NRI "hands-on" training in
Television, Communications,
Electronics and Computers
can give you as much
as 2 years of on-the-job
experience.

EARN YOUR FCC LICENSE - OR YOUR MONEY BACK

•

NRI C'..ommunicati<>ns training programs will quali(y you tor a Finot Cl:lSII C<>mmt>rdal
Radiotclevhonc l.ictnse i~sued by the FCC. If you fail to pas• the FCC examinations
for this licen•c after suocesefully completing an NRI Communication• course we will,
on reQuest, rt'lund in full the tuition you have vairl This agret>ment i• valirl for the
period of your 8<'ti"e •tuclcnt membership and for .<ix months after completion of your
training. No s.:hool ofTero a more liberal FCC Licen•e agrMrnllnt.
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Experience·is still your best teacher
.,.here's how you get it with
unique NRI training at home

NR/ Achievement Kit

is cducat or-acclairncd and C.he original ''•tarter'' kit in hom<l s tudy train·
ing. Imitated hut never duplicated. this kit Is d.esigncd and
person ali zod for you artd your training ohjective. lt has one
purpose- to get you •larted quickly anr.l easily.

Ask any teacher, job co unselor, engineer, technician
or prospective employer about the need for practical
application of theory in Electronics. He'll tell you
Electronics is llS much a "hands-on" profession as
dentistry or chemistzy. That'~; how you learn at home
with NRI. You prove the theory you read in "bitesize" texts, by actual experimentation wit h the type
of solid-stat e, transistor and tube circuits you'll find
on the job today - not hardware or hobby kits. You
introduce circuit defects, analyze results, discover
quickly the kind of trouble-shooting and design tech·
niques that will make you employable in Electronics.

Train with the leader- NRI
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I
averaxe an easily-digested
40 pages ·of well-illu•trated. scientifically prepare.cl subject
matter in the cour~c of your choice Questiuna in each book
are cardolly hand-graded and return<>d to you with helpful
imtrucbonal notes. You get unlimited personal help from the
day you enroll

NRI lab equipment is designed from chassis up for
effective, fascinating training- not for entertainm.ent. The fact that end results are usable, quality
products is a bonus. In Communications, for example,
you build and analy7.e, st.age by stage, your own 25·
watt phone/cw transmitter. It 's suitable for use on
the SO-meter amateur band, if you have an interest
in ham radio. In TV-Radio Servicing your practical
training gives you your choi-ce of monochrome or color
TV sets. All training equipment is included in the low
tuition -you pay nothing extra. Discover for yourself the ease, excitement and value of NRI training.
Mail postage-free card today for new NRI Catalog
. . . or ·use the coupon below. No obligation. No
salesman wjll call on you. NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.
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APPROVED UNDER NEW Gl BILL
If you have served rinre January 31, 1955, or are in service
now, check Gl line nn postage-free card or in coupon.

---- ----------------------.,
NAIL TI<IS COUPON 1F CAIID IS CiONE

NATIONAl RADIO INSTITUTE

1-111
Washington, D.C. 20016
Please send me your new NRI Catalog. t understand
I
no salesm~>n will call and there is no obligatio n.
I Name __________________________
_____

Designed-For-Learning Equipment
Like this phone-cw tnmsmitter (Kit 1r7 in the Communi·
catioDS cour11e) is engineered from chofisi$ uv to demonstrate
principles you must know. NRI does not u~ modified hobby
kil.a for training, but the finest parts mon~y can buy, professionally and educationally applied.
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DIRECT

& CUBRENT
By Milton S. Snitze r, Eclitor

ELECTRONICS AND NOISE POLL UTIO N
fight
Occasionally we run art1cles on how electron ics is helping to
don't have
noise pollutio n. Those of us who hve i n or near urban areas
blanng
to be told about the constan t harassm ent on our eardrum s by
Our
work.
ction
constru
ous
clangor
and
,
mufflers
roaring
auto horns,
with their
homes are not peaceful havens for quiet contem plation either,
clatterin g appliances, excessively loud sound systems, and traffic
noise from outside. Most of all of this is a result of our basic
insensit ivities to our own and our neighbo rs' ears.
specifies
There is a Federal Occupational Safety and Health Act which
In
noise exposure standar ds for workers in industry. If noise levels
electron1c
industri es can't be reduced to be accepta ble, as measured by
es wi th
sound·level meters, then the industry must provide employe
be g1ven
must
on
protecti
of
sort
same
The
on.
protecti
ear
of
some form
to ground workers at airports near jet planes.
ity
On the home front, the Environ mental Design Dept. of the Univers
Koss
maker
ne
eadpho
stereo-h
of
ship
sponsor
the
(under
in
Wiscons
of
Sound
Electronics), recently stud1ed just how no1sy our homes are.
s,
pressure levels measured In kitchen s for range-ve nt fans. blender
were in
dishwashers, knife sharpeners, garbage disposers, and mixers
ce thresho ld
the range of 70 to 90 dB. The report stated that the annoyan
level,
wh1ch
at
dB,
85
and
75
between
is
sounds
tent
for mtermit
raise blood
involunt ary nervous responses begin to narrow the arteries ,
ers
pressure, and reduce the supply of blood to the heart. The research
levels urged applianc e manufa cturers to design for minimu m noise
say under 65 d B. Otherw1se. housewives may have to wear special
noise-reducing headphones around the home.
day
A New York City bank took a full ·page newspa per ad t he other
they
urging prevent ion of noise pollutio n. Some of the suggest ions
for reports
got from readers mcluded: have a 24·hour city phone number
d1stmct
w1th
d
equippe
vehicles
ncy
emerge
have
of no1se violation s;
two-not e horns, rather than scream ing s~rens; authoriz e citizens
blow their
to hand out noise summon ses; ng cars so that they can only
dnver as
horns when standing still; put an extra auto horn above the
horns
well as under the hood; don 't give tips to cab drivers who blow
provide
unnecessarily; and make construct1on and utility compan ies
t1c
soundp roof self-infla table bubbles to cover sites where pneuma
drills are used. Shortly thereaft er, Mayor Lindsay proposed a
vel
compre hensive noise-control code that would set spec1fic noise-le
,
standar ds for constructio11 equipm ent, air conditio ners, PA systems
garbage trucks, emergency sirens, and other city noises.
Of course, electronics can certa inly help measure and monitor
our
noise levels 10 industry , in the home, around a1rports, and in
streets. But It's up to each of us to do his share In fighting the
rea l battle against noise pollut ion.
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INTERFACE
THOSE RMS POWER RATINGS AGAIN
In response to the letter from Marr. Saul
("Interfar.r.," August 1971), I take exception
to hi~ ~tatcmr.nts concerning the ~o-c alled
"rms power" ratings. While it is true that
the square of the rms value or the output
voltage divided by the lo<td resistan ce
yields an average power, it docs not £ollow that there is '·no ~uch thing as rm~
power." The power curve produced from
an rm11 voltage and current in a resistive
circult is a. sine-squa.rr. funclion rather than
a sine wave. But all such functions have an
rms value. The rms value of a power curve
in a rP.~istivn circuit happens to be 0.6124
of thn peak power.
Although I object to :Yir. Saul's disclaimer
of an rms power value, it is true that it is
not userul. I also agree th at the present
usag~:~ of rms power should be drop fJCd and

replaccd by a term with more accuracy.
Continuous power could be · used, although
it, too, is incorrr.ct without specifying thn
time interval over which it is continuous
in order to show deficiencies due to thermal
limitations in tha amplifier.
All in all, I think the Federal Trade
Commission has a real job on its hands in
attempting to adopt a standard power rat·
ing. And I expect a compromise based on
sevn1·al of the proposals. But this compromise will most likely still be technically
incorrect.
Raymond ]. Cox
Willingboro, N.J.

DISAPPOINTED AT POLL RESULTS
I was ve ry mur.h surpri~r.u to read in the
August 19i1 ··Qppodunil y /w.·areness'' column that there wog vcrr little response to
your January poll regai'Cling a home medical
electronics course. I sen mom <~nd more
electro-medical equipment coming into hospitals each year with hospitals just now
beginning to realize that they will neerl
qualified people to maintain it, and 1 see
vr~ry fnw trai:ting programs to meet this ex·
panding need.
Hence. 1 was surprised at the relatively
few respon~;es. :\t a time ·when most of the
economy is not e'panding, 1 would think
young g•·adtHit+Js would be looking a l the

......;;;;;;;;;;;;;;;;;;;;.._

the tape that
turned the
cassette into
a high-fidelity
medium

@
-~~
"""'fi!
TDK SUPER DYNAMIC (SD) TAPE
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Just a few of the projects for which
we've got solid state devices.
All in one package
For only $4.95
If you bought the semiconductors for any one of these projects separately,
they'd cost about seven bucks. Be our guest tor $4.95. And treat yourself to
an easy, really fun electronic project with a really useful product on the other end.
The electronic timer is in great demand for darkroom and photography
work, at sports events, etc. The automatic "porch" light and burglar alarm
are, shall we say, quite timely. The TV commercial killer works off a regular
flashlight, for stay-seated dousing of objectionable commercial audio. The code
practice oscillator, the garage door switch, the alarm clock- all are
excellent projects you'll be proud to have completed.
This project package (HEK-4) includes all five semiconductors needed, and a
brochure with directions and circuit schematics for all projects (plus bonus
project). look for it. At your HEP supplier now.
Happy soldering.

MOTOROLA HEP,.se'"iconducto rs
P. 0. Box 20924, Phoenix, Arizona 85001
CIIICLE NO. 21 ON READER SERVICE PAGE

SQUARE DEALS
BY

REALISTIC AT OVER 1100
RADIO SHACK STORES

"Talking
Barometer"

14!~

FM "'

Oeskube

15!~

AM ..

Deskube

9!~

Uniq!Je 3" Square Matching Radios

Our Weatheradlo gets 24-hour U S Gov't weethercasts
on 162 55 MH z. It's battery powered and pre-set for
instant, automatic listening Just touch the Play Bar to
turn on-off Simulated rosewood
Our FM Oeskube gets good music instantly, automatically Htdden controls-pre-set eoy station, tuoe It
in again and again with a touch of your finger AFC.
telescopic antenna, battery powered.
Our AM Deskube makes it a threesome. Get complete
three. radio coverage that covers only 27 square inches

~~ ~am4~tos~

:.:'

MA TAM>V CORPORATIO., C()Mpj~NV

2725 West 7111 Street Fort WOI'tll, Tens 76107
• ,....,.11•·• •1 1.1. •4d '1,-'5-tl~
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possibilities in th;; medical community. It's
an exciting lime to become involved if a
person is genuinely interested in providing
the technical support mfldicinc now requires by its ever-increasi ng reliance on
electronics.
Please reconsider your plans to "shelve
your campaign." Instead, I believe von
should publicize more the growing opportunities in medical olnctronics.
Burton R. Klein
Mediciil-Elnct ronicR Engineer
Diroc lor. Medical-F.lec lronics Dept.
Tufts- New England Medical Center
MAGNETIC REPULSION, TOO
I just read J. Gordon Holt's "15 Things
We Do Know Abou t Phono Cartridges" Oune
1!'171). After roeding about magnetic nttrac·
lton between a magnetic cartridge and an
it•on or steel turntable. I thought you might
be mlereslcd in knowing that Lhcre is also
a magnetic repulsion force at work. When a
magnet moves over a conducting surfacn or
vice versa, cur rents are induced in the con·
ducting surface, tending to form an image
magnet.
The formation nf the image magnet causes
A repulsive rorc.:e to be applied to the magnet.
The str;;ngth of thiR repulsive force is de·
pendent on the relative velocity of the conducting su r face (turntable) and th e conducli,·ity of the surface. The newer ah1minum
lurntahlcs exhibit a strongnr repulsiva force
than do ferrous turntable!!. The repulsive
forc e is greater near the outside of the turn·
tahle and rP.dllCed toward the insidP because
the relative velocity of the cartridg~ over
the turntable is greatnr near the outside than
il is near the center. Though the repulsive
force is small, with cartridges tracking at one
gram or less. it might be noticeable since
the repulsion w ould cause the tracking force
to be less than when measur;;d statically.
JOHN R. MALIN
Physics Dnpt.
Polytechnic Institute of Brooklvn
Brooklyn N~Y.
WORDS OF APPRECIATION
The format and contents of the articles
in POPULAR ELECTRO:\ITCS a re exception·
ally good-the best 1 havn seen in any
maga:r.ine to datn. Arlides concerning the
state-of-the-a rt devicns newly introduced to
the hobbyist market I find interesting both
as a mea ns of education and as construction
s tories. The only improvemrmt I can thin k
of now is that you go to a larger size
magazine nnd put more in each issue. Keep
up the good work.
E. R. Marshburn
Fort Valley, Ga .
POPULAR EL ECTRONICS
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Why buy a CB radio

that butts in on your
conversation ?

Because emergencies don't wait to happen.
They interrupt.
That's why we created the new Cobra
28 Citi zen's Band radio. With the Cobra 28,
if a distress call comes in on emergency
Channel-9, it's going to butt in on you No
matter what channel you're operating on.
You can be transmit1ing or receiving on any
one of the Cobra 28's other 22 channels and
r.1111 be monitoring Ch-9 at th e some time.
This practicol new feat ure is called the
Emergency Channel-9 Scan-Alert. and you
get it on the Cobra 28.
Here's how the ScanAlert works. Just slide
th o Ch-9 Scan switch to
"scan'' position. Then if
you're operating on any
of the other 22 CB channels and an emergency
call come s in on Ch-9.
it'll cut right in on what ever frequency you're already on. After the call
has been received. the

Scan will then return to the channel you
were on prior to the emergency call.
Then il you decide you wanl to transmit
on Ch-9. just flick the Ch-9 HOLD switch
and you're then locked into Ch-9 independently of th e channel selector switch.
So now you can transmit and receive on
Ch-9 with ou t resetting the channel selec tor.
Of course, th e Ch -9 Scan-Alert is switchable. Just turn th e Scan switch to the "off"
position if you don't want Ch-9 to bu tt in
on you.
Also included in the new Cobra 28: Full
5 watts power with Dynaboost speech compression. RF Noise blanker, automatic noise
limiter PA system output. Delta tune control, ANLINB switch, channel indicator
lights, PWR /S Meter and many other features that make the Cobra 28 the most complete Mobile CB radio at
a fantastic price.
This new Cobra is the
perfect way to help wi th
emergencies in your area.
So butt in on you r lo c al CB dealer and ask to
see the new Cobra 28.
Or wri te us direct for
more information.
23 Channel CB Radio with

C h-9 Scan-Aie•t

$169.95

COBRA 28
Product of DYNASCAN CORPOR ATION •

1801 W. Belle Plaine •
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ABC' S OF CAPACITORS, Second Edition
by William F. Mullin

Professional or CB ... we use
identical components. You
get identical performance.
Police communicators demand
the things you want in a mobile
antenna. Maximum range.
Reliability. Long life. That's why
A/S mobile CB antennas are
built exactly like th eir professional
counterparts-used by 9 out of
10 police vehicles. Put John Law's
experience to work In you r mobile.

M-176 Quick Grip®
CB antenna. Only
$21.95
(suggeslod resole)

Be an "antenna specialist!" These top quality
jackets with safety reflector stripes available
only from your A/S dealer- just ~8.95.

the antenna
Dl!cialists ca.

This book bridges the gap between engineering technology and practical circuit theory.
Written in a n informal, easy-to-read style,
it begins with the basics of capacitor operation and includes a brief discussion of
the early history of the capacitor. It goes
on to d~scrib e how various types of
capacitors ar~ made, their typical characteristics and applications, points to consider
when selecting replacements, and several
practical testing and measuring methods.
This revised edition contains information
covering the latest developments in capacitor
design and construction, including the monolithic or "chip" ceramic type.
Published by Howard W. Sams & Co., Inc.,
4300 West 62 St., Jndionpolis, JN 40268.
Soft cov()r. 112 pages. $2.95.
EVEREADY8 BATIERY APPLICATIONS
AND ENGINEERING DATA
What you don't know about batteries could
fill a good-sized volume, and to prove it,
the people at Union Carbide have crammed
into this 752-pagc manual all sorts of interesting tidbits about primary and secondary batte ries. Every type of battery (carbonzinc, alkaline, Ni-Cad, mercuric-oxide, silveroxide, and lead-acid) is given comprehensiv~
treatment, and a new line of Eveready
"Hustler" fast-charging nickel-cadmium batteries is introduced. The descriptions include
both electrical and mecha nical specHlcations.

Published by Union Corbido Co rp. Consumer
Products Division, 270 Pork Ave., New York,
NY 10017. Soft cover. 752 pages. $6.95.

.

ENGINEERING CIRCUIT ANALYSIS,

Second Edition
by W.H. Hayl, Jr. & J.E. Kcmmerly
0 Of

l!l!l!lftl

Electric & Equipment Co.
Oiv. of
12435 Euclid Ave., Cleveland, Ohio 44106
EXPORT: 220 Shames Dr~ Westbury, l.l., Ntw York 11690
CANADA: A. C. Simmonds & Sons, Lid.

t

12

This book is intended for use with a first
course in electrical engineering in conjunr.tion with an introductory course in physics
in which the basic concApts of electricity
and magnetism are introduced. Only a basic
course in the diffe rential and integral ca l culu~
POPULA R ELECTRONICS

Find yourself in the Air Force.
CIRCLE NO. 12 ON READE R SERVIC E PAGE

13
NOVEMBER 1971

l

Te~hnical

excellence
in electronics
On our small, friendly campus
the emphasis is on Living as
well as Learning. Exh·a~curric
ular social activities, student
clubs, a student operated radio
station, student government,
new dormitory and a full sports
program help provide a world
of your own in which to prepare
for tomorrow. Associate Degree
in Engineering Electronics. ll.S.
obtainable. G.I. approved.

VALPARAISO TECHNICAl INSTITUTE
Dept. PE, YeiiGwstone Trail,
ClliCL~

Valparaise~,

Indiana 46383

NO. 34 ON READER SERVlCE PAGE

AR guarantees its
published specifications
At Acoustic Research we believe
that the publication of complete
performance data on our high fidelity components is obligatory.
Otherwise, our guarantee would
have little meaning.
Find out just what AR guarantees
that its products will do. Mail the
coupon below. and detailed technical literature will be sent to you
free of charge.
Acoustic Research, Inc:.
24 ThOrndike Street

•

Cambridge, Mass 02141
Dept PE-11

Please send measured performance data

need be considered as a prerequisite 10
reading this book. Circuit clements are intro·
duced and defined in terms of equations
and only incidental comments are offered
about the pertinent field relationships. The
hook is written to the student--not the
instructor--so that the text can h(! used for
self-study.
P11blished bv McGrow-Hi/1 Hook Co., 330
West 42 st:, New York, NY 10036. Hard
cover. 654 p(Jgcs. $15.50.

AMATEUR RADIO NOVICE-CLASS
LICENSE STUDY GUIDE
ed.:ted by Ke.,

Sesston.~

The lack of books written for thr. rank be·
ginner to amat(!llr radio has made it diffi·
cult for the newcomer to surmount the
Novice exam theory requirements, forcing
e~ll but the most eager bookworms to find a
friendly ham or radio dub to fill in the
gaps. This new hook, however, is so simply
wrillen (by th() staff of 73 Magazine) and
easy to understand that it is difficult to see
how one reading will not equip the reader
to pass his FCC exam. The reason for this
is that the book was written solely for
those people who know nothing about
technical electronics and want to become
ham r;~dio operators.
Published bv Tab Books, Blue Ridge Sum·
mit. PA 172l4. 160 pages. $6.95 hard cover,
$3.95 soft cover.

UNDERSTANDING OSCILLATORS
by Irving /11 . Goftleib

Oscillator circuits seem to pop up, in end·
less variety, almost everywhere you look
in electronic P.quipment. Yet. the ancestry
of P.ach of them can probe~bly be traced
hack to one of the basic oscillators found
in this n()W hook. The book discusses well·
known oscillators. such as the Hartley and
the Colpitts, as well as some nnt-so-well·
known ones. such as the Meissner, the
Meacham RridgP.. the Franklin. etc. The text
discusses what the tP.chnician and engineer
wants and needs to know about oscillators:
how they work. thP.ir ~tmng and weak
points, and how they are used in pr.actical
applications. Equally thorough treatment is
given to both tube· and transistor-type
oscillators.
Published by Howard W. Sams & Co ., Inc ..
4:-ltJO West 62 St .. fml.iunupolis, IN 46268.
Soft cover. 1fitJ pages . $4 .50.

on AR products to
Name ________________________________
M(lress_____________________________
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BASIC PRINCIPLES OF ELECTRONICS,
Volume 2
by J . Jenkins & W. H Jarvis

'J'he fact that this book is "Volume 2" does
(Continued on page 100)
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free information serVice:

;He(e;s ~ri easy an9 ¢on\iehien;t way _for you to get additicina! ifllcirthptlq~~~q't
pro~ucts ad-vertised or m~nti?~~ ~djtorially (if it: I:Jas! a :·~~M~~!?.eJ''tlq,~
,Nump~r'')

in this- issue. Just follow

the;:dir~ctiens:l)eJO.W.; :~ah<ftM ilfatetial

will be sent to you promptly ~n~ free:ofc!hl:lrge.; -~ ~ ; : : ; :. :,, ; ; :: -~- ~ -·~ -~ ; : ;, •

1

balo~,

tl:f~t

On coupon
circle Uae numoer(s)
• correspqnds te the key number(S:) at the bot-

tom

or next to tlie advertisement or editorial men-

tion tf\at is of lrile.rest Yo y'ol.l. {Key humbers ttor
aqvertised products also appear in th~ Advertisers'
Index.) Pri11t or type your narne and address on tne
lines indicated.

2

Cut out tfie coupon and mail it to: POPULAR E4E_QTRONIGS,

• .P.O. Box 8391,

Ptti/adelph~a.

RA l9J.,Qi.

note•
. . ...

t~

edit6~~ ~f.

If you want to write
the
...• P.OPUlAR EJ.ECTFWNICS about an article
on any subject that does not have' a: key number, write
to POPULAR ELECTRONICS,: One Park Menu~. r;lew
York, N.Y. 10016; Inquiries .concerning circulation
and subscriptions shouiG be sent to POPULA~
ELEGTRONICS, P.O. Box 1096i Flushing, r+:Y. 1)3~4·

. . .

,..---------------------------------------------~~.~;;-_:;-----------;
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~polar Electronics
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TURNER PUT
A LOT INTO
THE M+3
MOBILE
MICROPHONE

To obtain a copy of any of the catalogs or
leaflets described below. fill in and mail the
Reader Service Page 15 or 99.

Modu-Gard"
Compression circuit
to prevent over
modulation, ensure
constant output.
Slide-Action
Volume Control
Positive action.
precision adjustment
for transistorized pre-amp.
Modern Styling
An easy-to-grip design
so distinctive it's patented.
Hypalon Cord
Blue coil cord with a memory,
keeps its shape wi1hout stretching.
The Turner Name
Superior product design,
manufacturing and quality-made in USA.

YOU'LL GET
ALOT
OUT OF IT.

A new series of miniature "tini-tP.l<!phon<!"'
patch cords and replacement cords are dr.scribed in a product bulletin from SwitGh·
craft, Inc. The literature provides detailed
features of the new series TT·640 and
TT-860 cords, such as bronze tinsel conductors covered with durable moisture-proof
thermoplastic insulation, a braided shield
{75"/n coverage), and braided black nylon
outer jacket for longer lifc and service

Circle No. 75 on Reoder Service Page 15 or 99

Hard-to-find precision and spcdal-purposr.
tools are listed in a 40-page catalog just
issued by Brookstone Co. The firm's 3rd
1971 expanded edition contains scores of
new and extremely useful tools rarely sold
by industl-ial distributors or found in hardware stores. Listed are both power and
hand tools for the machinist. woodworker.
technician, designer, and malntlmance and
service personnel. Each tool is fully
described. with a photo and price lis ting.
Cirde No. 71> on Reader Service Poge 15 or 99

Electric soldering irons, tips, and related
accessories are the subject of thP. IIexocon
Electric Co. 32-page catalog titled "Soldering Tips For 1971." The! indr.xed catalog
describes the company's Durotherm, Xtradur,
and r:oppcr tips. supported by more than 250
sketches of the most popular tip sizes and
shapes. Engineering rlata, giving detailed
specifications of base materials and coatings
of various grades of tips, are included. A
tip selection guide describes the effects of
tip length, diameter. and point shape in
various applications. Selective tinning and
ceramic dielectric coatings are also describ·
ed.
Circle No. 77 on Reader Service Page 15 or 99

909 17th Street N.E.,
Cedar Rapids, Iowa 52402
Telephone (319) 365-0421
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A new 22-page catalog that describes AR's
complete line of hi-fi components and deals
with some of the more technical aspects of
the design of acoustic suspension woofers
(Continued on page 101)
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Our 51st Year

1972

LAFAYETTE
CATALOG
720

Th e Lat est in 4-C han nel Ste reo So und
*CITI ZENS BAND
2-WAY RADIO
* STEREO/ HI-FI
COMPONENTS
*MUS ICAL INSTRUMENTS
AND AMPLIFIERS

PUBLIC ADDRESS
AMATEUR RADIO
EQUIPMENT
TEST
*
S
* PART
* PORTABLE AND
TABLE RADIOS

*

*

PMENT
* PHOTO EQUIOKS

* TOOLS-BO

AUTO ACCESSORIES
EDUCATIONAL
AND OPTICAL
* TV AND ANTENNAS

*

*

Your Complete Buying Guide to Everything in Electronics

LAFAYETTE Radio ELECTRONICS

10

~;:!s~i n~ ~{ r,o;9 t

Mai l the Coupo n Today
for y our FREE Lafa yetre
Catal og

--------------------

35 111
I Send me the FREE 1972 LAFAYETTE Catalog
-···. . ...... ..... .. . ............-........
I Name ..
I
· ..... · ...
1 Address ......... ......... . . ... .............. ...... .
I City ........ ........... ....................... ...... .... State . . ........ ... .... .

: Zip .....................iP'iease"rnciuiie vour Zip COde

No.)

1
I
I
1
I

· ..... :

--------------------
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train on~ ttiis
315 sq. in.
picture
color TV

new25in.
Square Corner

and get the
skills that
mean a
high~paying

Color TV

career!

Solid-State -the newest develOpment
count on HIS training to alwavs
feature the latest electronic equipment.
Now included in two
exciting NTS color TV courses,
this set is the largest most advanc ed color television made.
Guided by the NTS ''lab-Proj ect
Method" o t combining profess i on al kits and easy -to -fo llow
lessons. you build this color TV
step by step - learning TV Servicing as yo u go! NTS has su ccessfully tra ined thousands of
men at home f or rewa r d i ng
ca reers as electro nics technici ans . Prepa re f or t he great
opportunity fields of TV-Radio
Servicing, Computers, Communications. and Automation.

This solid-state color set
contains: 45 transistors, 55 diodes, 2 sil1con controlled rectifi ers, and 4 advanced Integrated
Circuits representin g an addl-

tiona! 46 transistors and 21 diodes. The first solid-state color
TV this large - yours to keep! It
features Automatic Fine Tuning;
" Instant On'' ; an Ultra-Rectangu lar Screen (25 in. d iagonal measurement) that lets you see the
complete transmitted image for
the first time- a full 315 square
inches; exclusive built-in Self
Servicing features which eliminate the need to buy costly test
equi pmen t ; exc l u sive desig n
Solid-State VHF Tuner w ith an
MOS Field Effect Transistor; 3stage Solid-Stata IF; Auto matic
Chro m a Co ntrol ; Ad ju st a b l e
Noise Limiting and Gate Automatic Gain Con trol ; High Resolution Circ uitry; M atrix Pic ture
Tube; and a specially formulated
Etched Face Plate that eliminates
unwanted glare, and heightens
contrast. Colors are more vivid,

fresh tones more natural, and the
picture is sharper than ever befo r~ By trainmg o~ this unique
color TV, you' ll gain the most
up-to-date skills possible in TV
Servicing!
Other valuable equipment you
build and keep includes an AM
SW Radio , Solid-State Radio,
FET Vol t-Ohmmeter, and Electronic-Tube Tester. All inc luded
in you r tuition You learn troublesh oo ting_ hi - fi , multiplex syst ems, stereo, and c o l o r TV
serv1c ing. Step ri ght into a tec hnician's job at top pay or open a
business of your own! For complete details o n all NTS elect ronics courses, mail the coupon
today for the full-colo r NTS Catalog. No obligation. No salesm an
will call.
POPUlAR ELECTRONICS
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: ~ ~ . tid this set
~ and learn

i $olid-state

.i eircuitry- the
?. e.l~tl1>nies

::o£t0da
. ....... . y·!

in color TV - comes to nome trainino.
NTS ELECTRONICS &
COMPUTER TECHNOLOGY

NTS ELECTRONICS
COMMUNICATIONS & F.C.C.
Gain the security and prestige of
owning an F.C.C. First Class RadioTelephone License' Two comprehensive NTS courses cover the big
opportunity field of transmi11ing and
receiving. You build 14 kits, including a 5 watt AM Transceiver, 6
Transistor Pocket Radio. and FET
Volt-Ohmmeter,
learn 2-way
radio. Citizens
Band. microwaves and

Cla$sroom Training
at los Angeles. You can tal<e classroom
tr• In ing a! Los Angi'JI~s in sunny South·
ern Ca:ifornia NTS occupies a city block
with over a million dollars in technical
facilitlc• Check box In coupon.

APPROVED FOR VETERANS
Accredited Member: National As•ocl·
atlon of Trade & Technical Schools;
National Home Study Council .

WOIHO WIOE ri'IAINING S.IHCE 1!10$

4000 South ritueroa Street, lo; Angelo;, Cali! 90037

P······-·········
Please rush Free
1

1

:

radar

1

1

NTS BLACK & WHITE
TV AND RADIO SERVICING
Learn all phases of television. radio.
stereo. and hi-fi. Yo" receive this 74
sq. in picture Solid-State B&W TV,
Lo-Silho "Superhet" Radio, FET
Volt-Ohmmeter. Solid-State Radio.
Electronic Tube Checker. and Signal
Generator.
Start
earning
extra
money
even betore you
complete
the
collrse'

;a•

~

1

Color Catalog and .
""""'''"
Sample Lesson. plus ~-,,.....,,
Information on cocrse •
ch.,cked below. No
. . •;. "
obli~a:ion. No sale$\1' :
man will call .

. . .,._, .
5

National Technical Schools
4000 $ , Figuetoa Sl,
Los An9eles, Calif 90037

NTS INDUSTRIAL &
AUTOMATION ELECTRONICS

I
~

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" wide band Oscilloscope. And you
perform experiments
that Involve
fegulating motor
speeds. temperature ,
pressure, liquid
level, and much
more.
, t!~~t

Technicians'

Ma&fet Course in B&.W TV & Ra(Jio
Se1vicing
Muter Cour&e in Electronic
Communication
Prsctieaf Radio Servfcin9
FCC License Couf&e
Master Course in Electtonic.s
Tec.hno109J

lndu&.t•ial and Automation Electronics

; Compou(sr ElectroniC$

Basic Electronic&.
· I Hi9h School at Home

•..

•••""
••••

M.utot Course: in Colot T\' $ervicin9
Co1or TV Sotvieing (For Advanttcd

Narrn·

o~ul
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\Vhen JOU jn•atp,

it's just JOD.

•

Airborn e is an outfit that can show you who you are.
Somebo dy who counts. One of a special breed of men.
When you jump, it's just you. Every time is like the first
time. You get that jolt in your gut. The world turns at your feet.
You know who you are.
Join this special breed. Get a special knowled ge of
yourself. Go Airborne. You'll get the best training there is.
You'll get into better shape than you've ever been in. You'll
get the extra money they call jump pay. You'll be somebod y.
And in today' s Army, if you pack the gear, the top has
no roof. There's never been more opportu nity. For education.
For advance ment. To see some of the world. To know some
of the people in it. To get to know what you really can do.
See your Army representative. Or send the coupon .
Get ahead. All the way Airborne. Today's ......,

\V8Dts fo join JOB.
r-~.;[~~~;;;;_~~~3~9--------------:=----~=:~.~~-~
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NEW
PRODUCTS

Additional information on products described
in this section is available from the manu·
facturers. Each new product is identified by
a corresponding number on the Reader Service
Page. To obtain additional information on any
of them. circle the number on the Reader Service Page, fill in your name and address. and
mail it in accordance with the instructions.

NEW MODEL SPEAKER SYSTEM FROM KENWOOD-A
new three-way, three-speaker system, the Model KL3080. has heen added to the Kenwood Electronics, Inc.,
line of hi·fi components. Incorporating a 10" free-edge
type woofer. 5'' cone-type midrange driver, and 1 '/2"
cone-type tweetel', the new speaker system has a fre·
quency range of 45·20.000 Hz, crossover frequencies at
800 Hz and 5000 Hz. and crossover network of 12 dB/
octave. The impedam:e of the system is 8 ohms, and
maximum ill()UI I)Ower is 40 watts, while sensitivity is
100 d6. A specially designed four-position tone selector
gives the listener a ~:hoke of emphasizing clear, nor·
mal. sweet. or soft Lone characteristics. Price $199.95'
pair.

•

Circle No. 84 on Reader Service Pa9e 15 or 99

WHITE'S LIGHTWEIGHT METAL OETEGTOR-There is adventure, fun. and profit in treasure hunting or prospect·
ing with the Coinmaster IV featherweight metal and
mineral detector from White's Electronics, fnt:. The de·
lector has a tuned semi·three-coil, sensitive 6" loop de·
veloped to provide for maximum depth efficiency when
searching for small metal objects. When metals or minerals are detected. depending on the Coinrnaster's settings. the detector reacts with an audible tone signal
and meter movement deflection. The transmitter/re·
cciver Coinmaster weighs only 4 lb 6 oz. complete with
loops and batteries. Its retail price of $1!19.50 includes
mineral and metal samples, detailed instructions. and a
two-year warranty.
Circle No. 85 on Reader Service Page 15 or 99

POMONA ELECTRONICS MINI-TEST CLIP-A new series
of Mini-Test Clips with connecting leads, designed fur
testing densely packed miniature electronic assemblies,
has been introduced by Pomonu F./cctronics.. Co., Inc.
The test clips feature a spring-loaded contact hook
which can be quickly and positively connected to com·
ponent leads or terminals. Ariother version has a probe
tip that slips down over o.02!l"-square wire-wrap pin!'.
The series includes four models: 3780 with a Mini-Test
Clip on one end only; :1781 with Mini-Test Clips on
both ends; 3782 with a Mini-Test Clip on one end
and a banana jack on the other end; and 3783 with a
Mini-Test Clip on one end and a-slip-on wire-wrap terinal clip on the other end. The molded nylon probes
are t:omplntely insulated from the point of connection.

•

Circle No. 86 on Reader Service Page 15 or· 99

KESTER'S NEW SILVER SOLDER-A special solder for
the do·it·yourselfer or the electronics hobbyist for working with jewelry, antique silver, and critical connections
is available from Kester Solder. One of ten different
24
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~older

items that compose the company's point-ofpurchase display of solders and fluxes, the silver soldcl'
is an alloy of 4 percent silver and 96 percent tin. A spe·
cial flux is contained in the core of the 5' length of
solder.
Circle No. 87 on Reader Service Page 15 or 99

CHEMTRONICS PLASTIC REPAIR KtT-"Plas-T-Pair" from
Chemtronics, Jnr.., is a new two-part-compound plastic
repair kit for all soluble plastics. Usable either as a f:()·
ment Ol' a plastic putty, it is ideal for repairing radio and
TV knobs. cracked or broken cabinets, screw mounts.
carrying handks, etc. The two-pari compound consists
of a powder and a liquid solvent which, when combined.
can be poured or brushed onto a repair as a liquid plastic cement, or it can be mixed and let stand for a few
minutes to be molded onto the repair area as a plastir.
putty. Repairs are complr.tccl and the repaired item is
ready for use in 15 minutes.
Circle No. 88 on Reader Servic:e Poge IS or 99

SHAKESPEARE DUAL·ARRAY CB ANTENNA-Co-phasing
in Shnkr.spr.nrc Co.'s M odd 41i4 dual-array fiberglass
antenna provides higher performance and increased
gain from a mobile CB transceiver. Co-phasing also provides increased capture ama, a mutual impedanc:r. match
that offers a lower SWR thnn possible with a single
antenna, and a more symmetrical radiation pattern. The
two <ruarter-wave, top-loaded antennas that make up
the system opnJ·ate in-phase with the mutual impedance
matched fot· 50 ohms. Height is 4 ft: weight is 2 lb.;
polarization is vr.rtical; power rating is 100 watts; and
SWR is 1.5 to 1 o1· kss. Price S38.9fl.
Circle No. 89 on Reader Service Page 15 or 99

KOSS 4-CHANNEL STEREO HEADPHONES-The first
headphones specifically designed for usc in four-dumnel stereo systems are currently being manufactured by
Koss Electronics, Inc. The Model K2+2 "Quadrafone" is
a true four-channel systr.m, employing four separate
driver elements to produce exceptional surround sound.
The headphones, however, are also fully compatible
with conventional stereo amplifiers. The Quadrafone
comes with carrying case and bears a retail price of
S85.UO.

Cirde No. 90 on Reader Service Page 15 or 99

•

EICO "QUATRASONIC" 4-CHANNEL ADAPTOR-The hirl·
den depths of most modern stereo recording~ and stereo
FM broadcasts can be revealed when using the F.:ico
QA-4 "Qualrasonil.;" adaptor and an extra pair of
speaker systems with a c:onventional stereo system.
Th!! QA-4 cxtrac:ts from conventional stereo sources the
ambience information present in two-channel stereo
programs and feeds the e.xtrac:tr.d information to two
speakers located hr.hind thr. listener. The two front
speakers function in the normal left-to-right stereo
mode. Two controls are provided: a 4-position mode
switch and a rear speaker level control. The QA-4 sells
for $17.95 in kit form, $29.95 factory wired.
Circle No. 9 I on Reoder Service Page IS or 99
NOV£M8ER 1971

n,e RCA porta ble
color bar gener ator

Performs like the big ones Costs only $75 •
• Providr.s color bar. dot, crc~;s hatch, and blank
raster patterns
• All solid state circt.itry irclutltng ICs
• Pat tern siyrwls, R F o·.J 1put irequency and color
subcarrier <lll cryst<•l ·contro lled
• Bottcry operated. AC iJd<Jptcr cJVilililble

• L ightweig'•t - les~ than ?0 01 ., only 6~6" wide x
4" dt~CO X 3" high
For all ttte tt!<:hl'ical specs get tn touch wi th your
RCA DistflbtJtOr. RCA Electronic Components
Harrison, N.J . 07029.

CIRCLE NO. 25 ON READER SERVtCE PAGE
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THE PINNACLE OF DIGITAL PROJ ECTS-AD D, SU BTRACT,

DIVIDE, AN D MULTIPLY TO 16 DIGITS OF
DISPLAY FOR UNDER $180

•

J UST HO,N 1\fi\!'JY functions can lu'!
performed by <I s ingle in tegratPd circuit':' .\Jo one knows the ultimate answer
to that questio11. but it's a cinch that
semico :11.! uct or fa brir.a tion tc(;h n i C[ ues
tfwt havP. pmdur.ed what is known as
"L;nge scale intPgration" [LSl) are well
on tbe W<~Y to ll:e final goal. You will t;nde,·s tand whv when vou build the "POPU.AR ELECTRO.\lt(:::; CalculatP.r.·· the
ri i'Sl hobbyis t project to USP thCS(' Jiiti!St
semiconductor de\· ices. \\:'ith this bn~<Jk 
through in dP.si gn . you can build, fnr less
than S180, a dr::sk cakalator which is the
equivalent of many costing between 8400
and $600. The cakulal.or has a 12U-word.
1920-hil memorY a11d r.an add. subtract.
multiply, divide, <Jnd operate Lilt cons tan ts .
NOVEMBER 1971
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An outstan ding fealul'e of the cakdutor is that. while tf·P. ·d isplay shows only
eight r.li~o:its al (HlP. time. calcul<tlions r.an
actuull~: be made to sixtce11 digits. ::-vtomentMil y depressing a di!iplay shift kt~~·
res11lts in t.he in stunt :1 :leOtls rcr.all ant.!
display of the eighllf~ast significant digits
[LSU) . (Depending on tlw lo(;..ttion nf lhc
dccim<d pninl; LSD to t ! u~ right of the
dcdmal point rcsuWn~ fmlll till operation
such as di\·ision cunnnt hP displayed .)
Anothur co\lv elliP.nl feature of the calcuhJtor is the overloud W<lrlltug indicator.
lf the c<ilt.:ula tor is asked li.J p~rform an
impossible operation {such a~ dividing by
i'.ero), an "E" is displayed on thP. extremu
left-hand readou t. The l~ is uho displayud
if too m<my digits arc enlt>red to bc.~iu

with.
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l<EYBOARD

OUTPUT
IC6

TO

VI-V9

Fig. 1. Although this basic logic flow looks relatively simple, there are over
8000 transistors in this circuit, mostly in six LSI chips. The keyboard enters
digits and operations, while the nine display tubes present final readouts.

PARTS LIST
ThP. jollnwin!; flrP aw.ilob/e jmm M ITS.
'l0f6 SclJI .1fuu·u. N.E., Albuquerque, /','.~1
fl7110:

Complete cak1dntor kh, including ras('.
$179.00 plus $S /or postage, insurance, and
handling.
Complete calwlator 11s.tembled, $275, plus
$.5 /or posttlge, insurance, and handling.
Display bocud nssnnbly, $6.5, plu$ $3.:j0

In this calculator, leading zeros are
suppressed, unless the number is less
than one. Thus, .415 is displayed. as
0.415, not 00000.415; and 3.1416 is d isplayed as is, not 0003.1416. This results in
<t much more easily read display, with
fewer res ulting e rrors.
An interesting construction feature of
the calculator is that double-sided
printed circuit boards are used. Platedthrough holes serve to connect the two
sides. The use of these boards serves
several purposes; an excessive numher
of jumper wires is eliminated; the overall
sizP. of the cakulator is considerably reducP.d: and the task of getting good solder connections is greatly simplified by
the plated holes.
The calculator is also the first POPULAR ELECTRONICS project to use
electro-luminescent display tubes. Volume production of the tubes has reduced
their price so thRt it is possible to take
advantage of their superior qualities.
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jnr postage, etc,
Main board. "ryboard. mse, hardll)(lrc, l!lC.,
lt<.u LSI's, $(~). plu.~ SJ.j() for poslat;P, Ptr.
Six. LSI l f:'s t liA S-811), t7.5; ktybourd,
$21: di..ipif1y honrd, $12.50; main board
$13.50; capacitor hoard, $4.50.
Fiz•e jnil paucrns, 1·omponent layout diagram.~. jull·siu. meclurnicol intercunnm:tion.
and compft:ll: schematics (.:lfl00-1'), $2.00,
postpaid.

Basic Design. The overall logic design
of the calcu lator is shown in Fig. 1.
There al'e s ix large-scale integraled circuits; IC1. the read-wrile memory register: IC2. arithmetic: IC3. read only memory (control); IC4, control ; fC5 , input;
and IC6, output. The six LSl's arc the
equivalent of over 8000 transistors. They
employ the common method of serialparallel addition-digits nrc added in
parallel and words serially.
All othec parts and circuits in the r:alculator mav be considered as auxiliAries
to the LS( IC's. The ke yboard, for instance is cus tom designed to operate with
the LSI's used. It has, in addition to the
digits 0 through 9, all the stand11rd ,calculating instruction keys. The "constant
multiply key'' is separate since it js an
on off function and requires a latching
switch rath er than a momentary contact.
Although the use of the keyboard shown
on the prototype is rccommendP.d because its performance is known to be
POPULAR ELECTRONICS

"

..

•

•

adequate, a satisfactory keyboard using
standurd momentary contact, normally
open pushbutton switches can be constructed using the keyboard matrix
shown in Fig. 2. In choosing a switch,
remember that the bounce time of the
key is highly critical. as it is closely related to the clock frequency of the calculator. In general, the bounce time must
be less than 512 clock cycles or 2 milliseconds.
The dock circuit provides the timing
base for calculator operations which
must operate in a sequenced manner.
The clock frequency determines the rate
at which the calculator performs operations. Although the LSI IC's are designed
to operate at a clock frequency no higher
than 200 kHz, the clock in the calculator
opP.rates at 130 kHz to provide an adequatP. margin while still giving P.xtremely
fast operation.
Integrated circuit 1C7 uses diode transistor logic (DTL) and has three NAND
gates connected to form an astable multivibrator which oscillates at 130 kHz.
The output of the oscillator is buffered
by a fourth NAND gate and is fed to the
voltage amplifier, Q30. The output of
Q30 is a square wave with rise and fall
times of less than 100 nanoseconds. This
output is used by all of the LSI's as a
reference signal.
Decoding functions are performed hy
IC6 and IC8. Output IC6 determines which
digit to display (based on time); determines what the BCD data is for that digit;
transmits that information to the decoder; determines the proper place of
the decimal point; and detects leading
non-significant zeros and suppresses
them. Decoder IC8 is a BeD-to-sevensegment converter that takes the number
from TC6 and sends the correct signals
to the display section.
Data presented to the display ser.tion
is in BCD format in serial form. (Digits
of a number are relayed sequentially.
rather than simultaneously.) The largest
number is presented first. The output of
ICB (Fig. 3) is in the form of lines which
are pulsed in accordance with the number to be displayed. Each line feeds a segment driver circuit [Q1 through Q14)
which converts the pulses into voltages
compatible with the displav tubes. Each
segment driver is connected to the same
segment of tubes V1 through VB [the
NOVEMSH 19'71

Fig. 2. The keyboard matrix may use
a commercial keyboard, or any good
pushbutton switches. Connections are
to similarly marked board terminals.

EDITOR'S NOTE
This article presents an exciting new
breakthrough construction project-a
modern, high-speed 16-digit calculator.
This makes it ,:-ossible for anyone to
own his own home calculator and at the
same time complete a fascinating elec·
tronics hobby project. Although the proj·
ect is an involved one, the construction is
no more difficult than most. if a reason·
able amount of care is used ln its assembly. It is well within the capabilities
of most amateur electronics enthusiasts.
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Fig. 3. Typical readout driving. All similar readout segments are driven simultaneously while strobe circuit selects which tubes are actually on. The circuit at the
bottom illustrates how ninth tube displays either a "minus" or "E" (error) signal.

numP.rical displays). Thl'lt is, segment onP.
of tubP.s Vl through VB is driven by onP.
segment driver, segm ent two of all tubes
is driven by another segment driver, and
so on. Thus, any time a number is relayed from the output lC, the segment
driver provides plate voltage to the
proper segments of all the numerical display tubes. However, none of the tubes
will illuminate sin ce a control grid voltage must be simultaneously applied. This
is the job of the strobe drivers [Q15-Q22).
In addition to providing data to the
decoder, IC6 determines the display tube
on which the number is to appear. When
a strobe drive line is actuated, it provides a negative voltage to the strobe
driver base, switching off the transistor
30

and ra1smg its collector potential to a
high positive value. The collector is connP.cted to the contr ol grid of a display
tuhe. When the grid goes positive, current flows to any plate elements in the
tube which have heen switched on by
the decoder and segment drivers. This
causes the phosphor on the selected segments of the tube to glow.
Output IC6 begins the process with
tube VB by actuating its strobP. line.
Then approximately 500 microseconds
later, the strobe line switches to V7; and
so on throu~h V1. Thus, each tube is
turned on approxirnatP.ly 250 times a second. With the rapid switching and the
natural fluoresc ence of the tubes, the display appears to be on constantly.
POPULAR ELECTRON ICS

fn addition to lhe strobe lines, IC6 has
a decimal drivP-r output, r.oupled through
Q27, Q28, and Q29 to the decimal
points on all the display tubes. Output
IC6 determines which digit should he the
one's rligit and activates the decimal
driver line simultaneouslv with the activation of the strobe drive~ for that digit.
Tube V9 displays the sign and error
inrlications. Arithmetic IC2 activates Q23
anrl Q24 to provide plate voltage to the
center clement of V9 to form the minus
sign when this tube is strohed. The overflow line from 1C2 drives Q2:i and Q26 to
provide plate voltage to V9 and form the
"E'' for error.
The electro-luminescent display tuues
operate in a manner quite simi! Ar to a
r.athode ray tube. F.Jectrons from the filament are accelerated past a wntrol grid
toward positively charged phosphor
coated plates. When the P.lectrons impinge on a plate, they r.anse the phosphor
to glow. In thP. tubes are seven segments
which, by various r.ombinations, can
form the numbers 0 through 9. Each individuAl segment is a plal.e.
The power .c:upply in the calculator has
five output voltagP.: an unregulated +45V
for the plates of lhe display tubes: an
unfiltered, unregulated - Z.4V for the
series-parallel filamenl drive of the display tubes; a regulated -14V and -ZfW
for the LSI JC's; and a regulated -5V for
the other semir.onductors. Regulation is
provided by zener diodes.
Construction. The calculator consists of
three PC boat'ds and the keyboard. The
six LSI IC's and the power supply arc
mounted on the largest board: the display tuhes and associated circuits are on
the second hoard: and power supply filter
capacitors are on the smAllest board.
The foil patterns for the hoards arP.
too large for reprodur.tion here. They
may be obtained as noted in tl1e Parts
List.
The main hoard, with the LSI's must
be assembled wif.h greaf. care. Refore installing the six LSI's, takP. a good look
at them. The only differP.nr.e hetwP.en
them is an identifying number stamped
on ll1e lop surface. The pins are sli~htly
pre-sprung to insure good contar.t. Each
has a dot or notch to identify pin 1. Use
a 25-to-30-watt soldering iron {not a gun).
When installing the display tubes, their
NOVEMBER 1971

The calculator has lots of room to assist
construction. The driver-readout board is
mounted above the main board using spacers
to tilt the readouts for better visibility.

leads should be dipped in rotation so
that each lead is about 1/a inch shorter
than the previous one. This simplifies installing the luhes in their sockets. Make
sure that all tubes arc mounted correctly
with regard to the viewing plane. ThP. remainder of the components (one JC. 4
diodes, 29 transistors, and 56 resistors)
can then be soldered in place. Observe
polarities and, again, usc a low-power
soldP.ring iron. Any holes on thP. board
that remain empty are conner.tions to the
foil pattern on the back of thP. hoarrl.
Tnterconnections between the three
boards are made with short lengths of
insulated wire, color coded to prevent
errors.
The large board forms the "base" of
the ~:alculator, with thP. display board
above it, tilted so that the display is at
the desired angle. The small boarcl is
mounted directly over the power supply
end of t.he main board_
Checkout. Other than a tletailed inspection, making sure that all components are
properly installed and that there are no
solder bridges, there is no way to cher.k
the complete assembly prior to operation.
Pay particular attention to board-toboard and keyboard-to-board connec31
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tions. RemernbP.r !.hat <l mistake found
during pre-opP.ration inspet;tion is easily
corrected: once the power is on, it could
be quite expensive.
Use. Operating the calculator is so simple that it takes only a few minutes to
"catch on." Here arc the basics :
The button labeled "C" clears the entire machine. Any time you want to start
all over, use it; but avoid it if you are in
thP. middle of a computation anll don' t
want to start over.
WhP.n vou first turn thP. r.alculator on,
thP. ciP.r.i~al point will bP. on the far right
tubP.. To move it, press the "0" button
and one of the number buttons, depending on how many spar.es you want lo
move the decimal. Press the lwo bntlons
simultaneously.
Now pressing any of the number buttons enters a numbP.r. To multiply, add,
subtract, or divide this number bv anv
othP.r, press the appropriatP. funcfio;1 bui.ton, then the second number, and then
the "eqmlls" button.
If, at any time, you enter a wrong number and want to get rid of it hut not ll1e
previous calculations, press the "CE"
button. This clears onlv the last number
P.ntered, and you can ·enter the correct
number and proceed with the calculation .
When you enter too many digits to be
displayed or try to do something impossible (like dividing by zero), the E light
will r.ome on. If you subtract a large
number from a smaller one, a minus sign
·
will appear at the left.
To multiply or divide by a conslanl.
turn on the r.onsLant "K" swilch. P.nter
the first number to be operated on and
then thP. constant. Pressing the equal button will give the answer. Then to operate on any other number, enter the
number and press the equal sign. For instance, if 5 is to be a constant, and you
want to multiply it by 20, 30, and 40.
Press 20, the times sign, 5. and the
equals sign. The answer ·is 100. Now the
5 is entered as a constant. Press 30 and
thP. equals sign, the answer is 150; press
40 and the equals sign, the answer is 200.
This function is very valuable in calculating interest, percentages, etc. To change
the constant, dear the machine. Be sure
to turn off the K switch when you lHP.
through working with constants.
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The two main boards have in-line intercon·
nects, while the keyboard connections are
at the bottom of the logic board. Note the
six large LSI's on the double·sided board.

The button with the two-headed arrow
is used to view the least significant digits
of a number that is over B digits long (to
left of decimal). For instance, with the
decimal at the extreme right, multiply
789,456 by 789,456. ThP. answP.r will appear as 623240775936 but only the first
four djgits will appear at first. To see the
other eight digits, prP.ss Lhe arrow-head
~
butlun.

The complete calculator including injected
plastic case. Note how the display board is
tilted via spacers to f1t the case window.
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MEANING OF AN IMPORTANT SPEC AND HOW IT IS MEASURED
BY JAMES T. WEST
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of thP. first characteristics mentioned in the specifications for a receiver is "sensitivity." Unfortunat ely, the
value given [usually in microvolts} is not
as reliable an indication of quality as it
might seem. To give the. term sensitivity
any meaning, more must be known about
the conditions under which the measurement was made. In communications
equipment, a receiver's sensitivity is usually riP-fined as "the input voltage, from a
matr:hP.d source, required to produce a
10-dB S/~ (signal-to-noise ratio), measured at thP. i-f stage output ." Since the
amount of noise powP.r presP.nted to a
receiver is dependent on its bandv.:idth,
the sensitivity is ulso dependent on that
bantlwiulh.
Thus a good sensitivity voltaRP. for one
type of receiver may be a poor value for
another. For instance, 2 microvolt sensitivity might be excellent for an FM BCB
receiver, yet entirely inadequate for use
on CB. To evaluate properly a receiver's
performance, then, we need a quality
factor which is independent of bandwidth and unaffected by whatever standard of S IN we employ.
While receivers may bP. designed to
perform different types of service, use
different bandwidths, and produce differen t S/N outputs, the final requirement
is the same: a wanted signal must be disNOVEMBER 1971

cernable from random noise. A certain
amount of input noise is unavoidable, but
it is imperative that the receiver add as
little noise as possible. The basic receiver
quality factor indicates the amount of
noise added by the receiver and is appropriately called the "noise figure." To
understand the importance of the noise
figure, howev~::r, it is necessary first to develop a few other concepts.
Understanding Noise. To many of us,
the term noise is rather elusive. This is
partly due to lhe fact that we do not
distinguish properly between thermal (or
device) noise. which is r.aused by random
electron motion in matter, and the various
forms of environmental noisP.. It is
thermal noise which is of interest in
stuuying noise in receivers. The amount
of noise energy genP.rated by t·andom
electron collisions in matter is propor·
tional to temperaturP. and is referred to as
"thermal white noise." In any resh;tive
material, th ermal noise represents an
amount of "noise power," and, due to its
random nature, it appears evenly distributed in frequency across the entire
spectrum. However, the exact amount of
noise power which affects a receiver or
r-f amplifier is restricted by the receiver's
bandwidth. For narrow-band r-f amp lifiers, the noise bandwidth may he as33
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Fig. 1. Effect of source resistance and col·
lector current on no1se figure for a 2N4402.
transister. (From a Motorola data sheet.)

sumed to be the same as the half-power
bandwidth (3 dB below the midband
power gain).
The constant that relates temperature
and bandwidth to thermal noise power is
Boltzmann's constant (k = 1.38 x 1o-~'
joulesrK). Thermal noise power in watts,
then, is equal to the product of Boltzmann's constant, the bandwidth (B) and
the temperature in degrees Kelvin (0°
Kelvin ~ -273°C). Thus, N=kTB.
If an amplifier is connected to a resistor equal to its input resistance, the
thermal noise input will be represented
by the above equation. For example. a
citizens' band receiver with a 6-kHz
bandwidth is connected to a matching
res istor at a temperature of 300°K (about
80°F}. The receiver will see a noise input
of about 1o-17 watts. or about 0.02 microvolts across 50 ohms.
This noise input is not apprer.iable,
even when multiplied bv a high-gain amplifier. Tt would indeed be nice if thP.
amplifier adderl no additional noise. Unfortunately. this is not the case. Any amplifier we can design will add some noise.
This noise comes from several sources
which are random in nature: and, for 1he
most part, it is this amplifier noise that
limits a receiver's ·'minimum usable signal."
One type of noise generated bv both
vacuum tubes and semiconductor devices
is referred to as "shot noise," which is
similar to thermal noise in that il is
completely random in nature. In tubes,
shot noise is cnused by the emission of
electrons by the cathode; and in semiconductors. by the recombination and
34

generation of free electrons and positive
ions within the material. The amount of
noise contributed by an amplifier varies
with the aclivc device employed and the
r.ircuit design. Figure 1 shows how the
source resistance, a design parameter,
can affect a transistor amplifier's noise
generation. Specially designed vacuum
tubes. certain bipolar transistors, field
effect transistors. tunnel diodes, and
varactur diodes are among devices which
add a minimum amount of noise.
There are two other sources of noise
which should be mentioned: atmospheric
and en vironmental. Atmospheric noise is
generated by lightning; environmental
noise is man-made. Examples of the latter
include "static'' from automotive ignition
systems, electric: motors. discharge-type
lighting, and. of course, interfering radio
transmissions. Most of this type of noise
is restricted to that part of the radio
spectrum below about 30 MHz. In the
lower-frequency services, such as AM
BCB (535-1605 kHz) and the 40- and SOmeter amatPur bands. atmospheric and
environmental noise often dominate
thermfll noise. At these frequencies, an
extremely low-noise, high-sensitivity receiver is of questionable value. Of more
concern is weather. locale. time of day,
and antenna directivity and polarization.
However. at higher frequencies, thermal
and amplifier noise become the limiting
factor in determining good reception.
Defining Noise Figure. We need a quantitative wav to express the additional
noise contributed by an amplifier. A logical method of rating an amplifier would
be to compare the amount of noise power
at its output (N " ) to the output noise
pnwer of an ideal amplifi er-one which
arfdR 1'10 noisP. The outnul of thP. idPal
amplifier would be the thermal noise input [\J';., = kTBl multiplied by the amplifier gain rr.1. The ratio of actuRl noise
power tu ideal noise power is called thP.
"noise figure " (NF) of the amplifier, and
is expressed as NF = N... ./GN ....
Notice tha1 the more noise power an
amplifier adck the larger is its noise
figure. Also, for a perfect amplifier. NF
= 1.
Noise figure can also be expressed in
another highly useful way. Since output
signal power (S••• ) is equal to the pro duct
of the input signal power (S •·) and the
POPULAR ELECTRONICS
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Fig. 2. Use t his graph in converting power
ra t ios to decibels. Scales are doubled over.

powe r gain, V\'e Call substitu te s.,.,fs;, fur
in the expression for >JF, giving NF ·
(S; ,,fl'J ,..)/[S ... ,;N..,,), This is the ratio between input signal-to-noise und output
sign al-to-n oise; and it makes a reasonable
expression sinr.e the am plifier , in e rfec l.
degrudes the input s ignal-to-noise by adding noi se.
Noise figure is a dimensionless quant ity and is often expressed in decibels .
To convert from the linear quantity to
d B, use the expression NF (in u B) ..: 10
logto {NF): or refer to the graph in Fig. 2.
Unless you are skilled in the use of
logarithmic quantities, it is w ise to convert b ack to a linear quan tity before making calculations.

<;

T he sign al-to-noise r atio generAlly accep ted in communication equipm ent is
10 dB, m ea sured at the output of the i-f
stage. Some ma nufacturers m ay s pecify
a quantity called "signal plus noise to
noise" which is simply the signal-to-noise
ratio (nut in d B) p lus one. For exam ple,
a (S + N)/N of 10 is the same as a S/N
of !l. The inpu t noise pov.·er is always assumed to be a simple thermal noise
SO\II'CP., N = kTB. Substituting s..... / N .....
= 10 and :'-J .. :: kTB, then the noise figu re
is 1\F = S",/ IOkTB.
If the minimum input signal power
needed for a 10-dB SIN is kn own, the
noise figure cun be determined. For easy
approximations . the nomogram in Fig. 3
hAs been constructed. For r.onvenicnce,
the nomogram has input signal power
sper.if!ed in terms of voltage (V•·'l c omhined with input resistance (R). The S/N
output is assumed to be dO and the tem perature is 300°K.
Note that the Ins titute of High Fidelity
:'vfanu facturers [IHF) rating for sensitivity as appl ied to commercial broadcast
Ftvi recei VP.rs is no t arrived at through
lJni!e the same procedure as used here.
The IHF val ues specify a " distortion
level" At the audio output, rather than a
SI N at the i-f output.
As an example of the use of the nomogram, sup pose a receiver has an overall
h1mclwidth of 50 kHz and is rated as having an input sensitivity of 1 microvolt into
50 ohms. Th en, on the nomogrr~m, a line
is drawn from 50 ohms on the R scale 1u 1
I OO~V

..

l kHr

IOitHr

Fig. 3. This nomogram
is useful in determin·
ing either noise figure
or sensitivity when the
other characteristics of
the receiver are known.
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mi~rovolt on the V,., scale. This line is then
extended until it intersect s the unmarke d
line at point A. Now a line is drawn between this point A and 50 kHz on the
bandwid th scale. The second line intersects the noise figure scale at 10. The specifications in this example are character istic of most AM broadcas t band receivers.
The r-f bandwid th is made considera bly
larger than necessar y [10 kHz) for simplicity and tuning ease. The 10-dB noise
figure is not par1icularly bad in this case
since the prevalen ce of atmosphe ric and
environm ental noise [largely other interfering stations) lessens the need for a sensitive, low-nois e r eceiver.
The nomogram in Fig. 3 can also be
used to find sensitivit y when the noise
figure is known. To illustrate , suppose a
CB receiver boasted a noise figure of 3
(4.8 dB) and had a standard 50-ohm input and bandwid th of 20 l<Hz. A line is
drawn from 20 kHz through 3 on the noise
figure scale and extended to point B on
the unmarke d line. Connecting point B
with the input impedan ce of 50 ohms
yields a sensitivit y of about 0.34 microvolts.
The foregoing example brings up a
good point about determin ing receiver
quality. For instance, let's vary some of
the receiver paramete rs while maintaini ng
the reLatively good value for noise figure
of 4.8 dB. If we decrease the bandwid th lo
3 kHz (about that required for SSB), the
sensitivit y becomes 0.13 microvolt. If just
the output impedan ce were changed -to
300 ohms- the sensitivit y would bo about
0.80 microvol ts. If we changed the bandwidth to 200kHz and R,,. to 300 ohms. the
"good" sensitivit y would become about
2.5 microvol ts. The obvious question at
this point is: Just which value is really
good? Well. since 4.6 dB is a fairly good
value for noise figure, we can safely say
that these are all good sensitivit ies. It is

STAGE A

NF~=2
GG : 10d9: 10

STAGE 8
NFb--;jOd8: 10
Gb • 90d9 = 10 8

Fig. 4. Preamplif ier stage can be added be·
tween receiver and antenna to lower overall
noise fi gure and improve the sensitivity .

quite apparent that voltage sensitivit y is
not a very reliable standard fo r compar ing quality. A much more sensible measure would be noise figure. with r-f bandwidth and input impedanc e for reference .
We have seen how noise figure is related to receiver sensitivit y. Now, let's
consider ways of lowering the noise
figure for an existing receiver system.
Adding a Preamp. The overall noise figure of a system may be significan tly improved by the add ition of a low-noise.
high-gain preamplifier. Suppose a receiver has a noise figure of 10 dB and a gain
t.hrough the i-f output of 80 dB. We want
to improve the sensitivit y by adding an
r-f preamp connecte d at the antenna input. The preamp has a noise figure oi 3
dB and a gain of 1 0 dB. The layou l of the
system is shown in Fig. 4. The bandwidths of the two stages are equaL Tht>
overall system noise figure is then: NF NF. + (NF., - 1)/G,. All values are
linear quantities [not in dB). For the values given above, the NF turns out to be
2.9, or 4.6 dB, a considera ble improvem ent
over the original value of 10 dB.
Notice that the effect of the preamp's
gain hAS been to reduce the receiver' s
contribut ion to the overall noise figure.
If the preamp had had a gain of 20 dB,
the overall noise figure would have heen
2.09, or about 3.2 dB. The higher the

ANro---------~~-------i

•

INPUTo -__.T;...R
.;...
A...;..
NS;;..;.M.;...IS;;..;.S.;...IO_N.;..L._IN_E____---1

(A)

..

Fig. 5. Preamplif ier can be connected
at either the antenna end or the
receiver end of your receiving system.
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MEASURI NG NOISE FIGURE
Noise figure measurements are really
quite simple to make with the proper
equipment: a noise generator / noise figure meter. This instrument reads out
noise figure directly on a meter. However,
it is a specialized piece of equipment
and not readily available to t he average
experimenter.
An approximate valu e of noise figure
ca n be found using a convention al r-f
signal generator whose
impeda nce
matches the rece iver's input. C'Onnect an
r-f meter (ac voltmeter, dB met er, or
power meter) t o the receiver's i-f output.
With the r·f generat or off, adj ust the receiver's controls f or a convenient reading
on the output meter. Then turn the r-f
generator on, turn t o t he center of the
receiver's pass band, and adjust the
output control of the generat or for twice
the original receiver output power (3 dB
higher for a dB power meter, 3 dB or 1.4
t imes the voltage on an ac voltmeter.)
The input power from t he signal generator is now eq ual to t he effect ive noise
input due to the receiver. Note t he r-f
generator' s output by read ing an ou t put
meter or an r-f voltmeter and calculat e
noise figure using the follow • n~ equat ion:
NF -- E/(2.5 X 1020 ) / BR,
where E, is rms voltage output of t he r-f
generator, R~ is the outp ut resista nce of
the r-f generator, and 8 is the receiver's
bandwidth in Hz.
Note that if the rece iver has noise
limiting or automatic gain control circuits, they will have to be discon nected.

preamp gain, the closer the system noise
figure approaches that of the preamp.
To find the exact effect that adding a
preamp has on the sensitivity, the bandwidths of receiver and preamp ns well
as the desired S/N ratio must. be considered. If the receiver in the example were
a typic:al FM tuner, a reduction in noise
figure from 10 to 2.9 might represent an
improvement in sensitivity of as much
ns 2.3 microvolts.
Aft er the decision has been made to
add a preamp to a receiving system, one
must determine the proper location for
the preamp in relation to the rest of the
system. Any practical receiving system
must, of course, include an antenna and a
length of transmission line. The attenuation of the transmission line can effectively add noise to the system, to an extent
NOVEMBER 1971
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Fig. 6. Graph of system noise figure versus
transmission line attenuation for receiving system with different preamp locations.

determined primarily by the placement
of the preamp.
Because of the environmental noise
picked up by an antenna, it is not practical to employ an "overall system noise
figure" to compute the actual output S/N
ratio for a given received signal. However, by replacing the antenna with a
matching rP.RistancP., we can use expressions for the system NF to determine
optimum system configuration. Two basic
configurations for a simple system ore
shown in Fig. 5. The detailed calculations
for the two are beyond the scope of this
article, but the graphical presentation
in Fig. 6 shows which is better. For this
typical system, Lhe noise figurP. ar.tually
decreases slightly for an increase in attenuation if we r.onnect the preamp at
the antenna. Furthermore, if the preamp
cannot be located at the antenna, it is
imperative that cable loss be as small
as possible. Otherwise, the system NF
will be too great to tolerate. Of course
cable loss must be kept small in any case,
since the receiving system must have
enough overall gain to produce a usable
signal power output.
In this article, we have seen how receivP.r sensitivity is always tied in with
receiver noise, and we have shown how
this noise is produced and measured. The
effect of adding a low-noise preamp stage
has also been covered.
~
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RCA Home Training is c

your best
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career
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LEADER IN ELECTRONIC$
TRAINING

When you think of electronics, you im·
meuiutdy think. of RCA ... a name that
stand~ for dependability, integrity, and
pioneering sdcn:itic advances. For o,·cr
h~lf a century, RCA lmtitutc.~. Inc .. a
~ubsidiary of RCA, ha~ heen a lcaucr in
tcchnic<tl training.

2

RCA AU TOT EXT TEACHES
ELECTRONICS FASTER, EASIER,
ALMOST AUTOMATICALLY

Beginner or refresher. AUTOTEXT,
RCA lnsmutl.ltl' own method of pro·
grammcd Home Training will help you
learn electronic~ more quickly and with
le~' effort, even if you've had trouble
with conve11tional learning methods in
the past.

3

WELL PAID JOBS ARE OPEN TO
MEN SKILLED IN ELECTRONICS

RCA Institutes is doing something posi·
tive to help men with an interest in clec·
Ironies to quallf)' for rewardiotg jobs in
this foc.cinating field. There arc chal·
lcnging new ticl<ls that need electronics
h:Chniei:~ol~ .. new c;~rcers such as computers, mltOm3tJon, television, space
electronics where th" work is interest·
ing and earnings ~rc greater.

4

WIDE CHOICE OF CAREER
PROGRAMS

Start tod~y on the electronics career of
your ehoic~. On the attached card is a
li•tof "Career Programs", each of which
~tam with the amazing AUTOTEXT
method of programmed instruction.
Look the li't over, pick the one hc~l
suited 10 you and check it oil on the card.

5

SPECIALIZED ADVANCED
TRAINING

For those already working iol electro"ic•
or with previous training, RCA lnsti·
tutcs offer~ advanced courses. Yoo can
start on a higher level without wasting
time on work you already know.

6

PERSONAL SUPERVISION
THROUGHOUT

totion under the Federally Insured Student Loan Program.

10

RCI\lnstitotes i~ an accredited member
of tnc National Home Study Council.
Licensed by N Y. State-courses of ~rudy
and instructional faciliti~s arc approved
hy th~ State Education Department.

All during )OUr program of home ~tndy,
your tratning IS sl•pcrvis.ed b)' RCA In·
•litute1> npcrts who be<..'Omc persoMily
involved m your clforr• and help yOtJ
over any·•rough spots ''thal may develop.

7

HANDS-ON TRAINING

To give pracrical application to
your studies, a variety of valuable RCI\
I nstitutcs engineered kils are included
in ynur program. You get over 250 proj·
eels and experiments and as many a~ 22
kir\ iot some pro11rams. E:tch kit is com·
plet~ in itself. You never have to t•k~
apart unc piece to build another. They're
yours to keep and usc on the job.

8

FCC LICENSE TRAININGMONEY BACK AGREEMENT

VETERANS: TRAIN
UNDER NEW Gl BILL
SEND ATIACHED POSTAGE PAID CARD
TODAY! FREE DESCRIPTIVE BOOK
YOURS WITHOUT OBLIGATION!

If roply card is detached, send

couj>On
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I
I
I
I
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RCA INSTITUTES, INC,
OEP'T. 694·111-1
320 w. 31 ST.
NEW YORK, N.Y. 10001
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catalog I understand that I om under no
obhg.auon.
Nruna ________________________
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CONVENIENT PAYMENT PLANS

You gel a sctcction of low-cost tuition plans. And, we are an eligible insti-
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Take RCA's Communications C<Jrecr
program-or cnt~r with advanced stand·
ing aotd prepare immediately for your
lsi, 2nd, or 3nl class FCC Radio Telephone License examinations. RCA Institutes money-hack agreement l!SSOrc~
you of your money back if you fail to
pa~~ the r-cc examination tAken within
6 months a{(c{ completing the course.
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CAN AN

AMPLIFIER TUBE
HAVE ZERO

in the plate circuit, and the grid to an
adjustable bias supply. What happens
when you vary the grid bias? That's a
simple question, isn't it?"

TRANSCONDUCTANCE?
or-How Slim
and Mho Got Together
BY JOHN T. BAILEY

"WELL, Slim," said Joe, the shop owner, to his technician. "now that
you have that diploma from your electronics' course. do you feel that you are
fully qualified to cope with the technical
problems in this business? But, wait!
Before you say 'yes' to that question,
let me warn vou that I have a test I
would like for you to struggle with."
"Go right ahead," answered Slim with
assurance. "If it is a reasonable test for
a beginner. r·n handle it all right."
"Don't worry aboul that. The test involves a very basic concept that your
instructor must have explained early in
your studies. Here's the problem: Suppose you connect the plate of a triode
to a power supply, with a milliammeter

Slim responded quickly. "The plate
current changes as the bias is varied.
Everyone knows that a change in grid
bias changes the plate current."
Afler an ominous pause, Joe said, "Are
you sure, Slim? Don't you want to think
over what you just said?"
"Of course not," retorted Slim. "Let
me say it again. A change in grid bias
changes the plate current. That's what
transconductance is all about. If one volt
change in grid bias causes the plate current to change 10 rnA then the transconductance is 10.000 micromhos. If the
plate current didn't change at all, the
tube would have zero transconductance,
and that's ·impossible. If you want more
proof, look at a family of plate characteristic curves for a triode. For a fixed
plate voltage. a change in grid voltage
changes the plate current. Right?"
"Well, before I mark you wrong. let
me ask another question. Suppose this
same triode is connected to a curreP.tregulated power supply instead of to a
conventional fixed voltage supply. As
you probably know. a current-regulated
supply puts out a constant current re-

oo~v-------<~-.--~----~
8 + ~----~+~•~

This constant-current
source uses a pentode
whose screen and con tro l g rids have their
voltages
fixed.
Vary·
ing the 6AU6 cathode
potentiometer controls
the current flowing in
the series circuit. The
lOOK pot is used for
demonstrating the constant-current effect.
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gardless of the load connected to it. Now,
suppose you vary the triode's grid bias.
What happens?"
Slim looked thoroughly puzzled. Then,
he remarked, "The poor tube must be
completely frustrated. A change in its
grid bias should change its plate current,
but the current-regulated supply won't
let the current change. It's like the irresistible force and the immovable object."
''OK," said Joe. "Think it over while
you are out on this house call. The lady
says her new TV won't turn on."
"Does she have it plugged in?"
"Yes, she does. 'Now hurry up. I will
trust you not to stop at the school lab
and breadboard this problem to find out
what happens. When you get back, I
hope to have it hooked up here so your
education can he polished up."
"But we don't have a current-regulated power supply," Slim pointed out.
''I'll make one," said Joe. "Now get
going."
When Slim return~~d. it was obvious
from his expression that he hadn't figured out whether the plate current would
change or not. To forestall the embarrassment a little, he reported that the
lady couldn't turn on her new TV because it had a pull-push type of on-off
switch; and she had upset aU the linearity. hold, and size control adjustments
trying to find the way to turn on the set.
"Well," queried Joe, "what is your
conclusion?"
"Frankly, I don't know," confessed
Slim. "If I guess at it, you will want to
know why I concluded one way or the
other, and I can't think of any explanation for either case. I suppose, as in
most impasses, the answer will have to
be a compromise. The plate current will
change just a little. Is that right?''
"I'll let you decide after you try it out
with this breadboard hook-up," Joe
countered while he sketched the circuit.
"First, I hooked up a 6AU6 to give us a
constant current of 1 rnA. You know that
the plate current of a pentode with sharp
cutoff is almost constant if the screen
and control voltage are held fixed. This
holds true for plate supply voltages
above about 100 volts. This cathode potentiometer lets me adjust the current
to a convenient figure-say 1 mA-and
it also provides some compensation to
NOVEMBER 1971

offset the very slight increase in plate
current that occurs with an increase in
voltage. Notice that the screen is Hed to
105 volts across the OB2 gas regulator
tube. The grid bias is provided by a 1.5volt dry cell, and the plate supply is 400
volts from our power pack. In checking
this circuit out, you will find that the
milliammeter reads a fairly constant 1
rnA when the plate load is varied !rom
0 to 100,000 ohms. Now. let's replace
the plate load with a 6AT6 whose grid
voltage can be varied from -1.5 to 0
volts by means of a pot across another
dry cell. Now, my perplexed friend,
vary the bias on the 6AT6 grid and watch
the milliammeter. You will find the solution to your impasse.''
Slim twisted the pot from one extreme
to the other and exclaimed, "The plate
current didn't change a bit!" Then he
added, "But I still don't know whv."
"Maybo this will help," Joe· offered.
"Connect your VTVM across the 6AT6
and see what happens to the plate voltage when you vary the bias."
Slim did this and noted that. as the
grid bias was reduced from -1.5 volts
to zero, the plate voltage went dowrr
from a bout 175 volts to about 50 volts.
"Now, what does that tell Y91.\? Boes
changing .the bias of a triode actually
change the plate current as you so confidently told me earlier?" asked Toe.
Slim pondered the question for a long
moment, and then the light dawned.
"How stupid can I be! A change in grid
voltage doesn't change the plate current
at all. It changes the plate resistance,
and when the tube is connected to a fixed
voltage supply, the changed plate resistance causes a change in plate current.
Good old Ohm's Law.
"And, when the tube is connected to a
constant-current supply, the plate voltage changes as a result of a change on
the grid because the changed plate resistance times the constant plate current
means the voltage is different. Good old
Ohm's Law again! Joe. thanks for
straightening me out. I was taught that
changing the grid voltage changes the
plate resistance; but. since tubes are invariably connected to fixed voltage supplies, I guess I fell victim to the general
and incorrect impression that the grid
voltage always affects the plate current.
~
This is one lesson I'll remember."
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SOM E PERSONAL EVALUATIONS AND RECOMMEN DATI ONS
FOR BUYING ELECTRONICS BOOKS

BY CARL C. DRUMELLER, WSJJ

devoted to electron8 UYING BOOKS
easy task nowadays- if it

ics is no
ever was. There are literally thousands
of volumes published annually in the
United States alone, covering every subject area at every level. To make matters
worse, every topic has been covered and
covered again so that there are almost as
many approaches to each subject as there
are authors.
With the multitude of electronics
books currently available, it is disappointing to find that there are no really
definitive guidelines to help the buyer in
making intelligen t chojces. Advertising
and catalog descriptions- usually the
only means by which a prospective
buyer comes to know about books without vis iting a book store-a re often incomplete and misleading. So, where does
one go to fi nd out w hich books are
''best"?
In any given area of electronics, the
best books are usually those which have

been around awhile. These books, periodically updated and rerdcased in numbered editions (some are updated annually) , are usually old-time favorites that
have withstood the test of time.
In this two-part story, we w ill discuss
some of our favorite books. In this first.
part, attention is focused on radio communication books for amateur an d commercial radio. Part Jl (which will appear
next month) will be devoterl to books
on the t echnical school level, dealing
with electronics in general.

At first glance, the number of different
books suitable for the study of radio
communication seems almost limitless.
But by paring away the very specialized
books, a great many titles are removed
from the list of possible choices. ln the
titles remaining on the list we find many
old favorites.
The first series of books to be discussed are concerned with amateur (or
POPULAR ELECTRONI CS
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ham) radio communication. This group is
subdivided into handbooh, study guides
for license preparation, guides for asscm·
bling ham stations, construction project
manuals, etc. Very few, however, deal
with the important subject of station
operation.
For the person with a budding interest
in ham radio and who wants to find out
more about it, there are three inexpensive books which will help him to der.ide
whether or not he wishes to get involved
in the hobby. They are a II softcover
hooks. The t itles are: How To Become A
Radio Amateur ($1.00); 101 Question:;
And Answers About Amoteur Radio
(82.95); and So You Wanl To Become A
Ham ($4.50).

How To Become A Radio Amateur
starts off with a discourse on the lure of
ham radio to people in all walks of life.
It takes up a small amount of theory. just
enough to acquaint the reader with what
he'll be expected to know should he decide to push on for his license. This is
followed by directions for building a simple receiver and low-powered transmitter. The book also provides information
on obtaining a license, learning code,
setting up a sta tion, and getting on the
air.
A different approach to ham radio is
employed by the authors of 101 Questions And Answers About Amateur Rodjo. This book anticipates questions that
might be asked and supplies satisfactory
answers. Although its publication date
is 1968, the information this book contains is still valid. The book tells what
amateur radio is and-of equal importance-what it isn't. Being an amateur, as
contrasted to becoming a ham, is given
more thorough treatment than you will
find in most books. Hence, this book emphasizes getting on the air through discussions of operating procedures. handling message traffic, participating in local and national clubs and organizations.
and the various public service aspects of
ham radio.
So You Want To Become A Hom gives
an excellent presentation of amateur
radio. It leads off with the usual background information, telling the reader
how to get his license, how 1o buy equipment, and how to get on the air. A unique
feature of this book is its comparison between radiotelegraphy and radioteleNOVEMBER 1971

phony, giving a brief description of each.
Safety is stressed, and test procedures
arc outlined. Operating the ham station
is given outstanding treatment, making
this possibly one of the best ham radio
books available.
Another series of books dealing with
ham raclio concen trates on preparing the
reader to take and pass the various FCC
licensing exams . Some of the books are
concerm~d with onlv one class of license
(NovicP., General. ·Advanced, or Extra
Class). Most, however, covP.r all classes
since much of the information is common to all classes, differing only in degree of detail.
Again, three titles come highly recommended: Radio Amateur's License Manual ($1.00); Amateur Rad1o Advanced
Closs License Study Guide ($6.95); and
the rather expensive Electronic Communication ($12.00). The last book is concerned with both amateur radio and commercial radio communicati on.
The Radio Amateur's License Manual,
though the most economical booklet, is
one of the most valuable guides around.
Much of its value accrues from the frequency of its revisions: with every pertinent change in FCC regulations, the
manual is updated to assure that the
reader will not be confused by obsolete
and/or incorrect material. One unusual
fea ture of the manual is that it describes
the format of the FCC exam form and
gives advice on procedures for marking
answers. Information is given on the procedures for modifying and renewing licenses, portable and mobile operation,
and for complying with operational
requirements. Thirty pages are devoted
.to rules and regulations.
Althouso:h it is titled Amateur Radio
Advanced Closs License Study Guide,
Jim Kyle's book is suitable for use in preparing for Technician, Conditional. and
General Class license exams. The material in this guide is based on the 51 study
guide questions provided by the FCC.
The questions are grouped into ten subject areas. each of which is given a thorough explanation. The object is to provide a smoothly coordinated discourse on
the whole subject. The style of writing
is chatty and the reading is easy; yet
the exposition is thorough. The text goes
deeply into theory in a manner that

luaves tne reader thjnking that he has
been exposed to cmly casua·l,·eading.
A third approach to the preparation for
a radio operator's license is presented by
Robert L. Shrader in his Electronic Communication. This book is well worth its
high $12 cost by virtue of its thorough
treatment of every aspect of eaeh subjP.ct
introduced. It smoothly accomplishes the
form idable task of schooling the reader
to prepare him for SP.curing every grade
of operator license offered by the FCCboth amateur and commercial! This is
accomplished without "snowing'" the
reader who is inlerested in a Novice
Class license and withou t boring the experienced technician who is preparing
for his commercial Radiotelephone First
Class Operator License.
Electronic Communication begins with
basic topics, making no assumptions
that the reader knows anything a bout
the subject. At the end of each chap ter
in the book thP.re are questions relating
to thP. FCC exams and/or just plain
review questions. ThP. FCC exam questions are for commercial operator licenses: those for amateur radio licenses are grouped near the end of the
book. Math questions do not exist as
such: math explanations in the text are
given only as a means of backing up or
r.larifying the narrative. And no math
bP.yontl high school level is used.
This author recommends two of the
many handbooks published for general
use by hnms, technicians, and engineers.
They are Tho Hadio Amateur's Handbook ( ~4.50) and Radio Communication
Handbook (imported from Great Britain,
$12.95). Both books are outstanding in
their own rights.
The Radio Amateur's Handbook, cur-

rently in its 4Rth F.dition, has long been a
standard reference for radio amateurs,
and its tolal sales puts it at the lop of the
list of all-time hest selling technical publications. To achieve such a rating, the
Handbook has provided a complete blanketing of amateur radio technology. Individual chapters trP.at the specialized
phases of theory, co nstruction, and operation. Throughou t the Handbook, lib eral and effective use is made of photos,
drawings, graphs, and tables.
This is a unified handbook, devoting
detailed a tlention to both theor y a nd
practice and providing construction and
fabrication directions. There is a limited
amount of information given about the
operating procedures to be followed in
the legal and ethical operation of a ham
station. In all, if one were to master completely all of the technical knowledge put
forth in this Handbook, he would be a
very talented electronics technician and
a superior ham.
Going one step further into amateur
radio technology, the Radio Communication Handbook published by the Radio
Societv of Great Britain ranks as an outstandiitg manual for radio amateurs and
hobbyists who are interested in understanding construction projects, and for
technicians concerned with almost any
Jlhase of electronic communication. An
outline of the subjects treated in this
book would he quite similar to that of
Tho Radio Amateur's HandbooK. mentioned above. But there is a difference :
the Radio Communication Handbook
goes into greater depth and detail. This
is evident not only in the theory explanations but in the instructions for building
equipment as well.
Few American publications give the
precise details that are customary in

•
Among the best of volumes that
are devoted to comm ercial, am·
ateur, and general electronic
communicat ions, th ese books
are noted for in-depth coverage.
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American Radio Relay League (ARRL),
225 Main St .• Newington, CT 06111
Comtec Book Div.. Box 592, Amherst,
NH 03031
Editors and Engineers, Ltd.. New Augusta. IN 46268
McGraw·Hill Boo!< Co., 330 West 42 St..
New York, NY 10036
Rider Publications. 116 West 14 St.•
New York, NY 10011
Howard W. Sams & Co., Inc. 4300 West
62 St.• Indianapolis, IN 46268
Tab Books, Blue Ridge Summit, PA

17214
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British magazines and handhooks. llut

even among the llritish puhlic.ations, Hadio Communication llandhook b remarkable for the pains taken to omit no information that could be of use lo the reader.
(We have also found the "Radio Handbook" by Wm. L Orr, published by Editors and Engineers, Ltd., a worthy addition to the electronics bookshelf.-Editor)
It is not feasible to discuss books on
every specialized area in electr.onics.
However, among those people interested
in radio communication, there is heated
interest in VHF and SSll topics. Twu
good books on the topic of very-high
freyuencies (VHF) arc the VHF' Handhook ($2.95) and the Radio Amateur's
VHF Manual ($2.50}. Each gives excellent
treatment to the subject. The material
presented is authoritative. avoiding questionable "fad" projects that diminish the
worth of almost every "how-to" book
currently available. It would be difficult
to make a choice between these two
books, although the Radio Amateur's
VHF Manual offers more pages for less
money. But at these prices, it is worthwhile to buy both books.
Single Sideband (SSB) transmitters
have become the standard for ham radio
communication; yet thefe is less general
understanding of its principles and practices than once was common for the formerly universal double sideband with
r.arrier transmitter. Many books have attempted to amend this situation. Only a
few have succeeded. The best recognized
book on SSB is Single Sidebnnd Principles And Circuits ($14.95) written by auNOVEMBER 1971

thors of unquestioned technical capability. The reading of this book is not light;
the reader is assumed to be an earnest
student of the art. But what the reader
learns is beyond doubt the most authoritative explanation of SSB available.
Studying for the several grades of commercial radiotelegraph ami radiotelephone operator licenses can be through
either the question-and-answer (Q & A)
approach or by perusing general theory,
law, and applications. The former is justified only when the manual is used as a
vehide for review of material already

RADIO COMMUNICATION
BOOK TITLES
How to Become a Radio Amateur
(ARRL). Soft cover. 95 pages.
101 Questions and Answers About Amateur Radio (Sams) by Bourne, Brown &
Sands. Soft cover. 112 pages.
So You Want to Become a Ham (Sams)
by Robert Hertzberg. Soft cover. 183
pages.
Radio Amateur's license Manual (ARRL).
Soft cover. 100 pages.
Amateur Radio Advanced Class License
Study Guide (Tab) by Jim Kyle. Hard
cover. 189 pages.
Electronic Communication (McGraw-Hill)
by Robert L Sttrader. Hard cover. 682
pages.
The Radio Amateur's Handbook (ARRL).
Soft cover. 610 pages text, 32 pages
tables.
Radio Handbook (Editors and Engineers.
Ltd) by Wm. Orr. 896 pag~.
Radio Communication Handbook (Com·
tee) {Radio Society 'Of Great Britain).
Soft cover.
Radio Amateur's VHF Manual (ARRL).
Soft cover.
Radio Amateur's VHF Handbook (ARRL).
Soft cover.
Single Sideband Principles and Circuits
(McGraw-Hill) by Pappenfus. Bruene
& Schoenike. Hard cover. 382 pages.
The Radio Manual (Van Nostrand} by
Sterling & Monroe. 900 pages.
First Class Radiotelephone License
Handbook (Sams) by Edward M. Non ..
Soft cover.
Radio Operating Questions and Answers
(McGraw-Hill) by Hornung & McKenzie. Hard cover.
Radio Operator's License Q and A Man·
ual {Rider) by Milton Kaufman. Hard
cover.
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Best books ("Electronic Communicati on"
shown) use many illustrations to support text.

known. Used otherwise, thP.y tend to encourage memorizatio n and not true learning.
For the self-study handbook, one book
has enjoyed a well-earned rep utation
since its first P.dition in 1928. UpdatP.d at
intervals, The Radio Manual is a book for
serious studv. The tone of the text is a bit
pondP.rous, but the depth of subject treatment and scope of text rank it as one of
the most effective sources of application
techniques and exam preparation. Just
about everything is covered from theory
to FCC Rules and regulations to the International Telecommun ications Union
treaty commitment s of the U.S. This is a
handbook that will be well-thumbe d long
after its owner has acquired his commerr.ial "ticket."
In the less expensive soft-r.over category, Edward M. Knoll's Firs t Class Rn·
diotelephone License Handbook ($4.95)

offers much the same material us is pre·
sented in the m.ore expensive ho.rd-covt:r
manual but in a somwhat morP. con·
densed version. The style of writing is
lighter and the reading is easier as a rP.sult. Good use is made of diagroms and
sketches. This book is both a handbook
and a Q & A "r.ramming" guide, combin·
ing the better feat ures of each.
ln the purely Q & A category, there
are two hard-cover books that share top
rating: Radio Operating Questions And
Answers and Radio Operator's Q & A
Manual. Each of these books is very
thorough in its treatment of the subject:
the answers are unstinting wilh words
and explanatory diagrams and graphs.
Both books cover commercial radiotelephony equipment and practices, rclatP.d
power equipmP.nt, test equipment and
practices, ship radar. and the laws and
regulations relating to equipment opera·
tion. The first book also includes a sec·
tion on aircraft telegraphy operalion and
a very extensive appendix- quitP. outstanding in value to any radio operator.
No evaluation of any of the smaller
hooks that deal with only one class of
commercial license is given a bovc. All of
the information needed for Third, Second, and First Class RadiotelcphonP. license preparation is included in the
books mentioned and is usually presented in a better manner. Studying such
manuals as those already mentioned
does away with time lost in traversing
topics common to each class of licensP..
(Watch for Port 2, General Theory
and Hobby Books, next Month.]

EDITOR'S NOTE

Inescapably, any assessment of the
value Qf a book is affected by the back·
ground, biases, and opinions of the
evaluator. The recommendat ions and
evaluations presented in this two·part
story are no exceptions to t hat rule.
However, they are based on 40 years of
the author's active participation in elec·
tronics. This participation includes in·
volvemen t as an amateur rad io operator,
commercial rad io operator, Signal Corps
Communicati ons Officer, electronics engineer, instructor in a technical institute,
and manager of a technical booksrore.
The biases may be there, but experience
is a goQd tutor.
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UNDERSTAND TRANSISTORS WITHOUT MATH

BY ROBERT B. WOOD

of the properties of metals, which conthe most important component known duct electricity from one point to another
to modern electronics technology. It can in the conductor, but under ordinary cirbe found, in discrete form or as one of cumstances are nonconducti ve in the
many transistors in integrated circuits. in manner of insulators, germanium and sili·
every electronic device that typifies our con are borderline substances. They are.
modern technology. The sophistication of consequently , neither conductors nor inelectronic computers, communicat ions sulators according to the common definiand telemetry systems, electroni c diag- tions.
In nature. an atom containing four elecnosis equipment in medicine, and many
in its outermost electron ring is a
trons
to
directlv
traced
be
can
items
consumer
stable, or electrically inert, structure.
•
the transistor.
But as complicated in use as the tran- Since electrons are the primary current
sistor appears to be, understanding its carriers in the conduction of electricity, it
physical makeup and how it operates is is easy to see that any atom with a full
really simple. What frightens mosl begin- outer electron ring is, by definition, an inners lo the study of solid-state devices is sulator, incapable of giving up an electron
the high technical and mathematical levels to serve in the current carrying process.
In their pure states, germanium (Ge}
most tutorial works employ in explaining
the devices. Many times, a better under- and silicon (Si) crystals are electrically
standing of transistor theory can be ob- inert and behave in the mannet· of an intained from a nonmathematical treatment sulator. However, Ge and Sl can be trans- a device employed in the following formed into current carriers simply b y
adding minute amounts of impurities to
pages.
the pure crystalline s ubstances through a
Germanium and silicon are the basic process known as "doping." The addition
crystal materials from which all transis- of impurities does not by any means
tors are made. Because they have most transform Ge and Si into good conductors
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in the manner of metals such as silver and
copper. Instead, the doped crystals behave like a poor conductor, conducting
only small amounts of current. Hence,
they have come to be termed semiconductors.
To understand why a semiconductor
does not perform in the traditional manner of a conductor, it is best lu compare
it to copper, the second-best conductor
available. Each copper atom has only one
electron in its outer ring. This electron is
loosely bound to the nucleus of the atom
and, under electrical influence, is relatively free to wander as a conductor of current. In Ge, on the other hand, due to the
privileged electron of the impurity, there
may be only one so-called "free" electron
per million atoms.
Now, when a copper conductor is subjected to electrical influence, electron
swarms are free to circulate. This is not
true when a doped Ge or Si crystal is
subjected to the electrical influence. Although the free electrons do circulate,
there are no dense swarms of them since
they are very few and far between.
The type of impurity added to the pure
Ge and Si crystal determines whether the
semiconductor will be n- or p-type. Although the following analysis will focus
attention on Ge, it should be understood
that the discussion applies equally well to
Si.
To make n-type Ge, which has electrons
as the principal current carriers. a small
amount of arsenic or phosphorous (to
mention just two elements currently in
use) is scattered throughout the crystal.
Each of these impurities has five electrons
in its outermost electron ring. Now, if
only four electrons are required for a
stable electron configuration, arsenic and
phosphorous have one extra electron
apiece left over for current-carrying purposes.

p

®@®
(±)(±)(f)
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N

(f)®

--<±>®
---

Fig. 1. Typical pn junction representation.
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The p-type Ge, on the other hand, has
impurities such as boron, aluminum, or
indium added. In the uncharged state,
each of the impurity elements has only
three electrons in its outermost ring. So.
to attain stability, it must "borrow" an
electron from a neighboring Ge atom.
Once the Ce atom gives up an electron.
it has one more proton in the nucleus than
there are electrons in the electron rings.
Hence, it becomes a positive charge

p

r---

-

-

N

®
(£)
(f) -

@(f)

®
@ r-

®

+)Jj~
Fig. 2. Pn junction is shown forward biased.

known as a "hole." The word "hole" derives from the fact that there is a vacancy
in the Ge atom into which electrons can
fall.
From our discussion thus far, it is easy
to see that in p-type Ge, holes are the
principal current carriers. {Although in
reality it is the electon that carries the
current; but the holes appear to do the
moving.) In the n-type Ge, electrons are
the principal current carriers.
The simplest semiconductor device, the
diode, can be represented by the diagram
in Fig. 1. The diode consists of a sandwich of n- and p-type material. Where the
two types of material touch, we have a
junction which is responsible for providing both transistor and diode action.
The hole carriers. which are circled
plus signs, predominate in the p-type material. The electron carriers, which are
represented by minus signs, predominate
in the n-type material. Note that in both
types of material. the current carriers are
in a pronounced minority.
With no voltage applied to the diode,
no voltage difference exists between the
two types of material and the current carriers stay put. Now, connect a battery
across the diode as shown in Fig. 2. and
observe what happens.
POPUlAR UECTaONICS

Fig. 3. Supermarket checkout counter can be used to explain "hole" flow in a transistor.

The positive pole of the battery repels
the holes and attracts the electrons in the
p-type material. Likewise, the negative
pole of the battery repels the electrons
and attracts the holes. The repelled
charges move toward the junction where
some oJ the holes and electrons combine
and become neutral Ge atoms. For every
atom thus "neutralized," an atom in the
p-type material loses an electron to the
positive pole of the battery and begins
a migration toward the junction.
With the battery connected to the diode
as shown. the semiconductor is forward
biased. In this condition. the continuous
hole replacement and drift toward the
junction process makes up the current
flow. The process will continue until the
battery is disconnected or it runs down.
As mentioned earlier, holes are only
apparent current carriers. It is the electron that still carries the current through
the semiconductor material to provide
current flow. During the interchange, no
atom of Ge leaves its place in the crystal.
To simplify the process of hole movemake an analogy to a superment, let
market checkout station. In Fig. 3. we see
four customers at the checkout counter.
One customer has already checked and
vacated the position in front of the cashier, thus creating a hole. The next customer moves up to the counter, in turn,
creating a hole behind him, and so on
down the line until all four customers

us
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Fig. 4. Junction is shown in r everse bias.
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have moved up one position. The checkout counter remains where it is. just as
the Ge atom remains put in the semiconductor. Only the customers have moved,
just as only the electrons in the semiconductor move. The vacated space made by
each customer as he moves up only appears to have moved, just as the holes in
the semiconductor appear to move.
With the hole movement problem
cleared up, let us reverse the polarity of
the battery to obtain the setup shown in
Fig. 4. Here, the holes attracted by the
negative post of the battery move away
from the junction in the p-type material.
and the electrons attracted by the positive
post of the battery move away from the
junction in the n-type material. No current flows. and the semiconductor is said
to be back, or reverse. biased, allowing a
minute amount of current to flow in the
reverse direction. If an alternating voltage
were applied to the junction instead of
de, the current would flow each time the
junction is forward biased and cease
when the junction is reverse biased.
In a vacuum tube rectifier, half of the
ac cycle is neatly and cleanly eliminated
because of the large distance between the
anode and cathode of the tube-compared with the contact made between the
n and p parts of a semiconductor diode.
In the latter, the minute reverse current
flow resulting from the privileged carriers
does not allow complete rectification. A
small portion of the unwanted half cycle
gets through, but it does not hamper effective rectification and, in most cases,
can be disregarded.
The transistor can be viewed as two
diodes connected back-to-back as illustrated at the upper left in Fig. 5. Each
diode consists of a block of n-tvpe and a
block of p-tvpe material (remaining drawing at top of Fig. 5}. In the transistor, the
center block is shared by each of the outer
blocks in turn to make up the diodes.
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Fig. 5. Three methods of drawing transistor.

There are two basic types of transistors. One is an npn with a block of p-type
material sandwiched between two blocks
of n-type material; the other is a pnp,
with two blocks of p-type material separated by a block of n-type material. Schematic symbols for each type are shown at
the bottom of Fig. 5. Note that in the
schematic representations the arrow on
the emitter always points toward the ntype material (direction of hole flow)toward the base in the pnp transistor and
away from the base, or the emitter itself.
In the npn transistor.
The center block in the transistor is
known as the base, while the outer two
blocks are the emitter and collector. In
the practical transistor, the base is much
thinner than are the emitter and collector
blocks. This is done to aid in the amplifying ability of the transistor.
In Fig. 6, we see both types o£ transistors connected in amplifier configurations.
In both cases, the base-emitter junction is
forward biased in the direction of easv
current flow. while the base-collecto·~
junction is reverse biased to oppose the
free flow of current. Hence, the emitter
and collector are said to be connected
series aiding, with control of the majority
carriers from the former to the latter directly dependent on the base drive.
Bear in mind that the transistor is a
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current amplifier. This means that a base
drive signal in the form of a voltage must
first be converted to a current by passing
it through base resistor RB. Once converted to a current and applied to the
base, it allows current to flow across the
base-emitter junction. The current traversing the junction is limite d b\ the
value of RB and lhe le vel of the po tential
supplied by in put drive batt er~ Bl . As
long as c urr~nt circulates through the
bas~-emiftnr jonr.t.ion, them~ will be current flow through both junctions.
The collector current, resulting from
the now of majority carri~rs from the
emitter through the base. is many times
larger and directly proportional to the
base current that initiates it. Because the
base region is narrow. most of the carriers moving through the emitter and into
the base are propelled into the collector.
In practical transistors. 92-99 percent of
the carriers from the emitter reach the
collector. Hence, almost all of the current
from the emi1ter flows through the collector (on the order of hundreds of milliamperes), while it is controlled by a very
small base current (usually on the order
of only tens or hundreds of microamperes}. That's amplification!
The amount of current that flows
through the collector is controlled by the
degree to which the base is biased by Bl
(our base-drive signal}, the collector potential supplied by B2, and the load resistor RL. If we fix the value of RL and the
voltage of B2 ond substitute a variablevoltage input signal for B1. we can easily
vary the output from zero to maximum. ·
Hence, it is possible to use the amplifier
for audio and r-f purposes.
The output signal from the amplifier is
in the form of a voltage. As the current
passes through the transistor and RL it
causes a voltage drop across each. The
voltage drop across the transistor, from
emitter to collector, is the output signal.
It is necessary for RL to be in the circuit
so that a voltage drop can be developed
across the transistor.
~
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SIMPLE CIRCUIT
OPERATES
ON 12 VOLTS

BY DAVID E. FAHNSTOCK

LOCK THE DOOR and throw away the
key! With an electronic combination
lock, you never have to worry about losing the keys or locking them inside. All
you have to do is remember a fivenumber combination. What's more the
combination lock described here needs
only a 12-volt supply so it can be used on
your car or boat with no attachments
or problems. The circuit of the lock is
unusually simple and uses silicon controlled rectifiers for trouble-free operation.
The basic system, whose schematic is
shown in Fig. 1 , uses only five pushbutton
switches for 120 combinations. However,
you can easily add to the circuit to provide for more combinations (720 for six
pushbuttons, 5040 for seven, etc.). The
combination can be changed easily and
quickly if you think someone has learned
what it is.
In addition, the system is timed so that,
even if the first number is chosen correctly, the rest of them must be chosen
within 3 seconds (which can be adjusted)
or the process must be started over again.
Theory of Circuit Design. The circuit of
the combination lock is essentially five
SCR's in series, with the last SCR in
the chain controlling a relay. The chain is
controlled by a UIT timing circuit and
"feedback" from the relay.
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When switch S1 is operated, its normally open section turns on SCR2 and it
lat-ches in. With SCR2 on. there is a po·
tential of about 12 volts across R7, with
the junction of R7, C3 and SCR2 negative. This voltage is applied to the timer
circuit, charging C2 through R4 and C3
through R5. Capacitor C1 also starts to
receive a charge through Rl, and when
this charge is sufficient, Q1 starts to conduct, producing a positive going spike
across R2. If the relay is de-energized.
its normally closed contacts are in se·
ries with SCR1. Thus. the positive spike
from Q1 causes SCRl to turn on. The
resistance of R4 is too high to permit
enough current to flow through SCR.1 to
latch it in. However, sufficient current is
supplied by the charge on C2 to maintain the latch until C2 is discharged.
While C2 is discharging, a voltage is
developed across R5 which is added to
that across C3. This causes the anode of
SCR2 to be at the same potential as its
cathode, turning it off. Since SCR2 is the
first in the SCR chain, which it turns off,
the complete chain is disabled.
Wh1m the various switches are operated before the Q1 circuit runs out of
time, the relay is energized. This simultaneously applies power to the external
circuit and opens the cathode circuit of
SCR1. Thus. as long as the relay is energized, SCR1 cannot turn off the chain
'3

!;
0
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even though Q1 keeps generating pulses.
To reset the alarm, any switch other
than 85 is operated. For example, if S3 is
depressed, the series circuit is broken
and SCRS and SCR6 are turned off. deenergizing K1. This enables SCR1 to operate at the next UJT pulse.
Construction. The circuit is assembled
on a printed circuit hoard whose foil pattern is shown in Fig. 2, which also shows
compone nt layout. Install the semiconductors carefully and observe the polarities of the electrolytic capacitors. Use a
heat sink (such as long nose pliers) on

the leads of the semicond uctors when
soldering and use a low-pow er (35
watts) soldering iron.
In the prototype, the printed circuit
board and the switch plate were built as
two separate units, interconn ected by a
length of multi-conductor cable. In this
way, the electronics board can be hidden, with only the pushbutt ons available
for use. The pushbutt dns can be ananged
in any configur ation-as long as you
know which is which. The combinat ion
can be changed by changing the positions
of the switches. The combination shown
in the prototyp e is 1-4-3-2-5 .
POPULAR ElECTRONICS
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Although the pushbutton
panel is mounted in the
open, th e actual control
board should be hidden
from view. If higher con·
trol power is needed, the
output relay can be used
to operate a power relay.

lf you want to decreAse the 3-sccund
timing for completion of the combinalion. reduce t he value of Rl or Cl. To
make the time longer, increase thP. value
of either of the two components.
The relay used can be an y 12-volt type
requirin g low coil current. If th e existing
contacts will not carry sufficient curre nt

for your needs. use an external relay activated through the contacts of the relay
on the board.
The lock described h ere was designed
for use with a 12-volt b atterv. However,
if you want t o use it on the 1l7-v olt commercial power line, a simple 12-volt de
~
supply can be added .
TO CON T!IOLLED
CIRCUIT

$J~I-I
'l

~

Fig. 2. Foil pattern and com·
ponent installation for the lock.
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College Credits for CREI Students
Recently CREI affiliated with the New York Institute of Tech·
nology for the express purpose ot making it possible for CREt
students to earn college credits for their studies . The New York
Institute of Technology is tully accredited by the Middle Stales
Association ot Colleges and Universities and is chartered by the
New York State Board of Regents.
For the many CAEI students who are not interested in college
credits, but simply in improving their knowledge ot advanced electronics, this affiliation with NYIT will provide additional assurance
of the high quality of CREI home study education.
It you want to know more about earning college credits for
CREI study, check the appropriate box when you mail the postpaid
card tor complete information on CAEI Programs.

f Free book tells all about CREI
program$. For your copy, tear
out and mail po9lpald card or
write: CREI. Dept [12118
Wisconsin Ave & Tilden Sl .
Washington. D.C. 20016

~----- - -- ::!!-

1 CREI, A Division of the McGraw-Hilf

I
I
I

Continuing Education Company
Dept El211B, Wisconsin Ave. & Tilden Sl.. Wast>inQton. 0 C 20016

I Please mail me tree book <lescrioing CREI Programs ~ 1 am employed
I in elec1ronics and have a high school cdvcation .
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Build the Muscle Whistler
LISTEN TO YOUR BICEPS DO THEIR THING
fhere are 656 muscles in the human body
and all of them generate a small voltage potential when they are activated.
This voltage. called myoelectricity or
EMG, is present on the surface of the
skin surrounding the muscle. The detection of this signal is important in both
clinical medicine and medical research.
Reaction time. for example, can be
measured by noting the time lag between
a stimulus and the onset of EMG activity.
Audible EMG monitoring has been used
experimentally in training athletes-it
has been hypothesized that athletes can
lf~arn complicated, coordinated muscle
skills faster by listening to their muscles
during training.
The Muscle Whistler, described here,
can monitor manv of the muscles in the
body, producing ·a whistling tone each
time a muscle is activated. Try it, for instance, with the electrodes on the biceps
60

BY HARRY GARLAND
AND ROGER MELEN

muscle (upper arm) and lift a heavy object. Signals can also be picked up with
the electrodes on the triceps (back of up·
per arm) when you try to push something.
The flexor muscles (on the front of the
lower arm) are active when you chmch
your fist. and the gastrocnemius muscle
(in the calf of the lower leg) is active
when you stand on your toP.s. You may
be surprised to hear muscle activity even
when you think a muscle is relaxed. This
is called "muscle tone" and is characteristic of all muscles.
Whether you listen to the Musr.Je
Whistler to monitor the force generated
by your muscles. mP.asure your reaction
lime. or improve your golf swing, this
project will provide an entertaining in·
troduction to an important area of medical electronics.
Construction. The circuit of the Muscle
POPULAR ELECTRONICS
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fig. 1. Essentially, the skin voltage signals applied to the op amp
high-gain differential amplifier control the frequency of the UJT.

PARTS LIST
81 ,82-9-volt battery
CI-C3,C5~.1-!tF

disc capacitor
C-1-5-!Af', 1.5-volt electrol)·tic capacitor
ICJ-Operational amplifier ( Fairt:hild
f,IA74lC)
Jl-Titre:e-pin microphone connector
QI-Transistor (Motorolll HEP724)
Q2-Trausistor (MoiOro/(1 TIEP7.'19)
Q3-2Nl671 transistor
R 1-R.'I-10,000-ohm resistor
R4,RS-1-megohm. rP-sJ:stor
R6,R9-250,000-ohm potentiometa

Whistler is shown in Fig. 1. The prototype
was built on a piece of perf board, though
any other method may be used. The com·
ponents are mounted on small clips,
except that a 14-pin dual In-line socket
may be used for tl1e IC if desired. The
input connector [/1), the speaker, the
zero and sensitivity potentiometers (R9
and R6. respectively), and the on-off
switch (S1} are mounted on the front
panel of the selected chassis.
A conventional three-lead microphone
jack with an associated three-lead microphone connector and a few feet of threelead cable are used to connect the muscle
electrodes to the circuit.
The electrodes are fashioned from two
screws mounted 3 or 4 inches apart on a
NOVEMBER 1971

R7-330,000-ohm resiytor
R8-J:I,OOO -ohm 1esistor
RlfJ-27,000-ohm usistor
Rll,R12-1000-ohm resistor
Rl3-470-ohm usistor
S/-Dp.H ,,[ide or toggle switch
SPKR-100-ohm speaker
Misr..-Rattery connectors, battery mounting
c·lips, kMbs (.1), IC socket (optional),
three-lead cable, plastic strip for elP.ctrodes,
solder lu,;::s (3). P-lectrodP. hardware, perf
board, component clips, etc.

narrow piece of plastic as shown in Fig.
2. A third screw midwav between the
other two forms the gro.und electrode.
Solder lugs under the nuts are used to
connect the three color-coded leads from
the circuit. The center screw is longer
than the other two so that a knob, or
some other type of handle, can be attached.
Operation. With power applied to the
circuit, adjust R.9 so that there is no output from the speaker when there is no
input signal. The output varies from a
whistle down to a series of slow clicks.
Adjust R9 until the clicks just stop. With
the sensitivity control (R6) turned up
(Continued on poge 103}
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A Substitute
for Meters
in Bridge Circuits

•

BY ED FRIEDMAN

THE MOST common and useONEful OF
electronic measurement circuits is
the Wheatstone bridge {see Fig. lA)- In its
usual form, a zero-center microammeter
or milliammeter is used to indicate a null
when the four legs of the bridge are balanced. There are, however, some disadvantages to this arrangement: the meter
face must be relatively large to provide
accurate readings, the meter cannot be
subjected to much mechanical abuse, and
a good-quality zero-center meter is fairly
expensive.
If an accurate null indication is all that
is required, there is a good, inexpensive
way to avoid the zero-center meter. The
idea is to use an operational amplifier integrated circuit as a high-sensitivity voltage comparator. The basic circuit is
shown in Fig. lB. Inputs X and Y to the
op amp are connected to the same points
on the bridge. Polarities are not important. A conventional VOM or VTVM can
then be connected to the output of the op
amp to indicate when the bridge is balanced (within a couple of millivolts in
most cases}. The null point is determined
by the point that just causes the meter to
change indication. The small amount of
offset voltage within the op amp can
usually be disregarded.
For extreme accuracy, however, a suitable offset voltage can be applied to make
this minute correction. To Limit the output
swing, parallel back-to-hack diodes can
be connected from the output to the input
of the op amp as shown in Fig. lC. If
germanium diodes are used, the swing
will be limited to about 0.3 volt; with
silicon diodes the swing will be about 0.7
volt.
If you want to eliminate the meter en62
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The zero-center meter in the standard Wheatstone bridge (A} can be eliminated by using
an op amp as in (B) with a VOM. To limit out·
put swing, two diodes are used as in (C).
Circuit (D) eliminates a meter altogether
by using another transistor and small lamp.

tirely, a lamp driver circuit such as that
shown in Fig. 1D can be used. Any switching transistor, capable of handling the
lamp current may be used. The emitter resistor which limits the cold filament current flow is optional. The base resistor
limits the output current of the op amp
when the transistor saturates. Of course,
the lamp may be replaced by a low-current relay to control external equipment.
The indication of null occurs just as the
lamp changes states-that is, goes from
off to on in one direction of the balance:
and from on to off in the other direction. ~
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WHEN THE VOLTAGE
DROPS
A LIGHT COMES ON

..

BY JEfFREY P. HAMMES

'VOLTAGE
'MONITOR

1N SOLID-STATE equipment, the de sup-

ply voltage level is often quite critical.
Many times, if the voltage drops below a
specilk level, the circuit does not operate
properly. When a battery supply is used,
it is highly desirable to have a means of
checking on the voltage level.
Described here is a solid-state, voltage
drop-out indicator that has in excess of
110 megohms input resistance so that it
will not load the supply. When the supply

R!
22M

R8

voltage drops below a preset level. it wiU
turn on an indicator lamp. It can be built

on a small printed circuit board, all parts
costing about $6. Although the indicato1·
is designed to keep tabs on a 12-volt supply, a variety of voltages may be monitored by changing a few resistors.
The schematic is shown in Fig. 1. The
circuit is essentially a five-stage de amplifier using a FET input. When a sufficiently high negative voltage is applied
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PARTS LIST

Bl-6-to-12-voft baue.ry

DJ-IIEPJ.S6 diod1~
/1-#53/amp (.~ee. text)
]1,}2-Five-way binding fWSt (ofte red, on.e
black)
01-IIF.PBOI transistor
Q2,Q4-H F.P739 tmnsistor
Q3,Q5 · H EPSS tmnsistor
RJ -RS-22-nwgohm, lh-watt usistnr
R8-10,000-ohm, %-walt rt•.•istur
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R9-22,001J-ohm, 1/z-wott re.,istor
R/0-100,000-ohm, V..,-watt resistor
R/2-27,000-ohm., ¥.!-watt resistor
R13-.,3,1!00-ohm, 'h-wutt resistor
R/4-1800-ohm, %-waH resistor
R6-l-rnegohm, multi-tttm pntcntioml!ter
(Bourns 3068-P or similar)
R7-See text
M isc.--Sui.table chassis, lamp socA:et, hard··
ware, wire, solder, etc.
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Fig. 2. Actual size foil pattern
(left) and component installation
(above) for the voltage monitor.

to the gate of the FET, the transistor has
a very high resistance. In this case the
remainder of the amplifier is cut off and
the indicator light is off. When the gate
voltage drops below a certain level, the
FET turns on-as well as the amplifier
and the indicator light.
The switching point (the monitored
voltage level at which the circuit changes
states) is determined by the voltage divider consisting of R1 through R7, with
R6 being adjustable to set the voltage precisely. Diode D1 is a safety device which
prevents damage to the FET in case the
input voltage is accidentally reversed.
The resistance used for R7 depends on
the voltage level to be monitored. With
R6 set at the center of its rotation, select
a value for R7 so that the indicator lamp
can be turned off with just a small rotation of RG. ff you are monitoring a voltage
less than 10 volts, one or more of the five
22-megohm resistors may be omitted. For
a relatively high voltage, you may have to
introduce one or more additional 22-meg64

ohm resistors into the divider network.
In any case, there should always be some
point in the rotation of R6 that causes
the indicator lamp to go out. Once R6 is
preset so that the lamp just goes out, then
any time the monitored voltage drops below the preset level, the indicator will
go on.
Note that the monitoring circuit is isolated from the de source being monitored.
Therefore, when using a metal chassis,
do not use the chassis as a common
ground.
Any type of assembly mo.y be usP.rl:
and if desired, a PC board such as 1hllt
shown in Fig. 2 may be used. This illustration also shows the component installation if vou make the board. Use care
in install{ng the semiconductors. The indicator lamp used is determined by the
battery. The #53 lamp called for in the
Parts List is good for a 12-volt battery, but
any other low-power indicator lamp may
be used as long as the rating of QS is not
exceeded.
~
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THE P.RODUCT CALLE.RY
Fifteenth in a Monthly Series by "The Reviewer"

TEAC A-24 STEREO CASSETIE DECK
(Hirsch-Houck Lab Report)
Unlike most stereo cassette decks, the
Teac A·24 has an input. or source, selector
that operates independently of the rP.ceiver
or amplifier with which the deck is used.
There are two high-level inputs-one eaGh
for TUNER and LINE-and a low-level MIG
input, which also goes to a DIJ'.:-type connector located on the rear apron of the
deck. The fourth position on the source
switch, PLAY. is used when tapes are played
back on the A-24.
The recording levels for the two channels
are set by adjusting concentric controls and
are monitored on two meters on the slanting
front of the deck. Playback levels arc set by
another pair of concentric controls. Recessed into the front of the deck are two
miniature jacks for microphones and one
for 8-ohm stereo headphones. The remaining input and output jacks arc located on
the deck's rear apron.
The tape transport controls, piano-key
levers, are interlocked to prevent incorrect
operation. Normally, the STOP lever must
be operated before going from one mode to
another, but it is possible to shuttle the tape
back and forlh by going directly from fast
forward to reverse, or vice-versa. The fast
forward lever must be held down during
operation, but all others latch when depressed, released by operating the STOP
lever.
The A-24 has a desirable double-action
STOP control. If the tape is stationary. operating the control opens the cassette loading slot lo allow removal of the tape. When
the tape is in motion, however. depressing
STOP brings the tape to a halt and simultaneously disengages the RECORD safety
interlock if the deck was in the recording
mode. But if the user wishes simply to stop
tape motion without releasing the record in·
terlock. he need only depress the PAUSE
lever. The STOP lever must be depressed
twice when the tape is in motion and the
user wishes to eject the cassette: onr:P. to
stop tape motton and a second time to eject
NOVEMBER 1971

the cassette. This eliminates the annoying
characteristic of most decks which eject the
cassette in one operation when STOP is
pushed too far.
Another problem encountered in many
cassette decks is the lack of mechanical disengagement of the capstan drive when the
tape runs out. Many decks shut off the motor
at this point, but unless the user remembers to push STOP. there is lhe risk of de·
veloping a "flat" on the rubber drive wheel.
Teac has solved this problem by incorporating intv the A-24 an automatic, completely
mechanical release that is triggered when
the tape runs out.

Test Results. We tested the A-24 with
TDK SD tape. A 0-dB recording level required an input of 76 mV on the LINE and
TUNER inputs and 0.23 mV on the MIC in·
put. The corresponding specification limits
issued by Teac are 100 mV and 0.3 mV,
respectively.
The output from a 0-dB input level was
0.35 volt (rated 0.3 volt). Distortion was 2.2
percent at 0 dB. and increased at higher
levels. But if care is taken not to drive the
recording meters into the red zones, there
should be no problem with distortion.
The signal-to-noise ratio. referred to 0 dB.
tested out at 41!.5 dB, typical of the better cassette recorders with low-noise tape.
TP.ac's specification is 45 dB. Stereo crosstalk at 1 kHz was down 34.5 dB, and wow
and fluttet were 0.18 percent unweighted
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Upper set of curves s hows playba ck response of Teac A-24 cassette deck using BASF
ca ssette; lower curves show over a II reco rd/ playback res ponse using TDK SO cassette.
(specified at 0.2 percent maximum) using
Philips TC-FL3 test tape.
The playback frequency response. with a
BASF test cassette, was ±0.5 dB from 200
to 10,000 Hz. rising slightly at the low end
to +5 dB at 32 Hz. Overall record/play back
response was ±3 dB from 30 to 10,500 Hz
[rated at 40-12,000 Hz with dB deviation unspecified).
User Comments. The A-24 proved to be
a clean sounding cassette deck with a notably low subjective noise level. While we appreciated the double-acti on STOP control,

we found it a trifle awkward to have to
switch the input selector to PLAY in order
to listen to a tape we had just recorded. No
doubt, after a short time, one would do this
automatical ly.
The mechanical operation of the deck was
smooth, and there were no problems connected wi th its use. Teac suggests using
only C-60 and C-90 cassettes with it, a con·
dition with which we concur.
The A-24, including its supplied walnut
base, measures 13"/a " wide by 4'/•" high by
9%" deep and weighs in at 11 pounds. The
price is $179.95.

Circle No. 92 on Reader Service Page 15 or '19

LAFAYETTE TELSAT 924
CB TRANSCEIVER
The citizens band user with a special
interest in monitoring the emergency channel (9) will find a real bonus in Lafayette's
Telsat 924. The solid-state, 23-channel trans66

ceiver has a second crystal-con trolled receiving section permanentl y set for channel
9. No mattP.r what other channel may be in
use, if there is a signal on channel 9, a light
flashes to warn the operator. He can then
depress a panel button to listen to the information on channel 9. If the call proves
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to be an emergency and he ner.ds further
communication on channel 9. he can switch
over to the normal tra nsceiver circuits. The
sy~tem thus provides effective emergency
monitoring without disturbing normal op·
eration.
Another feature not usually found is a
headphone jack on the front panel to permit reception without being distracted by
outside noises and without disturbing others
in the room. There also is a phono jack for
applying the receiver output to a tape re·
corder.
The transmitter section employs Lafayette's popular "range-boost" a·f compression system to maintain a high modulating
level without introducing dis tortion. A relatively new facility that is being u~cd on CB
units is a meter that is desilSned to indicate
actual r·f power into the transmission line
rather than rP.lative output. However, as
usual, it also acts as a receiver S meter.
The Telsat 924 also has a full-time noise
limiter, variable squelch (individual ones for
the normal and monitor ret;eiver). Delta
tune, PA operation for use with an external
speaker, AM operation with 5 watts of t;arrier input, transmit/modulation indicator
lamp, built-in front-facing speaker, and op·
eration from a 117-volt ac source (with
built-in power supply) or from an ex ternal
1UH0·14.5·volt d-e source. The change requires only substitution of power cords.
The transceiver measures 4 ~\,;"x 11 t:Yir;"
x 8" and is styled as a base-station unit but
can be adapted to mobile installation with
the mounting brackets supplir.d. The weight
is 8Y2 lb and a push-to-talk detachable
microp hone is furnished.
Technical Highlights. Dual conversion is
employed for the normal rr.ceiver. High
Image rejectio n is insured with a firs t i·f
near 11 MHz while selectivity is obtained
at a second i-f of 455 k Hz, using a mechanical filter. Selectivity is rated at li and 8
kHz at the 6- and 45-dB points respectively
- close to what we measured. Adjacent
channel rejection is 50 dB, and i-r image
rejection amounted to more than 80 dH.
A bandpass-coupled circuit at the r-f amplifier input allows a uniform response over
the band with a measured sensitivity of
0.5 ~-tV for 10 dB (S + N)/N. This drcuit
also improves rejection of out-of-band signal~. Bipolar transistors are used at the r-f
amplifier and first mixer, and a diodr. is used
in the second mixer.
A. problem tha t often occurs in solid-state
CB units is susceptibilty to overload, resulting in spurious responses. This can often
be minimized by the use of PET's rather
than thP. bipolar transistors used in the
Telsat 924, where we found that signals of
1000 microvolts or more on certain channels
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could also be heard at a lower signal level
on another channel. Ordinarily this might
not be evident, except with signals transmlttr.d from within the immediate vicini ty.
The frequ ency synthesis is obtained by
heterodyning the CB signal with one of 12
crystal-con trolled frequencies in the 38-MH z
range at the firs t mixer to produce an i-f of
11.310 or 11.250 MH?.. The i-f is then converted to 455 kHz at the second mixer by
heterodyning with a crystal-controlled frequency of 11.765 or 11.715 MH7.. Fourteen
crystals are used to provide the necessary
oscillator injection signals at both mixers.
Delta tuning, intended for optimizing re·
cP.ption of signals slightly off frequen cy
(within legal tolerances), is set up in an unusual way. {nstead of using a variable capacitor to provide a continuous fi ne-tu ni ng
range, the frequency of either the 11.765·
or 11.715-MHz cr ystal in the second mixer
oscillator is "rubbercd" by switching fixed
capacitors in or out to provide a frequency
change of 1.5 kHz. Continuous tuning is not
needed since t he selectivity curve is broad
enough to accommodate signals at the in·
termediate point!!. Actually, from our experience with most CB operation, the Delta
tuning setups are usually supertluous (ex·
cept for SSB) and seldom used.
The monitor receiver is single conversion
with a 435-kHz i-f produced by heterodyning
the channel 9 signal with a 27.5-MHz crystalcontrolled frequency. A tuned input circuit
for the r-f amplifier is coupled to the output
of the antenna-input bandpass circuit of the
normal receiver. This markedly improves
image rcjP.ctlon which turned out to be 37
dB as compared to 12·20 dB usually experienced with single-conversion setups having
a 455-kHz i-f. Two i-f stages are transformer
coupled and it was found that the adjacent·
channel selectivity here was only 32 dB so
that a fairly strong channel 10 signal could
ac tivate the monitor system.
Each receiver has its own d iode detet;tOr
which also p rovides age potential. For the
normal receiver, this held the a-f output to
within 5 dB with r-f input-signal variations
of 80 dB [1·10,000 microvolts}. A diode recti·
fier at the last i ·f of each receiver provides
a de potential (relative to the signal level)
for operating the S moter. With normal operation. a 100-JA.V signal was required to
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cause an S-9 reading, while 1 ~-tV produced
a reading of S-4.
The pushbutton used for changeover between normal and monitor reception,
switches the meter from one rectifier to the
other and switches the a-( amplifier from
one receiver detector to the other. The a-f
amplifying system ends up with a cla!ls B
output stage.
The squelch for each receiver is an ageactivated type that causes the collectoremitter current of a transistor to alter the
voltage drop through a voltage-divider arrangement in the base-base circuit of the
first a-f stage. This provides either a cutoff
bias to silence the a-f amplifier during nosignal conditions or allows an operating
bias for normal amplifier operation.
The monitor-receiver squelch also activates a de amplifier that drives the monitor
indicator lamp which is made to flash by
means of a time-constant network.
The squelch for the normal receiver has
an adjustable sensitivity range of 0.:3 to
100.000 microvolts. With the monitor receiver. a signal of about 1.5 JA V was required
to open the squelch when set for maximum
sensitivity. A 2-!lV signal was needed to
make the indicator lamp respond. The monitor squelch can be set to lock out signals of
up to 10,000 1-1-V.

Transmitter. On transmit the appropriate
38-MHz crystal frequency is combined in a
mixer with a crystal-controlled frequency of
11.310 or 11.260 MHz, the difference producing an on-channel signal. A bandpass lilter
after the mixer minimizes spurious responses. This is followed by an amplifier
and driver for the output amplifier. The output circuit is the usual dual-section pi net-

work designed to operate into a 50-ohm an·
tenna load; however. an adjustable loading
control makes it possible to work into loads
of 30 to 100 ohms. Included is a TVI trap.
An unusual twist here is that these circuits
are switched from the PA to the bandpass
input coupler for the receiver, thus further
attenuating out-of-band signals on receive.
Both the drive and the PA stages arc~
modulated using the receiver a-f output
amplifier, the preceding a-f stages of which
now function as the speech amplifier.

Performance Tests. With our unit. the carrier output power measured 3'/2 watts on
both an external commercial power meter
and the transceiver's output-power meter.
Nok that readings on the latter are accurate
only with a 50-ohm load or those presenting
an SWR of 1:1. Modulation peaks ran right
up to 100% with good waveform-in contrast to the clipped or squared signals usually found. In addition, unlike many CB rigs,
the negative peaks did not go beyond 100%
and break up the carrier which otherwise
could cause splatter. Needless to say. the
Telsat 924 thus provides a clean signal while
maintaining a good punch.
Excellent signals with crisp quality were
experienced both on receive and transmit.
Squelch operation was smooth without
"plopping." On-the-road tests proved the
noise limiter to be quite effective. Although
no emergency calls were encountered on
channel 9, the assodated monitoring setup
should be a worthwhile feature, particularly
for those especially involved with opera·
lions such as REACT.
At the price of $139.95, the Telsat 924
covers a lot of ground and is a good investment.
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HEATHKIT MODEl IR-18M
12-SPEED CHART RECORDER KIT
The fact that several instruments previously found only in well-endowed labs are
appearing in technician shops exemplifies
the direction modern electronics technology
has taken in just the last three years. The
earliest lab items to filter down to the technician market at vastly reduced prices included the digital frequency counter, the
timer, and the volt/ohmmeter. Now there is
a precision chart recorder kit in the offing
from Heathkit as their Model IR-18M for the
budget price of only $149.95.
Make no mistake about it; the 1R·18M is
a true precision im1trumcnt. Properly calibrated. it can accurately measure voltages
over the ranges of 0-1 mV and 0-10 mV. depending on whf!ther or not a jumper wire
is in or out of the circuit. To minimize test
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circuit loading. a high-impedance input is
employed. A three-terminal floating input
permits monitoring and measurements when
the test circuit and recorder are at different
ground potentials.
To eliminate the problems common to
mechanical choppers, the IR-18M employs a
light-operated modulator. Operating at a frequency of 240 Hz. the modulator greatly reduces the effect of 60-Hz noise. While most
chart recorders require an internal reference
battery, the 1R-18M does not since it utilizes
a temperature-stabilized reference voltage
circuit. Both coarse and fine zero position
controls arc featured. allowing the user to
set pen positioning quickly and accurately.
The servo drive used for moving the pen
across the graphed chart paper functions
smoothly and responds quickly. The only
sound that can be heard during pen movement is a whir that originates from the
POPUlAR ElECTRONICS
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Cabinet of fully assembled chart recorder
(above) completely encloses servo amplifier
(above right) and the drive motor and digi·
tal countdown speed circuit (below right}.
servo motor, and this is barely loud l'!nough
to become annoying.
The chart recorder is equipped with 12
speeds and covers a paper movement rate of
from 5 s!in. to 200 min/in. Spe~d selection
is provided by a bank or five pushbutton
switches locat!!d on the f•·ont apron. The 60Hz line frequency is used as a base for tbe
paper drive. And instead of using a mechanical gearing system to provide the different
speeds, a digital logic countdown system. in
conjunction with a synchronous motor, is
employed. Paper travel is. therefore, smooth
and as accurate as the line frequency will
permit.
The versatile pen holder is dP.signed to
accept virtually any writing instrument
(Heathkit provides a fountain pen with ink
cartridges in the kit. but we recommend a
felt marking pen if the s low paper travel
speeds are to be used to prevent ink bleed).
Three rocker switches are on the paper deck
control: chart motor on/ off; servo motor and
d rcuit on/off; and power on/off (shuts down
power to all circuit!! and motors in off position).
When full y assemblnd. the IR-18M P.ncloses all circuits. The pen holdr.r and pen
drive circuit housing is hinged to allow
quick and easy replaceme nt of the chart
roll.
Aside from the usual precautions referring to soldering into place solld-state cornponents-espe cially wtth rererence to the
close spacing between IC lea!is-bulldi ng
the kit presented no pl'oblems. Almost an
components In the recorder mount on either
the pen drive or paper drive printed circuit
boards. both of which are commercial-q uality epoxy-glass types. Dealing with the IC's
is simplifi~!d by the fact that they do not
themselv!!s have to be soldered into place;
instead, they plug into specially dr.signed

pin clips which solder to the PC board foil
pattern.
Mechanical assembly is as easy to perform as is the wiring. Some special care
seems to have bP.en taken to make certain
that all mt'!tal members properly line up
without having to stress the pieces to get
them together. The whole kit, from start of
assembly to fi nis h of calibra tion, should
not take the experienced kit builder more
than 12 hours to complete while working at
a leisurely pace. This is due mainly to the
fact that the assembly/opt' !cating manual is
up to 1he usual Heath e xcellence.
Since the chart recorder is, in its own
way. almost as vnrsatile as an oscilloscope.
it wouJd be difficult to enumerate the m<1ny
uses to which it can be put on a workbench or in a laboratory. But to gi\·e somn
idea of its versatility, it is worthwhile here
to note that the IR-18M can be used to
monitor time-variant de voltages directly
and, with thP. aid of suitable t ransducers, to
measure and monitor tempr.rature changes.
variations in light intensity, velocity, r pm,
position, and frequency. Unlike an oscilIoscope, however, the chart recordP.r providcs a permanP.nt record of all tests and
~
measurement s madP..
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Fifteenth in a Monthly Series by J, Gordon Holt

tn:GRI-:T that time does not p!!rmil me lo
l answer
all of our readers' lcttel's indi-

vidually, hut ones or general interest I will
try to answer from time to time in this
space.
Dear Mr. I /olt;
I have been following your monthly columns in PE ever since they started, and I
must soy I've enjoyed most of them. I om
bothered. though, by your preoccupation
with the kinrl of equipment tl111t few of us
can even find in the stores, let olone offonl
if we could find them. Certainly it is a lot
o( fun to read about thousand-dollar preomp/ifien; and two-thousond-dol/ar loudspeakers, but what goori is that kind of
reoding for someone who must moke do
with r1 seventy-dollar preamp ond o poir of
ninety-nine-dol/or speakers? I know J still
don't hove the best possible system. l wont
to step up to better components, ond I am
in o buyin~ mood these rlays. but your columns tell me nothing about what to buy.
Why not puy some ottention to us budgetstrapped shoppers?
Normon Ogilvy
At/onto, Go.

the models change so frequently, I hflt I
don't stand a chance of gelling to hear, let
alone to test. more than one or two percent of the whole field for a given year. So
while I may be able to report how lhe ones
I do lest stack up against the best available,
it is senseless for me to try and rank them
among their peers.
And lhirdly, although I don't mean to
sound snobbish about this. I find top-of·
the-line equipment a lot more interesting to
test and to write about because the lop of
thP. line is usually where the advances in
the stale of the art are being made.
This column is not actually supposed to
be a buyer's guide. It is supposed to concern itself with what is going on in the fidd
of audio, and the top of the line is where
most of it is going on. Of course. it's going
on in lower places, too. Things are happening in the compact-tape field and the quadriphonic field. and I'll have much to say
about both in the near future. But as long
as the best available sound is being im·
proved at the top. I'll continue to report on
developments there. Eventually, they usually filter down the line and show up as im·

You must have missed a column. ( did
devotP. a whole piece to the art of buying
a champagne system on a beer budget (De·
cember 1970). Generally, though, you're
right; I don't pay much attention to middleor low-cost equipment, and for several reasons. First, a lot of it is unabashedly
mediocre. and each model frequently differs
so much from its competition in the char·
acter of its sound that it is almost entirely
a personal matter which set of colorations
a buyer will want. The stuff has to be
matched to the buyer, because while buyer
A can ignore boomy bass lo enjoy a
natural-sounding presence range, buyer B
can't stand boom no matter how the pres·
ence-rangc sounds.
Secondly, th!lre are so many components
in the middle- and low-price classes, and
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provements in the equipment most of us
can afford to buy .
Dear Sir:

..

H is obvious from your columns that you
ure a dedicoted classi~:ol-music listener; but
I would like to ask, do rou like onythiug
but classical music? 1 uegin to th ink you ore
a musical snob.
R. D. Pitcairn
Philadelphia, Po.
I am a musical snob. I do not c:are for
gar bage, whe ther it be hee-haw blue grass,
mindlessly repetitive rock, or meandering.
noodling classics. I like s ome rock. some
blue-grass, and most classics writte n before
"serious" compose rs s tarted playing mathematical games for ea ch other's ap proval.
I also like some background music, some
jazz, some film music, some folk music,
some musicals, some religious music, a nd
practically all musical satirP. and parody
from the (sadly) now-disbanded Mothers to
P.D.Q. Bach.
Most of my listening. though. is to classics, because I own more classic:al recordings than an ything else. and becaus e a
good symphonic or operatic recording will
test the mettle of a reproducing system as
well as anything else.

Dear Sir:
lt strikes me that you are unreas onably
critical of the audio equipment you write
about in your POPULAR ELECTRONICS
columns. Hove you ever come across anything in which you didn't find at least one
fault?
\.Yernet Dietze
Philadelphia, Po.

Currently, I have four casselle unit.s in
the house (on Joan)_ All are contenders for
top-of-the-line position in the competition
hierarchy; three have built-in Dolby B noise
reduction; and two have DuPont Crolyn provisions (at the push of a button). Of these.
only one was delivered from the Ia~;tory in
proper adjustment ; the other thre e were
sufficiently out of whack that their playbacks differ audibly from their original signals, and what's more. their channels were
different in playback. All four have wow
and flutter that is clearly audible on a
sustained sine wave tone, and barely
audible with most music, most of t ho time.
The rest of the time, they flutter Intolerably badly. intermittently, for periods of
from fl second to a few minutes. And don't
toll me it's the cassettes themselves. All
cassettes do it, occasionally, !ind some of
the better ones will occasionally go all the
way through without any problems. The
Dolbyed tapes are very quiet, though.
While I expect to see further improvements in cassette fidelity, I do no expect
the same news from the B-track cartridge
market place. Already, manufacturers have
shown their feelings about the cartridge's
potential fidelity by incorporating Dolbys
and Crolyn tape provisions in casselte units
only. Thoy are improving still, while cartridge machines are improving little if at
all. Cartridges still hold the lead on dollar
sales because they came out some time before the cassettes, but since a cassette can
do anything a cartridge can do, plus a lot
of things a cartridge can't do, I expect to
see cassettes cornering the compact-tape
field within a few years, with cartridges
going the way of the 45-rpm disc.
Dear Sir:

Two, In fact: The Soundcraftsmen Sl::-2012 multi-band equalizer, and the Koss ESP9 headset (latest production samples}. That
is not to say that I won't eventually find
something about them to cavil about, but I
haven't to date.
Dear Sir:
You don' t seem to hove much to say about
the compact-tape mediu thot have heen
musl1rooming during the post few years.
Arc you against them, disinterested m them,
or ignorant of them?
n. Yates
Springfield, Mass.
I found it hard to drum up any enthusiasm over cassettes or cartridges when all
they had to offer in exchange for their convenience was monstrous wow and fl utter
and obtrusive hiss. But as their more flagrant failings are dropping by the wayside,
my interest has grown.
NOVEMBER 1971

l nm intensely interested in high fidelity,
l like music, I have o very good ear for reproduced sound, and I would like to make
audio my occupntion. l am not much intereste d in the selling end of the business,
though; and wltile r tltink 1 would like to
get into equipment design, neithP.r om I
much interested in sitting behind a desk
ond fiddling with a slide rule and a lot of
schP.matics.
Is there any job in the audio field where 1
could " use my ears" toward the design of
new equipment?
Christopher n. Morris
Boulder, Col.

The;·e are very few. While a golden ear
is useful in evaluating a new component. it
is a very dubious device for designing anythi ng. The golden ears that work for equipment manufacturers usually work in some

(Continued
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AWARENESS
Thoqhtiul Reflections On Your Future
Nineteenth in a Monthly Series by David. L. Heiserman
First Class License
with Radar Endorsement
I am interested in obtaining a First Clau
k.a.diotelcphorle Liceme with a. Radar En.
clorsem<mt. At the same time, I'd like to get
a better knowledge of solid-state logic anti
control circuits. Bttt there are so many
school$ aYailable, I clon't know where to
start.

• I have located two schools (approved by
the National Home Study Council) that offer
courses combining basic electronics. solid·
state technology, and radar. They are the
National Radio Institute (NRI) and National
Technical Schools (NTS).
The NRI course that will interest you
(called "Complete Communications") has
about 80 lessons beginning with the funda·
mentals of electronics. going through vacuum tube and transistor circuits. and ending
up covering virtually every phase of modern
communications-including radar and marine. airborne. and mobile equipment. 1\n
average student can complete this course in
about 2 years, and NRI guarantees a gradu·
ate will be able to get a First Class Commercial Radiotelephone License with Radar
Endorsement. The coursP. includes 7 train·
ing kits. and the total cash price is currently $340.
NTS's course is called "Master Course
in Electronic Communications," and it covers about the same material as the NIU
course. in 115 lessons. Average completion
time is 16 months. and NTS also guarantees
that the successful student will get the desired license. This course includes 14 kits
and the cash prke is $267.
It is impossible to say which of the!!:e
courses is the best for the money. You
should write a personal letter to each of
them, asking for a complete course outline
and an appointment with a representative.
After you have had a chance to see exactly
what they offer, you can make the final
choice yourself.

n

AnothP.r home study school. CREI. offers
courses in navigation and radar systems.
but they are intended for graduate engineers. You might write to them to find out
what rurther qualifications you need to take
some of these (;ollege·levP.l courses.
The addresses of the schools are:
National Radio Institute
3939 Wisconsin Ave., NW
Washington, DC 20016
National Technical Schools
4000 South Figueroa St.
Los Angeles, CA 90037
CREI
Home Study Divisions
McGraw-Hill Book Co.
3224 Sixteenth St., NW
Washington, DC 20010

Self Teachers Answer

Their Own Questions
As my career as an electronics teclmician
progresses, I (mel that I rely more on self
t~aching th4n on resident or home stud>·
schools for the new and specializ.etf knowledge 1 need. The deeper I go, h<"weyer,
the hard~ it becomes to dnswf!r my own
questions. Do you haYe 4ny stlggestioru on
how a self teacher can answer hi$ own
questions e Ifecti ye(y?

• Answering questions is. indeed, a special
kind of problem fo•· sctr teachers. Classroom
students (;an get immediate answf!cS to ques·
tions from their teachers. 1\nd, home study
students can gf!t answers by writing in. But
unless a self teacher happens to know a
teacher or a knowledgeable engineer, he is
stuck when it comes to answering all his
own question!!. Nevertheless. I believe it is
possible for a self teacher to turn his problem into an actual advantage. By learning
to answer his own questions, a self teacher
gears hi!l mind to the kind of original thinking and "stick-to-it" attitude that is charPOPUlAR ELECTRONICS

acteristic of the most successful engineers
and inventors.
Most of the t ough questions self te achers
~nr.ounter stem from a mixed-u p point of
view. Usually, his own point of view is out
of kilter, and he can master the tricky prob·
lem by approaching it from a different angle.
Often this is done by studying different references--authors sometimes omit things they
don't think are important or approac h a
problem in a manner peculiar to their own
thinking. Another author's version may clear
up the problem easily.
As a self teacher, you should not be afraid
t o spend t ime t r ying to answer relevan t
questions that occur. A day, a week, or
even a month spent searching for answers
to you r questi ons can be well worth the
effort. You will certainly understa nd the
question and the answer better than the stu·
d ent who asks someone else to do all the
thinking for him. And you will probably
Jea rn a lot of additional things in your
search for the answer.

Making Experience Count
EYer since I "Was a Boy Scout, I haYe been
building homemade electrnnic circuits and
assembling ekctronic kit.t of all kinds. I
lu•Ye also repaired TV sets and radios {or
friends. No., I am about to co mplete a
l•ome study courfe in electronics teclmology
and I rvould like lo know h o"' tn use my
experier<ce to gel a better start in my elec·
tronics career.

• You can. indeed, use your own practical
experience with electronics to get a head
start on your career. Experience, even the

.

homebrew variety, puts you in a better bar·
gaining position at a job interview. The only
problem is working out a way to present all
of your past experience in an organized and
convincins; manner.
I suggest you make a formal worksheet
for every piece of electronic equipment you
built on your own. Start by listing all the
projects with an approximate r.ompletion
date for each. This may take a little time
and effort, but it will be worth it.
Make a neat 8 1/z x 11 worksheet for each
project and place the name of the project
and the completion date at the top of each
page. Don't forget to include worksheets for
any kits or circuits you might have worked
on as part or your home study course.
Draw a fo rm al schematic and make up a
parts list for the simpler circuits; for the
more complicated ones, include the original
schemati<:. A Polaroid photo of each circuit
or piece of equipment you built can be an
effective addition to the worksheet. If you
can't get the photo, and if you are a fairly
good artist, some simple line drawings
might be helpful. Don't bother to attach piclures c:ut from r.atalogs or instruction manuals; they don·t prove anything.
The last parl o( the w orksheet should be
a description of how well the project worked
when you finished it. Tell whal you did with
the proj ect and how long you used it. If you
modified the original cirr.uit, tell exactly
what you did. and why.
You may have had trouble getting some
of the projects to work, and some of them
must have conked out at one time or another. Describe the symptoms in detail and
tell what you did to get the thing working
again. If you never did get it to work. give

INSTANT REPLAY WITH
INSTRUCTIONAL VIDEOTAPE
A new self·contained automatic video·
tape record and playback unit which
eliminates the problem of tape handling
and the need for a trained operator is now
available for use in audio·vlsual applica·
tions. Originally designed for coin·oper·
ated use at golf courses and other recre·
ation facilities, National Instant Replayer
Corp.'s TV Instant Replayer has been
modified for use in school, college, busi·
ness, and industrial instruct1on programs.
The Instant Replayer can be programmed to record for a pre·set period
of time, following which 1t automatically
rewinds and then replays the recorded
material on a high·resolution 18-inch TV
monitor-all at the touch of a single but·
ton. Freeze·frame and slow·motion play·
back are also possible.
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50 functions ln a slns:le chip. The junctions of 50 separate transistors,
diodes, resistors and capacitors can nnw be performed hy the tiny
dot in the center oj the integrated cirwit held by the tweezers.

The''Chip''
...will it make or break your job future?
each no bigger than the
head of a pin, are bringing about a fantastic new
Industrial Revolution. The time is near at hand
when "chips" may save your life, balance your
checkbook, and land a man on the moon.
Chips may also put you out of a job ... or into a
better one.
"One thing is certain," said The New York Times
recently. Chips "will unalterably change our lives
and the Jives of our children probably far beyond
recognition."
A single chip or miniature integrated circuit can
perform the function of 20 transistors, 18 resistors,
and 2 capacitors. Yet it is so small that a thimbleful can hold enough circuitry for a dozen computers or a thousand radios.
Miniature Miracles of Today and Tomorrow
Already, as a result, a two-way radio can now be
fitted inside a signet ring. A complete hearing aid
can be worn entirely inside the ear. There is a new
desk·top computer, no bigger than a typewriter yet
capable of 166,000 operations per second. And it is
almost possible to put the entire circuitry of a color
television set inside a man's wristwatch case.
And this is only the beginning!
Soon kitchen computers may keep the bousewife's refrigerator stocked, her menus planned, and
her calories counted.
Money may become obsolete. Instead you will
TINY ELECTRONIC "CHJPs,"
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simply carry an electronic charge account card.
Your employer will credit your account after each
week's work and merchants will charge each of your
purchases against it.
Doctors will be able to examine you internally
by watching a TV screen while a pill-size camera
passes through your digestive tract.
New Opportunities for Trained Men
What does all this mean to someone working in
Electronics who never went beyond high school?
lt means the opportunity of a lifetime-if you take
advantage of it.
l!'s true that the "chip" may make a lot of manual
skills no longer necessary.
But at the same time the booming sales of articles
and equipment using integrated circuitry has created a tremendous demand for trained electronics
personnel to help design, manufacture, test, operate,
and service all these marvels.
There simply aren't enough college-trained engineers to go around. So men with a high school
education who have mastered the fundamentals of
electronics theory are being begged to accept really
interesting, high-pay jobs as engineering aides,
junior engineers, and field engineers.
How To Get the Training You Need
You can get the up-to-date training in electronics
fundamentals that you need through a carefully
POPULAR ELECTRONICS
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ch()>)en home study course. In fact, some authorities
fcel that a home study course i~ the bc~r wuy. HBy its
very nature," stated one electronic~ publicalton recenth·. "home study de\·elop~ your ahility to an alyze
and extract information as well as to strengthen
your ~ense of responsibility and iniriahve." These
arc qualities every employer is alwlly~ looking for.
rf you do decide to adv;~nce your career through
sparc-ti"1e study at home, it makes sense to pick an
electronics school like the Cleveland Institute of
F..lectronics. We teach only F,lectronics- no other
suhject'i. And our courses are designed especially
for home ~tully. We have spent over :10 years per·
feeling techniques that make le arni ng Electronics
at home easy, even for those who previously had
trouble studying.
Your instructor gives your a~~ ignment~o his undivided personal attention. He grades your work,
;malyzes it, and he maib back his comments the
same day he gets your lessons, while everything is
\till fresh in your mind.
A lways Up-to-Date
Hccause of rapid developments in Electronics, CIE
courses are constantly being revised. This year, for
example, C!E students are receiving exclusive upto-the-minute lessons in Microminiaturization, Logical Troubleshooting, L<tser Theory and Application, Single Sideband Techniques, Pulse Theory and
Application, and Boolean Algebra. For this reason
CIE comses arc invaluable nut only to newcomers
in Electronics but also for "old timers·· who need a
refreshe r course in current developments.
Get FCC License or Money Back
No matter what kind of job you want in Electronics,
you ought to have your Government FCC License.
it's accepted everywhere as proof of yout education
in Electronics. And no wonder- the Government
licensing exam is tough. So tough, in f11ct, that with out CIE training, two out of every three men w ho
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the miracle< of ill·
li'J.:raled circ11itrr
This 011<' wl.'ighr :!7

ounce.\·, uses fl on~
iuch •·idiCol/ ca•11 ·
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take the exam fail. But better than 9 out of every 10
CJE graduates who take the exam pas~ it.
This h;~s made it po~sible to back our FCC License courses with lhis famous Warranty: you mu.1·1
pass your FCC exam upon completion of the course
or your tuition is refunded in full.
Mall Card for Two Free Books
Want to know more? The postpaid reply card bound
in here will bring you a free copy of our school
catalog describing today's opportunities in Electronics, our teaching methods, and our courses, together with our ~opccial booklet on how to get a
commercial FCC License. If card is missi ng, use
the coupon below.
ENROLL UNDER NEW G,J, BlLL
All CIE courses are available under the new G.l.
Bill. If you scr"cd on active duty since January
31, 1955, or are in service now, check box on
reply card for G.l. Bill information.

@

CIE

Cleveland Institute of Electronics
1776 East 17th Street, Cleveland, Ohio 44114
,----------------~------- -- -,
Cleveland Institute of Electronics
l

N£!EGE·LEYEL
COURSE IN
ELECTRONICS
ENGINEERING
for men with prior expe rience in
Electronics . Covers steady-state
and t ransient network theory,
soltd state physics and circuitry,
pulse t echniques, computer logic
and mathematics through calcu·
Ius . A college.Jevel course for men
already working in Electronics.

1776 East 17th Street, Cleveland, Ohio 44114
Please send me without cost or obltgation:

1. Your 44-page book "How To Succeed ln Electronics" describing the
job opportunities in Electronics today, and how your courses can prepare me for them.
2. Your boo k on "H ow To Get A Commercia l fCC License."
l am especially interested in:

0 Electronics

Technology
0 Electronic
Communicatiogs

0 Broadcast

0 First Class

0

0 Electronics

Enrineerigr
lnlfustri~l

Electronics

FCC License

En(ineerin(

Name _____________________________ _____Age __________
Address - ----------------------------- ----------------City _____________________State _____________Zip---"::'::-:::.
PE-22

0 Check here for G.t. Bill information.

Accredited Memberllational Home Study Council • A Leader in ElectroniC$TraininJ ... Since 1~34

' - - - - - -- - - -----A
L------------- - -------------..J
CIRCLE NO. 10 ON READER SERVICE PAGE
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at least a brief outline of what you think
was wrong and describe what you would do
to fix it now that you have some formal
electronics training.
Make up a similar worksheet for every
piece of electronic equipment you have repaired on your own. No need for schematics
or pictures here, but all the other details
can be important-especially those that describe the steps you took to get the equipment working.
A formal set of worksheets for all experiences with homP.made electronic circuits
and kits can al!i:O be a valuable asset to
technicians already working in electronics.
For example, an employer might be pleasantly surprised to find that one of his digital
technicians has beP.n dabbling with communications equipment on his own for many
years. Such a discovery might lead to a
promotion, higher pay, and a job that holds
more interest.

Some Helpful Information on
GeHing a Patent
How do I go <~botd getting a patent on an
electrot1ic circuit?

• The answer to this question is very simple-though it is a hard one for many wouldbe inventors to swallow. Take your invention to a registered patent attorney or agent.
Getting a foolproof patent has become a job
for experts. You may have to pay a couple
of hundred dollars for the attorney's services; but, if you think the idea is worth it,
you'll come out ahead in the long run.
Here are a few good reasons why you
should get professional help:
(1) You don't even know whether or not
your idea is patentable until a thorough
patent search has been run. Patent attorneys
and agents know how to do this in the shortest possible time; and it might take you
weeks (assuming you knew how to do it
properly in the first place).
(2) The Patent Office demands a certain
kind of written presentation that lakes a
lot of experience and talent to master. An
application won't be accepted until it is
done properly; and do-it-yourselfP.rs waste
a lot of time and money (their own and the
taxpayers') shuttling applications back and
forth.
(3} It is safe to say that just ahout every
patent has some legal loopholes in it. A
good patent attorney or agent tries to minimize the loopholes and words the present:~
tion so that it automatically fills any holes
he might have missed. Chances are you can't
do this kind of job yourself; and if you try,
you run the risk of losing the whole invention.
78

Look for a local patent attorney or agent
in the phone book or check your library for
a copy of The Directory of Registered Patent
Attorneys nnd Agents. To get your own
copy of this boo!<. send a check or money
order for $1.50 to the Superintendent of
Documents, Government Printing Office,
Washington, DC 20402. Request the book
by title and cataloging number C219/2:968.
For another 30¢, the GPO will send you
a helpful pamphlet called "General Information Concerning Patents." The catalog number for this one is C21.2:P27/969.
By the way, don't take your invention to
one of the "inventions wanted" places until
you find out whether or not thfl firm or its
a).lents are in the Government directory
mentioned above.

A Tip for Highly Trained Specialists
I haYe been reading yout· ideas about careers in medical eltJctronics with great in·
terest. None of yotlr suggestions, ho'#'ever,
applies to my c<Jse. 1 am not>· working on
my masters it~ biophysics a11d I haYe an
associate degree in engineering technology.
1 have been working in a bioet~gineering
research lab at the tmiYersity /or four years,
but I wo,/d like to moYe out into a better
paying job in industry. The trouble is
that very few firms haYe a need /or /utitime indiYiduals with my qtlali{u:ation.<.
AJJy suggestions?

• Yes! Go into the consulting business.
Highly trained, experienced specialists of
all kinds are doing quite well as consultants
nowadays. Perhaps this is because so many
industries find they have to reach out into
specialized fields that are unfamiliar to
them. A company that makes closed-circuit
TV systems, for instance, might want to develop a small line of medical electronic
<lquipment. When they can't justify the services of a pcrmant:mt. full-time specialist,
they look for a consultant. That's where you
come into the picture.
The need for temporary expertise is rising
rapidly and the pay is quite good. As a
competent consultant, you can draw any·
thing from $10 an hour to $300 a day-and
up-depending on the job and your ability.
Ease into the consultin~ business a bit at
a time. Keep your present job for awhile.
but make sure you can get away for an
afternoon now and then to visit clients.
1\dvertise in the Yellow Pages of telephone
books in several large cities. This is expensive. but it will pay off in the long run.
One note of caution! Don't hill yourself
as an engineer unless you qualify as a Professional Engineer in lhe states where you
want to work.
<$>
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COMMUNICATIONS
By Leslie Solom on, Techn ical Editor
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The Illinois Dept. of Law
Enforce ment will install a
$1.2-million Ampex Videotilt system to speed and
automa te fingerpr int records, photogr aphs and other crimina l historie s. The
system JS a combin ation
recordin g
videota pe
of
a nd comput er technol ogies
to aid the police searche s.

•

All of the data on file has special digital codes. When a request
to a
for informa tion comes in, an analyst convert s th e sought data
speeds
digital r.ode, and the machin e searc hes it out on its ree ls, at
But
of over 1000 recordin gs per second. Output is on a special CRT.
Similar
ke eping out of Illinois is no way to escape the all-seein g eye.
the
systr.ms are be ing u s()d by the Royal Canadia n Mounte d Police.
s Dt~pt.
Souther n Pacific Railroa d, and the Los An geles County Sheriff'

WEATHER BROADCASTS
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reui'l'er
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a soltdion to the problem. If yotl !rave a cotl'l'etlliottal slwrtwaYe receiver, you
can get the latest update on the weather from the I11Urnational Flight Service
of the Federal Aviation Administration, which provides exce/Jenl weather sen,ice
for trat~s·AtlatJtic planes. The in/ormatior• coYering fuca/ airports and much
of the surr,>unding area can be Yery tueful to travellers during the hurricane
season or winter storms. The frequencies used arc }.001, 5362, 8.868, .md
13.272 MH<.
T IIese broadcasts are belie¥ed to be the only cmes that gi'Ye mch weather
c<mditions a5 'l'isibility, ceili11gs, wind 'l'elocities, temperature, hau, rain,
snow, etc. Whereas muM otha weather broadcasts haYe considerable time /ag5,
these broadcasts are right ut> to the momertt-on the hour and the half hour.

VHF DX'ING
All the years I've been listening to shortwavQ, 1 always thought
that 30 MHz was the lop end. S1m~. J'vQ heard of guys who get distant
TV rnception when the weather is right; but 1 thought there was
something a little weird about sitting around all night looking for
strange TV signals. :'-low, lo my surprise, I find that they have gotten
together in the wee hours and formed a club by the name of Worldwide
TV-FM OX Association. To indoctrinate others. they nre putting out
a booklet that tells how to get started, the equipment needed,
propagation and techniques-everything the VIIF DX'er ought to know.
They also hope to put out supplements. If you want to gel in on this,
send 25c [three IRC's outside USA and Canada] to Worldwide TV-FM
DX Assoc:., P.O. Box 5001-PE, Milwaukee, Wl 5:-1204. A special edition
for overseas lJX'ers is S01· or 4 IRC's.

CABLE-lV RECEIVER
According to Mag11avox, there are about 6 miltion CATV mb$cribers ser¥iced by
2573 systems. It would appear that the bulk of the Yiewers are using con'l'entional
TV receivers to pick 14P tire images. Now, Magnavox is putti1rg out o recei>'er
especitzlly desigr~ed for cable systems. C.,l/ed the "TV101 Cable TV TermitJal,"
this new color set offers 31 chan11els for cable receptiot•, as welt as the standard
UHF cham1els required ot1 all TV receivers. The 31-chantlel capacity is accomplisbeti
by inserting eight chan.Jcls between 6 anJ 7 a,uJ addit1g 11 c1Ja1lnels abo'Ye 1 J.
Using detented tunitJg a1rd doftble shielditJg to prevent ir~ter{erence from
off-t/te.air signals, it is claimed that the r~ew set has excelletll adiacent channel
rejection.

SUPER TIME
If you evr.r needel.l an accurate lime source to set your docks, you
inva-riably wr.nt to WWV on one of the high-frequency bands. Or, if you
lived on the East Coast, you used CHU. Both of these sources are very
good. if you can hear them above the electronic racket nearby or if
fading doesn't occur just when you least want it. Now, if you can locate
a good low-frnquency receiver (or throw together a converter). you
can listen to WWVB down there at 60 kHz (that's right 60). The station,
located at Fort Collins, Colorado, operates at 13 kW ERP, and puts
about 100 microvolts per meter on r.ac.h Coast (more the closer you get
to Fort Collins). :-.Jot only do you have a pretty good 60-kH~ frequency
standard. but you also get a binary coded decimal time signal 24 hours
a day. Station identification i:; a little different than might he
expected. The carrier is not interrupted for station identification
since a characteristic phase advance by 45• at 10 minutP.s after each
hour, followeu by a similar phase retardation 5 minutes later serves
to identify the station. The time markers are generated using a level
shift car:-ier time code synchronized to the 60-kHz carrier.
80
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SUPER-DUPER TIME
Still on the subjet:t of time telling, thn U. S. Dept. of CommerCtl
is testing a TV system that will give the time to a billionth of a
second- in case you care! They transmit a special code over thr. TV
n etworks fin the ver tir. al in terval ) and pu t this into a d tn:o der
to he d i!iplayed on the s cr een. However, don ' t rush to mowfy you r TV
snt, os the system is s till undergoing ex perimental t:hanges and is
only aVC~.ilable on a couple of TV sta tion::; at the moment. ~:Vhcn the
special decoder is activated. one line of digits displa ys the ma:>ter
dock time in hours, m imstcs, and ~ eco nds. Another line shows
the diff!lrenr.c in millionths of a s econ d be\\·v een the t op line and
the clock where th e T V tra nsm it ter is loca ted. By fl ip ping a switr.h,
the bottom line will show the different:e in b illion ths o f a second.
THE NEW ARMY
"Why <on, in my day, the Army"'"< the Army. Sergeant< could hardly read or
write and officers could count up to 20-if they had their shoes off." But lilce
all thing• the Arm)' ha• chan ged. Take a look at officer training, for example.
Up at We<t Point, they have put together an 85-line time-sl•aring computer system
using teleprinter input/output Urminals (made by GE). There are 65 a(tiye
terminals scattered about the Poi11t, strategically located in gro1•ps of one to
15 printers. These terminals giH cadets access to the comp11ter 24 fJollrs a day,
7 dt~ys 11 111eelr to help them solve comple" problrm1 in a Yariely of academic
s.ubject<. The whole net-worlt operates from a Honey-weU 635 cornp ..ter tmd is
interconnected by telephon~ lines.

Training in the use of data communications toots is part of
a mandatory computer training course which must be completed
by cadets in their first year at the U. S. Military Academy.

In the usual four ye<rrs of stud)', it is estim ttted tlult

tt

cadet may spend

~tboul

100 /tours communicating with the computer-not all of it f or mathematics. In one

case the computer was programmed by an imtructor /or a couru ill German v ocabulary
so that the cadet tlot only reuiYed material but -was graded on his anslf'ers also.
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SOLID STATE
One Hundred Cighty.lifth in a Monthly Series by Lou Garner
and fantasy w riters
S CIEI\:C:F.-FICTIO::-J'
been describi ng vo ice-controlled com·

putors, robots and machines for many dec-

ades. While theoretically possi ble (or man y
yea rs, su ~:h concep ts were co mposed mainlv of the fab ric of dreams becaus e \he
necessary circuitry t o achieve sophisticat ed
voice control uf e ven rel atively simple
operations would h ave required, literally,
a roomful or electronic: equipment. T oday,
howe ver, the incl"e!:lsing availabilty of r.omplex functions in miniature IC de vices h as
mad~:~ fe asible not only the pra ct i ct~ l design
of c ompad vo ice controls, b u t also has
op en ed th e door lu even more exotic p ossi-

bilities.
Engineers at the BC\11 Labo ratories (Holmdel. ~Jl nf() now testing an experiml:lntal
devic e that can dial 1:1 telephone numbe r
w he n given spo ke n commands. Voice co n trol is achieved through a relatively simple
integrated circuit that conver ts s ound waves
into elect rical pu lses t o open a nd close
t he el ectrom cchan i ~:a l switches ne~:ess a ry
fur obt ainin g a dial tOni!, exe~:uting diali n g,
and terminating a call.

The voice cont rol device is used in con·
junction w ith a small circular d ispla y of
te n lamps Iahr.led with the n umera ls zero
th ro ugh nin e . The lamps light aut omatically
in numerica l s eq uence. Any ort~ l command
spoken in wi n r.irl()n~:e with a l i~hted nu·
m er ol will a c:hvnte th at n umber, with the
corresponding lamp numeral rcmainin~ lit
in the display for a slightly longer int()rval
to indicate regiijtration in \he d evice's mc:nory. As the d !:!ai rerl numerals arc ac tivated
in order, the device stoms in its me mory
all uf the digits of the tr.lephone numbe r
and th en tra nsmits it as a se ries o f elec:·
Irica I p ulst!s t o t cl()p hon e d ialing circu itry
when a finttl ural command is given. The
" voice-dialed"' number remain s in th e m nmory even aftm· i t is dialed and can be reused
at any time if th e special diali ng ~:ommand
is given. Stori ng a new numb er au tomatic ally erases th e old one fro m the memory.
Ar.r.ord in)S to its developers, RC\11 engine ers Meh Awipi, Cliff H o ffman Rot! (;()ra id
Solowa y, th e n ew d t~vice will r espon d t o any
uttP.rance spoken in l:Oin r.idence wi th each
lighted numeral. Most p erson s, however,

Gerald Soloway, co-develo per of
a new Bell Labs vorce cont rolled
d evice, " dials" a telephone
number sim ply by speaking
rnto a m icrophone as numbers
appear on the lighted d isplay.
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find it more convenien t to speak the actual
desired numbers in ordn r when using the
instr ument. Literally, the user culls his call.
With further refinemen t. the new voice
control de vice may on~:~ day ta ke its plar:e
al ongside other standard telephone equipmen \ to provide " hands-free'' commu nications service for motion handicap ped per·
sons as well as those \'~>·hose occupations
require critical manual activity. Still later.
sophisticated versions or the instrument
could be developed for the control and op·
eration of complex electrical equipment.
computers and electromechanical machinery.
bot h through direct con nection and remotely
over telephone lines.
While exciting and exotic b y present
s tandards, the poten tialitie s o{ the new
Bell La bs' voicP. con trol inst rument dim bP.Iore the fantastic visions conjure d up by
res earch work now being conducte d by Doctors Fred Hegge and Guy Sheatz o f the Army
Institute of Research at the Walter Reed
Army Medical Center in Washington, D. C.
These erudite scientist!! S I'C part of a team
studying the use of hrnin wovP.s to control
and operate electronic, electrical and electro-mnchanical equipment
Most of the initial researr.h work has been

purely i nvestigative in nature, with t he
scientific team d eveloping circuitry to detect, sense, amplify and respond to specific brain wave patterns. Among the t echniques being s tud ied L~ the use of IC devices simlar to the Sign etics SEINE 567
Tone Decoder (s ee " Solid State", June 1971)
to sense and res pond to specific brain wave
freque ncies. de vdoping output s ignals
which. in tu rn, can be used to actuate relays or solid -s tate switching devic.:es, such
as triacs or SCR's.
Although the immediatc !lcientific goals
anticipate the potential use of brain wave
control equipment for patient monitoring
and alarm, it takes but a small d ash of
ima gination t o envision practical applications in our conventional world. Consider,
for example, the possible usc of compar.t
instruments to detect and res pond t o the
brain wave patterns associated with dr ows iness or sleep . Used in trucks, buses, trains
and planes, such equipment could se rve to
sound an a la rm if the driver or pilo t
started to d o7.e , greatly reducing accidents
caused b y someone "asleep at the wheel."
Similar equipment assembled in a helme t or
cap could serve t o keep military sentries
and bank, industrial security or polir:e guards

Fig. 1. Triacs are used in this color organ circuit instead of SCR's to avoid need for a
large de power supply. Amplifierimixer improves sensitivity and combines stereo signals.
NOVEMBER 1971
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alert at all t1mes. Coupled to small radio
transmitters, such equipment also could act
to signal headquarters if a patrolman or
guard were knocked unconscious by an· intruder, burglar or saboteur. In the more
distant future, engineers and scientists might
well develop brain wave controls for industrial machinery, computers, and communications equipment.
If these prospects seem remote, just remember that a few decades ago mariy people
would have scoffed at the idea of live color
TV from another planet, and even skilled
engineers and scientists would have expressed doubts about the possibility of
monitoring, from Earth, the heartbeats and
body temperature of a human being walking
on the surface of the Moon.

Useful Circuits. Seeking a simple. but
effective and reliable. sound-to-light translator for his home stereo system, reader
Ronald B. Atkinson (5008-A Goodnow Road.
Baltimore. MD 21206) searched through his
collection of technical magazines and project booklets for a suitable design. He finally
decided on Don Lancaster's ''Musette Color
Organ," as described in POPULAR ELECTRONICS' July, 1966 issue. Unfortunately,
Dan's design. while excellent, didn't quite
fit Ron's idea of what he wanted in the
instrument. so Ron modified the orignal
circuit, reducing the number of channels

from five to three, substituting modern
triacs for the original SCR's (thus eliminating the need for a heavy duty de power
supply), and adding an amplifier/mixer
which serves both to improve sensitivity
and ·to combine the two stereo channel
signals for his light display. Ron's revised
circuit is given in Fig. 1.
Audio signals from the stereo's left (L)
and right (R) loudspeakers are combined
through isolation resistors R1 and R2 in
goin control RJ, and, from here, applied
through coupling capacitor Cl to amplifier
Ql. The transistor's base bias is established
by voltagf!-divider R4-R5, while its de source
is a conventional regulated power supply
consisting of step-down transformer Tl,
bridge rectifier RECT1. filter capacitor C2,
voltage dropping resistor R6, and zener
diode Dl.
All three channels function in similar
fashion. The combined and amplified audio
signal supplied by Q1 is coupled through an
audio step-up transformer (T2, '1'3 or T4) to
a triac control network, consisting of a halfwave rectifier (D2, DJ or D4}, level control
(R7, HR or R9), 4-layer trigger diode (D5,
DB or D7), coupling capacit,.or (C7, C8 or C9),
and gate return resistor (RlO, R11 or R12).
Shunt capacitors C3, C4 and Cs are used to
tune audio transformers T2, 1'3 and T4 to
the high, middle and low frequency ranges,
respectively. Finally, triacs Q2, Q3 and Q4,

r--------------------------------.------------0+25
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0,18.1\
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8 .2K

01
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~-------------------------------4------------0-25
Fig. 2. The Signetics SE/ NE 540L class AB power amplifier integrated circuit is used
here in a 35-watt audio amplifier to drive two complementary transistors in output stage.
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operated directly from the ac line. furnish
power to the colored display lamps connectt!d to output sockets .SOl, 502 and SOJ.
In summary. thrm, audio signals from the
stereo svstem's !.eft and Rij:~ht channels arc
mixed 'electronically, amplified. selected
according to frequency by tuned <.;Oupling
transformers, rnctified, and used to trigger
triacs which, in turn. control lht~ po\'l:er
supplil:!d to external display ll!mps.
Neither parts layout nor lt~cu.l stress is
overly critical a nd. therefore. the individual
builder may follow his own indinations
when duplicating Ron's r.ircuit. Good shop
practkl:! should be ubsnrved. of <.;Oursn, with
the transformers mountP.d on a sturdy base,
such a s a conventional metal t.:he~ss is , and
insula ted heat sinks provided for thr. triacs.
Either 11erf or etched wiring board11 mety be
ust~d for the amplifier and triac co ntrol cirCI•its. Under no conditiunll, however, should
either side of the ac line hr. connl:!cted to
chassis or circuit ground.
In pretctice, the in strumt~nt may be used
to opnrate virtually any combination of
shmdard in<.;anullscP.nt lamps. provided \hi)
total load on any one channl:!l uocg not
P.xceed the triac's maximum o·ating of B
amperes. The lamp color c:hoice, lou, is
optional, although many prefer red fur the
low frequl:!ncy chan nel, green or ydlow for

the middle range, and blue for the high
range.
One of eight practical circuits suggestl:!d
in the specifications brochure for the SF./NE
540L. the 35-watl audio amplifier c ircuit
illustrated in fig. 2 requires but three
ar.tive devicEls-an integratl)d circuit, 1C1,
and a r.ompiP.mentary pair of power transistors, Q1/Q2. /\mong the other circuits
featu red in the brochure, published by the
Si~netics Corporation (811 Ellst Arques Av1:1 ..
Su nnyvale, CA B40Hfi}. arc four voltage regul ator designs and three other p ower amplifiers, including a 1-watt circuit using a single
JC, a 3-watt d1:1sign requiring two IC's, and
a 70-watt cumplt~ml:lnlary symmetry bridge
amplifier utilizing tw o IC"s and two complemen tary power tr an!lislor pairs. The brochure also includes a complete full-scale
etched cin;uit board layout and parts
pla<.;t~menl diagram :m\tablt~ for the assembly
of a :i5-watt amplifier.
A monolithic silicon class All power
ampl ifier, the SEINE 540L featured in \he
circuit is designed specifically to drive a
p air of complementllry output transistors.
Assembled in a 10-lead "TO'' style package,
the device comprises 31 transistors and 26
resistors. has an input impedance of approximately 20,000 ohms, requires a quiescent
(~l a n clhyj cu rrent of on ly 13 mA, and can
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r.~~~- Making better, clearer, amplified sound waves
is the THING Cadence does ... better than
/ijf.~
anything else in the industry. Cadence Speakers are built
to withstand heat from sustained notes at a high power
level and the vibrations and stresses which are continually
placed upon them. Cadence is guaranteed one full year
at the power level specified. This proven speaker
family has been selected by the manufacturers of most
of the world's fine amplified music instruments.
If making beautiful, clear sound waves is your
thing, ask for CADENCE SPEAKERS.
For complete information and the name of your
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- _rj;~
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SOLID STATE
(Continued from page 85)

1972 ELECTRONIC EXPERI·
MENTER'S HANDBOOK-

WINTER EDITION
Join in this big semi-annual projects
festival! You'll get 33 electronics
construction projects, each one
lab tested by the editors, complete
with parts list, easy "how-to·do·it,
how-it-works'' Instructions, and many with actual
PC foil patterns and I. C. diagrams! Build these brainbusters for home and car, for experience, for fun-The Frisky Four Speaker System • Automatic lightning Protector • Super Flash • Remote Camera
Shutter Release • Design Your Own Printed Circuits •
Laser Beam Communicator • Modify Your Electric
Guitar Sound • Electronic Overload Protection •
Electronic Combination Ignition lock • Build A LowCost Relay • Photocell Motor Control Demonstrator
• Wire Music • Super Substitution Box-Plus 20 More!
1971 COMMUNICATIONS

HANDBOOK

tunes you In on n erything
you need to k now about
CB, SWL or HAM
Completely updeted and
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and Fire Dispatc her

Frequenciec of 250 cities.
Here it Ia in one sinele packar-the combined knowledp
tnd experience of the top men In gch field-Citizens Redlo
(CBl, Shortw•ve Ustening •lid Amateur Radio. Eveoylhinr you
need to know about catti~g lloanses ••. equipment to buy and
hOW to set It ur, •.• llffociant operations ••• a whole bookful
of up·to·lhe-m nule data to make your lfstenlns hauls mort
enjoyable! Fact-filled with time charts ••• station data •• .
IIIIPI • • • country lists ••. awards ••• and much mora.
Pho(os plore.
Ph•: BUYER"S CUIDE ot C8 and HAM RADIO GEAR.
SPEC IAl St:CTl Ofll on LOfiiG RANGE TV RECEPTION.

C..piu of tile Sprint 1971 El aclronic ElQiert...enblr' s Handbook are still nailable. This adjtlon in.cludes 2:0 challancint
electrenics certdrucfiQn projects. Usa lfle coupon below to
order rour Copt.
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supply output driv~ ~urrents of over ±100
rnA. In practical circuit~. the devit:e can
furnish a typical gain of 40 dB. with its
±1 dU frequency response to 100 kHz or
better. Harmonic and intermodulation di~ ·
tortion figures are well under 1 •!-{, in most
applications. The NE 540L nets for only
$3.00 each in unit quantities. while the
premium quality SE 5401, is priced at $5.10
each. The "NE" and "SF." versions are virtually identi cal except for maximum operating t emperatu r e range, maximum supply
voltage ratings. and maximum frequency
response.
Although Signetics did not specify output
transistor typP.s in their brochure, on \he
basis of published specifications, any of a
number of commardal types should be
suitable for this circuit, inr.lnding RCA's
types 2Nti111 and 2N521-15, GE's D45C and
D44C, or Motorola's 2N4901 and 2N5067
complementary pairs.
Except for JCl, o.ll other components arn
standard u nits; Rll a nd R!l are 5-watt resistors. thr. remainder half-watt types; r.:t
is a 50-volt electrolytic; while the other
capacitors may be either lo1·v-voltage ceramics or paper or plastic. tubulars.
Designed to drive an 8-ohm loudspeaker
load, the power amplifier requires a dual
25-volt. wdl filtered de power source cap·
able of supplying a t least 3 amperes. The
amplifier can be used with any standard
preamp or tuner.

Brochures, Booklets and Bulletins. RCA's
Solid S la te Oivision (Route 202, Somervillr,
NT 0Ba76) h as r ecen tly issued revised editions of two of their most popt~l ar ana
use ful publications-RCA High-Speed, HighVoltage, Hi~h-Curren t Power Transistors and
the RCA Tron sosf.or, Thyristor. & Diode
Monuul. Both publications should be available through all RCA franchised sr.rniconduclor distributors or may be ordP.red from
RCA Commr.rclal Engineering, Harrison. NJ
0702~1.

Carrying o.n optional $2.00 list prit:e,
RCA's 96-pd)(tl power transistor booklet.
publication :'-lo. PI\1-Hl, is prepared primarily
for circuit dcsigne•·s, rducalors. serious r.xperimcn ters. and students. It contains th e
latest inf01·mation un thP.ory. structures,
geometries. packaging. safe operating areas.
thermal fatigue. thermal-cyding ratings, and
the operation and r.cquirements of power
transistors in both linear and switching
applications. Typical circuits are included
POPULAR ElECTRONICS
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to illustrate the use of power transistors
in series voltage regulators. linear amplifiers. switching regulators, and inverters
and conver'ters, as well as th ~ ap plication
of com plemen ta ry pai rs. Selection ch arts
arr. included to simplfy the choice of
optimum ty pes for various ap11lications.
Some 768 pages thick, the new HCA
Trunsi8tor, Thyristor, & Diorle Mnnuul..
publication Ko. SC-15, conta ins thE: latest
information on basic technology, ope rating
principles, characteristics, ratings, applications, and testing of bipolar transis tors,
MOSFETS, thyristors, silicon rectifiers and
other solid-state diodes. More than 200
pages are devoted to basic tutorial information on the operation, application. and testing of solid-state devices. with the 15
chapters covering basic semiconductor
physics and lhe design. fabrication. electrical
characteristics. circuit configurutions. and
othr. r im portant features of these devices.
Various applications are di!'l cusscd. while
tr.!lt and measurement techn iques are explained in detail.
Technical data arr. given for mOttl than
1,000 devices, divided into seven major
categories. with comprr.hensive data and
design curves shown in display formal.
accompanied by t erminal basing d iagrams.
Of particular in terest to hobbyists and
experimenters are the schema tic diagrams,
descriptions, and detailed parts lists which
are provided for 35 practical circuits. Included are radio receivers. FM tuners, an
FM stereo multiplex demodul ator. a ham
band preamp. a 2-meter conver ter. a VFO.
an audio preamp, audio am]>lifie rs with
outputs from 1 to 70 watts , CU and CW
transmitters. VHF po·wer amplifier~. audio
and r.ode-pradice oscillators, an electronic
kr.yer. a power supply, voltage regulators,
a sr.rvo amplifiel". battery chargerA. an electronic heat control, an automotive "light
minder," a gr.id-dip meter. a ligh t nasher,
and ligh t d immers.
In our opinion, a mu~t for every electr onics library, RCA's SC-l!i is well worth
its nominal SViO price tag.
RCA is ttlso the ~ource of an inte re11ting
new technical bulletin entitled Thyris tor
Con!fOI of In«:andest;ent Truf{ic-Signnl
Lomps. Jdcntified as Application Nottl A:'-14537, the 8-pagc publication discus~es triac
operation and its application to incandescent
lamp circuits. Although directed spr.c:ifically
to the problems face d by tbe traffic-cont rol
design er. the bulletin contains much in format ion or direct interest to experimen ters
or hobbyists working with li)!ht flashers,
color organs, and similar proir.cts.
If you're interested in optoelr.r.tronics
(Isn't everyone?), you'll probabl y want to
obtain copies of publications re l ea~ed rc·
cr.ntly by Texas Instruments, fnc. (P.O. Box
N OVfM8ER 1971
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color TV sets, the MC1345 can provide a
10-voll range of either positive or negative
going age voltage to a tuner and a 16-volt
peak-to-peak sync output. The second new
JC is the MC 1398P color processor. a single
device which can serve as a chroma i-f
amplifier with automatic chroma control,
color killer, and injection lock reference
system. Featuring an internal feedback
oscillator that locks into phase al levels
above 200 JAV, the MC1398P can provide
1.10 dB of chroma gain with an age range of
2a dB and 60 dB of manual chroma gain
control range. producing a 2·\ oil peak-topeak chroma output. lls internal color killer
uses a Schmitt trigger to furnish hysteresis
action, squelching the chroma output during
monochrome or weak color telecasts
The Micro S\·llitch Division o£ Honey\vell
{Freeport, IL 61032) is now marketing a series of magnetically operated solid-stale
switches. Extremdv small, theso ne'IN devicl1s utili7.r. a combination of a Ilall dfect
sensor with a trigger and amplifier In a
single silcon integrated circuit. Swilchlng
operation Is produced by the magnetic field
from either a permanent magnet or an
electromagnet. Identified as the 1SS Series
and the type 2SS1. the unique units provide
a digital output of 3 volts at 10 rnA. and
can be operated indefinitely at very high
speeds. They may be used in such applies·
lions as limit. control. synchronizing and
timing swilchr.s for high-speed machinery,
or as shaft speed or position sensors.
A new series of high density plugboards
with overall grids of pre-plated holes on
11.1" centl1r!l has been announced bv thP.
Vector Electronic: Co. (12460 Gladstone" Ave.,
Sylmar, CA 91342). Excellent fo r experi·
mr.ntal circuit assP.mbly, the boards will ac·
commodatf! any component with lead spac·
ing on 0.1" multiples, and. therefore. can be
used with IC DIP packages or sockets from
14 through 36 leads, as well as wilh discrete
components or hardware items such as test
jacks and clips. The new boards i:lfC o!Ter·cd
in several styles and sizes. together ·with
mating receptacles with a choice of solder
eye termination or 0.025" square posts for
wrapped wirf! connections. Prices range
from $6.00 to $8.00 each, depending upon
thP- type of board and style.
Fairchild MOD (2513 Charleston Rd.,
Mountain View, CA 94040) has introduced
an intriguing variation of the optically
coupled isolator in which the LED light
source and phototransistor light detector
are mounted parallel to each other. making
il necessary to use an external reflective
surface or object to complete the optical
path. Appropriately. the new device, type
FPLA 850, is dubbed a Light Reflection
Transducer. It is priced at $9.00 each in
unit quantities.
~
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Build this magnificent
Schober Theatre Organ
for only
*$1730!
' Incl udes
finished walnut
console. Amplifrer,
speaker system.
optiona l accessor ies
extra. Only
$1256 if you
build your own
console.
You couldn't touch an orpn like this In a store for less than
$350D-and there hasn't been a musical Instrument with this
vast variety of aenuine Theatre Orpn voices since the days
a! lhe silenl movlesl 11 you've dreamed of the 1randeur of
authentic bia-oraan sound in your own home, you won't find
a more sallsfyln& Instrument anywhere-kit or no kit.
You can learn to plaY it. Md you can build tt. tram Schober
Kits, world famous lor ease of assembly without th e slightest
knowledae ol electronics or music, tor design and parts
Quality from the around up, and-above all-for the hlihest
praise tram muslcfus everywhere.
Send rlaht now lor your copy of the full-color Schober
catatoc. contafnln& specifications of the five Schober Oraen
models. be&lnnln& at $499.50.
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PARTS /METHODS/ IDEAS/ GADGETSI DEVICES

tips&

tecliniques
HOMEBREW TEST PROBE FROM
DEFUNCT BALLPOINT PEN
Use the battery powered Solid Sl1te EICO 239 on your
bench or In the field. Check semiconductor •nd vacuum
tu~ circulls. 11 Megohm DC Input Impedance. Read AC
nms 11ncl DC vollages In st>ven steps from 1 to 1000 volts
on large 417" meter. Measure and read pea~-to-peak AC
to 2800 volts. Check resistance from 0.211 to 1000Mn on
seven ranges. Provides a t otal of 28 useful ranges on 12
accurate scales. Automatic battery check. Includes exchr•
slve DC/AC ohms UniprobeTu, Factory Assembled, $59.95.

FREE 32 PAGE EICC CATALOG
For lateot catalog on EICD Toot Instruments, Stereo, EICOCRAFT
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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 example, to the compuler, 100 Second St. is not the
same as 100 2nd St.
So, please, when you write us about your subscription, be sure to enclose the mailing label
from the cover of the maj:lazine-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.

90

The ballpoint p~n is a handy item to have
on your workbench, ~ven aftP.r it runs out
of ink. A dehmd "Bic'' or similar typ~ of
pen can actually be converted into an ex·
ctl!lent te:>t probn with very little effort.
The first step is to rnmove the ink car·
tridge/point assembly. ::-Jcxt, pry off th~
plastic cartridge and di:>~ard it. 1\:ow, if
there is any ink still in the well of the
point assembly, soak the aSSI:lmbly in ace·
tone, thinner, or other chemfr.al that \•viii
remove thl:l ink. Rl:lmove and discnrd thr.
cap from the other end of thl:l p~n body. and
feed one end of a lcn~th of flexible test
lead down the body of th~ pen. Strip ~'• •·
of insulation from the! test lrad and tin th~
exposed conduc tors and the well of the
point assembly. Tnsert the tinned test IP.ad
in the point w~ll and sweat $Older. Allow
the point to cool to room temperaturr: the n
push the point into place. Connect a suit·
able plug to th~ other end of the lest lead.
-John Middleton

OSCILLOSCOPE AND AUDIO GENERATOR
DOUBLE AS ELECTRONIC TACHOMETER
The e!P.ctronics experimenler who needs
a tachometer hut doesn't have! onn handy
can turn his oscilloscope and audio signal
generator into a tach. Simply tape a small
magnl:lt onto the end of the shaft of th~
mr.tor. Then mount a 1000-ohm or greater
(d~ resistance) coil 1/.''.tf.'' away fo·om the
magnet. connecting the cofl lMcls vin n
shield~d cable to the :;(.;ope't~ vertical input
::-J0\'1.', tlof: spinning magnetic field will turn
the svstem into o tinv oc gr.nr:rato r. Connect the generator to · the horizontal input
of the scope. start the motor. dnd tune the
genP.rntor to ohtain a 1 :1 Lissaious pattern
on the CRT. The frequrnc:y of the generator
is thn number of rc\·olutions/scc or thr:
motor. To obtain rpm, simply multiply the
generator sntting by 61).
-Jim Tozuko
POPULAR flECTRONICS

•

MAKE YOUR OWN THREE-ELEMENT
NEON·GLOW TRIGGER TUBES
Th~ uses of the neon-glow lamp ;~rc as
well known to the average experimenter as
they are legion. But rn<lllY olectl'Onk cir·
cuits often require three-element trigger
tubes [:'-IE77's and the like) which never
SP.em to be available whrm they are mm;t
nr.cdr.d. However, you can convert an ordi·
nary garden variety into a three-element
trigger tube with the help of a plate cap
from an octal tube or a stl"ip of metal rollod
into a clamp shape. Simply slip a two-clement neon-glow tube into the cap or damp
and wire the latter into the circuit as the
third elr.ment. In the grr.;~t m;~jority of r::1ses,
your home-made trigger tube will Ol>erate
s;~tisfactorily.
--joe Riedel

USE PRESSURE-SENSITIVE VINYL
WHEN MAKING PRINTED CIRCUIT BOARDS
Several manufacturers produc.;e pressure·
sensitive plastit: in large sheets in various
patterns and textures. The smooth t•·ans·
paront type is l>articularly handy for tho
hobbyist who makes printr.cl ciJ•c:uit boards
at horne. Properly applied to a board blank.
it rnakr.s an P.xcel!ent resi!;t during etching.
After deaning the copper in the usual man·
ncr, cover the bare foil with thr. pressure·
sensitive vinyl, making sure that no air
bubbles exist. Then use a sharp kni f~ or a
l"azor blade to t:arefully t.:ut awny the vinyl
covering the areas that are to be etch~d
away. With a tissue dF~mpened with lighter
fluid, remove any residual ;1clhr.sive from
the exposed t.:opper. After etching the board,
peel off the remaining vinyl, and drill whatever component lead bolr.s are needed.
-Stephen H. Troy

FREE! RADIO SHACK
Accessories & Parts Catalog
NEW 1972
Edition!
THE buying guide for kit
builders. CB'ers. installers.
expertmenters, fix-;t men.
hol)l)yosts. electricians <tnyone '" eteccron1cs in
any wr-y!

Electronics A to Z-Antennas.
Batteries. Capacitors. Diodes.
Educational Kits. Fiber Optics.
Grille Cloth, HI-Fl Speakers, IC's. Jacks, Knobs.
L·Pads. Mikes. Needles. Oscillators. P-Boxes,
Ouadracs. Resistors. Semiconductors, Telephones.
Ultrasonic Alarms. VHF Antennas. Wire. Xenon
Strobe. "Y" Adapters. Zener Diodes plus our
Science Fair and Knight-Kit electronic kits!

THINNER SAFELY AND ECONOMICALLY
CLEANS AEROSOL PAINT CAN NOZZLES
The manufacturers of aerosol paints state
that the C<>.m; ~hould hr. invr.rted and the
noz7.lo depressed until no paint comes out
when tho tJSP.r is finished painting. This is
excellent from the sales angle hut is rather
P.xpansive for tlw user. Furthermore, it is
not surefire. But using a fine wire to clear
the microscopic noule holr. is not the an!lwor either. Yon ~an solve forP.ver the
problem of dogged no7.%les if, after every
use, the noale is immersed in a small jar
of thinner. Stored in the thinnr.r, the noz·
z!e will be always ready for instant use.
-H. St. Laurent
NOVEMBER 1971

9l

r------------------------------o~;~PE~nl

: ~,4~/0~

2725W 7thSt

l
.,._..,_.,.,...._.,T
Fort Worth. Texas 76107
l Send me your FREE 1972 Catalog ~215
l Please PAINT Clearly

l

Name

Apt 1 1 - -

1 Street or Ate. & Box------------

l;:_________________::~~-LJ--~--~-~
ClRCL.£ NO. 5 ON READER SERVICE. PACE

Announcing 16 exciting new Heathkit
projects for wintertime kitbuilding fun!

Meet the second generation AR-15
•.. new Heathkit AR-1500!
From the AR-15. hailed at the tlme ol its introduction in 1967 as
the most advanced receiver ot Its kind, c omes the AR-1500 .. .
with impressive improvements In every critical area I 180 Wafts
Dynamic Mustc Power, 90 watts per channel (6 ohm toad); 120
watts dynamic music power par channel under 4 ohm load, with
less than 0.1% intermod distortion, less than .25% harmonic
distortion. A 14-lb. power transformer and massive output transistor heat sink are mute testimony to the power at your command Direct coupled output and drive transistors are protected
by limiting circuitry that electronically monitors voltage and
current. FM selectivity grelter than 90 dB, better phase liooa<lty, separation. arid less d istor tion are the result of two computer-designed 5-pote LC Filters. An improved 4-gang &·tuned
circuit front end offers better stability, 1.8 uV sensitivity. 1.5 dB
capture ratio, and 100 dB image and IF rejection. Four tCs are
used , three in the IF and one In the Multiple•. Patented automatic FM squelch is both noise and deviation activaled . fully

adj ustable for sensilivity. Vastly Superior AM, an " also ran"
with many receivers, has two dual-gale MOSFETS In the RF
and Mixer stages. one J..FET I n the oscillator, 12·pole LC R iter
in the IF, and broad-band detector. ReJult: better overload
charactenstics, better AGC action, and no IF alig nment Greatly
simpfilied kit construction. Ten plug-In circuit boards, two wirIng harnesses and e~tensive use of pre-cut wiring with Installed
clip connections mal(e the AR-1500 a kit builder's dream. Built·
In test circuitry uses signal meter to make resistance and voltage checks before o peration. Other advanced features include
Black Magic panel lighting that hides dial markings when set is
not in use; flywheel luning ; pushbut!on runctlon control s; out·
puts for two separate speaker systems. bi·ampllllcation. oscilloscope monitoring of FM multipath; inpu ts !()( phono. tape,
tape monitor and aux . sources - all with individual level con·
trots. Versa!ile Installation in optional new low-profile walnut
cabinet. in a wall, or black-finish du:u cover included. Join the
"NOW" Generation In audio technology ... order your Heathkit
AR-1500 today l
Kit AR-1SOO, tess cabinet, 4Z lbs. • •.• . • ••. ..... .. 349.95•
ARA·1S00-1, walnut cabinet, 6 lbs.• . • .. .••.. .... .• 24.95•

New Heathkit
Stereo-4 Decoder

1199 5 *
Frequency response of ::!: 3 dB, 30.1 2
kHz, brings you r stereo system into
the cassette age. Features built-In
bias adjiJstment to accommodate the
new chromium dioxide tape; counter;
automatic motor shutoff; preassembled and aligned transport mecha·
nism. The AD-110 o ilers fidelity recording and playback of stereo or
mono when used with your stereo sys·
tem. .
Kit AD-11 0, 10 tbs..•..... .• 119.95'
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~ 2995"
Compatible with your Pl&sent stereo
system and FM receiver, lets you hear
all Stereo-4 material currently b<ling
broadcast by a number of stations
across the country. Additionally, im·
parts a 4-channel effect to your exist·
ing stereo library. Requires second
amplifier and 2 speaker systems fo r
installation with conventional stereo
system .
Kit AD-2002, S ibs . . • • . • • • .• •29,95 '

New Heathkit Stereo
Phonograph with AM Radio

.109

95

"

Gels it together in a portable package
with a purple plum snakey skin that's
as far out as today'a sounds. Solid·
state 18-wan amplifier, fold-down
4-speed automatiC changer and
swing-out high compliance speakers.
Speakers can be separated up to 5'.
A flip of the mode switch and y()u're.
into AM radio! 45 splnale adapter in·
eluded.
Kit GD-111, 50 lbs .. . . . . . . 109.95*

POPULAR ELECTRONICS

Now Heath's finest color TV package
comes wrapped in a handsome
new optional cabinet!
Here's the Inside slory: ... the
.
•
N
!ill Heathkit 25• solid·state color
.
~~~~

~

TV with exclUSIVe MTX·S ultra·
rectangular tube to bring you
the largest color picture in the
industry! The etched, bonded
• tube face cuts glare. increases
-..
contrast tor sharper picture.
purer colors, more natural flesh tones. But the true story of
cofor TV reliability starts in the solid-state modular circuitry
... 45 transistors. 55 diodes, 2 silicon-controlled rectifiers, 4
ICs containing another 46 transistors, 2t diodes, and just two
tubes (picture and high-voltage rectifier). Major circuit functions
are contained on individual plug-in glass epoxy boards (see chas·
sis inset above) to simplify assembly, service and adjustment.
And, or course, only Heathkit color TV otfers you the moneysaVing advantages of home·serviceabilily. With the built-in dot
generator and tilt-out convergence panel to let you perform the
periodic adjustments required of all color ~wers.

.

'

~

+

'

New Heathkit Solid-State
Wireless Intercom

2995*
Plug two of them into standard 105130 VAC outlets for 2-way communications. Three channels let you carry
on 3 conversations in a &-unit system,
call one unit without disturt>ing the
others in a 3-unit network. Intercoms
have channel selectors, spring load·
ed '"tal k" button. slide-action volume
control. and "dictate" for e~tended
one-way communication.
Kil GD-113, 5 lbs. . . • . , . each 211.95"
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Other advanced design features include solid-state VHF tuner
with MOSFET for greater sensitivity. lower noise and cross
modulation: solid-state UHF tuner with hot-carrier diode design
for greater sensitivity; 3 ·stage solid-state IF for higher gain and
superior picture quality; Automatic Chroma Control for constant color quality under different signal conditions; adjustable
video peaking ; adjustable noise limlfing and gated AGC; "In·
stant-On'"; VHF power tuning on 13 channels plus one prase·
lecled UHF channel; AutomatiC Ane Tuning; Tone-Control; and
an output to your stereo/hi-li system tor the ultimate in sound
rePfoduction.
And to wrap It ell up ... your Heathkit GR·371MX is available
in a magnificent new Mediterranean cabinet with doors that
transform your home television theater back into an attractive
center of decor. This finest cabinet in the Heathkit line features deep-grained pecan veneers on hand rubbed furniture
grade hardwood solids. Two beautifully scalloped doublehinged bi·fold door& hide the TV screen when it's not in use.
fold neatly to the cabinet sides when opened. Ornate brass
'"Canterbury AntiQue"' handles add the perfect finishing touch.
Measures 29%" H x S6Y•" W x 22%" D.

Kit GR-371MX, TV less cabinet. 1251bs. . . . •• .... •sn.es•
GRA-404-25, assambl&d cabinet, 87 lbs•. • •...•.•.. . 139.95'

New Heathkit Solid-State
Shortwave Receiver

5995*
Four over-lapplrog bands provide continuous coverage from 550 kHz to 30
MHz. giving you local AM plus international, amateur. marine & weather
and citizens band broadcasts. Features band-spread tuning for close
station separation; BFO control for
receiving code; signal meter. frontpanel headphone jack; noise limiter;
built-in AM antenna.
Kit SW-717, 10 lbs•.......... 59.15'

New Heathkit Automatic
Batterv Charger ...
Charges 12-volt batteries automati call y. 10
amp maK. charge rate.
Impossible to hook up wrong. No
charge setting to make . . . can be left
hooked up indefinitely. Meter monitor
charge. Kit GP-21, 13 lbs...•. 2!1.95'

New Heathkit Automotive
Timing Light ••.

~
'
-

Completely self-contained. Bright flash lets
' you work in sunshine.
Adapter for connecting to distributor.
Hi-impact plastic case.
Kil Cl -1020, 21bs.....•...... 19.95"

9.S

there's a Heathkit present

22995*
New Heathkit Solid-State
Digital Multimeter ...
Here's a breakthrough in i nstrumentation. The new Heathkit
IM·10Z gives you a true d igital muttimeler l or about hall what
you'd pay for comparable wired OMM' s! And with an accuracy
that's better than many wired digital units on the market. .. decidedly !Uperior to most analog type instruments. This great
new meter measures AC and DC voltages and curren ts, and
resistance with no need to change probes or switch for changes
In DC polarity. Automatically displays a positive or negative DC
voltage ana current, indicating the correct amplitude and
polarity. Five overlapping ranges measure voltage from 100 uv
to 1000 Von DC (either polarity); five ranges cover 100 uV to
SOO V on AC; 10 ranges measure 100 nanoamperes to 2 amperes on AC or DC, and six ranges show resistance from .1 ohm
to 20 megohms. Input impedance Is exceptionally high- approximately 1000 megohms on 2V range (10 megohm on higher
ranges). with overload protection built-in on all ranges. Decimal point is automatically placed with range selection and overraf\ge is indicated by a front panel light.

New Heathkit
Vector Monitor. ..

Designed for use with the
Heathkit IG-28 Pattern Generator or similar units which dis·
play either "rainbow" (offset
carrier) or NTSC patterns. the
10·1128 vector display helps
you perform line tuning, static
and dynamic convergence.
purity, 3 58 oscillator, reacrance coil. phase detector
transfo'rmer. demodulator ang l e check , and chroma
bandpass adjustments. Represents exactly the color signals led to CRT guns.
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Kit IM-102, 9 tbs.. mailable . .. . __ . ___ .. _.. ... . . . . 229.95'

New Heathkit
Electronic Switch . . .

4995*

Kit I0·112B, 10 lbs.

Ends parallax and interpolation errors! There's no mistaking
a digital display - ev&ryone reads it the same way. High quality precision components, 3\'z d igits and ease of calibration
contribute to the IM-102's lab-grade accuracy. Analog to d igi·
tal conversion is accomplished by a patented. dependable Dual
Slope Integrator that does not depend on a stable clock freq uency tor accuracy A Heath-designed and assembled precisiOfl DC calibrator Is furnished with each IM-102. An internal
circuit and transfer method provides accurate AC voltage calibration. The all solid-state design incorporates cold cathode
readout tubes and a "memory" circuit to assure stable, nonblinking operation . Features include detachable 3·wire line
cord (no batteries needod), dual primary power transformer.
isolated floating ground and completely enclosed, light-weight
aluminum cabinet with die-cast zinc front panel and linted
viewing window. Kit includes standard banana jack connectors
complete with test leads. Assembles in approximately 10 hours.
The new Heathkit IM-10Z Digital Multimeter will be the pride
of your bench!

49.9s•

3995 *

Provides si m111taneous
visual display of 2 input
signals on a single trace
oscilloscope. Has DC
coupling and DC-5 MHz
:!:3 dB frequency response . Conventional
bindmg posts permit fast
hook-up Can be left connected to scope. Ideally suited
for digital circuli work, amplifier in put and output for
gain and distribution checks; simultaneous monitoring
of 2 stereo channels.
KttiD·101, 6 lbs...... ...... . ... .. . .. ... __

39.95•
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for every age. every hobby!
New Heathkit "Minimizer"
kitchen waste compactor...
Today's most modern refuse handling method in easy-to as·
semble kit form! Now you can own the most exciting kitchen
appliance on the market for less lhan you'd pay for any other
comparable compaclor. The Healhkil Minimizer leis Mom throw
out the un~igh!ly waste baskets and garbage cans for the lalest
in clean. convenient, odor-free disposal. The Minimizer handles all normal household trash- food wastes, glass and
l)lastic contair>ers. tin cans. wrappings, boxes. floor sweepings, light bulbs, etc_ The packing ram descends with 2.000-lb.
force to reduce refuse to almost 1!• of its original size, packaging the material in a strong disl)osable bag- one bag holds
an entire week's trash for a family of four! When the bag's full,
Mom simply folds over the top and removes a neat, dry l)ackage for normal rubbish pickup. And the Minimizer deodorizes
the contents each time the drawer is opened and closed. The
sanitation man will love Minimizer, too'
Simple, safe operalion' To use, Mom merely inserts a Minimizer
plastic-lined bag in the drawer and starts the compacting cycle.
In less than a minute the ram forces down the trash. returns to
its normal position, and the Minimizer shuts itsell off. For maximum safety, the Minimizer uses a key lock switch and an interlock which automatically turns unit off if drawer is not fully
closed or is accidentally opened during cycling Your Heathkit
Minimizer can be built-in under the kitchen counter or lell freeslanding. Its bright white enamel finish with marble-tone vinylclad top complements any decor. And you can build it yourself
in 6 to 10 hours. Has long·life 1/l hp motor, plugs into 110-120
VAC conventional household outlet. Kit includes 5 plastic·lined
bags, one 9 oz. aerosol C3n of deodorant. Minimizer measures
34%"Hx 15"Wx25112'D.
Kit GU·1800, 203 lbs. _. - .•.
-- · - ·-·- - · -- .. .. .. 199.95•
GUA-1800-1, t5 plastic-lined bags, Sibs- .• • •. • _.. . . . 4.99•

New Heathkit Slotless
1/32-Scale Raceway

12995*

You race up to 4 GT cars
-each with independent
acceleration, deceleration
and steering! Make all the
maneuvers of real highspeed drivers. You can
even turn around com ..
pletely and backlrack. Kit includes track sections lor 8'x4' oval,
power transformer, 2 cars and controllers.
Kit GD-79, 13 lbs. , mailable _. _. __ .
129.95•
Kit GDA-7~1. extra car and controller, 3 lbs., mailable .. 21.95'

New Heathkit Electronic
Workshops

JtJ.. . .
~9..
\~ ~

A

Completely self-contained electronics lab$
•
'\
.,..~
teach youngsters the
basics ot electronics.
• •
Each contains basic electronic components in easy-towork·with module form. Kids simply follow the instructions, arrange the blocks on the board to form actual
working circuits for code flashers, timers, alarms, etc
Kit JK-1033, 36 e•periments, t 1 lbs . .. . , _.,. _ .. 29.95•
Kil JK-1022, 25 experiments. 8 lbs. , _. , . , , • . ,
24.95•
Kit JK·1011, 12 experiments, 6lbs, .. _. _.... • -19.95'
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QUICK-PIC K

Pat. Pend.

• Makes removal of transistors and capacitors
from a "forest" of parts easy
Precision Tools

.............
, ..
...
~.,.

Sli-lltol'l"tot.,._.

.........,

, ,..... .....," •• ttlll'.lt

•

Sn.. n (7) tools clamp On OVC.r 25 differen t uutlineK
of trOJn sistor s ur •:an cupoeitur s. Tlu~rr:fore, h <"an he
U6t'd on httndrcd$ of I)'PCS of lr"nsi.tor• and t:UIHO<:i·

STEREO SCENE
(Continued from page 71)
other capacity most of the time-sal~s
managing, quality-control managing. or some
such. Their ears are called on when needed
for listen ing eval uations, and thny do their
titled job the rest of the time.
You could consider some such p osition,
basing your specific c:hoice on perfcrcncc
as wdl as on your likely educational status
by the time you'll he seeking employment.
Deor Sir:
I hnvr. been wniting to ~ee you r.ommcut
on RCA's new, floppy " Dyno)l11X" discs, and
you l1ove ne\'er mentioned them. Any comments a bo ut them?

Denn Hnmill

tors.
•

e
e

•

) lak.." an "xt:ellent heut sink whil" un•o)(l.,rlng or
replacing parts.
l'ennit• rnorP. atlr.ntion to h.- given tho.> soldering
oper" tion. Will t~"''" buth hand& fr"~ to unl(>lder
lh~ IP.ad.< • .4 &lilfhl pull on rh., Quick-P ick oo/11 remo~~ t ile JU>r l w lu:n lha IP.mb arR fr Re .
Cn lnred ha n dles Jl r.rmlt Q u iek siz" • ., l.,d iun.

P aek.,gl'd in 3 D a llr3cti>e r a rryinl! r.aSt'.

lende II Products
939 S. 7th St.

set

Df 7

to DIS

995

postpaid

DeKalb. Illinois 60115
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Bronx, N. Y.

Yes, one or two. First. contrary to ap·
pearanr.cs, the Dynaflex disc is not just a
way of cutting costs on vinyl. RCA's research showRd that th~ th inner disc acc~pts
molding easier and better th an the u sne.Jthickness disc, and produces fewer blemish~s like bubbles. pits, etc. Of course, the
fact that Dynaflex would save vinyl was not
a sa\ll'Ce of dismay to RCA.
I've used a few of the Dynafiexes, and
while they didn't behave any less satisfactorily than ordinary discs, mine did not
seem substantially quieter than previous
RCA d iscs. They ar~. however, not usable
at all on some record changers, h~cause
the droppin g mechanisms malfunction wit!t
the thinner discs.
Dcnr Sir:

Why is it thot profcssiontll tope recorders cost. such a horrible amount of
money tvl ten they don't have nny of the feutures yov find in home machi nes like soundon-sounrl recording, ~cho and the like?
Most of A professional record~r's hi~h
cost goes into things you can't see-a supP.t'rugged drive system, die-cast and machined
deck fram~. high-re liability resistors and
capacitors - ·which contribute to the nta·
r.hine's durohil i ty and depend ability. As for
the fea tures found in home m achi nes, any
of t!JP.se things r..an be done with a pr ofessional m achine by appropriate patch carr!
hookups whic;h make the same connections
that can be switched in on a home-type re·
corder.
Finally, the simple fact that fewer pro·
fessional machines are sold than home·
type mach ines means that the costs of th·~
recorder's design must be recoupP.d.
~
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fre e inf orm atio n ser vic e:

about
Here's an easy and conven•ent way for you to get add•t•onal~nformation
Service
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ELECTRONICS, P.O. Box }096, Flushing, N.Y. 11352.
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and sample problems are fully worked out.

LIBRARY
{Continued from page 14l
not in any way take away from the fact that
it can stand alone; it is a complete and com-

prehensive volume on semiconductors. The
book begins with a disclll>sion of conduction in the solid state, goes on to the p-n
junction, and dives deeply into transistor
theory and physics. The treatment, in most
respects is full, touching on all phases of
the subject.
Publi.~hed by Pergumon Press, Inc., Maxwell
Hou:;e, Foirv1ew Pork, Elmsford, NY 10523.
254 poge~;. $7.00 hord cover, S4.75 soft cover.
SIMPLIFIED RADIOTELEPHONE LICENSE
COURSE, Volumes 1 thru 3
Bv Leonard C. Lp.1e
Presenting a completely new approach to
studying for FCC commercial radiotelephone
license exams, this three-volume course
covers theory and all the latest test questions by subject area. Each chapter starts
out with a theory discussion and is followed
by a series of FCC exam questions accompanied by detailed answers. Wherever
necessary, circuit diagrams are included

,-

All questions are based on the latest re·

vised FCC Study Guide.
Published by Hayden Book Go., Inc., 116
West 14 St., New York, NY 10011. 136 pnges
Vol. 1, 308 pages Vol. 2, 186 pages Vol. 3.
$11.95 hard wver containing all three Volumes: $12.85 for set contuining individual
soft cover volumes.
PULSE AND SWITCHING CIRCUIT ACTION
PULSE AND SWITCHING CIRCUIT
MEASUREMENTS
by Hcr.ry C. Veofch
These two books- the first on theory and
the second devoted to practical laboratory
experiments-are companions to each other
and should. thus, be discussed together.
Their treatment of pulse and switching
circuits is as excellent as it is timely. Although each volume can stand alone on its
own mnrits, it is interesting to note that,
used together, they can provide a complete
and comprehensive course of study in the
most current topic in electronics-as good
as any you'll find in more academic works.
Published by McGraw-Hill Dook Co . 330
West 42 St., New York, NY 10036. Pulse &
Switching Circuit Action: Hurd cover. 470
pages. $12.95. Pulse & Switching Circuit
Measurements: Soft cover. 181 pages. $4.95.
.;.;, 30 Day Money Back Guarantee and 5
1 ··
Year Service Warranty Protection.
.t,,:\ 40,000 to 50,000 miles between tun&-ups.
·
A tuned car pollutes less!
-1;~ Will not overheat or freeze-up. ShOGkproof,
;, waterproof and Ideal for marine use.

I

~---- THOR-GO-

A Dependable C. D. I. Unit At
A Reasonable Price ... $34.50
DEPENDABLE AUTOMOBILE PERFORMANCE THAT PAYS FOR ITSELF!

THOR-GO, a Capacitive Discharge Ignition System, is an advanced solid state automobile ignition designed to eliminate the inherent problems of the standard system. Point and plug erosion is reduced
to 1/ 10th of the standard ignitions erosion (40,000 to 50,000 miles between tu ne·ups). By eliminating tuna-ups, THOR-GO keeps your engine operating at peak performence and saves you money ($30
plus per tune-u p). Through more eff ic ient ignition operation THOR -GO produces instant all-weather
start ing and a 10% to 20% gas mileage increase. THOR-GO burns fuel more effectively, producing
less c:ombustion contaminates to pollute the air. When you can experience increased p&rformance,
stop wasting your money, stop polluting the air and en·
Reviewed by Popular Electronics
joy faster starting with decreased maintenance problems;
on page 72 of the A ugusr, I 9 70. issue.
it makes sense to buy THOR - GO. Prove it to yourself
Ask your Dealer or Write Today!
with our 30 day money back guarantee.
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brochure that is available on request.

NEW LITERATURE

Circle No. 80 on Reader Service Page 15 or 99

(Continued from page 16}

The ARP Division of A VX/ Aerovox has just
issued a full-color, 20-page catalog (form
No. SF.-571) of service repla~.:ement capacitors. The r.atalog contains descriptive information and rating charts for electrolytic,
paper-film, filter, ceramic, mica, and ac
capacit ors. Listings include the more popular values for radio and TV receivers,
audio equipment. ham radio equipment,
hearing aids. appliances, and industrial applications. Also included is a section on
popular decade boxes featuring four resistance, three capacitance, and four inductance decades.

and dome-radiator tweeters is available
from Acoustir. R~;seordl, Inc. Detailed technical descriptions of AR's newest products,
the AR-H speaker system and the AR FM
tu ner, are included.
Circle No. 78 on Reader Service Pag e t5 or 99

More than 31,000 semi~;onductor devices are
cross-referenced to HEP replacements in the
1971 HEP Semiconductor Cross-Reference
Guide and Catalog available for 35~ from
Motoro/n Inc., Semiconductor Products Div.,
5005 E. McDowell Rd., Phoenix, AZ 85008.
Included in the listings are lN, 2N, 3N.
JEDEC. manufacturers' regular and special
"house" numbers and many international devices. There are 471 HEP item listings, including kits, books, and accessories.
Thre'l new product folders are available
for the asking from Craig Corp. They describe the company's 1971-1972 line of: (1)
car stereo cartridge players, receivers. and
a home adapter with speakers ; (2) home
entertainment tape rcr.orders, players. and
receivers; and (3) portable cal!S&ttc and
cartridge players and receivers. Each item
listed in the folders is supported by a
photo, te~;hnical description and ar.cessory
and price listing.

Circle No. 81 on Reader Service Page IS or 99

A new diversified line of communications
equipment and accessories is described in
the Ele~;tronic Products Catalog available
from Midlond Communicutiom; Co. Listed
are base, mobile. and hand-held transceivers in both AM and SSB versions, scanning monitor with automatic hi-lo intermix,
H.E.L.P. mobile CB rig with automatic 2channel logic scanner, mirror-scaled multimeters. and a full selection of speakers,
microphones, steteo headsets, electronic
parts, and a~;cessorics.
Circle No. 82 on Reader Service Page 15 or 99

Some of the more unique and memorable
projects that have graced the pages of this
magazine arc listed in kit form in a new
available from PAIA Electronics.
catalog
99
or
15
Page
Service
Reader
on
Circle No. 79
The kit listing includes such items as an
in-out annunciator, optical tachometer, 200A whole new world has opened up for the
watt dual flasher, Carpenter's Mate tiny
science-minded rocketeer with the introlo~;alor, surf synthesizer, and a wired
metal
"TRANSthe
of
Industries
Ester;
duction by
ROC" miniature multipurpose transmitter wireless remote control unit. The audio/
for usc with model rockets. This ilem, as music kils described are the Drummer !:loy,
well as all other items in the company's , a rotaling speaker simulator, rhythm and
accompaniment box, electronic Waa-Waa,
TRANSROC line (including extra and replacement parts, crystals, accessory pack- and an electronic guitar sound modifier.
Circle No. 83 on Reader Service Page t5 or
ages and module:;, etc.} arc described in a

lip _ _ _
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TRUE-FALSE LOGIC QUIZ
By We Bell and Joe Kish

1. Binary number 1101 is equal to elev·
en.

2. Boolean Algebra is valuable in the an·
alysis of switching circuits.

3. DTL, RTL. TIL, ECL are big-name IC
manufacturers.
4. Most logic circuit are internally direct
coupled.

5. MSI and LSI stand for medium· and
large-scale integration, respectively.

8. Another way of saying a "triple 3
input gate" is "3 gates with 3 inputs
each."

9. A unique feature of the 4·input ex·
pander is that it has no collector loads.

10. In logic equations. a line drawn over
a symbol means NOT.
11. A mechanical analogy sometimes
used for the inverter is a seesaw.

6. In an RS flip . flop, the RS stands for
React ·Sh itt.

12. SSI is a new mind-expanding drug
uncovered as a by-product of transis·
tors.

7. A hex inverter IC contains 6 inverting
amplifiers.

13. "T·squared" logic is sometimes used
to mean transistor-transistor logic.
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A general purpose receiver, the SPR-4 may be pro·
grammed to suit any interest: SWt, Amateur. Labora·
torr. Broadcast, Marine Radio, etc. freQuency Coverage:
150·500 KHz plus any (23) 500KHz unges,.soo to 30 MHr.
fEATURES: • Linear dial with 1 KHz readout • 4·
pole crvstal filter in first IF • 4-pole lC filter in
second IF • Three bandwidths: 0.4 KHz, :l.4 KHz, and
4.8 KHz for: CW, SSB, AM • Superior cross-modulation
and overload performance • Power: 120 YAC, 220 VAC,
and 12 VOC • Crrstals supplied for LW, BC and seven
SW bands • Built·ln $puller • Notch Filter.
ACCESSORIES: 100 Khz calibrator, noise blanker,
transceive adapter (T·4XB), DC power cord, loop an•
tenna, crystals lor other r~nges.

• Direct Frequency Olatrng • All Solid State
• Programmable Coverage • FET Circuitry
For more details write: A. L. DRAKE COMPANY 540 Richard St.. Miamisburg, Ohio 45342
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paste is rubbed into the area of skin
where the electrodes are to be applied.
Before the electrodes are placed against
the skin, set R6 partially up and be sure
R9 is adjusted to give no output. Place
the electrodes against the skin. There
will be a change in the tone of the output.
Adjus t R9 just below the oscillation point
and adjust R6 until the output changes
frequency as the muscle is activated.
Each time the muscle is flexed, the
whistle changes frequency- the tenser
th e muscle, the higher the frequency.

MUSCLE WHISTLER
(Con tinued from page 61)

...

Fig. 2. Electrodes are mounted on a small
length of plastic as shown here. An insulated
knob on t he ground screw acts as the handle.

slightly, touching one of the end electrodes on the muscle probe should cause
the circuit to squeal due to imbalance
in the operational amplifier circuit. [It
is actually pickup from the field created
by the 60-Hz power line.} However, when
both elect rodes are touching the skin,
virtually all of this ambient noise is rejected by the differential amplifier.
Good electrical contact must be made
between the electrodes and the skin. Use
a commercial electrode paste or make
your own by mixing salt. water, and
flour in a good pasty consistency. The

FREE IDtJnfosh

CATALOG and FM DIRECTORY

Get all the newest and l atest informati on on the
n ew M cintosh Soli d State equ ipmen t in the
Mci n tosh catalog. In addi tion y ou wi ll receive an
FM st at ion directory that covers all of North
America.

.
•
I•• • • • ••

M X 114

Theory of Circuit Design. Operational
amplifier IC1 is a very high gain differential amplifier whose gain (sensitivity}
is controlled by feedback potentiometer
R6. The differential input to the op amp
is picked up by the electrodes applied
to the skin.
Unijunction transistor Q3 is wired
in the classical UJT oscillator configuration with C5 determining the frequen r.y and the emitter-collector resistance of
Q2 (with limiting resistor R12) acting as
the charging resistor. The interelement
resistance of Q2 is a function of the applied base current and the voltage to
move this current is stored in capacitor
C4, which is charged up by amplifier Ql.
The size of the steady-state charge on C4
is de termined by the setting of R9.
When a muscte voltage is amplified by
IC1 and fed to Q1, the collector voltage
on Q1 varies, thus changing the charge
on C4. This. in turn, varies the UJT oscillator frequency. The speaker forms the
load for Q3. and the audible tone consists
of a series of spi_kes, each occurring as
the UJT fires.
~

F M/FM ST E REO TUNER
and STEREO PREAMPLIF IER

SEND TODAY!
Mcintosh Labo ratory Inc.

I 2 Chambers St., Dept. PT·117l
I B.i nghamton, N.Y. 13903
: NAME -

- - - --

1 ADDRESS
I CITY

L _ __ _ _ _

- - -- - - -

I
STATE_ _ _ ZIP _ _1
___ __ ___ __ __ I

CIRCLE. NO. 2l ON READER SERVICE PAGE
NO VEMBER 1971
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Popular Electronics Market Place
NOH-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or tndi·
viduals offering commercia l products or services, ~1.25 per word
(lnclu~ing name and address). Minimum order $12.50. Payment
must accompany copy except when ads are placed by accredited
advertising agencies. Frequency discount: 5% for 5 months:
10% for 12 months paid in ad~ance. READER RAYE: For individ·
uals with a personal Item to buy or sell, 80¢ per word (includlnc
name and address.) No Minimum! Payment must accompany copy.
DISPLAY CLASSIFIED: 1# by I column (2~" wide), $185.00. 2"
by I column, $370.00. 3" by 1 column, $555.00. Advertiser to
supply cuts. For frequency rates, please I nqu ire.

GENERAL INFORMATION: First word in all ads set in bol d caps a1
no extra charce. All copy subject to publisher's approval. All
advertisers using Post Office Boxes in their addresses MUST
supply publisher with permanent address and telehone number
before ad can be run. Closing Dale: 1st of the 2nd month preceding cover date (for example, March issue closes January lStl.
Send order and remittance to H31 Cymes, POPULAR ELECTRONICS,
One Park Avenue, New York. New York 10016.

MECHANICAL, ELECTRONIC devices ca talog 10¢. Greatest Values
-lowest Prices. Fertik's, 5249 "0", Philadelphia, Pa . 19120.

FOR SALE
FREE! bargain cataloc. Fiber optics , LEO'~. transistors, diod~s .
rectifiers, SCR's, tnacs, parts. Pol y Paks, Box 942, lynn1ie l d,
Mass. 01940.
COVERKMf.NT Surplus Receivers, Transmitlers, Snooperscopes,
Radios, Parts, Picture Catalog 2S¢. Meshna, Nahant, Mass. 01908.

SENCORE, BU Test Equipment Unbelievable Prices. Free Catalog

and Price Sheet. Fordham Radio, 265 East !49th Street, Bronx,
N.Y. 10451.

ELECTRONIC 1rn1tion. Vari ous Types. Information 10¢. Anderson
Engineering, Epsom, N.H. 03239.

----

ROCKETS: Ideal for miniature transmitter tests. New illustrated
catalog. 25~. Single and multistage kits, cones, engines, launch·
ers, trackers, rocket aerial cameras, technical information. hst
servi ce. Estes Industries, Dept. JS..K, Penrose, Colorado 81240.
LOWEST Prices Elect ronic Parts. Confidential catalog Free.
KNAPP, 3174 8TH Ave. S.W. Largo, Fla. 33540.
WE SEll CONSTRUCTION PLANS. TELEPHONE: Answering Machine,
Speakerphone, earphone, Pllonevision, Legal Connector, Auto
Dialer, Central Dial System. TELEVISION• $35.00 Color Converter,
Tape Recorder, 30TV. $25.00 Camera. HOBBYIST: Electron Micro·
scope, 96 Hour Tape Music System, Ullrasonic Olshwa sh~r.
Radar-O<.en, El ectronic Tranquilize r. Plans $4.95 each, COURSES:
1el ephone Engineeri ng $39.50. Oetect•~e El ect ronics ~22.50,
Anti-Detective Electronics $27.50, NEW SUPER HOBBY CATALOG
AIRMAILED $1.00. Oon Britton Enterpnses, 6200 Wilshire Blvd.,
Los Angeles, Calif. 90048.

IETCO ELECTRONIC INDU STRIES, INC.
D~pt.

PI!C, J,tU3

·~ rl' oiOCa

DT. , lE I P.at.O, T• >'U

7'99 J S.

WEBBER LAB's. Pollee & Fire converters. catalog 25¢.
tage Street, lynn, Mass. 01905.

72 Cot-

IKVESTIGATORS, latest Electronics Aids. Free literature. Clifton;
11500-l NW 7th Ave ., Miami, Florida 33168.
ELECTRONIC PARTS, semiconductors, kits. FREE FlYER . large catalog $1.00 deposi t . BIGELOW ELECTRONICS, Bluffton, Ohio 45817.
RADIO-T.V. Tubes- 35¢ each. send 1or tree catalog.
4213 University, San Diego, Calif. 92105.

Co~nell ,

NEW SEMICONDUCTOR liGHT EMITTING DIODES--bright red
Jighls replace light bull>s. Typical life 100 years. Operate~~ 1 65
volts, 50 milliamps. Order 2 for $2.98 NOW. Data sheet and in·
struc tions included. Monsanto Compa ny, Hobby Secti~n. 10131
8ubb Road, Cupertino, California 95014.

--------------------------

CONVERT any televis•on to sensitive, bl&-screen oscilloscope,
Only minor c.hanaes requirecJ. No electronic experience necessary. Illustrated plans, $2.00. Relco-A33, Bow 10563, Houston,
re.as 77018.
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ELECTRON! C COMPONENTS-Distributor prices, Free catalog, Box
2581, El Cajon, California 920:.!1 .
FREE K1t Catal og: Shortproof Powersupply $39.50. Ultrasonic
Alarm $37.25. SWTPC. Box 832040, San Antonio, Tex. 78216.
AMATEUR SCIENTISTS, Electronics Hobbyists, Experimenters,
Students •. Construction Plans-all complete, including drawings. schematics, parts lists with prices and sovrces ••• RadarBuild your own ultrasonic doppler radar. Detect motion of people, automobiles, even falling rain drops. Transistorized, uses 9 volt transistor battery-$4.50 . , . Long-Range " Sound Telescope" -This amazing de••ce can enable you to ~ear conversa·
tions, birds and animals, other sounds hundreds of f eet away.
Very directional. Transistorized. uses 9V battery-$3.50 • • •
Robot Man-Moves hands and arms-~3.50 ••. Or send 25¢ coin
(no stamps) for complete catalog. Other items include Psyche·
delic strobes, light shows, la sers • . • 46 different projects.
Technical Wrilers Group, Box S994, Slate Colleee Station,
Ralei gh, N.C. 2 7607
DEALERS W-ANT
= Eo""
! -C-i tizen
- s- B
-a-nd,..
, ..,.A,..,.
M,- s=-=s-s,-:T::-w-o--wa-y-::R,-ad.,...
to-s"7&
Accessones. USA and Export models. We shiP around the worl~.
Send letterhead to: Baggy's Radio P.O. Box 778, 6391
Wesiminster Ave .. Westminster, Ca. 92683. 714-894·3301.
CITIZENS BAND-Shortwave Listener-Ham equipment from Amrad
Supply, lr.c. Free Flyer, 1025 Harrison St., Oakland, Calif. 94607.
PSYCHEDELIC Strobe K:t, Complet e with !lOw/sec . tube, reflec·
tor, chass•s and cabinet $17.50 pl~s postage and insurance. 2
lbs. (E<tra tubes $3.50) SWiPe, Box E3204Q, San Antonio, Te•as
78216.
ANTIGRAVITY, experiment and theory: Rushed-$2.00. US. In·
quiries. lntertech 7A2, Box 5373, S1ation·f, Ottawa, Canada.
LEARN 1he fact s of electronic s and your privacy. Send for the
Tron-X Manual, P.O. Box 38155, Hollywood, CA 90038. ~5.95.
JAPAN HON; KONG DIRECTORY. World products information.
$1.00 today. Sekai Shogyo Annal, Hillyard, Washington 99207.
INTEGRATED CIRCUilS-Factory Prices, Catalog 10¢. Sllling, Box
6257, Seattle, washington 98188.
POPULAR EL ECTRO NICS
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DEALERS WANTED!
CITIZCNS BAND, AM, SSII, Two·woy Rod io• & A«essor ies. U SA ond export models. We ship a roun d t he
wor ld. Stmd letterhead to:

l

BAGGY'S RADIO
P.O. Box 778, 6391 Westmin1ttr A•e..
Westminster, California 926113
714-894-3301

fREE Kit Catalog, Color Organs $11.00. Psychedel•c Strobes
$17.50, Professional quality--lowest prices. SWTPC. Box F32040,
San Antonio. Texas 78216.
EUROPEAN · and Jap_a_n_e-se_ b_a-rg-a-in_s_catalogs. $1 'ea~h. Oee, P.O
Box 9308. North Hollywood, Calif. 9160!!

. - ---·

....

BURiilAR ALARM SYSTEMS. We manufacture intruder-fi re detec·
lion systems, radar and perimeter types. Accessories available.
Free literalure. Inquiries for dealership and wholesale prices
must be on letterllead . U.S. and Canada only. Mlcrotech A~so
ciatn, Inc., Box 10147. St. Petersbure, Florida 33733.
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CONSTRUCTION PLANS: Laser . . • $2.00. lnvestlcation Aids2·FM Microphone Transmitters ... $1.00. FM Telephone Transmitter ... $2.00. Sound Telescope .•• ~2.00. Space Mon:torMossole Tracker • . . $2.00. f ree equipment and kit catalog.
Howard, 20 174 Ward, Detroit, Michigan 43235.

PYROTECHHICAL, rocketry, laboratory supp lies, chemicals, tubes,
tools, igniters, colored smoke tracers. Illustrated catalogue/
handbook includes formulas, instructions-50¢. Westech, Salt
lake Ctty, Utah 84 108.
TV fU"ER REPAIRS-Complete Course Detai ls, 12 Repair Tricks,
Many Plans, Two Lessons, all for Sl. Refundable . Frank Bocek,
Box 833, Reddin&, Calif. 96001
TINY indicator lights, other unique ilems. Catalog, samples
$1.00. GH Products, Dept. E. P.O. Box 1438, Irving, Texas 75050.
TRANSISTOR circuit boards 25¢, Thermocouples 25¢, Solar Cells,
Zeners, IC's, Trimpots, Bargains Galore, catalo& 10¢. Chaney,
Box 133, Tempe, Arizona 85281.
LASER once used for surveying. $600.00; Kerr cell power supply
for laser modul ation $300 00. Giosa, 363 Albany St .. Boston,
Mass. 02118.
I NVESTIGATORS -Detectives- Industria l Security Officers. Latest
subminiature electronoc equipment. Catalog 50~
Jack,
Box 19422, Sacramento, Calif. 95819.
BRAIHWAVE Feedback Electroencephalophone teaches alpha·
wave control . J&J Enterprises, 810Z·E, Bainbridge, Wash . 98110.
REPEAT of Sell Out-Four Tnc~ auto tape players as is repai rable. Originally $49.95 now $4.95 post paid , VGRS, 2239 East 55th
Street, Cleveland, Ohoo 44103.
67KC SCA adapter. solid s tate, wired, testej. Operates on 9 to 30
volts . use between f M tuner and audio amplifier. $15.50. Post·
paid USA with instructions, station list. Mark and Alan. P.O. Box
172. Chesterland, Ohio 44026.
SEMICONDUCTORS: Buy from single source. serving experiment·
ers, hobbyists. No minimums. SN 7400N, $1.95; MC724P, $1.19,
etc RLabs, Box 253, Burllogton, Ma., 01803.

____ _

RESISTORS-Hi&h quality, low prices. Free ftyer. Kin &tree, Box
3092, Columbus, Oh1o 432 10.
2400 SEMICONDUCTORS, 75 Electronic Circuit Kits, Catalog 25¢.
Electronic laboratori es, Box 738, College Par~, Md. 20740.
LIGHT Emitting Diodes, $1.00 each. Free "Uses of Led's" manual
wilh purchase. J-Square, 4165 Stein Road, Ann Arbor, Michi~tan
48103.

OVER 1,0u0 new electronic parts, list $240.00, yours $19.95.
28 Music pa~~:es $1.25. All postpaid. Hobbytronocs, 92 1 East 19th,
~n Anae l~. Texas 76901.
FREE cata log, parts. circuit boards for POPULAR ELECTRONICS
prooects. PAIA ELECTRONICS. Box Cl4359, 01\lahOma City, Ok.
73114.

WE SELL CONSTRUCTION PLANS, I(ITS AND WIRED UNITS-a lter·
nator adapter, 110 volts at 3,000 watts from ANY alternated
vehicle!-silver recovery unit-x·ray fluoroscope machine- ultra
sensitive metal detector-a uto theft guard-golfers range finder
-hypnotic di sc-e lectronic deodorizer-l:lirth control pittl - in·
slant fish kit- automatic wheel balancers-lifetime match- make
your own hand soap, laundry detergent, hair oil. cologne at a !rae·
tion of the cost you're paying now -ask for our FREE catalogCreative Products, 1708·E Tierney Road, Fort worth, Texas 76112.
TELE PHONES
.. MOdern, Cont inental. components. f ree bro·
rhure. Comet Communicatoons Co., Dept·B, 639 50th St.,
Brooklyn, New Yor k 11220.

FIRE & BURGLAR ALARMS
1972 Hand book & Catalog

DIAGRAMS- Radios $150, Television $3.00. Give make and mod·
et. Diarram Service, Box 1151PE, Manchester. Conn. 06042.
fREE ELECTRONICS Catalog. Tremendou s bargai ns. Edu·Kits,
Department C-707·0. Hewlett. New York 11557.
COUNTERS, Relays, Switches, Meters, Experimenter Parts. send
dime (refunded on order) for lists. R·E·C. P.O. Box 32, Haddon
Heights, N. J 08035.
·
SCREWDR IV[R with buill· in light eases the strain. 4 blades
Order now-only $1.75. Valley Sales. Dept 118 1, 235 lloyd.
Ltvermore. Calif. 94550.
1972 UECTRONtC$ Catalog 25¢. McCord Electr onics, BoX 412,
Sylvan ia, Ohio 43650.
ALPHA·, Theta-wave Biofeedback. Relaxed awareness, medita·
l ion, body control. Inner Space Electronics, Box 319PE,
Fairfax. Calif. 94930.
CB POWERGAGt & O~mmyload, Pl.259 "glowmodule" shows
relative outputpower & modulation. $2.00 Postpaid• CENTORE,
33 ferris, Edison, N. J. 08817.
NOVEMBER 1971

Save Hundreds
of Dollars
Professional equipment fomous manu·
focturers, not readily availabl e from
loca l <ources. NEW 6 EXPANDED to
include las<!r photo-o loclron!c sy.toms,
dio leu, electronic siren s, p erimeter con·
trois. a nd a NEW RAD IO ACTUATED
SYSTEM THAT insta lls in le" Jhan 2
hours. Aho includes n<i+che•. bells. co,_
lrol poneh, .,Ir e and hardware. Sa ve up to 7SY• . This handbook is a m11st for ~·•ry homeowner end businessman. Just
$1 co sh , chock o r M.O. $1 refunded with first o •d er.

ALARM COMPONENT DISTRIBUTORS
33 Now Ha.on A•e. , Dept. P.E., Milford . Conn. 06460
NEW Midland Call, P.A., Meters, S Watts Warranty, All 23
$113.65, 6 Channels $60.95. G. Enterprises, P.O. Bo~ 14, O'Fallon,
II!. 62269.

-:-:·Retma va1uesi 112w s~. 1w 6~, 2w se. CQ~e·t·Com:

RESisToRs ..

municatio~s. Dept. E, 639 50th st ., Bl<.lyn ,, N.Y. 11220.
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PLANS AND KITS

HIGH FIDELITY

FREE Kit Catalog : Digital Micmlab $29.95. Al~o Sermented and
Nixie Readouts, Timebases, Sca lers, Electron ic Oleltal Clocks
(all featured in Popular Electronics) SWTPC, Box C32040, San
Antonio. Tex. 78216.

TAP£ RECORDERS, Hi·fi, components, Sleep Lea rning Equ iprnent
tapes. llnusual Values. Free Catalog. Oressner, 1523R. Jer.chO
Turnpike, New Hyde Park, N.Y. 11040.

FREE Kit Calalog. Why does every major Coll e&e, University,
Technical SchOo l, Research & Development Center buy from us?
Because we have tho highest quality and lowest prices. Free
calaloa. SWTPC, Box H32040. San Antonio, Tex. 78216.
PROTECTION! Alarm acts before entry, Free information, plans
$2.00. Millers, 1896 Maywood, Cleveland, Ohio 44121.
LEARN to bui ld your own color organ, sound to light trans·
Ialor. For complete plans and instructions send 50¢ in c01ns to:
LIGHT. Box 100. Malverne. New York 1156S.
HOB8YIST5-Programmable electronic combinatiOn lock ~it. five
IC's, plans. theory. SS.95. Catalog free. John Hun11ey, 1351
Mahoney, Rodeo, Calif 94572.
fREE kit Catalog: Am
_a_
1~ngne_w_U.,--n7
iversal Digital Instruments
with ptualns as featured in Popular Electronics. Unbeatable
prices. SWTPC, Box 032040, San Antonio. Tex. 78216.
COLOR Orsans, Strohes, Plans. brochure
Box 14, Readville, Mass. 02187.

10~.

Raeco,

P.O.

- - - - --Color Organ kit, four 1,000

STATE of the Art
w~tt channels,
OpAmp buffered stereo inputs. Leo photoisolation $75.00. f.o.b.
Norton Media, 311 West 37111, Austin, Texas 78705
KITS-Color oruns,

synchronizers,

strobes.

WorkshOP,

Box

393Z, Bethpage, New York 11714.

CAMERA FANS: Build quality SA·4 Shutter Speed Meter, Precision Calibrator about $25-$50. Seven linear ranees. Plans,
pictorrats, $5.45. Brochure, 15¢. A. Mangien, 1170 Seventh
St., New Kensington, Pa. 15068.

LEARN DIGITAL DESIGN
DESIGN AND BUILD YOUR OWN
LOGIC CIRCUITS!
as an JC TESTER for DTL
& TTL JC's.
Ce>mple te instructions and
guid• lor dotignln<J your own
dk.Jllal circuits Inc I u dIng
clocks, rtglsl•rs, adders and

da:z:ens mort 1

**

*

** Self lamps, state rwltclles.
MC>dtrn DTL IC's.
COIII.lllned, portable.

gat5, Inverters,

Conditioned pulse gen.
M!asure$ 81/.z'' X 71/l"

a: 3

Sturdy P.C. Construction.
•
batteries not include-d

FREE Kit Catalog Amplifiers: lil Tiger Sll.10, Universal Tig~r
$30 00, Preamp S44. 50 (featured in Popular Electronics) SCI\
Adaptors Sl4.55. SWTPC. Box A3204(), San Antonio, Tex 78216.
DIAMOND NEEDLES and Stereo Cartridges at Discount prices for
Shure. Pickering, Stanton, Empire, Grado and ADC Send for lree
cata!cg All merchandise brand new and factory sealed. LYLE
CARTRIDGES, Dept P, P.O. Box 69, Kensington Station, Brooklyn,
New York 11218.
lOW, Low quotes, all componenls and recorders, Hif i, Roslyn,
Penna. 19001.
SPUKERS: For extremely hi&h powered amps. Many tvpes and
si1es. All guaranteed for life and your satisfaction. Pnces f rom
$15 to $70. Aluminum domes. Send $3 for operationa l dia~rams,
specifications. engineer,ng t&st reports and complete calaloe
Acoustidyne Electronics, P.O. Box 1387 Springfield, Illinois 62705.

WANTED
CASH PAID! Unused tubes, electronic equtpmenl . Barry, 512
Broadway, NYC 10012
8VICKSILVER, Platinum, Sliver, Gold,- Ores Analyzed. Free Circu.
lar. Mercury Terminal, Norwood, Mass. 02062.
CASH immediately for old G'old, Sil•er. Platinum. MP.rr..ry,
Watches, Dtamonds. Free Informa tion. Rose Industries,
29-PS East Madison, Chicago Ill . 60602.

TUBES
RECEIVIIf& & INDUSTRIAL TUBES, TRANSISTORS. All BrandsBiggest Discounts. Technicians. Hobbyists. ExPerimenterS-·· Re·
quest fRfE Giant Catalog and SAVE! ZALYTRON, 469 Jericho TurnpiKe, Mineola, N.Y. 11501.
RADIO & T.V. Tubes-36t each . send for free catalog. Cornell,
4213 University, San Oieco , Calif 92105 .
TUBE Headquarters of World !- S
- e_n_d _l _O¢- fo_r_,C_a_ta-lo_g_(_tu-bes. elec
tronic equipment) Barry. 512 Broadway, N.Y.C. 10012 .

SAV£ money on parts and transmitting-reteiving tubes. forei&n·
domest ic. Send 25¢ for aiant catalog. Refunded first order.
United Radio Company, 56-P Ferry Street, Newark, N.J. 07105.
2,000 TUBES, 90%
Mich igan 49098 .

ofl

list.

Rhodes. Box 806, Watervliet.

11

BHD, inc., P.O. Box 4387, Topeka, Ks. 66604

TAPE AND RECORDERS

LOUDSPEAKERS KITS, complete or cabinet only. Great savings
factory direct. Catalog 25¢. R.C.S. Co., P.O Box 30312, Santa
Barbara, Calif. 93105.

STEREO TAPE RENTAL for P9rticular people. Free r.alatog Gold
Coasl Tape library, Box 2262, Palm Village Station, Hialeah. Fla .
33012.

KITS AND EQUJPMENT--FM Wireless microphone transmi tters.

STEREO TAPE TRANSPOIIT- 7" reel-2 speeds-pause central made for famous manufacturer-SO to 15.000 Hz-with rec ' Play
and erase heads. without case Send m.o. or check for St9 50
to Alsheimer Aud io £tectronics, 218 Columbia St., Utica, N Y
13502. $2.50 for orepaid shippinc and insurance.

FM Telephone transmitters, Infinity transmitters. Security Elec·

Ironies, P.O.

Bo~

265, Huntington,

w. Va.

25707.

AUTOMATIC Morse Code Copying Machine . Featured in Ham Radio
Maaazi ne this fall. Copy up to 120 wpm with knowin& CW! Simply
hook to your rete1ver' s audio and re<ld printout. Send $14.95 tor
detailed construction plans. VMG Electronics 2138P West Sunny.
side, Phoeni~. Arizona 85029.

RENT 4·Track open reel taoes-aJJ major tabels-3.000 di fferent
-free brochure. Stereo·Partl, 55 St. James Drive, Santa Rosa.
ca . 9540!.

LIGHT EMITTING DIODES. Five diode kit, Instructions $2.95,
Free catalog. SUPER VALUE KITS, Box 1364, Cupertino, Calif.
95014.

BARGAIN MUSIC, Tape, EQuipment Catalog, 25¢. Saxitane, 1776
Columbia Road, Washin.11ton, D.C. 200()9.

COLOR Or;an Kits p.so. IC's 25~. Catalog. Murphy, 204 Roslyn
Ave., Carte Place, N.Y. 11514.

BUY Irish Tape Open Ree l & Cassettes & S·Track Blanks at
Discount Prices. Write: Oirect Mail Cassette corp., Box 71,
Plainview, N.Y. 11803.
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RECORDING DPE made by top American manufacturer , cuara• teed not "seconds" or "white box"; 2400' mylar, $2.29; 18(11)'
mylar $1.69; 1200' acetate $.79. Send for information and QUantity pricing. Alsheimer Audio Electronics, 218 Columbia Street,
Utica, New York 13502.

OLD Radio Programs on cauettes or reels. High quality, low
Prices, thousands to choose from, professional equipment,
catalog 50~- Remember Radio Inc., Box 2513, Norman, Okla.
73069.
OlD Rad io Programs. Cata los $1.00. (Refund!ble). Rad io Vault,
_ 9_._ _ __
Box 9032, Wyoming, Mtchl&an 4950

REPAIRS AND SERVICES
TV Tuners rebuilt and aligned per manufacturers specification.
Only $9.50. Any make UHF or VHF Ninety day written auarantee.
Ship complete with tubes or write for free mailing kit and dealer
brochure. JW Electronics, Box 51C. Bloomington, Indiana 47401.
COILS Made; Parts machined to your Specs. Elect ro-Wire
Products. 2805 £. 117th Street, Cleveland, Ohio 44120.

DEGREE in electronics Engineer inc earned most11 by correspondence . Free brochure. Dept. G-9, Grantham School of Engineer ing,
1505 N. western Ave., Hollywood, California 90027.
we-e-ks-. - R-.E-.1 .-'s
F. c. C, lsi phone license training in- - 5- intensive training produces outstanding re~ults. For information
and free brochure call toll free: 1-800-237·2251, or write home
office, Radio Engineering Incorporated Schools, 1336 Main
Street, Sarasota, Florida 33577. Florida residents call (813)
955·5922.
HIGHlY effective home study courses In Electronics Engineering
TechnolorY and Electronics Engineering Mathem<~t ics. Earn your
Degree. Wr it t for Free Descr iptive lt!eraturt. Cook's I nstitute of
Electronics Enci neeriog, (Dept , 15), P.O. Box 10634, Jackson,
Miss. 39209. (Established 1945).
F.C.C. TYP£ EXAM - _ . Guaranteed to prepare you for F.C.C.
3rd, 2nd, and 1st phone exams. 3rd class, $7.0D; 2nd class,
$12,00 1 1st class, $16.00: complete package, $25.00. Research
Company, 3206 Bailey Street, sarasota, Florida 33580.
BECOME a certified electronics technician. Sample Tests and infGrmat ion about eumi nation. Remit $5.95 to MISS()UTi Technical
Scttool, 3840 Washtngton, st. Louis, Missouri 63108.
MtMORIZ[ STUDY: " 1971 Test·Answer s" lor FCC First and Second Class Ucense-plus-" Self.Study A~ ility Test" Proven!
$9.95. sati sfaction guaranteed. Command, Box 26348-P, san
Francisco 94126.

PERSONALS
MAKE fRIENDS WORLDWIDE through international correspon·
dence. Illustrated brochure free. Hermes, Berlin 11. Ge<many.
INVESTIGATORS, Latest Electronics Aids. Free Literature. Clifton,
llSOO·K NW 7th Ave .. Miami, Florida 33168.
- 0- fo- r any good
to- $-150
-$1-00
-SECRET LOANS BY MAIL. Borrow
reason in absolute privacy. No interviews, no endorsers, no
cosigners. Fast service. Write Dial Finance Co., Dept. L-593,
410 Kilpatrick Bldg., Om8h a, Nebraska 68102.

------------------

INVENTIONS WANTED
INVENTIONS wanted. Patented : unpatented. Global Marketing
S!!rvice, 2420·P 71th, Oa-land, Calif. 94605.
INVENTORS! Oon' t sen your invention, patented or unpatented,
until you receive our offer_ Eacle Development Company, Dept.
9. 79 Wall Street, N.Y., N.Y. 10005.
m_s-pe-ed, full airmftil report
PATENT Searches includlntt M-ax-im_u_
and closest patent copies, $6.00. Quality searches expertly ad·
ministered. Complete secrecy guaranteed. Free Invention Protection forms and "Patent Information," Write Dept 9. Washington Patent Office Search Bureau, 711 14th Street. N.W., Washintton. D.C. 20005.
FREE " Directory of 500 Corporations Seeking New Products."
For information regard!nr development. sale, liceMin~ of your
patented/ unpatented tnv ention. Wr ite : Ravroond Lee Oraantzalion,
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.
F'REE PAMPHLET: "Tips on Safeguarding Your lnventlnn." Write:
United States Inventors Service Company, 50l ·H Thirteenth
Street N.W., Washington, D.C. 200[)4.

GOVERNMENT SURPLUS
GOVERNMENT Surplus. How and Where to Buy in Your Area. send
$1 .00. Surplus Information, Headq uarters Bldg., Box 30tn-PE,
washington, D.C. 20014.

- --------

MANUALS tor surplus electronic equipment. list 25¢. Books,
4905 Roanne Drive, washingto". D.C. 20021.
JEEPS Typically from $53.90 _ • . Trucks from $78.40 • - Boats, Typewriters, Knives, Ai rplanes, Clothin&. Multimeters,
Oscilloscopes, Transceivers, Photoaraphlc, Elec1ronics Equipment Wide variety, condHton 100,000 Bid Bargams direct
from covernment nationwide. Complete sales directory and
surplus catecorles ealalo& $ L OO (Deducllbl-. on orders from
sePa rate included catalo&l- Surplus Service, Box 821H, Holland,
Michigan 49423.
GOVERNMINT Surplus. Compl ete Sales Directory $LOO. Surplus
Publi catio ns, Sox 26062Z, Los Angel es, Calif. 90026.

BOOKS
FREE cataloc avlation/ el ectroniclspace books. Aero Publishers,
329PE Aviation Road. Fallbrook, Californ ia 92028.

- - - -- -

fREE book pro!lhet Elijah cominc before Chnst. W()oderful bible
evidence. Merlddo Mission. Dept 64, 481 Thurston Rd., Roches.
to.r, N.Y. 14619.

-------------

HYPNOTISM
"MALE-FEMAU Hypnotism" Exposed, Explai• ed! " Secret Method"

-They Nenr Know ! $2, Rushed. Guaranteed! I sabella Hall, Sil-

INSTRUCTION
lEARN .EUCTRONIC ORGAN SERVICING at home all makes IncludIng transistor. Experimental kit-trouble-shoolin&. Accredited
NHSC, Free Booklet. NILES BRYANT SCHOOL, 3631 Stocklon,
Deut. A, Sacramento, Calif. 95820.
LEARN WHILE ASLEEP, Hypnotize! Strange catalog free. Autosuggestion. Box 24·ZD, Olympia, Washingtor. 98501.
fiiU brochure self-improvement books. Eldon McBrayer, 41 2
Arthur Street, Huntsville, AI~. 35805.

NOVEMBER 1971

ver Sprincs. Flonda 32688.

------------ -------

SlEEP learnlne . Hypnotic method . 92% effective. Details tree.
ASR Foundatlo", Box 7545PL, Fort Lauderdale, Florida 33304.

PHOTOGRAPHY -FILM,
EQUIPMENT, SERVICES
SCIE-NCE Baraains Request Free Giant Catalo& " CJ"-148 pages
-Astronomical Telescopes, Microscopes, Lenses. Binoculars,
Kits, Parts. War surplus barrains. Edmund SCientific Co., 300 Ed·
scorp Olda., Barrington, New Jersey 03007.
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MAilORDfll Moneymaking Kit Home Business. Valuable lists,
concrete inf ormation, detailed steps, Capital unnecessary. Free.
details, Pi ctures. Prudential, Box 327·PEB, Boston. Mass. 02199.

MAGAZINES

INDEX
TO 'POPULAR ELECTRONICS'!
Ten years of electronic ingenuity are at your fingertips !
H.1ndy 32-page inde1 lists every article from Jan.'Gl thru Dfc.'70.
Over 1200 entries. dividfd into 52 major categoriu for quick,
easy loution. Also indic<~tf s nature aad length of fath
artJcle, plus any liitfr comctioas! Only $2.00 Postp;~id .
PERIODICAL INDEXES. BOX 178. SAN LUIS OBISPO. CALIF. 93401
JAPAN PUBLICATION$ GUIDE Business, pleasure,
$8.00. INTERCONTINENTAL, CPO 1717, Tokyo 100·91.

education.

OVER 2,000,000 backdate maaulnes! Specify needs. Midtown,
Box 917-PE, Maywood, New Jersey 07607.

TREASURE FINDERS
GOLD, Silver, Relics! located with powerful Oetectron Metal
Detectors. Free lnformalion. Terms, Oetectron, Dept, PEll,
Box 243, San Gabrie l, California 91778.
TREASURE Fl ND(R locates buried go
-1
:-:
d:, -s:-:
il-ve- r-, c~
ol:ns,-:trea
_s_ure_s_
5 powerful models. $19.95 up . Free catalor. Rel co·A33. Box
10839. Houston. Texas 77018.

-

· - --

FISH£R DETECTORS has something new• Free literature. Fisher
Research, Dept. PE·ll, Palo Alto. CA 94303

FREE: Jetco Electronic& 24·page Treasure Finder Catalog.
Find Gold, Si lver. Coins, Metals, Minerals, relics. Jetco,
Dept. PEe, 3933 Barranca, El Paso, Texas 79935 .

----------

MAGNETS
RECORDS
POPULAR organ albums factory direct. Concert Recordings, LYn·
wood, Calif. 90262.

MAGNETS . All types. Specials-20 disc magnet s, or 2 sti ck mag·
nets, or 10 small bar magnets, or 8 assorted magnets, $1.00.
Maryland Magnet C,ompany, Box 192H, Randallstown, Maryland
21133.

EMPLOYMENT OPPORTUNITIES

SPORTS ACTION FILMS

RECORDISTS. Make records. We train, eQuip, provide exclusive
territory. Modest investment. Director Group, Englewood, Ohio
45322.

fiLMS-BEST GIFT YET for Sportsmen . .
t rea t yourself, too'
Free Gift Cataloe. Super 8/ Smm. B&W. Color. SPORTLITt, Elec.
Dept., Box 24·500, Speedway, Indiana 46224.

'tOUN:::G-::Ho-:b-:-b~
yi...,.st=--w-a-nt:-e-:-d to assist project building Sat urdays,
Tuesdays or evenings at my place. Write: Thein, 520 5th Avenue,
New York, New York 10036 aivinr age and experie~ce.

MUSICAL

EMPLOYMENT INFORMATION

30% DISCCIUNT name brand musical instruments. Free catalog.
Freeport Music, 127·N Sunrise Highway, Freeport, N.Y. 11520.

u.oo.

U:CITING Overseas jobs. Directory
Box 942·E, Belmont, Cal ifornia 94002.

Research Associa t es,

BUSINESS OPPORTUNITIES
I MADE $40,000.00 Year by Mailorder! Helped others make
money! Start with $10.00-free Pr<><>f. Torrey, Box 318·N, Ypsil anti. Michigan 48197.

FREE BOOK ''999 Successful Little Kn<>wn Businesses" Work
hOme, Plymouth 445·K Brooklyn, N.Y. 11216.

$200 .00 DAllY In Your Ma il box! Your opportunity to do what
mall-order experts c!G. free details. Associates, Box 136-J, HOI·
land. Michigan 49423.
MA ILORDER! Make big money working home. Free report revea ls
milliona~<e's trade secrets• EYecutive (lKll), 333 North
Michiean, Chicago 60601.
PIANO TUNING learned quicklY at home. Tremendous field! Musi·
cal knowledge unnecessary. Gl Approved. Information Free.
Empire School, Box 327, Miami, florida 33145.
$1 000 DAY-150% Profit. Selllnr bY mail. No investment In In·
ventory. Part time-full trme. Unlimile<! potential. Complete
detar ls ~1.00. Nati onal. Box 7212S, Chicago, Illinois 60680.
START small, ~ ighly prohlable electronic production in your
basement. I nvestment, knowl&dge unnecessary. Postca rd brings
fatls. Barta-Eiectronics, Box 248, Walnut Creek, California
94597.

SELl HERTEL BIBLES-Part l ime. Finest r&ference Bib le avail·

WHOL£SAL£! Professional Amplifiers. PA Systems, Guitars . free
Catalog Carv in, Escondido, Calif. 92028.
PRO FITS from Oraan servic e.-=
co~
m pl:e7'
1e-=sem
-,lc-onductor substi.
tution Manual for Elect ronic Organ repa ir. $8.95 also free
litera ture on Oraan service products. H.A 8. Service, Rock
creek, Ohi o 44084

IMPORT-EX PORT
RADIOS, COMPCINENTS, Testers, Electronics Equipment, Many
More. 200,000 Products Y<>u Can Buy Direct From Overseas
Manufac turers Outlets . Prices Below U.S. Wholesale. Save Hundreds On The Products You Want. Complete Directory $1.00.
Worldwide Opportunities, Box 730-J, Holl<tml, Michi gan 49423.

REAL ESTATE
FREE •• New 256·page Fall catalog! Describes and pictures
hundreds of farms, ranches, town and country homes, businesses
coa&t to coa st! SPecify type property and location preferred .
Zip Code, please. United Farm Agency, 612·EP West 47th St. ,
~nsas City, Mo 64112.

MISCELLANEOUS
WINEMAKERS: Free illustrated catalog yeasts, equipment . Sem·
plex, Box 12276, Minneapolis. Minn. 55412.

able. Demonstrator and supplies furnished. Excellent commis·
slons. Write International Book, Oept. PE, Box 118, Wichita,
Kansas 67201.

WINE RECIPES and Catalog, 25¢. Country Winema ke., Box 191E,
RFO l , Mattapoisett, Massachusetts 02739.

FREE CATAL "'
oc=-=s,...-=R-ep-a..,.ir- air conditioning, refrigeration. Tools, suppile$, full instructi ons. Doolin, 20t6 Canton, Dallas, Te~as 75201.

PENFRI ENOS. For free information, write: Papyrus, Box 11604PE,
Winston-salem. N C. 27106.
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•

IMPEDAVERTER

IMP I

TM
•IMPROVES MICROPHONE PERFORMANCE•
1. Converts high to low impedence.

POPULAR ELECTRONICS

2. Use cables to 500 1eet with minimum lOSS of

NOVEMBER 1971

response, and minimum hum.

3. Switchable gain/loss and phase.

I·

ADVERTISERS INDEX
PAGE NO.

ADVERTISER

R.S. NO.

4 . Ouick disconnect, stand clamps provide<!.

14

t

At oust it ReSe<tt'th. Inc.

2

Allied Radio Shatl<

IO

~

Allied

Radio Shack

91

6

Aloha lunc:o Coro.

•• 100

7

Ama~x

8

Antenna Spf:tialhts Co .. The

4

Avanti Reseo\rtl\ &. Oevelhpmr.nt CD .. lne.

.. . • .
12

FOURTH COVER
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MULTl·MIXER TM TMS·I

HANDLES UP TO THREE RECORDEMS
l. Record or play back any or all simultaneously.
2. Eliminates jury-rig multiple connections.
INTRODUCTION
3. Establishes a main control system for
PRICE
multiple usage.
$19.95
4. MTG SKTS provided tor permanent in$1.ZS postage
stallation.
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Save steps, keep in touch with this compact two-station intercom. Needs no cable. Just plug Into any AC
outlet in your home wiring system and talk between
them. Can continuously monitor baby's room, sick·
room or any desired location.
Olson Eleetronits, Dept. IW, 260 s. Forge St.,
Akron, Ohio 44308
0 I enclose $28, plus $1 for postage and handling.
Send me the AM-366 Wireless Intercom.
0 Send me the next seven Issues of the Olson
catalog, without cost or obligation.

fRff

Name - - -- - - - -Ac:\dress
City State

---------
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We make the mlcrophoner. too.
So, If you purchase, operate, or use public address and audio-visual systems,
either vocationally or avocationally, Shure microphones and related circuitry
products can take many headaches out of your job. Modestly speaking, we
are internationally known for our problem-solving microphones. Less well
known, perhaps, Is the fact that we've developed an entire array of ingenious,
low-cost public-address circuitry products to solve dozens of pesky problems. These include nearly a dozen different modular, add-on microphone
mixers ... an Audio Control Center that actually matches audio response to
the room acoustics ••. an effective Audio Lev~/ Controller •. . and plug-in
problem-solvers to cure all sorts of knotty problems - instantly. Wrll.a:
Shure Brothers Inc.,
222 Hartrey Ava ., Evanston, Ill. 60204
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6
good
reasons
why the revolutionary
Avanti Astro Plane is the best
omni-directional C. B. antenna
you can buy.
1

•

It has top radiation which means that your
signal gets out from the highest pan of
your antenna. This is especially important
where antenna height is limited because your
signal radiates about 15 feet higher than other
antennas which radiate near the bottom. This 15 feet
means you get increased range and fewer dead spots.

2

The ASTRO PLANE has a lower angle of
• radiation which makes more efficient
use of the radiated signal by allowing it
to hug the curvature of the earth
instead of shooting your power up into the sky. This atso
gives you greater distance than an ordinary omni-directional
antenna. one thing the professional users really look for.

3
4

The ASTRO PLANE has 4.46 db gain (over an isotropic
• source) which gives you a stronger signal and
better, clearer reception.

5

You'll find it easy to install because of its lightweight
• construction (less than 5 lbs.) and only 12 feet of total
height and 30 inches in diameter.

6

All of these features need not cost you more money .
• Part of good engineering is how to make a better product
for less money-by eliminating the coils for example we
not only make the Astro Plane more reliable. but cheaper.
Just like a radio back in the 30's cost $100.00. today they're
even better for $20.00 or $30.001 So you can buy •his
advanced antenna for only $29.95 and it is guarante"!d for
one full year against mechanical or electrical defects.

You'll get long lasting. trouble free performance because
• it is compact in design-without long drooping radials. without
coils to burn or short out. and with direct ground construction
to dissipate static charges and lightning.

If your local C.B. Dealer does not have an ASTRO PLANE in stock,
have him order you one or write direct to AVANTI.
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