00
[] 709C Operational amp (A) .39
[) 710C Differential amp (A) . .. .39
(A) TO-b (] 711C  Duat diff. comp (A) .39
or DIP dual (] 723C Voltage regulator (A) .95
in line puk [ 741C  Frequency compensator 709 .41
% 747C  Dual 7a1C, 1'0.5(A i 1.25
748C  Frea. adi. 741C (A) .44
oY Meeirs O 709-709  Dual 709C (DIP) . 1’00
@ FACTORY [} 739-739 Dual stereo preamp 1.98
GUARANTEED % 741.741 Dual 741C (mial PIP) . .. 1.00

749-749 Dual channel amp . 1.98

o oy G Poly Paks Will Never Be Undersold!
Factory Guarantesd! :-COWEST PRICES ON TTL

g
Trpe Sl S  Buy 3 — Take 10% Discount

$N7300 $.21 )

SN7401 .21 mmicks On Pricing, Dellve

sN7002 .21 | Buy 100 y! We're “'The Only IC Ad

$N7403 21 [Take 207 ONEY BACK GUARANTE

SN7a08 .27 s

SNT740S 27

SN7306 .45 SN7443 1.21|[] SN7481 1.10 SN7a150 1.25
SN7407 .45 SN7444 1.21 SN7362 BB SN74153 113
SN7408 .29 |[] SM7a45 1.50 SN7483 1.25 SN74153 1.25
SN7409 .29 SN7446 1.40 SN7486 .49 SN74154 1.95
sN7410 .21 SN7147 1.10 SN?7489  3.50 SN74155 1.39
SN7411 25 SN7448 1.25 SN7490 69 SN74156 1.39
SN7313 .50 SN7450 .21 SN7491 1.10 SN73157 1.25
SN7a16 a8 SN74a51 -21 S$M7492 71 SN74158 1.48
SN7a17 a8 SN7aS3 .21 SN7493 71 SN73160 1.79
sN7a20 .21 sN7asa .21 SN?7494 1.10 SN74161 1.79
sN7421 .28 SN7460 .21 SN7495 .95 SN74162 1.79
sN7426 .32 SN7470 .39 SN7496_ 1.10 SN74163 1.79
SN7330 .21 SN7472 .32 [[] SN74107 .39 SN74180 1.10
SN7437 .50 SN7473  .aa [} SN74121 .49 SN74181 4.50
£N7438  .S1 SN7a74 39| [ SN74122 .67 5N74182 1.10
SN7 40 21 SN7475 W71 SN74123 .99 $N743192 1.75
SN7441 1.00 SN7476 .44 SN74131 1.a5 5N7a193 1.75
Sn7342 1.12) [-SN7480 .65’ (] SN7414S 1.2s | [] SN74195 1,19

Best Terms: add postage, cod's 25 %. Rated: net 30 -
Values Bhone Orders: Wakefield, Mass, (617) 245-3829
Jor Retail: 211 Albion St., Wakefield, Mass.

C.0.D.’S MAY BE PHONED IN

P.0. BOX 942 E
Lynnfield, Mass, 01940

CIRCLE NO. 26 ON READER SERVICE CARD
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MAGNETS

MAGNETS. All types. Specials—20 disc magnets, or 2 stick mag-
nets, or 10 small bar magnets, or 8 assorted magnets, $1.00.
gﬂaré':liand Magnet Company, Box 192H Randallstown, Maryland
1133.

TUBES

RADIO & T.V. Tubes—36¢ each. Send for free Catalog. Cornell,
4213 University, San Diego, Calif. 92105.

ELECTRONIC TUBES, Semiconductors, Equipment, Telephones,
Public Address. Intercoms, CB, Walkie.Talkies, etc. Quality Mer-
chandise Only! Serving Engineers, Purchasing Agents. TV Hi-Fi
Servicemen and Hams for 28 years. Domestic and Exoort. Write
for Catalog or call (212) 925-7000. BARRY ELECTRONICS, 512
Broadway, New York, N, Y. 10012.

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS. Al 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¢ for giant catalog. Refunded first oraer.
United Radio Company, 56-P Ferry Street, Newark, N.J. 07105.

TUBES "“Qidies'”, latest. Lists free. Steinmetz, 7519 Maplewood,
Hammond, indiana 46324.

TUBES receiving, factory boxed, fow prices, free price list.
Transieteronic, Inc., 1306 40th Street, Brooklyn, N.Y. 112184,
Telephone: 212-633.2800.

TAPE AND RECORDERS

STERED TAPE RENTAL for particular people. Free catalog. Gold
ng;tz Tape Library, Box 2262, Palm Village Station, Hialeah, fla.
3 ]

OLD Radio Programs on cassettes or reels. High quality, low
Prices, thousands to choose from, professional equipment,
cataéog 50¢. Remember Radio Inc., Box 2513, Norman, Okla.
73069.

RENT 4-Track open reel tapes—all major labels—3,000 different
—free brochure. Stereo-Parti, 55 St. James Drive, Santa Rosa,
Ca. 95401.

MEM(_JREX recording tape, audio & video lowest prices, write for
free mfolrmation. Bergetz Systems Co., Box 1181, Melrose Park
lil. 60161,

8-TR. Blank Cartridges $1.25 80 minute, Scotch Tape. Atlas
Efectronics, PO Box 522, Dept. B, Biackwood, N.J. 08012.
SOUNDTRACK Record Albums from Fitms, Original, Rare, Free
List. Whalon, 2321-M Hill, Redondo Beach, Calif. 90278.
1930-1962 Radio Programs on tape. Huge Catalog! Sample Re-
cordings! $1.00, Refundable!! AM Treasures, Box 192F, Babylon,
N.Y. 11702.

SCOTCH MAGNETIC TAPE (USED)
#150, 1 mil polyester, 3600 ft. on 10V in.
fiberglass reels, used once, $1.99; 1800 ft.,
7 in. reels, 99¢—guaranteed to perform as
g00d as new or money refunded. (Bulk, no
box). Used 10%2 in. fiberglass reels (small
hole) 50¢. New hinged boxes: 10%% in., 39¢,
7 in., 9¢ (All plus postage by weight & one)

SAXITONE TAPE SALES - .

1776 Columbia Rd., N.W. Washington, D.C. 20009

INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home all makes includ-
ing transistor. Experimental kit—trouble-shooting. Accredited
NHSC, Free Booklet. NILES BRYANT SCHOOL, 3631 Stockton,
Dept. A, Sacramento, Calif. 95820.

LEARN WHILE ASLEEP, Hypnotize! Strange catalog free. Auto-
suggestion, Box 24-ZD, Olympia, Washington 98501.

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,

LOGIC trainers catalogs 50¢. UTI, POB 252, Wwaldwick, N.J,
07463.

EARN Colleze Degrees at home. Many Subjects. Florida State
Christian College, Post Office Box 1674, Fort Lauderdale, Fla.
33302,

HIGHLY effective college-level home study programs in Electronics
tngineering and Engineering Mathematics. (Our 27th Year). Free
Literature. Cook’s Institute, Dept. 15, Box 10634, Jackson, Miss.
39209.

NEGATIVES FOR ETCHED CIRCUITS from this magazine or your
4x5 drawing $1.00. C&F, 302 So. 12th, Newark, N.J). 07103.

AVIATION ELECTRONICS TECHNICIAN—Prepare for exciting
career in new field of ““Avionics’’. Train at nation’s largest aero-
nautical school. Indicate if eligible for G.l. Benefits. Spartan
Airschool, International Airport, MM, Tulsa, Okiahoma 74151.

HIGH SCHOOL DIPLOMA for adults. Earn State Diploma. Accepted
by Civil Service, business, colleges. Low cost. No tedious study.
Money-back guarantee. Details: H-S Program, Suite 2504, 1221
Avenue of Americas, New York, N.Y. 10020.

ON THE AIR announcer training at R.E.l. features individual
realistic preparation for your Radio/TV career. R.E.1.'s engineer-
ing course features intensive training for the FCC First Phone!
Compiete either course in just five (5) weeks! Call 1-800-237-2251
toll free for brochure. Write: R.E.l., 1336 Main Street, Sarasota,
Flarida 33577.

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,

EXAM [~
F.C.C. MANUAL i

The Original Test-Answers exam manual
that prepares you at home for FCC First
and Second class licenses. Includes Up-
Dated multiple choice tests and key
Schematic disgrams. PLUS - "Self-Study,

Ability Test." -- ONLY: $9.95 Postpaid

COMMAND PRODUCTIONS P.O. BOX 26348-P
RADID_ENCINEERING DiNSIIN S AN FRANCISCO, CALIF. 94126

LEARN TAPE RECORDING FROM STUDIO ENGINEERS. Free Litera-
ture. Write: NNA, Box 721F, Rye, New York 10580.

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.

REPAIRS AND SERVICES

ENTREPRENEURS—Learn to start, build your own manufacturing
business professionally. New correspondence course guarantees
to teach you. Write for free catalog: NIMS, PE12, 8121 Zimple,
New Orieans, Louisiana 70118.

N with new 21 lesson, 450 page
course. Qver 600 FCC-type mul-

RS f ) tiple-choice questions included.
Starts with basic electricity. No
ECUNLU A previous experience required.
A q Commercial Radio Operator The-

‘ J ory Course, Cat. #15-01.

AMECO pUBLISHING  only $5.95
314-P Hillside Ave., Williston Park, N. Y. 11596
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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 deaier
brochure. JW Electronics, Box 51C, Bloomington, Indiana 47401.

PC BOARDS or negatives made from your artwork. HPG, Box 381,
Madison, Alabama 35758.

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
cents. PARKS, 7544 23rd Ave., N.E., Seattle, wWash. 98115.

PERSONALS

MAKE FRIENDS WORLDWIDE through international correspon-
dence. lilustrated brochure free. Hermes, Berlin 11, Germany.

MAKE friends for travel, matrimony, fishing, etc. Send age and
$1 for bulletin “‘Introductions.”” Amity, P.0. Box 2471, Detroit,
Michigan 48231.

BUGGED??? . . . Electronic Detector locates hidden transmitters.
Literature 25¢. Security Devices, Box 671, Westwood, New Jersey
07675.

RECORD telephone conversations privately—automatically. Leave
recorder unattended. Robert’s, Box 49PE, Parkridge, lllinois
60068.

INVENTIONS WANTED

INVENTIONS wanted. Patented: unpatented. Global Marketing
Service, 2420-P 77th, Oakland, Calif. 94605.

INVENTORS! Don't se!l your invention, patented or unpatented,
until you receive our offer. Eagle Development Company, Dept.
9, 79 wall Street, N.Y., N.Y. 10005.

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, 422T Washington Building,
Washington, D.C. 20005.

FREE PAMPHLET: "‘Tips on Safeguarding Your Invention.” Write:
United States Inventors Service Company, 708-T Carry Building,
Washington, D.C. 20005.

BOOKS

FREE catalog aviation/electronic/space books. Aero Publishers,
329PE Aviation Road, Fallbrook, California 92028.
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FREE book prophet Elijah coming before Christ. wonderful bibje
evigence. Megiddo Mission, Dept. 64, 481 Thurston Rd., Roches-
ter, N.Y. 14619.

GOVERNMENT SURPLUS

GOVERNMENT Surpius. How and Where to Buy in Your Area. Send
$1.00. Surplus Information, Headquarters Blde., Box 30177-PE,
Washington, D.C. 20014.

ELECTRONIC Equipment and Parts. Big 36 page Free Catalog.
Send for your copy today' Fair Radio Sales, Box 1105-P, Lima,
Ohio 45802.

JEEPS Typically from $53.90 . Trucks from $78.40 . . .
Boats, Typewriters, Knives, Airplanes, Clothing, Multimeters,
Oscilloscopes, Transceivers, Photographic, Electronics Equip-
ment. Wide-variety, condition. 100,000 Bid Bargains direct
from government nationwide. Complete sales directory and
surplus categories catalog $1.00 (Deductible on orders from
separate inciuded catalog). Surplus Service, Box 820-), Holland,
Michigan 49423,

GOVERNMENT SURPLUS. Complete sales directory $1.00. Surplus
Publications, Box 260627, Los Angeles, Calif. 90026.

MANUALS for gov't surplus radios, test sets, scopes, teletype.
List 25¢. Books, 4905 Roanne Drive, Washington, D.C. 20021.

BUSINESS OPPORTUNITIES

| 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 Mailbox! Your opportunity to do what

mail-order experts do. Free details. Associates, Box 136-), Ho!-
land, Michigan 49423,

START small, highly profitable electronic production in your
basement. Investment, knowledge unnecessary. Postcard brings
facts. Barta-PEB, Box 248, Walnut Creek, California 94597,

FREE CATALOGS. Repair air conditioning, refrizeration. Tools, sup-
plies, full instructions. Doolin, 2016 Canton, Datlas, Texas 75201.

MAILORDER MILLIONAIRE helps beginners make $500 weekly.
Free report reveals secret plan! Executive (1K11), 333 North
Michigan, Chicago 60601,

FREE BOOK ‘999 Successful, Little-Known Businesses.” Work
nome! Plymouth BGL, Brooklyn, New York 11218.

MAKE $1.00 per sale sefling engraved metal Social Security
plates. FREE SALES KIT. Engravaplates, Box 10460-200,
Jacksonville, Florida 32207.

400,000 BARGAINS Below Wholesale! Many free! Liquidations
- .. Closeouts . . . Job lots . . . Single Samples. Free details.
Bargainhunters Opportunities, Box 730-), Holland, Michigan
49423,

EARN by placing permanent identification on TV Pictare Tubes
with wonder metal alloy marking ‘““Lead.” Free Details. Cibolabs,
Box 1228, Grants, New Mexico 87020.

FREE SECRET BOOK “20427Unique, Proven Enterprises.” Beat
inflation with fabulous, successful “‘Littie Knowns.”” Work home!
Haylings-B3, Carlsbad, Calif. 92008.

TV-Tuner Rebuilding Franchise Available. No experience but good
Electronics background necessary. Investment required $6,000—
$10,000 offer open for U.S. and Canada. For free information
write: Mr. Leone, 4306 Imperial St., Burnaby 1, B.C., Canada.

EARN $2,000 monthly!! Easy new business selling mailorder
secrets! Hamilton, Box 349-PE2, Flushing, New York 11355.

PIANO TUNING learned auickly at home. Tremendous field! Musi-
cal knowledge unnecessary. Gl Approved. Information Free.
Empire School, Box 327, Miami, Florida 33145.
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50 MEGAHERTZ LOW COST COUNTER

Mere 11 a new item,
leatured because of
numerous tustomer
suggestions.
We have taken the
basic power supply,
chassis and  cover
from our clock kit,
and by substituting
2 new front panel
ang printed circuit
board, have made a
lowest cost frequency counter. The unbelievable low cost 1s due t0
our use of our large stock of unused surplus nixies, the new 74196
50 MMz decade counter, and the commonality of parts with our
other kits. Readout is to six decades, time base 15 1 second. 0.1
seconds, or external. Design is modutar, for ease of construction,
compactness, snd expandability.
(350 MM six digit counter, using line frequency »s time base,
compiete except for cover $97.50

) Optionat crystal controlled time base plug in conversion $23.50
10 Cover. blue or black anodized . . . ... . S 450

BUILD YOUR OWN ELECTRONIC CALCULATOR
OR ONLY $108.00!

A complete calculator kit
complete with self con-
tained power supply and
case Indispensible i _the
home. ottfice or school. Sim
ple enough for a chid to
build. Some of the features
of the calculator are 3 fol.
tows

© MOS Integrated orcurts
lextra large scole integra
won) reduce the number of
components 10 a mimimum,
for easy assembly s Ors
plays eight digits on large
size seven segment dis
plays. o Full function com-
plerment keyboard features
addition, subtraction, multi-
phication. division, alternate
display, multiphcation by a
constant, clear all, ciear entry. ana decimai poINt set. ® Sixteen
digit entry and sixteen digit resutts are possible with alternate
display key. » Leading zeroes supbressed  Chain operation & Al
integrated Circurts and displays are socket mounted and feplace
able.

Sa reliable and simple to build, we can make this guaraniee If for
any reaton you cannot succeed in gettng your calculator to
tunction properly after completing construction. for 3 flat
handling fee of $10.00, B and F will repaic and ship back Your
calculator anywherg 1n the USA. This applies regardiess of the age
of the assembler. barring gross negiigence o the use of acid core
sotder in construction.

DIGITAL CLOCK KIT WITH NIXIE DISPLAY

We have well 0ver
20.000 surptus
nixies in stock.

purchase we can
selt: 3 complete
digitat clock kit
for tess than the
usual cost of the
display  tubes
only. We provide
2 complets etched and thru-plated circuit board, all integrated
citcuits, complete power supply. display tubes, 1.C. sockets and a
nice front panel with polaroid visor. We have never seen anyone
offer ths kit for less than $100.00 betore. tnciudes BCD outputs
tor ute 33 with Tumer 0pUON. May be wired 101 12 or 24 hour
display. Indicates hours, minuter. seconds,
1 Clock Kit, compiete less outside cover $57 50
O Aluminum biue or black anodized cover (specityl $ 450
O SHRINK TUBING SPECIAL. Assortmer of 200 preces of
shrink tubing. diameters 1/8" to 1/2°, length 1/2” 10 2" . $1.25
Price .. . . " . " $1.25

KEYBOARDS

Three keyboards are
available; 20 key cal-
culator keyboard, 40
key alphanumeric, .

and 12 key touch
tone. Alt have sep-
arate contacts carried
out to edge connec:
tor.

LIGHT EMITTING DIODE NUMERIC DISPL Y

This display s excellent for small
portable electronics, such as
DVM's, calculators, etc. Equivalent
1o Montsanto MAN 3A. Operates
from § volts, 20 muliamperes, with
47 ohm dropping resistor.
$3.25 Each
10 For §27.50
O Complte counter kit, 7490,
7475 latch 7447, printed circuit
board, fed readout 5950

O Touch Tone Keyboard . § 9.50
O Calcutator Keyboard . $14.50
O Alphanumeric Keyboard $29.00

LATEST HARD-TO-GET SEMICONDUCTORS
O MUS 4988 silicon uni-lateral switch, Usetul for vot-
tage sensitive switch, sweep generators, etc. . . $1.00
O MIS AB4 PNP high current Darlington transistor.
Super-high gain in smail package. . . . . . . 2/$1.00

O MPS A14, same as above, NPN. 2/$1.00

THIS MONTHS FEATURE ITEM

POCKET CALCULATOR KIT
] This is the kit you have been wait-

ing for. So compact it actually fits
in a shirt pocket (3-13/16 x 4-5/8
» 1:1/4). 1t perlorms every function
you would expecl in a desk caicula-
tor, including constant and chain
operation, and full floating decimal.
The unit is powered by selt con-
tained batteries, and uses B digit
LED displays. The calcufations are
performed by a single 40 pin inte-
e grated circuit, which can truly be

calied Jarge scale integration (LSI).
As a student, engineer, salesman, accountant, of anyons
who would like fast accurate answers, this calculator

AIRCRAFT/AUTO/BOAT QUARTZ
CRYSTAL CHRONOMETER

fitls the bill, and at a price thal makes
this the lowest price high quality calculator availabte.

0 Pocket Calcutator Kit $75 00
RECHARGEABLE BATTER Y/CHARGER KIT

This option allows the throw away alkiline battery to be
replaced with a nicad battery, and includes a charger to
recharge this battery. The unit may be run during the
recharge cycle

1 Battery /Charger Kit

$17.50
1,0GIC AND OPERATIONAL AMP SUPPLIES

O Figure A, potted 10gi¢ supply, 5 Voits at 1 Ampere.
short circuit proot, uitra high regulation, uitra low ripple

$16.00
O Figure A, potred Op Amp supply, +15 Voits, and 156
Volts a1 0.5 Amperes. Mfg. by Analog Devices, similiar
10 their model 902. Short circuit proof, ultra high per-
formance $29.00
O Figure B, § Voh 1Amp supply, regulated by Fairchitd

9305, short circuit protected. 5975
O Same as above. in kit torm $7.75
01 Mating connector for above $1.00

0 5 Voit 5 Amp regutated supply, by Biulyne, {not
shown). N S e = .. $29.00

LIGHT EMITTING DIODES &~

Montsanto MV 50 or equivalent LED's. Now fess expen-
sive than tilamentary bulbs. At this price wire them into
logic circuils as stars indicators, build low cOst counters
or use them as panel iites. Rated at 10 - 40 Ma @2V,

0 10 LED's $300
3 100 LED's $25.00
1000 LED's $200.00

LOVDSPEAKER SYSTEM COMPONENT
SPECIAL!

We have made an excel-

tent purchase of an excess

inventory of a focal man-

utacturers speaker systems
sithough we aren’t aliowed
10 mention the manufac:

turers name, the specs

should make it selt ew-

dent. The wooter isa 127
free-edge (acoustic suspen-
sion) unit, with 2" voice

coit and a 2 1b. magnet.

The mid-ange Is a 5 unit
and the tweeter is of the dome type, for best high fre.

quency dispersion. Crossover between wooter and mud-
range is by an R.L-C network., while high frequency
crossover is by an.R-C network. Balance controls are

provided for both mid-range and tweeter. Plans for 3
surtable enclosure are provided.

7 Speaker System . $29.00 ea./2 for $55.00

CALCULATOR
CHIP SPECIAL

B and F has purchased a quantity of MO S large scale
integration chips for ealculators.” We are not allowed
to mention the manufacturers name. however, the
specs should make them self-evident.
Set "X . Four 24 pin LC’s, BCD output. 16 digit,
fived automatic decimal point. pom%vh' nn‘mm
Single 40 pin, T segment output, 12 digit,
fixed antomatic decrmal. no constant P 5 SIS%O
Set “Z" . Single 40 pin LC., 7 segment outpul.
8 digit. (loating point, ronstant (19?50

LINEAR DEVICES, OP AMPS, REGULATORS

© 709 High performance Op-Amp. . .
2 711 Dual Comparator e
0 723 Regulator . . .

0 741 Compensated Op-Amp.
© 558 Dual 741 ... ..
O LM309 5 Volt 1 amp Regulator,

Revolutionary!, was the reaction of our customers
when they saw our latest kit. Measuring only 272
x 2-1/27x 4", and accurate to 10 seconds a month.
this chronemeter promises 10 eulirely replace mech-
anical elocks in cars, boats and airplanes.

Fits into a standard 2-1/
The displays are bright L.E.D. displays that should
last a lifetime. Selling conlrols are recessed and op-
erate from a pointed object such as a pencil point or
paper clip, in order to keep non-anthorized hands off.
The clock should only hase to be rrsel at very great
intenals. or in the evenl af power foss {i.e., replacing
battery in car). The clock is wired so that the liming
circuils are alw ning. but the displays are only
lit wheu the 151- tion is un. resulting in negligable
puwer drain. The low price is ouly possible becavse
of & new one chip MOS clock circuit, developed for
quartz erystal wristwalches.

Operates form 1011 Volts D.C. An acvessory unit
which mounts un the back adapls the unit 10 20-28
Volis for iwin engine aircrafl and larges boals using
24 Voli ignition. v how disgusted you are with
the usual car clock? Order this fine unit now for ral-
lying, sporls evenls, navigation, or just to have a fine
chronometer that will give you a lifetime of superbly
accurate 1tme.

o Quartz Chronometer. Kit Form $59.50
o Quartz Chronometer, Wired $99.50
O 24 Volt Adapter $10.00

hghting circmits, welding controls,
g ng

HIGI POWER SCR’s
ete. Never before at this low price.
Brand new packaged devi

a‘ SCR's - invaluable for high power
¢
{' .
tete with data sheet and

applications, motor specd conlrols
consumer applications manual.

0 2N5062 Plastic 100V 1 amp .35

0 2N5064 Plastic 200V | amp AQ
02N4169 100V/8 amp stud 1.45
0 2N4170 200%/8 amp stud 1.65
02N$172 400V/8 amp stud 1.95
0 2N3525 400V/3 amp press fit a5
Q2N1772/CI5A  100V/8 amp stud 1.75
02N1774/CI5B  200V/8 amp stud 1.95
02N1777/C15D  400V/8 amp stud 2.50
D2INIBAS/C20A  100V/12amp stud 175
03IN1846/C20B  200V/12 amp stud 1.95
0 2N5169 200V/20 amp stud 37

02N5170 500V/20 amp stud 4.5
02N5171 700V/20 amp stud 6.75
02N3896/C30A  100V/25 amp stud 295
©2N3897/C30B  200V/25 amp stud 3.95
©02N3899/C30E  500V/25 amp stud 495

SANKEN HIGH POWER, HIGH PERFORM-
ANCE HYBRID YOLTAGE REGULATORS

These hybrid regulators are easy to
usac, requiring no external compon-
ents.  Excellent for operational
amplifier supplies, logic supplies
and other high performance app-
hications. Al regulators have less
than 50 millivolts ripple and better
than 1% line and load regulation.
some models far exceeding this
specification.

o SI13120E 12 Volts, 1 Ampere . $2.25
o St3130E 13 Voits, | Ampere . $2.25
O St3240F 24 Volts, | Ampere . $2.25
@ SI3050E 5 Volts, L Ampere $2.25
0 SI3554M 3 Volts, 3 Amperes . $7

ALL ITEMS WHERE WEIGHT NOT SPECIFIED

POSTAGE PAID IN THE U. S. A.
Phone in charges to (617) 531-5774 or (617) 5322323,
BankAmericard — Mastercharge. $10.00 minimum. No.
CO.D.'s please.

B

$10.00 i
UERCIENEITY Minimum  BANKAMERICARD
e | Charge

B.& F. ENTERPRISES
Phone (617) $32.2323
P.0. Box 44, Hathorne, Massachusetts 01937
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LEDS TRANSISTOR SPECIALS | TEST EQUIPMENT speciaLs
FivIfl00 VISl Mo s s .65 | 2N3584 NPN Si T0-66 35w 250v 2A 10MHz100Hfe $1.50 | (Used in good condition)
N e dee s .65 | ZN96S  PNP GE TO-18 .1Sw 7V _1a .300 40 /$1.00 | TEKTRONIX SaSA with ca
2N160S NPN GE TO-5 .15W 24V .1A 14MHz125 5 's1.00 | Plug-in $800.00
MRD 14B Photo darlingtons .S STABILINE 15 KVA
2NS324 PNP GE TO-3  60W 250V 10a 20 3s $1.50 $5-185V reguimbor . | Mo, b6
VARIABLE CAPACITANCE 2N2360 PNP GE TO-33 .06W 20V .0SA 980 32 S-S0 | LOWER DESIGN 3240, 3.32v
DIODES 2ZN101SDNPN Si  TO-82 150w 200V 7.SA .02S 10 $1.45 | at 4A power supplies $95,00
, - | i 7 1 $1.45 | POWER DESIGN 1210. 1-12V at
(Similar to 1N3463A) used to | 2N2015 NPN Si TO0-36 1SOW SOV 10A .012 26
tune VHF. color Tv. & Em | 2ZN3724 NPN Si To-s .8W 30V 1.A 250 60 3 $1.00 10A power supplies  $95.00
pembuhal dasw S .95 | 2N3772 NPN Si  TO-3 130W 60V 30A .2 30 $1.25 [ Pumont 304a scopes $95.00
2N6109° PNP 5i T0-220 36W 40OV  4A .8 60 soc | T"“":"L";‘”S‘“ CALNUA 7
7400 .25 7475 .80 2N5296" NPN S TO-ZZIO 36w 40V 4A 8 Gq — ;5‘ HP 521C counter $125
;:g; :; ;:;g lgg Match pair nua_h pull amplitier HP 400D voiltmeter 95,
7404 28 7481 1,25 | REGULATED POWER FULL WAVE BRIDGES | Ballantine 314 voltmeter s95
7410 .25 7483 1.25 SUPPLIES MODEL sEQOf 5E992—_ _PN_V 2A | 6A
7413 .75 | 7486 .57 | Output voltage  (VDC) =135 +15 200 20 | 1.20 DECADE COUNTER KIT
7420 25 | 7490 .79 | oOutput Current (Ma)  so 100 400 | 1.10 | 1.40 | Consisting of;
7430 25 | 7492 80 Line (105-125 VAC) $18.95 $26.95 600 | 1.25 | 1.60 | I—Nixie tube & socket (8754)
7440 .25 | 7493 75 - ~ - ;—;:92
7441 1.30 | 7495 76, NE 565 PHASE LOCK Silicon power Rectifiers el $475
7447 1.15| 748107 .85 LOOPS i $3.50 " e
7450 .25 | 7a121 .55 C PRV 1A 3A  12a SO& RO 1 o 5
P . mP 4 s
7480 25 | 7z 183 MINIATURE TRIM POTS p0__o6 06 850 "2‘5 741 OPER. AMP. ‘s 50
g el 2 120 | 500 omm, 10k, 20K. 25k. 2 1o el | Ealaaruss buap ‘s .95
1473 2y 50K s .78 400 .09 .20 45 150 | a0 00 <1 19
| or 3 for $2.00 600 .11 .30 .70 1.30 | 723 Regulator $ .75
) 14 Pin Dip Socket .3/$1.00 800 .15 .40 85 2.30 | TVR-2002 high
7 segment S5v. 8 MA. (6 pin 16 Pin. Dip Socket $.60 ea. 1000 .20 .55 1.10 2.75 Power 723 $1.00
DIP readout. 250.000 hrs. life. TR0, & CuS| IXIE TUGE
time $3.25. Silicon Control Rectifiers oy 3
PRV 14 104 15a 20a% . Similar to Raytheon 8650
100 a0 70 1.00 1.20 PRV  6a 10a 20a 704 feng-life tubes, with
TANTULUM CAPACITORS - : ) o socket & data sheet 52.25
200 .70 110 150 160 | 190 .30 a5 1.00 350
4.7 MFO AT 20v 5 $1.00 200 .50 .75 1.25 6.50
300 .90 1.35 1.90 2.00 Terms: FOB Cambridge. Mass
10 MFO AT 20v 1.0 [ e T e s 300 .60 .90 1.50 A k e b
4.7 0 A ] - - E L end check or Money rder. In-
oA oA T‘r"x)g?/v ; 30 | 500 1.50 2.00 320 280 A0 22 MELON 3775, 19550 || ¥oiiaal pastapel tAveraae il bop
MFO A .75 1 500 .80 1.25 2.00 package 14 Ib. No C.0.0.'s
f 600 90 1.40 2.25 11.00
A 'rlsasswunés ; 50 = - Minimum Order $3.00
a 2N3 N Channel FET's. . .a5 INa886 POWER VARIACTORS i
Silicon Transistor $1.00 | 013T PROG. UJT's ...... .78 $4.95 PRtegicomeLnigsl3 o dayeTie:

Send $ .20 for our Fall catalog featuring Transistors and Rectifiers: 325 Elm St

SoLip §1

Post Office Box 74A

Somerville, Mass. 02143

Cambridge, mass.

ATE S ALES

Tel. (617) 547-4005

CIRCLE NO. 30 ON READER SERVICE CARD

HYPNOTISM

*'MALE-FEMALE Hypnotism’ Exposed, Explalned! **Secret Method"
-—They Never Know! $2, Rushed. Guaranteed! Isabella Hall, Sil-
ver Springs, Florida 32688.

SLEEP learning. Hypnotic method. 929% effective. Details free.
ASR Foundation, Box 7566EG, Fort Lauderdale, Florida 33304.

FREE Hypnotism. Self-Hypnosis. Sleep Learning Catalog! Drawer
H400, Ruidoso, New Mexico 88345.

PRINTING

PRINTED Envelopes. Samples, Price List. Anderson Envelope
Co., P. 0. Box 606A, Anderson, Indiana 46015.

ADORESS LABELS, gummed, padded, gift boxed, $1.00. Gifthouse,
102%; East Henry St., Elmira, N.Y. 14904,

EMPLOYMENT INFORMATION

EXCITING Overseas jobs. Directory $1.00. Research Associates
Box 889-E, Belmont, California 94002.

ELECTRONICS/AVIONICS Employment Opportunities. Report on
jobs now open. FREE details. Aviation Employment Intormation
Service, Dept. EW, Box 240, Northport, N.Y. 11768

YOUR Classified or Display Classified Ad in these columns will be
seen, read and regularly responded to by America's largest
audience comprising Electronics Professionals and Hobbyists.
Cost is low, results high. Send copy and payment now!

126

ELECTRONIC TECHNICIANS. How to Earn $15,000—$20,000 yearly.
Not Field Service—Not Overseas—Wwork in U.S.A. Details $3.00.
W.L.D. Contract Engineering, 8450 Anthony Wayne Ave., Cin-
cinnati, Ohio 45216.

TREASURE FINDERS

FISHER DETECTORS. You deserve the best. Free literature, FRI,
Dept. PE-11, P.O. Box 490, Belmont, CA 94002.

TREASURE Hunters! Prospectors' Rockhounds! Hobbyists! Find
gold, silver, relics with world famous Detectron Metal Detectors.
Free information. Delivery immediate. Detectron, Dept. 11-PE,
Box 243, San Gabriel, Calif. 91778.

TRANSISTORIZED detectors—$19.95 to $79.95. Famlly fun and
fortune. Catalog write: Treasureprobe PE 27, Tennent, N.J.
07763

FREE—Valuable Treasure Finder catalog sent by return mai
Find Coins. Rings, Gold, Silver, Metals, Relics. Write today.
JETCO, Dept. CPE, Box 26669, El Paso, Texas 79926

TREASURE FINOER 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 GROWING 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, Sliver, 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, Indlana
46514—or White's Electronics Ltd., 33784 Hazel Street, Abbots-
ford, British Columbia, Canada.

POPULAR ELECTRONICS Including Electronics World

WWW akhrerieaniadiahictary com
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SPORTS ACTION FILMS

& TERRIFIC BARGAIN—8mm Pro Sports Films for Instant Replay.
72 NBA; NHL Record Breakers; NFL Football Follies—just out!
8 or Super 8, $13.95 cotor; $6.95 B&W delivered. Free Gift Cata-
log. SPORTLITE, Elect. Dept., 20 North wacker Drive, Chicago, L
60606.

REAL ESTATE

FREE . . . 280-page FALL CATALOG! Describes and pictures hun-
dreds of farms, ranches, town and country homes, husinesses
oast to coast! Specify type property and location preferred.
UNITED FARM AGENCY, 612-EP West 47th St., Kansas City, Mo.
64112,

MUSICAL INSTRUMENTS

30% DISCOUNT name brand musical instruments. Free Catalog.
Freeport Music, 455N, Route 110, Melville, N.Y. 11746.

WHOLESALE! Professional Guitars, PA Systems. Altec Speakers,
240W RMS Amplifiers. Free Catalog. Carvin, Escondido, Calif.
62028.

PLASTICS

CASTOLITE pours fike water, hardens fike glass without heat.
Crystal clear, colors. Embed natural flowers, photos, coins, any-
thing; in paperweights. keytags, desksets; for gifts, profits. Make
flexible molds of your own designs over any pattern, any size.
Cast reproductions in Castolite, candlewat, plaster, cement.
Manual 25¢. CASTOLITE, 72M,PE, Woodstock, HI. 60098.

MISCELLANEOUS

WINEMAkERS: Free illustrated catalog yeasts, equipment. Sem-
plex, Box 12276P, Minneapolis, Minn. 55412.

Guide to Earning

EXTRA INCOME

A ZIFF-DAVIS PUBLICATION  Packed with fresh ideas, expert
advice and valuable details on

o money-making ideas — full and
EXTRE TRicome part-time — for both men and
women. Provides in depth cover-
age in many important areas of

income opportunities . . . mail
order — tranchising — vending
machines — direct selling —

house parties — plus many
special features on seasonal
business opportunities and
money-saving ideas. 1972 Oct./
Nov. issue now available.Only 75c.

Order from the Ziff.Davis Service Division, 595 Broadway, New York,
New York 10012, Enclose an additional 25¢ for postage and handling.

YOUR LOW COST Classified or Display Classified Ad in these col-
umns will be seen, read and responded to regularly by America’s
largest audience of Electronics Professionals and Hobbyists.
For $1.50 per word (minimum $15.00) your Classified ad will
produce sales results far in excess of the small amount you'll
spend on advertising. If your product or service deserves more
prominent exposure to this audience. then Display Classified is
for you . . . and it's available in units of 17, 2" or 3” by one
column at rates of $185.00, $370.00 or $555.00 per insertion
(even less if you sign up for a 6 or 12-time contract. For im-
mediate action send copy and payment NOW to: Hal Cymes
Classified Advertising Manager, POPULAR ELECTRONICS in-
cluding ELECTRONICS WORLD, One Park Avenue, New York New
York 10016.

JOVEMBER 1972

POPULAR ELECTRONICS

Including Electronics World

NOVEMBER 1972

READER
SERVICE NO. ADVERTISER PAGE NO.
2 B& K Division, Dynascan Corporation ................ 73
1 B. & F. Enterprises .............. ... SR L 0D
Bell & Howell Schogls ... .......... Cote. Hi 12s 13
4[BO5E P . S . e f TP T YT T e TT: - LT
5 Cleveland tnstitute of Electromies ........ .74, 75. 76. 77
6 Cook's Institute of Electronics Engineering b o .. 91
7 Cortlandt Etectronics Inc ........... B coono—o=sor V09
CREL, A Division of the McGraw-Hill Continning
Education Company ..................c.o: 38. 39. 40, 41
8 Delta Electronics Co .. o PPN 0D s Lo 120
9 Delta Produets. Inc ........... PP A PP 4T ]
10 Dixie Hi-Fi Wholesalers ....... B g e g - R+ = 17
11 Edmund Scientific Co ...............c.. e Co.o.... 128
41 EICO ..........

12 Electro-Voice. Inc
13 Fluke . R T emomsr - et ¥
40 Grantham School of Engineering . gl L AL 7

14 Greenlee Tool Co ... ... T LT owe o e . 87
15 Gregory Electronics Corp . EE— 5 ... 118
16 Heath Company e PETTA i I b T 56, 57. 58. 59
17 Lafayette Radio Electronics .. Lo.o.1290 130
18 Lee Electronics Labs.. Ine ... ... ... .. - cacog s 87
20 Magitran Comnany. The F A Y 1]
19 Mclntosh Laboratory fne ... e R b5

21 MITS Micro Instrumentation & Telemetry

Systems. Ine T & FIEIEE) 3 g e e e g t5
National Radio Institute ... . SECOND COVER, I. 2.3
National Technical Schools J—— L.....92, 93, 94, 95

22 Ofson Electronies ... ..... .. ... . . oo e 27
24 Pace Communications ........... e evaeamne .. B3
25 Pickering & Co.. Inc. . I G P R g ke < 103
26 Poly Paks ............... oo % X B TS e 121
23 PTS Electronics. tne e R 108
27 Radio Shack SETTYY. - . X T ea R e e 4D
29 RCA Institutes. Inc. g 1+ g T 8 L1819, 200 21
28 Sams & Co., Inc.. Howard W ...... I S |
3 Shure Brothers Ine. [P .. _FOURTH COVER
30 Solid State Sales ........ e Do a7 e ol 1126
31 Solid State Systems. Inc .......... ..o oo .123

32 Senar Radio Corp
34 Tah Books s o
33 TDK Electronies Corp ... .. 3 e T 85

35 Tri-Star Corporation ........... . e o a9

U.S. Army L el . el LT .22, 23
36 United Audio .. .. 2o . i . 28
37 Utah Electronics .. .......... T .. 109
38 Wine-Art ... J oo St |
39 Xcelite. Inc 2o RTINS S - - 1go

CLASSIFIED ADVERTISING
018, 118, 120. 121, 122, 124, 126. 127

127
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DRLD OF TOMORRG DDA PRODUCTS ATERIA DEAS

\
UNIQUE HARD-TO D BAR \ OR FU DY OR PR(Q

SPECIAL VISUAL EFFECTS PROJECTOR SET ASTRONOMICAL TElESCOPE Kl'l'S

Dazzling, v «nlc-galde visual effects. Sri you - irror .
Fantastic variety, Ineredihly beautiful. &'I""u s h(::‘”(omﬂ],'nr: ,f,?z. 53}1‘31'3'1}
’9""" ”a“kage offer contains il nec- pyrex i blank, tool. abrasives, di-
' (s'l‘;““‘ "‘“ll‘"" ex- aonal mirror. ina evepiece lenses. In-
Jursts of cg or like struments vou  build range in value
{rhely hyomatic trom 8750 to hundxed< of dollars.
rystal Starburst's. Fea- Stock No. 70.003
'Lmnn 300 W, fan cooled pro- 4147 dia, x 34" 10.75 Ppd
coroduces hig image at  short Stock No. 70 00‘4‘AV Isto. P
Accepts two 9 diam. whoels 6” dia. x 17 $16.95 ppd
eidoscope & Hexidoscope) 2 Stock No. 30 005Ay i pd.
cvlindrical accessories 17 Colored Cloud 8" dia. x Aen 50 Ppd.
57 Hexidoseope w/six internal mir. Stock No, 70.086ay °24:50 Pp
t hot hy, € Tots ot Sl Perfect for entertaining, 107 dia, % 3900 430 bs.534.50 FoB A
barties rap amplete ir
ln: c;SN‘x)) 7;)&” l’ !l Lll.‘ structions, i $79.95 ppd. Stock No. 70 0o7a 245" dia. x 2,/8,, .. .46 Ibs.$72.50 FOB
m m
FISH” WITH A MAGNET 3” ASTRONOMICAL YEI.ESCOPE
¥ treasure hunting on the hottom! See moon shots. orbits, stars. phases
Scinating fun & sometimes profitable! of Venus. planets ¢lose up, 60 te 180
Tie a line to our Slp-ih. \l.wnol- -drop p0\\(~ ‘luminized. overcoated 37.diam,
it overhourd in bay. river, lake T ocean. 0 b mary mirror,  ventilated cell.

I'roll it along bottom—your uea:umd"
haul cun be outboard “motor
other metal valunbles. 5

I mount with locks on both

wnchors. evepiece and mounted Bar.

ens. tinder telescope. huribwond
1S war surplus—Alnico vV Type— . lupod R 'Star Ch'u"t ' ‘How to
oSt 30, lifts over 150 ths, on land— Use Your Telescop
much greater werghts under water, Stock No. 85.050 AV .%$32.95 ppd.
DELUNE '}" TEL E.\CO}"E
No. 70.571AV. +5172 Ibs. . . $14.00 Ppd. N'°°'§5N‘l’b§£v 62 l .. .$59.50 ppd.
BE No, .215AV . 1%/5 Ibs.. . .$5.7 a. 0. , .l 47.. . $96.50 FOB
= o Qe V2 oD [ No. 85 086AV 6~ .$23950 FoB
Stock No. 70.570AV .34 Ibs. (40 Ibs.}. .. . S8, 75 de
Stock No. 85.152AV . 153/3 (bs, (350 Ibs.) .. s33.95 F BOXED “LIGHT SHOW”—SAVE $18t
Tervitie price roduetion brings you a T ——.
$8.95 ELECTRONIC STROBE falutlous Lumia Light Box under $121
Hand-sized solid state electronie strobe Creites everchanging out-of-. world cnl-
light at fantastically low price. Pro- ored forms & patter
: ; duces brient psyehedelic effects like laxing as o plownr fireplac T
larger,  far more expensive Xenon merge,  turn (l,mce in spcllhmdmz
Strobes, vet it's just 28, X g X 134" so0othing he: Dramatic conversation
- thick. Adjustable fash rate. approxi- plu('e for livingroom, rec-room. cen,
mately 3-10 Blushes per second. Make bedroom. hookshelf. waiting room. F
ad Stop motion cifects. nosters come alive, pecially  effective umul w‘\ll mcluxu
Great to take with vou 16 parties oup. F 5 He 111 8Q. 77 dp.
danees. outing. ete, Requires 2 Oy 8 case, q\.,og 10“ rpm
Uanﬂsm, hmt (nnt inel.). Instructions. motor. 110- 1°0v AC.
Sto: No. 43AV .$8.95 Ppd. Stock No. 71,180AV . $11.95 Ppd.
4 REPLACEMENT I.IiMFS
S 21 ad4a - 1:90 Fod- NEW! ELECTRONIC DIGITAL COMPUTER KITI
NEW ELECTRONIC CALCUI.AYOR—$99 50 Solve problems. play predict
Terrifie  American-made value w/big weather v 1 Aethal worki
machine  eapabitities. Add. subtracl of Liant . I('(.lr‘()n)(‘ brains, Amazing new
multiply, divide. do ml\etl caleulations fun way to tearn all ahout compiiter
—silent’ answers in m ovomls 8 programming | . logice, deeimal. bi-
digit «-nnv & readout \v 14.digit cap. nary svstenms. Laws of Sets -even o
AU, py se to the dvmmal Also fea- your own p 10-'1.lmnun" after completing
tures h\e(l decimal. constant key un- Simplified 1165 page instructive hooklet,
derflow. zero suppression. minus signal ¥ S p by.stey: embly  din-
for true eredit halance, error correction, rany breuit~ casily char . Readout
keyboard roll over memory. Solid state: from |llv|mnmu-d control pan e, 2
modular constr.. only 3.1b. Year guar. ‘It batt, (nat inel Hest madel we've
.mme (normal use). secn—{or home, choo) m(ln:t!
oAV Stock No. 71.434 . (ll”XlZl‘z"
61/7)(9)(2” Hi) ... .%$99.50 Ppd.
PHOTOCELL RELAY SYSTEM BUY! AMAZING NEW Wankel Engine KIT
AVAILABLE AGAIN! SURPLUS PRICED! Thrill 1o the fun of building your own

Ssee-throu momnzed modcl of reve
~10 ~ IVpe engine. rights
aM nucmn\ paid § mil-
eneinge  experts think

Sell contalned unit adapted easily to
operate burplar almms:  people, ear,
conveyor package counter: annunei-

rarage door opene warning nomically modifiable to meet new Pl
sms, assemblyline  controls. tion standurds. Replnces p g[{)n cvlm—
hilt for expensive copying ma- der. erank assemblies ith tin
chines. Incls cadmium sulphide photo- dines \*w(!- n> removed for ﬁ”"(, (ham-
rell. single-pole double-throw rehv. hers). ©r than conventional: fows
s“u‘xm reclxﬂor. CHPACIIOT,  resist parts. carer relmmlu. .mu- “nee
Gy lape Tow 125y socket. Uses wless horsepower. Foa ing plugs,
Tioe AC hoial cased (115 1BgXB n hell. stick- ~!nn NIRRT
1L »(M Ins Re 21 5V hatt, inot inel
Stock No. 60.662AV ... . $6.95 Ppd. No. 71.424AV (4157x5 " x8m $6.75 Ppd

519 Puve Jankel ‘Engine Nook
Stock No. 9.4 .$15.25 Ppd

MAII— COUPON FOR GIANY WEATHER BALLOONS

‘*Balls of fun’' for kids. tralfic stoppers
for stores. terrifie for amateur meteo-
o rologists. Create u neighbarhood sensa-
P, t

on Great ank_\'anl fun Excitin
beach attraction. "Amateir  meteoralo.
HISts use to measure cloud heights.
wind speed aml (emp. Made of heavy-
inty neoprene.  Inflate  with  vacuum
cleaner or auto air hose: or locally
avaliable )\c")lilun for shl;!h |)|~e.
. 60,56BAV y
Stock No. E6BAV ( o1

No. 60,632AV (16’ snxe)
SteskIho: { $7.00 Ppd.

BLACK-LIGHT BARGAIN PACK

Tt’s two lamps in one! Versatile fixture
works with \ 8" black-livht ov fluo-
ost pku  includes
both with slim, ﬂal \‘hnu baked-enamel
metal case ] 8y 167, Light up
POSters. dmpl. iy magieal blick-
light decor! Use 10!‘ ceiling, shelves.
counters, ecabinets. Has modern plastie
diffuser (fluor. use only), built-in 110v
outlet for accessories or other lamps,
push-button switeh, side & back mount-
ing holes, Instrs. incl.

Stock No. P-71,720AV. . .$12.95 Ppd.

s

s o B
vt s\‘-

164 PAGES « MORE THAN
4000 UNUSUAL BARGAINS!

Completely new Catalog. Packed with huge
selection of telescopes, microscopes, hinocu-
lars, magnels marrmﬁe:s prisms, photo com-
and Unigue Lighting items,
ssories—many hard- to-wet sur-

ns. 100’s of charts, illusirations
-0y )10[7[7V|~ln experimenters, scnools, mdustry.

EDMUND SCIENTIFIC CO.

I

|

I 300 Edscorp Building, Barrington, N.J. 08007
| Piease rush Free Giant Catalog “AV"
|

|

!

Name
Address
City. _State Zip

EDMUND 300 EDSCORP BLDOG.
SCIENTIFIC CO. ZE.. BARRINGTON, NEW JERSEY 08007

CIRCLE NO. 11 ON READER SERVICE CARD
Printed in U.S.A.
128 CIRCLE NO. 17 ON READER SERVICE CARD ———>»
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Mail the Card Today!

1973

CATALO6 730

it THE LITEST I

WANNEL
4 cg(lio

Name
Address
City
State
Zip

CATALOG 730

HE LATEST N

ALLT

HANNEL
4 CETERED

The World's Largest
Consumer Electronics Catalog

Featuring Everything In Electronics for:

« HCME - INDUSTRY « LABORATORY
All From One Source—All From One Catalog! ‘9]3

« Stereo Hi-Fi « The Latest in 4-Channel Stereo U‘“"m;";’:?
o CB Equipment » Ham Gear « Test Equipment 'y

.+ Tools « PA & Intercom Systems « TV « Radios
« Musical Instruments « Cameras * Auto Acces- ~ [RRRESeeE
sories * Tape Recorders ¢ Tubes, Books, Parts
« and Much More!

" Mail This Card Today for a Friend ’

| EEALL

ANNEL
4 03“ EREQ

STORE LOCATIONS

NEW YORK PEMNSYLVANIA GEORGIA
NEW JERSEY MARYLAND INDIANA

Name

CONNECTICUT 0HIO VIRGINIA
MASSACHUSETTS ILLINQIS MISSOURI Address
City
LAFAYETTE RADIO ELECTRONICS
P.0.Box 10 State

Syosset, L.I., N.Y. 11791

____________ ‘ Zip

l—Please Send the FREE CATALOG 730

Name

| Address

iy Chata
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1973 |

CATALOG 730 [

ALL THE LATEST iN

0L x08 "0'd

SJINOY 12373 oOlavy
AL13AVAVT

CHANNEL
STEREO

L6ZL1 "A'N “I'T ‘13SSOAS

o Stereo Hi-Fi - CB Equipment « Test Equipment «
Musical Instruments - Ham Gear « PA Systems o
ameras ¢ Auto Accessories « Tools « Books « Parts
and Much More! '

REVOLUTIONARY NEW

Etectronic Miracle
of the Space Age

L6ZLL "A'N “I'T “13SSOAS
0L X098 0d

SOINOY 10373 oiavy
AL13IAVAVT

Do A Friend A Favor . ..
Have a friend interested in hi-fi or electron-
ics? Send us his name and address and we
will send him his own personal copy of the
1973 Lafayette Catalog 730.
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Popular Electronics

INCLUDING E Iect ronic& WOrld

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 o you
promptly and free of charge.

Popular Flectronics Le..... oo g

INCLUDING : free card, print or type your
\x Qo l/ 7
Electronics World name and address on the lines

Insila _ H H
HOME TV ANTENAA DISTRIBUTIBN SYSTEM indicated.
' DUBLIC ADDRESS STSTEVS-
Frequently Asked Cussticns
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Straight talk about a stylur

Listen carefully and you can still hear some audiophiles refer to the record
stylus as...‘“the needle.” Although we are not about to quibble over
semantics, we would like to go on record, so to speak, as observing that the
stylus of today bears no more resemblance to a needle than it does to a
ten-penny nail. In fact, it is probably the most skillfully assembled, critically
important component in any high fidelity system. It must maintain flawless
contact with the undulating walls of the record groove — at the whisper-
weight tracking forces required to preserve the fidelity of your records
through repeated playings. We put everything we know into our Shure
Stereo Dynetic Stylus Assemblies — and we tell all about it in an informa-
tive booklet. ““Visit To The Small World Of A Stylus.” For your copy, write:
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