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NRI “hands-on” training
in TV-Radio, Electronics
can give you as much as
2 years of on-the-job
experience.

NRI Communications training programs will qualify you for a First Class Commercial
Radiotelephone License issued by the FCC. If you fail to pass the FCC|examinations
for this license after successfully completing an NRI Communications course we will,
on request. refund in full the tuition you have paid. This agreement is valid for the
period of your active student membership and for six montks after completion of your
training. No school offers a more liberal FCC License agreement.
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Experience is still your best teacher

NRI AChievement .‘(it is educaor—ac-

claimed and the original “starter” kit in home study train-
ing. Imitated but never duplicated, this kit is designed and
personalized for you and your traming objective. It has one
purpose — {o get you started quickly and easily.
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Blte'SIZG TeXtS average an easily-digested
40 pages of well-illustrated, scientifically prepared subject
matter in the course of your choice. Questions in each book
are carefully hand-graded and returned to you with helpful
instructional notes. You get unlimited personal help from the
day you enroll.

Designed-For-Learning Equipment
Like this phone-cw transmitter (Kit #7 in the Communi-
cations course) is engineered from chassis up to demonstrate
principles you must know. NRI does not use modified hobby
kits for training, but the finest parts money can buy, pro-
fessionally and educationally app.ed.

April, 1971

... here’s how you get it with
unigue NRI training at home

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

Train with the leader— NR/

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

APPROVED UNDER NEW GI BILL

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

MAIL TH!S COUPON IF CARD IS GONE

NATIONAL RADIO INSTITUTE
Washington, D.C. 20016 1-120

Please send me your new NRI Catatog. | understand
no salesman will call and there is no obligation.

nel
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! Name Age

1

: Address

|

| City State Zip

i [ Check for facts on new Gl Bill

' ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
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ELECTRONICS
TECHNICIANS:

If you really want
to go places in this

Age of Electronics...

Grantham School of Cngineering

has confereed an

Foim Goe

Ihe brgeer of

Hesonate m Saemce m 4 lectronies (Inginecning

EARN YOUR DEGRE
AND GET INTO ELECT

Advance beyond the technician level. Become an engineer. If you are a high
school graduate and have a good aptitude for electronics and mathematics,
you can earn the Degree of Associate in Science in Electronics Engineering

MOSTLY BY STUDYING AT HOME

while you remain on your present job. Grantham School
of Engineering (GSE) offers a home-study program,
followed by a two-week class, for the ASEE Degree.
This degree is accredited by the Accrediting Commis-
sion of the National Home Study Counecil.

In this college-level program (presented at the same
level as resident-college engineering courses), the les-
sons have been prepared especially for home study. They
have been written, revised, added-to, revised, expan.ded,
revised, re-oriented, revised, ete., over a period of many
yeurs, by home-study experts in the teaching of engi-
neering, with the one objective of providing u befter
2ny for technicians to learn engineering.

This aceredited ASEE Degree program includes . re-
view of basic electronie circuits and systems, a thorough
coverage of applied engineering mathematics (includ-
ing algebra, trigonometry, and calculus), classieal and
modern physics, technical writing, computer science.
electrical networks, and semiconductor circuit analysis
and design.

We award the nssociafe rather than the bachelor’s
degree because our educational program covers only
engineering and engineering-related subjects and does
not cover general subjects such as English, History,
Foreign Languages, ete. Notice, however, that the
ASEE is a degree in e ngineering rather than the usual
junior-college kind of associnte degree.

We Teach Better Because We Specialize

The main purpose of the GSE eduational program is to
upgrade electronics technicians to the engineering level,
Therefore, as a GSE student, you are not, for example,

CIRCLE NO. 14 ON READER SERVICE PTQEE
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studying math with accounting students or studying
physics with medical students. Instead, all of the lessons
covering all subjects are written for students just like
vourself — for electronics technicians upgrading to the
engineering level. This method allows electronics engi-
neering examples and applications to be tied in with the
study of all subjects in the curriculum.

Since all of our students have backgrounds similar to
vours and the same professional ohjective as yours, we
cun teach all of the required subjects more directly to
the point — the way they should be taught (for maxi-
mum advantage) specifically to electronics technicians
who are upgrading to the engineering level — not gen-
eralized to the extent that they apply equally well to a
dozen different professions! So owr wny of teaching elec-
tronics engineering is more applicable to yovr need.

— G.I. Bill Approved

@ Mail the coupon below for our free Bulletin @

Grantham School of Engineering  PE-4-71
1505 N, Western Ave., Hollywood, Calif, 90027
Gentlemen:

I have been in electronics for years. I am interested

in the Grantham degree program in Electronics Engineer-
ing. Please send me your free bulletin,

_ Age

Address S

1
|
|
|
|
|
|
I
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|
|
1
1
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Eighth in a Monthly Series by Oliver P. Ferrell, Editor

HOPEFULLY, NOT A SECOND TIME AROUND

If you haven't noticed, the audiophiles have a new vocabulary. All
their serious discussions now involve words and phrases such as:
ambiance, encoder, L-R, total compatibility, etc. It all has to do with
either getting something for nothing or making an attempt to compress
four channels of music nformation into the same track width or
groove depth that last year was occupied by two channels—in other
words, surround quadriphonic stereo.

This editorial is not a progress report on four-channel sound—
simply because events in this field are moving so rapidly that,
in the relatively short time between the writing and publication
of an editorial, there is almost certain to be the birth of another
new idea or innovation—and more new words. Also, | find it
difficult to stifle a nagging sensation that all is not right with
four channel. Has the hi-fi industry turned its engineers loose
to run amuck and stimulate business through new product developments,
or is there a ““call” for four channels? Does good listening really
require total immersion of the listener or are the first four-channel
demonstrations minimizing musical values for electronic showmanship?

It’s fascinating from an engineering point of view to see and
hear what a relatively simple decoder—such as that used in the
Electro-Voice system—reveals to be hidden away on present disc
or tape stereo recordings. But simultaneously, it's musically
unnerving to be bombarded with sound from all directions.

There’s a good chance that oroperly used (whatever that might be)
four-channel reproduction has some very desirable advantages
for the serious, or even the background music, listener. However,
at the moment, it is difficult to believe that four channel is
of great interest to anyone other than the devotee of modern pop
and rock music. Certainly my teenagers—more than |—would find
four channel to their lik ng—although that affinity might well
be due to the fact that four channel sounds louder and gets the
listener more “‘involved."”

The outboard gadgets, the doubling up of amplifiers and speakers,
recall the introduction of the stereo disc in 1958. Hopefully,
the hi-fi industry recalls the confusion created then after the
first flush of success. | think taat four channel is on the threshold
of something big. Whether it’s n the techniques of recording
or playback remains to be seen; but, gentlemen, don't make us
go around again.

April, 1971 7
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INTERFACE

ELECTRONICS SELF-STUDY PROGRAM

I would like to congratulate the author and
the staff of PopuLarR ELECTRONICS for the very
fine article in the December, 1970 issue on
page 45. Unfortunately, of the 12 manuals
that I have ordered, only five have been de-
livered and there is an indication that four
will be sent within the future and three seem
to be permanently out of stock.

W. Strou III
Short Hills, N.J.

Reader response to the “Electronics Self-
Study Program” article far exceeded our best
estimates. The Government Printing Office
apparently received over 1000 orders for the
electronics training manuals mentioned in
the story and soon found that stocks of cer-
tain manuals had been depleted. Our apolo-
yies to those readers who didn’t get their

orders into the GPO in time to receive the
full complement of manuals.

THOSE HARD-TO-FIND PARTS

Your Direct & Current editorial (February

issue, p 7) emphasizes a very annoying prob-
lem. However, I believe the bldme lies more
with the manufacturers than the distributors.
Here are some of the reasons the local store
may not have the “latest and gieatest”:

1. New devices are announced months be-

fore they can be made availahle. This is a
deliberate sales policy to feel out the market.

2. Manufacturing the device runs into

trouble and after products hdve been an-
nounced they cannot be manufactured.

3. There are frequent minor nrhechanical or

electrical parameter changes and/or the num-
bering may be changed.

4. Many manufacturers bring out devices
first under their “house” numbers and after
they become popular the same device is as-
signed a new, but standard, EIA number.
Conversion lists from house numbers to stan-
dard EIA numbers are hard to come by.

5. For many uses, there may be devices that

are equally suitable and many manufacturers
offer “replacement” devices. However, some-
times replacements do not work and the
original number would have been preferred
in the article—in other words, how does the
magazine reader without access to a full list
of standard numbers replace a ieplacement?

I agree that it would be good business to

QO rer—r

The does-it-all turntahle
at a do-it-yourself price.

CIRCLE NO. 2 ON READER SERVICE PAGE
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It's the BSR McDonald 310/X,
and it’s the bést buy in automatic
turntables. Ariywhere.

This is no "little brother” turn-
table, either.|It's got a full-size
platter, cue and pause control,
low mass tone arm system and a
visible stylus pressure indicator.

And because it's a famous BSR
Total Turntable, it comes com-
plete with a; tinted dust cover,

' custom moldgd base and a Shure

M-75 magnetic cartridge—all fac-
tory-installed, and balanced and
included in the fow price.
The BSR McDonald 310/X. it's
perfect for people who want the
best, no matter how little it costs.
Send for free full color catalog
on all our automatic turntables.
BSR(USA)Ltd. Blauvelt,N.Y. 10913 3

McDONALD

POPULAR ELECTRONICS
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CONTAINING THE LATEST STATE OF THE ART ELECTRONIC COMPONENTS FROM
THE NATION'S LEADING MANUFACTURERS OF SOLID STATE SEMICONDUCTORS

Logiconcepts is dedicated to linking the
latest electronic hardware to the practical
understanding of its function by actual
use of the product. Our volume purchase
practices, industry knowledge and our

PSYCHODELIC LIGHTS

A bright, colorful, 6 bulb audic activated
light. Volume control for variable sensi-
tivity, 3 channel light system. Selid state
circuitry. Walnut base with diffused pat-
tern translucent plastic cover. Easy to
assemble kit. Arrange lights in variable
configurations. 13 inches high.

Complete kit and instructions. . $24.93

version.

Advancing electronics with practical kits that
utilize the latest electronic components.

AOGICONCEPTY, INC.
22513 S0. NORMAND E AVE. » TORRANCE, CALIF, 90501
PHONE: (213) 328-5031/775-3613

*California residents add 5%% sales tax

DIGITAL CLOCK

A totally solid state clock. Trouble
free, sharper clearer display with
R.C.A. Numitron 7 segment read-out
tubes. MSI-TTL Logic on one simple
circuit board. New design eliminates
line noise common in other digital
clocks. Displzys hours, minutes and
seconds. Assemble a 12 or 24 hour

cost on complete kit...... $79.95
Walnut cabinet $9.95 extra.

A positive way to develop circuits, experimental or
permanent. No soldering necessary, reusable. Spring
action, positive connections. Assemble, rearrange,
disassembie easily. Can be linked for more complex

circuits. Regular model: $8.95 Deluxe model: $9.95

association with top electronic engineers
keeps our designs and kits up-to-date.
State of the art hardware, latest circuitry
and design . ..

.. . that’s Logiconcepts.

POWER SUPPLIES

MODEL D-200 DUAL POWER SUPPLY: A
bench type regutated supply featuring 2
independent outguts. 1deal for testing all
IC or Semi circuits. Independent output
adjustments. 0 to 22 VDC at 750 MA.
10 MV RMS max. ripple.

Complete kit w/instructions... $69.99

MODEL S-100 SQUARE WAVE GENERATOR
& POWER SUPPLY: Bench type. TTL com-
patible. 10HZ to 1 MHZ. 5V at 1 amp.
digital supply. Continuous variable clock
outputs. Fixed supply, short circuit
protected.

Easy to assemble kit......... $44.95

DUAL POWER SUPPLY

LOGICONCEPTS has several advanced
project educational Kits teaturing
latest components and circuitry.
WRITE FOR DETAILS.

Gentlemen: Enclosed is my check for $ I
to cover the cost of._ - _ A._'
[J Send me details ¢n: - -— ]
{1 Send information on your Educational Kits.

Name: . o . - - I

(PLEASE PRINT)

Street: D S—— - I
City: — i
State: Zip: _l

CIRCLE NO. 18 ON READER SERVICE PAGE
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Place
your favorite
picture postcard

1

...the new Heathkit 25" ultra-rectangular
TV color picture is that perfect.

“Picture postcard perfect”...an apt description for the quality of
color reproduction in the new Heathkit GR-371MX 25” ultra-
rectangular solid-state cotor TV. And the reasons are as clear as
the expanded 315 sq. in. view:

New Heath MTX-5 ultra-rectangular matrix picture tube. Devel-
oped in conjunction with leading domestic tube manufacturers
to produce a sharper picture, purer colors, more natural flesh
tones. Specially formulated etched face plate cuts out unwanted
glare, increases contrast without sacrificing brightness. Matrix
screen around phosphor dots eliminates refiected light, allows
use of higher transmission glass for greater light output. New
square-corner rectanguiar design opens up the largest picture
in the industry... 25" diagonal measurement, a full 315 sq. in. of
viewing enjoyment. New shape allows complete transmitted
image to be seen for the first time. Pictures don’t wrap around
sides of tube as before. And 25,000 voit high voltage assembly
assures optimum picture quality.

Unique solid-state design: 45 transistors, 55 diodes, 2 silicon
controlled rectifiers; 4 advanced ICs containing another 46 tran-
sistors and 21 diodes; and just 2 tubes (picture and high voltage
rectifier) combine to deliver performance and reliability unobtain-
able in conventional tube sets.

Other plus-performance features include: High resolution cir-
cuitry for improved picture clarity, plus new adjustable video
peaking that lets you select the degree of sharpness and resolu-
tion you desire; an exclusive solid-state VHF tunzar with MOS
Field Effect Transistor for superior reception even under mar-
ginal conditions; Memory Fine Tuning; 3-stage solid-state IF,
factory-assembled and aligned; Automatic Fine Tuning; VHF
power tuning; “Instant-On’’; Automatic Chroma Control; adjust-
able noise limiting and gated AGC; adjustable tone control; hi-fi
sound output to your stereo or hi-fi system.

Exclusive owner-service capability...only Heath offers you this
money-saving advantage: built-in dot generator and tilt-out con-
vergence panel let you do periodic dynamic convergence adjust-
ments required of all color TVs. Modular plug-in glass-epoxy
circuit boards with transistor sockets permit fast, easy service

12

and adjustment. Volt-Ohm meter supplied for detailed trouble~
shooting right down to the smallest par.

bled, fimichod i

Available in choice of factory-a
Mediterranean, Early American, Contemt )orary .or without cabl-
net for custom installation.

Kit GR-371MX, 125 |bs., (less cabinet) . .............
Choose from the complete line

of Heathkit solid-state Color TVs...

for every size and budget requirement:

.579.95*

14" portable solid-state
color TV
Kit GR-163, 69 Ibs.,

including [cabinet
..349.95*

20" solid-state
color TV

Kit GR-270, 109 |bs.,
less cabinet

23" solid-state

color TV

Kit GR-370, 124 [bs.,
less cabinet
........... 539.95*

PORULAR ELECTRONICS
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New
microwave
oven

399.95*

New 25-pedal
“Legato”

1,495*

New solid-state
amateur receiver

319.95*

New 15 MHz
frequency counter

199.95*

And while you're at it, picture these Heathkit
newsmakers in your den, kitchen, ham shack or shop.

® New Heathkit solid-state “Legato”
25-pedal Theater Organ

One of the world's most versatile musical instruments...now in
money-saving kit form. Designed exclusively for Heath by Thomas
Organ craftsmen. All solid-state. Features 15 manual voices, 4
pedal voices...any or all at the flip of a tab. 25-note heel & toe
pedal board, range 16’ & 8" CO to C3. Color-Glo” key lights and
comprehensive organ course supplied have you playing liks a
pro in minutes. Two 44-note keyboards; accompaniment range
8’...F1 to C5. Solo manual 16/, 8, 4/, 2"...F1 to C7. 200 watts
peak power from two solid-state amplifiers...one for the 2-speed
rotating Leslie speaker and one for the two 12" speakers. Tape
record/playback jack on amplifier. Band Box & Playmate acces-
sories available.

Kit TO-101, 299 IbS. « . it ei ettt cie e iaie e 1,495*

New Heathkit microwave oven

The cooking revolution of tomorrow, here today in easy-to-build
kit form...saving you hundreds of dollars over comparable e'ec-
tronic ovens. Exclusive patent-pending Heath double door inter-
fock system provides absolute safety...oven cannot be turnea on
if door is open. Prepares meals in minutes, not hours. Cooks on
china, glass, even paper plates in spacious, roast-size oven cav-

See these and 300 other Heathkit suggestions at one
of the following Heathkit Electronic Centers:

CALIFORNIA: Anaheim, 92805, 330 E. Bali Road; EI Cerrito, 94530, 6000 Fo'rerd
Avenue; La Mesa, 92041, 8363 Center Drive; Los Angeles, 90007, 2309 S. Flower St.;
Redwood City, 94063, 2001 Middlefield Rd.; Woodland Hills, 91364, 22504 Ventura
Blvd.; COLORADO: Denver, 80212, 5940 W. 38th Ave.; GEDRGIA: Atlanta, 30305, 5285
Roswell Road; ILLINOIS: Chicago, 60645, 3462-66 W. Oevon Ave.; Downers Grove,
60515, 224 Ogden Ave.; MARYLAND: Rockville, 20852, 5542 Nichcison Lane; MASSA-
CHUSETTS: Wellesley, 02181, 165 Worcester St.; MICHIGAN: Detroit, 48219, 13645
W. Eight Mile Rd.; MINNESOTA: Hopkins, 55343, 101 Shady Oak Rd ;
St. Louis, 63123, 9296 Gravois Ave.; NEW JERSEY: Fair Lawn, 07410, 35.07 Broad-
way (Rte. 4); NEW YORK: Jericho, L.1., 11753, 15 Jericho Turnpike; New York, 1€036,
35 W. 45(h Street; OHIO: CIeveIand 44129, 5444 Pear| Rd.; Woodlawn, 3£215,
10133 Springfield Pike; PENNSYLVANIA: Phi [} 191483, ‘,318 Roosevelt Elvd.;
Pittsburgh, 15235, 3482 William Penn Hwy.; TEXAS: Lallas, 75201, 2715 Ross Ave-
nue; Houston, 77027, 3705 Westheimer; WASHINGTON: Seattle, 8121, 2221 Third
Ave.; WISCDNSIN: Milwaukee, 53216, 5215 W. Fond du Lac

Retail Heathkit Electronic Center prices slightly higher to cover shipping, local
stock, consultation and demonstration facilities. Locai service also available whather

you purchase localiy or oy factory mail order.

MISSQURI:

ity. Low-profile, countertop design fits unobtrusively into kitchen
decor. Portable convenience, too...can be used on patio, at
poolside, etc...wherever a 120 VAC grounded outlet is provided.
Give your wife a break from kitchen drudgery...with this new
miracle of microwave cooking.

KitlGD-29; 97 | DS s e s i Beim T 5 0 i3m0 § Fowara 399.95"

© New Heathkit solid-state
80-10 meter amateur receiver

All the quality you'd expect in a new Heathkit receiver...and
solid-state to boot. Tunes USB, LSB, AM, CW & RTTY, 80-10M.
16 MHz WWYV coverage. 100 & 25 kHz calibration. Dual gate
MQOSFET front end for greater dynamic range. Solid-state factory-
assembied & aligned linear master oscillator for rock-solid tun-
ing with 1 kHz readout. ¥4 uV sensitivity for 10 dB S+ N/N. 2.1
kHz selectivity with built-in SSB crystal filter...optional AM &
CW crystal filters available.

Kit SB-303, 211bs. . ... .t iieirnnann G YETT wee...319.95¢

® New Heathkit solid-state
15 MHz frequency counter

Another Heathkit first...highly accurate frequency measurement
at 2 price you can afford to pay. Delivers stable, accurate count-
ing from 1 Hz to over 15 MHz. All integrated circuitry for tcp
pecformance, high reliability. Automatic trigger level for wice
range input without adjustment. Five digit cold-cathode readout
with Hz/kHz ranges and overrange indicators give 8-digit capa-
bil ty. Input Z 1 megohm shunted by less than 20 pF for low
cirzuit loading.

Kit 1B=101, 71DS. s uuwealls £7200 0t 070 A e s 4 199.95*

—————————————— o
rHEATN COMPANY, Dept. 10-4 I
Benton Harbor, Michigan 49022 a Schlumberger Company

{1 Enclosed is $. plus shi

] Please send model {s) ___
[ Please send FREE Heathkit Calalag

[1 Please send Credit Application.

Name - —
| Address — . =
| Gity State __ ___,Zip S
| “Mail order prices: F.0.8.
L Prices & specifications subject to change wntnout notice. CL-403R

CIRCLE NO. 15 ON READER SERVICE PAGE

April, 1971

WwWwWwW americanradiohistory com .



www.americanradiohistory.com

Scanningly New and Field Tested
for Automatic, Positive, and Clear
Reception of the Intricate UHF Band

Push the buttons. They‘re there to give you program control
over your choice of eight UHF crystal controlled frequencies
--450-470 MHz.

Program it to hear both sides of two-way conversations, even
though they may be on different frequencies. Operate it auto-
matically or manually. Each of 8 channels has a push button for
placing the frequency in or out of service. Hear what's happen-
ing on all or any combination of channels. Fascinating scanning
lights detail over busy receiver’s signal search. It stops to hear
all of an active message. . . . then resumes search for a return
or other signal.

Our new monitoradio/scanner has been developed and tested to
perform in areas of high density interference. With Regency,
you get the result of exacting performance: .05 second per
channel scan rate and 0.7 microvolt sensitivity @ 20 db.

It comes complete with AC and DC cords, mobile mounting
bracket, detachable telescope antenna, built-in 4" speaker plus
terminals for external speaker and remote antenna. All for only
$159.00. Crystals $4.95 each. Also single channel Model TMR-
1U $119.00. See them at your favorite Regency retailer all over

the country. American Made

Cne Year Warranty

s Patent Pending
Fecl‘ezwcg_ ELECTRONICS, INC.

7900 Pendleton Pike ¢ [ndianapolis, Indiana 46226
CIRCLE NO. 23 ON READER SERVICE PAGE
14

Blonder-Tongne Labs., Ind., recently made
available their No. 70-72 “Home Products
Catalog.” The catalog contains specifications
and photos for mast-mounted preamplifiers,
broadband amplifiers, amplified signal divid-
ers, UHF converters, anterina rotors, anten-
nas, and miscellaneous home TV system
accessories.

Circle No. 75 on Reader Service Page 15 or 95

More than 150 current and forthcoming titles
are listed in the Winter 1970 Catalog of Elec-
tronic, Electrical & Hobbyvist Books recently
issued by Tab Books. The 20-page catalog
covers schematic/servicing| manuals, broad-
casting, basic technology, ATV, electronics
engineering, reference, audio, TV and radio,
hobby and experiment topics, to cite just a
few. Some of the forthcoming titles featured
are “Computer Circuits & How They Work,”
“Electronic Musical Instruments,” and “TV
Trouble Diagnosis Made Easy.”

Circle No. 76 on Reader Service Page |15 or 95

A six-page catalog (No. C171) available from
Bell P/A Products Corp. gives detailed speci-
fications and descriptions pf the company’s
broad line of commercial sbund components
and special-purpose sound sivstems. The cata-
log covers amplifiers, tuners, boosters, mix-
ers, turntables and record changers, carrying
cases and cabinetry. Comp&ete specifications
and photographs of the Bell P/A Mod Series,
the Carillon Series, the ransistor Power
Amplifier Series, and the SILA Series of auto-
matic limiting amplifiers.

Circle No. 77 on Reader Service Page |5 or 95

More than 25,000 American, European, and Ja-
panese semiconductors are cross-referenced
to HEP equivalents in Motorola’s new re-
placement guide/catalog No. HEP HMA-07.
Listings for thousands of manufacturers’
regular and “house” numbers are also in-
cluded. The semiconductor cross-reference
guide features the company’s full-line HEP
product catalog which givks minimum and
maximum ratings and eleétrical character-
istics for 285 HEP devices| The devices are
listed by type number witll a packaging in-
dex, dimension drawing, and selection guide
information.

Circle No. 78 on Reader Service Page 15 or 95
POPULAR ELECTRONICS
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free information service:
Here's an easy and convenient way for you to get additional information about
products advertised or mentioned editorially (if it has a ""Reader Service

Number'’) in this issue. Jusk follow the directions below..:and the material
will be sent to you promptly and free of charge.

1 On coupon below, circle the numkter(s) that -
B correspcnds to the key number(s) at the bot-
tom or next to the advertisement or editerial men-
tion that is of interest to you. (Key numbers for
advertised products also appear in the Advertisers’
index.) Priat or type your name and address on the
lines indicated.

2 Cut out the coup'on'and mail it to: POPULAR ELECTRONICS,
m P.O. Box 8391, Philadeiphia, PA 19101.

note- If you want to write to the editors of
® POPULAR ELECTRGNICS about an article
on any subject that does not have a key number, write

to POPULAR ELECTRONICS, One Park Avenue, New
York, N.Y. 10016. Inquiries concerning circulation

and subscriptions should be sent to POPULAR
ELECTRONICS, P.O. Box 1096, Flushing, N.Y. 11352.

www americanradiohistorvy com

-
1 4/71—1
1 Void after May 31, 1971
| °

. Popular Electronics zeszex:

: | PHILADELPHIA, PA. 19101

1

E 1 23 45 6 7 8 101112131415 1617 181920

| 21222324 25262728293031 32 33 34 35 36 37 38 39 40

| 414243 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

| 61626364 656667 68 69 70 71 72 73 74 75 76 77 78 79 80

| 8182838485 8687888909091 92939 95 S6 97 98 99 100

[]

i NAME (Print clearly)

i ADDRESS -

E CITY STATE ZIP CODE
e o A m—— - e e e e e o e o o o o o
April, 1971



www.americanradiohistory.com

Electronics

J LIBRARY

4@

RADIO SPECTRUM HANDBOOK
by James M. Moore

A reviewer is inevitably faced with one
nagging question when a new book appears
on his desk: Why was this written and pub-
lished? Sometimes the answer is self-evident,
but on occasion a book arrives concerning
a subject that was never covered in print
before and that defies rational explanation
as to why it should be covered. That, un-
fortunately, is the case with Mr. Moore's
Radio Spectrum Handbook.

This is an imposing collection of data on
radio frequency assignments and usage, bit-
by-bit and channel-by-channel from 10 kHz
to 40,000 MHz, It is extraordinarily well-done,
in an orderly, detailed fashion—with ample
illustrations. But, who needs, requires, or
wants this sort of information? Although
there appears to be no similar collection of
data available to the public, each piece of
information in the book is readily available

from the proper source for the asking. Since
no one would envy Mr. Moore the task he
undertook, he must be congratulated on the
reduction of so much data to such a palatable
format. This is a reference work and hope-
fully will find its way into many technical
libraries and possibly the hands of a few
SWL’s who tune between the brpadcast bands.

Published by Howard W. Sams & Co., Inc.
4300 West 62 St., Indianapolis, IN }6268. Hard
cover. 192 pages. $7.95

AMATEUR RADIO TECHNIQUES
by J. P. Hawker, G3VA

The British, and in particular The Radio
Society of Great Britain, are favored by the
presence of J. P. Hawker, G3VA, on the edi-
torial scene. Pat (what else is there to call
him) has the talent for wading through a
jungle of schematics and findihg the crucial
circuits. Once he has located them, Pat em-
ploys what must be one of the world’s most
underrated photographic memories to point
out what is different, new, unusual, or worth-
while. It is a constant amazement to those of
us who look forward to reading his monthly
“Technical Topics” column in| Radio Com-
munication how one man can know so much
about so many aspects of electronics.

This book is a nicely put together collection
of several hundred “Topics”  columns ar-
ranged in categories such as: components
receivers, audio, power supplies, antennas, etc.

(Continued on page 94)

the tape that
turned the
casseltte into
a high- fidelity

medium

R

G

A

® v -
TDK SUPER DYNAMIC (SD) TAPE

TDK

®
CIRCLE NO. 24 ON READER
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Until TDK developed gamma *erric okide, cassette
recordets were fine for taping lectures) conferences, verbal
memos and family fun—but not for serigus high fidelity.

Today you can
choose amang
high-quallity
stergo
cassette
decks.

The néw maQnetic oxide used in TDK Super Dynamic
tape distinctively differs from stendard formulations in such
important properties as coercive force, |hysteresis-loop
squareness, average particle length (onlly 0.4 micron!) and
particie width/length ratio. These add p to meaningful
performance dilferences: resporse caphbility from 30 to
20,000 Hz. drastically reduced backgrolngd hiss, higher
output level, decreased distortion and expanded dynamic
range. In response alone, there's abouti4 to 10 db more
output in the region above 10,000 Hz—ahd this is
immediately evident on any cassette re order, including
older types not designed for high cerfofmance. There's a
difference in clarity and crispness you gan hear.

Available in C60SD and C90$D lengths.
ELECTRONICS CORP.

LONG ISLAND CITY, N YORK 11103
SERVICE PAGE

POPULAR ELECTRONICS
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The new KLH Thi

rty-Two is the best speaker

you can buy for the money.

Bravado has never been our bag. But after carefully
comparing the new mocel Thirty-Two with our competi-
tor's best-selling loudspecker, we're going to break our
rule.

Our product is superior.

You see, the Thirty-Two sounds like a very close rela-
tive of our now famous Mode| Six.

With good reason.

It's designec like c Six. It's built like a Six. And it
shares many of the Six's finest lisiening qualities. Bass
response that curis your toes. A mid-range that seduces
you with its smoothness. Ard an overall sound quality
thot finally puts an end o listening fatigue.

But the Thirty-Two rot only sounds like an expensive

speaker, it looks like one, 100. It 's unquestionably the
tsuggested retail price. Shightly higher in the west

best looking lcudspeaker in its price range.

The price?

Almost as amazing as the sound. Just $47.50 ($95
the pair).T

Make sure you hear—and see—the new KLH Thirty-
Two soon. And compare it with the best-known speaker in
its price range. We are sure you will agree that there's
never beer anything like it for the money.

Anybody's money.

For mare information on the Model Thirty-Two, write
to KLH Research and Development Corporation, 30 Cross
St., Combridge, Mass. 02139. Or visit your KLH decler.

Sl

KLH RESEARCH AND DEVELOPMENI CORPORATION
*A trodemork of KLH Pesearch and Development Corporotion

CIRCLE NO. 16 ON READER SERVICE PAGE

April, 1971

17

www americanradiohistorvy com



www.americanradiohistory.com



www.americanradiohistory.com

A Government FCC License can
help you bring home up to
$10,000, $12,000, and more a year.
Read how you can prepare for

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

Ir YOU'RE OUT 10 BAG A BETTER JOB in Electronics
you'd better have a Government FCC License.
For you'll need it to track down the choicest, best-
paving jobs that this booming field has to offer.

Right now there are 80.000 new openings every
year for electronics specialisis—jobs paying up to 35,
$6. even $7 an hour...$200, $225, $250, a week ...
$10.000. $12.000, and up a vear! You don't need a
college education to make this kind of money in
Elecironics. or even a high school diploma.

But you do need knowledge, knowledge of elec-
tronics fundamentals. And there is only one na-
tionully accepted method of measuring this knowl-
edge ... the licensing program of the FCC (Federal
Communications Commission ).

Why a license is important

An FCC License is a legal requirement if you want
to hecome a Broadcast Enginecr, or get into serv-
icing anv other kind of transmitting equipmert—
two-way mobile radios. microwave relay links. radar,
ctc. And even when it's not legally required, a li-
cense proves to the world that you understand -he
principles involved in any electronic device. Thus,
an FCC “ticket” can open the doors to thousands of
exciting. high-paying jobs in communications, radio
and broadcasting. the aerospace program, industrial
automation, and many other areas.

So why doesn’t everyone who wants a good jobt in
Electronics get an FCC License and start cleaning up?

The answer: it's not that simple. The govern-
ment's licensing exam is tough. In fact. an average
of two out of every threc men who take the FCC
exam fail.

Therc is one way, however, of being pretty certain
that you will pass the FCC exam. And that is to take
onc of the FCC home study courses offered by
Cleveland Institute of Electronics.

CIE courses are so effective that better than 9
out of 10 CIE graduates who take the exam pass it.
That's why we can back our courses with this iron-
clad Warranty: Upon completing one of our FCC
courses. you must be able to pass the FCC exam znd
get your license—~or you'll get your money back!

They got their licenses and went on to better jobs

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

2 NEW CIE CAREER COURSES

1. BROADCAST (Radio and TV) ENGINEERING . ..
now includes Video Systems. Monitors, FM Stereo
Multiplex, Color Transmitter Oneration .

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

Ed Dulaney, Scottsbluff, Nebraska, for example,
passed his Ist Cluss FCC License exam soon after
completing his CIE iraining...and today is the
proud owner of his own mobile radio sales and serv-
ice business. “Now I manufacture my own two-way
equipment,” he writes, “with dealers who sell it in
seven different states, and have seven full-time em-
ployees on my payroll.”

Daniel J. Smithwick started his CIE training while
in the service, and passed his 2nd Class exam soon
after his discharge. Four months later, he reports,
‘1 was promoted to manager of Bell Telephone at
La Moure, N.D. This was a very fast promotion and
a great deal of the credit goes to CIE.”

Eugene Frost, Columbus, Ohio, was stuck in low-
paying TV repair work before enrolling with CIE
and earning his FCC License. Today, he's an inspec-
tor of major electronics systems for North American
Aviation. “I'm working 8 hours a week less,” says
Mr. Frost, “and exrning $228 a month more.”

Send for FREE book

If you'd like to succeed like these men. send for
our FREE 24-page book “How To Get A Commercial
FCC License.” It tells you all about the FCC License
...requircments for getting onc...types of licenses
available ... how the exams are organized and what
kinds of questions are asked...where and when the
exams are held, and more.

With it you will also receive a second FREE book,
‘How To Succeed In Electronics,” To get both books
without cost or obligation, just mail the attuched
postpaid card. Or, if the card is missing, just mail the
coupon below.

ENROLL UNDER NEW G.I. BILL. Ali CIE
courses are available under the new G.1. Biil. 1f
you served on active duty since Jan. 31, 1955, or
are in service now, check box on reply card for

complete details.

@ .
CI Cleveland Institute
of Electronics

1776 EA7th St., Cleveland, Ohio 44114
Accredited Member National Home Study Council m

Cleveland Institute of Electronics
1776 East 17th Street, Cleveland, Ohio 44114
Please send me without cost or obligation:

Your 44-page book ‘‘How to Succeed In Elec-
tronics” describing job opportunities in Electronics
today, and how your courses can prepare me for
them.

Your book on “How To Get A Commercial FCC
License.”
| am especially interested in:

-
|
|
|
|
|
|
|
|

D Electronics Technology D Electronic Communications l

] Broadcast Engineering [ | Industrial Electronics |

D First Class FCC License D Electronics Engineering |

|
|
|
|
|
|
|
|
-

Name_ —
{PLEASE PRINTY

Address._ ——

City

State _ Zip — Age
] Check here for G.1. Bill information PE-15

|
|
|
|
|
|
|
|
I
:
|
|
|
|
|
|
|
|
-

CIRCLE NO. 6 ON READER SERVICE PAGE

April, 1971

21

www americanradiohistorvcam.....



www.americanradiohistory.com

— Additional information on products described

%} A] in this section is avaitable from the manu-
NEW facturers. Each new product is identified by

a corresponding number on the Reader Service

Page. To obtain additional information on any

PRODUCTS | of them, circle the number op the Reader Ser-
vice Page, fill in your name and address, and

mail it in accordance with the instructions.

ESTERLINE ANGUS DIGITAL MULTIMETER—Priced just
under $200, the new Esterline Angus multimeter has eight
ac voltage and current ranges, eight dc¢ voltage and cur-
rent ranges and five ohm ranges. It measures in 10-mV
and 10-2A steps on the lowest voltage and current ranges.
Accuracy on linear readings is 1% with a 10% over-range
on all scales. Three-digit display has automatic position-
ing of decimal point.

Circle No. 79 on Reader Service Page 15 or 95

JBL BOOKSHELF SPEAKERS—Originally developed for re-
cording studios where high quality but small size (1.5 e
cu. ft.) were necessary, the L100 Century speaker system !
is now available from James B. Lansing Sound, Inc.
Though small in size each unit still contains 3 speakers:
a long-excursion 12” woofer, a 4” midrange for 2500 to
7500 Hz, and a direct radiator for the top notes. Tonal o
balance can be controlled from the front of the unit. A
Note the three-dimensional grille material, which is re-
portedly hetter than cloth.

Circle No. 80 on Reader Service Page 15 or 95

LAFAYETTE DUAL-BAND RECEIVER—Monitoring the police
and fire frequencies is made easier by Lafayette Radio
Electronics Corp.’s new Model PF200, covering 30 to 50
and 144 to 174 MHz. It uses 19 transistors, 9 diodes, 1 IC
and 3 ceramic i-f filters for =325 kHz, 60 dB selectivity
% % % LY " e ?‘nd 1 microAvo¥t sensifivity. T‘here are t\\'q'cxj)'sta] p?si‘-
lons on each band as well as squelch, built-in speaker,
tape recording output jack and external speaker jack.

Circle No. 81 on Reader Service Page 15 or 95

®

SCOTT 125-WATT AM/STEREO FM RECEIVER-— The exclu-
sive Perfectune automatic tuning circuit-—which provides
a visual indication when FM tuning is optimum- -is one
of the features of the H. H. Scott Model 636 receiver.
Another is the use of field effect transistors in the front
end (to get the most stations with the least distortion)
and in the tone control for maximum range. All the con-
trols and input and output jacks are there too—at a
price of $249.93, including the case.

Circle No. 82 on Reader Service Page |5 or 95

CROWN PREAMPLIFIER —You can do just ahiout anvthing
in the way of mixing and controlling with ICrown’s new
IC-150 preamplifier. A 7-position stepped piogram selec-
tor accommodates 2 phonos, 2 tape recorders, 1 tuner,
and 2 auxiliaries; plus controls for bhalance, panorama,

22 POPULAR, ELECTRONICS
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loudriess corupensation, tone control cancel, rumble and
scratch filters, and tape monitors for 2 recorders. Rated
output is 2.5 volts with unmeasureable THD, IM under
0.01%, and 90 dB minimum S/ N.

Circle No. 83 on Reader Servize Pcge 15 or 95

AR FM TUNER —In the last 2 or 3 yvears, Acoustic Re-
search has been building up a line of electronic compon-
ents to go with their speakers and turntables. (A re-
ceiver and an amplifier are already on the market.) Now
they are introducing a stereo multiplex FM tuner. It is
all solid state and has a FET front end with 4-section
variable capacitor, - multisection phase-linear i-f filter
and integrated circuit i-f amplifiers. Guaranteed distor-
tion is less than 0.5% IM or THD--a good feature for
off-the-air recording.
Circle No. 84 on Reader Service Page |5 or 95

SONY CASSETTE/RECEIVER SYSTEM---As if we needed
proof that the cassette is here to stay, Sumerscope, Inc.
has introduced a new line of Sony systems which in-
clude a stereo cassette recorder. an AM/stereo FM re-
ceiver, and two speakers. Top of the line is the CF-620
(at $299.95) which features a tape select switch to opti-
mize performance for hoth standard and chromium
dioxide cassettes, straight-line volume and tone controls,
and FET tuner. Other models (CF¥F-610 and CF-500) vary
in packaging and sophistication of controls at somewhat
lower prices.

Circle No. 85 on Reader Service Page 15 or 95

B&K COLOR GENERATOR--The professicnal TV repair-
man and the do-it-yourself-at-home guy can choose be-
tween two new IC digital color generators available from
Bd& K-Dynascan. Deluxe Model 1246 (pictured) has crys-
tal-controlled picture carrier oscillators for channels 3
and 4, a 4.5-MHz unmodulated carrier, aad red, blue, and
green color killers. It provides 9 patterns including center
dot. More modest Model 1243 has 6 patterns and is tun-
able to channels 3, 4 or 5 but factory set to channel 3.

Circle No. 86 on Reader Service Page 15 or 95

COURIER CB TRANSCEIVER/FM MONITOR -There’s a new
combination for CB’ers who would like to monitor the
VHFE/FM band from 150 to 175 MHz. Courier Comnuni-
cations’ Chief 23 is a 23-channel 1mobile transceiver com-
bined with a 3-channel monitor for police, tire, weather,
and industrial frequencies. All 23 crystals are supplied
for the CB channels and all the necessary controls are
included. In addition, an auxiliary speaker-phone jack
and built-in PA system with volume control.

Circle No. 87 on Recder Service Page 15 or 95

SONAR BATTERY ADAPTER- Combining a battery charger
and audic booster, Sonar's Model CH2913 Mobil2 Adapter
provides mobile capability for any 2300 series FM trans-
mitter receiver. The nickel-cadmium battery charger
and 5-watt amplifier are all solid-state for low power
consumption and can be used in any vehicle having a
12-volt de, negative-ground, svstem. There s a fast
charging rate (12-14 hours) and an indefinite trickle.

Circle No. 88 on Reader Service Page 15 or 95
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and stable in use. Freon 11 is a scleetive sol-
vent meaning that it dissolves oils and greases,
vet will not alfeet most meral contaets, eom-
mon plasties, or ecarbon-type potentiometers.
In cleansing action Freon 11 ranks above
hydrocarbons and just below clilorinated
solvents.

Besides dissolving oils and greases, Freon
11 also provides a “washing” action, espe-
cially it sprayed on the target arca wnder
Iigh pressure. The high density and low snr-
face tension of Freon 11 enables this solvent
to thoroughly wet the surface of most mate-
rials thereby washing away dirt and “gunk.”

The Allied Chemical name for a solvent
ronghly equivalent to Freon 11 is Genesolv-D.
In tact, Genesolv-D has the same mouthful of
a name as Freon—trichlorotrifluoroethane.
The Dow Chemical Company sells two similar
tvpes of chemicals used by some manufae-
turers in the electronies industry—Clhloro-
then NTU and Dow Clene EC.

The above basie chemieals are blended bv
the various manufacturers of cleetronie
cleansing chemicals to produce eonmmercial
products. None of these manutacturers is will-
inz 1o reveal the formmlation of its eleancrs,
50 it is impossible to know—hy true chemieal
definition—exactly what vouw're buving. Never-
theless, any eleaner incorporating anyv of the
above mentioned chemicals 1s good. The prob-
lem in electronies is to avoid tle cheaper
products whieh use keroxene, benzine, or de-
natured aleohol as solvents. You can usually

deteet any of these products by the smell.
They are alzo flammable and should be so
identitied on the can or bottle. Thdse produets
may also be cheaper, but vou pay for this
cost saving through detuned eircuits and de-
formation of soft plastie parts. For every
experimental application yon are better off
to pay a little more money for a better and
safer cleaner.

To Lubricate or Not to Lubricate. Aside
from the cleansing action, some cleetronie
acrosol ehemieals also include lubricants. Lub-
ricants not only rednee the frietion of moving
contacts, thev may also minimize areing and
provide a proteetive eoating to nhibit tur-
ther corrosion.

Lubrication, however, 1s not an findisguised
and unmixed blessing. A heavy residue of a
Inbricant can detune a eritical cirenit and
for this reason, most electronies teehnicians
prefer non-lubrieating  cleaners | for work
around eritieal tuned ecireuits,

Tnul the late 1960’s, hydroearbon lubri-
cants were seen in most cleaning solutions in-
corporating a lubricant. Sinee hvdrocarbon
lubricants are organie, they are rviot partieu-
larly long lasting or known for their ehem-
ieal stability. In addition, the hydroearhon
lubrieant 1s itself flamable.

Today, some of the newer electvonie ehiem-
ieal cleaners use silicone lubricangs. Organie
lubricants are hydroearbon polyinérs, but sil-
icone lubricants are derived from silicon-

This is exactly what you want a cleaner in an aerosol can NOT to do—be flam-
mable. Though spectacular, a test like this is relatively safe in a wide open area.
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CAUTION =

nableMixtpre, Do Mm&g
ot f{lame. Pressurizec
nated compounds, Keep &
heat. Do not puncture. '9'4
f reash of .children, Use@nig
adeqsate ventilation.

ged Or repeated breathuaifof
. Avaed prolonged or recelid

lates
l-lvlcﬂoroethuf;

WL NOT HARM INSULATORS N
AFFECT ELECTRICAL PROPERTI

LEAYES MO RESIDUE
NON-CONDUCTIVE

NON-FLAMMABLE
Caution® Contenis under pressure
Reac precautions betore using

CAUTION: Contents under pressurs, do not puncture, throw into fire or store in direct sunlight or in tempera-

tures above 120°F,

Avoid prolongec breathing of the vapors. Do not spray open flames as the contents can

decompose and prbduce toxic gases. Not to be taken internally. KEEP AWAY FROM CHILDREN.,

Read the label before buying. For most cleansing
operations around tuned circaits you will probably
be better off with a non-flammable chemical that
leaves no residue. Look for a possible warning
about use around plastics and if in doubt check
as described on the next page. As with all aerosol
cans, be circumspect about disposing the empty can.

sxveen linkages which should give this sort
ol lubricant better lieh femperature eapa
hilities.  Silicone  lubricants  wenerally las
and are ineri. Whereas hydrocarbon
lubrieants sometimes break down wander ap-
plication ot high voltage or heal, leaving
srbon restdue, svinthetic stlicone lubricants
seem to withstaned erveater variation ot volt
we ad temperature without noticeable ill
eflect

Hnser

Polishing. liecently a new dimenston ha
ween added 1o switehing contact sprays: pol
I addition to cleansing and lubriea

tion, these new products attempt chenneally
to assist the polishing of switehing contacts

roneh the normal wiping action of the
switell itself. lTowever, «leaners containing

polishing componnds must be used with care
Many switeh contacts in electronic equipment
nse aprecious metal plated on a hase metal.
It i~ quite possible tor the polishing agent—if
it is abrasive--gradually o serape away the
thin precions metal plating-—-along with the
dirt. Onee the base inetal is exposed. it tends
to corrode rapidiy, ruinirg the contact.

April, 1971

DIRECTIONS: Spray all tuner conta
Spra-Lube . . . rotate tuner several
inboth directions. NON-DRIFT, WILL
DE-TUNE TV TUNERS. This formula
tins 3 solvent used and approved
National Aeronautics and Space
tation and appears in Military S
on Number MSFC Spec. 237A.

Varions manufacinrers ave currvently em-
phasizing the incorporation ol polishing som
pounds in their cleaners. One manutacturer
cails  polishine, *the  contimuons  ¢leanimg
method.” while another emphasizes the non
abrazive polizlnne agzent his eleaner, e
cardless of the advertising elaims, all cleaners
that elean, lubricare and polish have partien:
lar applications. The basic ground rule calls
tor a moderately thick permanent lubreant
that is less likelv ro “run’™ into adjacent ¢ir-
cuitry. These cleaner/polishers must he ap
plied with eonsiderable care—just on the
contacts—and m the case TV tuners o
hand switehing components in receivers or
transmitters—never near capacitive, scu-itive
devices.

Making Your Own Tests. A {ew “resom
mendations”™ prepared by the Editors o
PoprtLar ELECTRONICS appear in eonjunetion
with this article. However, il yvou encounter
an unknown chemical eleaner, here's a quieky
test vou can use to get an idea of ju~t what
vou have bought

1. Sprayv the eleaner onto a elean pieve of

27
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white paper. Smell it carefully to sce it vou
caun deteet the odor of aleohol, kerosene, or
camphor. 1f any of these odors are delected,
use this eleaner ONLY on equipment that you
can saerifiee.

2. Teel the paper you have just spraved
with your fingertips. If the produet is adver-
tised as ineluding a lubricant, vou should be
able to feel it. Rub the paper between vour
thumb and forefinger to sece if there is any
deercase in lubrieating aetion. Simultane-
ously, if the produet is supposed to contain
a polishing agent, you should he able to feel
an initial grittiness. This grittiness should dis-
appear after a few rubs. If the grittiness
persists, this produet should be rejected or
used with eare.

3. It in doubt as to the action of the un-
known eleaner on plastie, lightly sprav it on
several types of serap plastie. A good eleaner
will have no effeet on plastie—neither dis-
solving it or making it turn cloudy.

+. Asillustrated in the photograph on page
26, carcfully spray the unknown eleaner di-
rectly at a lighted match. There should not
be a “flame thrower” effect and if the producet
supports combustion it should be rejected.
However, certain reputable products will de-
compose in a {lame and produee roxie gasses.
Do this experiment last—and do it earefully.

Chemicals for Audio Equipment Main-
tenance. Chemicals ean be verv useinl in

For effective spraying many aerosols have hollow
xtension tubes that plug into the release button.

WHAT TO USE WHERE

Work to Be
Performed

Suggested Products

Chemtronics
Tun-O-Wash

Miller-Stephenson Freon
TF Degréaser

“No Noise’ |Super Spray

Bath

Rawn Power Degreaser

Tech Spray Blue Shower

Cleaning (washing)
around rf circuits

Chemtronics Tun-O-Brite
CRC Contact Cleaner
GC Magic Vista

Krylon Tuner Cleaner
“No Noise’” Super Lube
Quietrole

Tech Spray Blue Stuff

Chemtronics Contact
Kleen

Miller-Stephenson
Contact Re-Nu

Workman Lubrite

Cleaning
bandswitches

Cleaning noisy
potentiometers

Chemtronicg Super
Trol Aid

GC Spra Kleen

““No Noise'’ Spray Lube

Cleaning relay
contacts

Cleaning
tape heads

Ampex Tape Head
Cleaner

Chemtronics Tape Head
Cleaner

GC Audio/Video
Magnetic Tape Head
Cleaner

Miller-Stephenson Mag-
netic Head Cleaner

Tech Spray Tape Head
Spray

Cleaning
PC Boards

Miller-Stephenson
Flux Rempver
Print-Kote Sbivent
Tech Spray Rosin
Flux Rembver

i

maintaining hi-fi and stereo equipment. The
mo=t obvious use is in eleaning. :Icrosol chem-
1eals can be used to wash away dust and dirt
from records and a few clhemicals leave an
antistatie charge whieh tends to repel the ac-
cumulation of future dust. It pays to elean
your dises before use.

Record changers and turntables should be
cleaned with a good washing tyvpe degreaser
that lIeaves no residue. Spindles on changers
often “gunk up” and refuse to lvop records
properly, but this problem is easily resolved
with an application of a good Freon 11 or
equivalent spray.

One of the more important uses of chemi-
cals for audio is to ¢Jean tape recorder heads.

(Continued on page 91)

POPULAR ELECTRONICS

www americanradiohistorv com


www.americanradiohistory.com

Envelope Parameters
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-BUILD A

TIMBRE GA'

ENVELOPE GENERATOR FOR GREAT NEW SOUNDS

HAT is the quality that distinguishes the

sound of one musical instrument from
another? The answer, of course, is timbre;
and timbre is determined primarily by the
geometry of the sound wave generated by the
instrument—be it mechanieal, eleetronie, or
human.

Eleetronie synthesizers have added new di-
nensions {o the ereation of music hecause
they ean generate sounds of many different
timbres—some ¢losely resembling known in-
struments, others previously unknown. They
do this by producing amplitnde envelopes of
various shapes and sizes. The “Timbre Gate”
deseribed here is an envelope generator that
creates any number of diflerent timbre qual-
ities and will be a valuable addition to vour
sonnd =etup at a fraetion of the cost of com-
mercially available generators.

As shown in Fig. 1, the amplitude envelope
of a musical note consists of an imaginary
line dvawn from T = O across the peaks of

In uddition to his writing, Craig Anderton is
electronic musician for the group “Anomali’’

April, 1971

BY CRAIG ANDERTON

cach successive evele of the note. The ampli-
tude envelope shows rise time (time required
for the envelope to go from initial zero to
maximum), on time (envelope remains at
maximum}, and fall time (envelope goes
from maximum to zero). These three pa-
rameters—rise, on, and fall times—geometri-
cally describe the shape of the amplitude en-
velope and, hence, the timbre of the sound.

Theory of Circuit Design. The scliematie
diagram of a strietlv manual version—which
can be used where economy is important and
complexity i1s nnimportant—is given in Fig.
2. Field cffeet transistor QI operates as a
voltage-controlled amplifier where the gain of
the stage 1s a function of the magnitude of
the bias voltage. Applving a negative bias to
the gate of Q1 allows the stage to conduet
until at about —4 volts bias, Q1 ceases to con-
duct enrrent from sonree to drain. This eulolf
action is the key 1o envelope generation.

With momentarv-action switeh 7 in its
normal position (shown), negative bias cur-
rent Hows throneh R7 and is stored in C1.

29
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L—FALL——! L—on——l

AMPLITUDE|

0BOE

GUITAR

NN/

TIME

TYPICAL GENERATOR ENVELOPES

FALL

\ Fig. 1. Shown at top left
are amglitude ¢nvelopes of
various well knbwn musical
instruments. Sbme typical
amplitude envelopes capa-
ble of construction by Tim-
bre Gate, shown at bottom.

DRUM

The charge on C1 maintains Q1 at cutolt. De-
pressing 87 to its alternate position allows
the charge on CI1 to be dumped to around
through £22. The resistance setting of I'2 de-
termines the amount of time required tor (1
to lose its negative charge and thus controls
the rize time of the envelope. With 172 set at
maximim resistanee rise times ol a few see-
onds are obtained.

Tor the duration of the time S7 is in it= de-
pressed position, there will he no negative
bins on Q7 and the stage will operate at full
aain. Consequently, the leneth of tine S/ re-
mains in this position determines the dura-
tion of the on time of the envelope being gen-
erated.

Releasing S71 allows ("1 to again eharge up
to the —4 volt level required to enr oft @1
atd reduce stage @ain to zero. The larger the
resistanee selting of 7'7 throueh which the
charging enrrent for ¢°7 flows, the longer will
be the fall time of the envelope. Consequently,
simply by depressing amd releaxing S7. a
complete envelope can be  generated. Of
course, as lLas just been demonstrated, the
ceometry of the envelope must be constructed
by =etting 1’7 and 22 and holding depressed
S7 fov a diserete nterval of time.

When piteh and Ievel controls must be op-
crated, having to operate a switeh to generate
the envelope as well can beecome a bother. To
alleviate this problem, the trigger process see-
tion shown in Fig. 3 which allows a sinele
short-duration pulse to initiate the envelope
action was designed. The trigeer processor i=
used in conjunction with the basie generator
cirenit, Conneeted to the eenerator via a re-
layv, K/, which replaces S7, the processzor pro-
vides both antomatic and manual modes of
operation. Iere, AUTO/3ANTAL =witeh S2 13
nsed to seleet the desired mode of operation.

30

In the ymaxtal, mode monientarv-action
pushbutton switeh 83 iz brietly depressed to
initiate envelope generation. The pulse de-
livered by closine thiz switeli charges €7
which, in turn. applies a hias voltage to Q2.
With the bias applied. Q.2 cuts off and de-
enereizes K7, altowing the uppdr contact eir-
cuit to be completed and inttiating the rize
and on time eharacteristies of fthe envelope.
The charee on 5 now slowlv discharees
through ox time control I'9 unril saflicient
bias iz vemoved trom Q7 to allow K7 to again
enerzize and iriate the fall tine eharacteris-
tie, thas completing the evele.

Setting S2 to the avTo pdsition allows
pulsex to be developed at the Bl terminal off
uni junetion transistor Q@3 to provide the trie-
cer. The speed of the pulse ednerator, with
thie component values speeified, is adjustable
over a wide range.

A sccond optional attachment that can be
nsed with the envelope gencrafor system is
shown sehematically in the box on page 33.
This civeuit eonsists of a dualreate TC and
operates as a fuzz box used wilth guitars,

Construction. Straightforward  desien
makes assembling the envelope generator.
trigger processor, and elipper a relatively
uncomplicated operation. As shown in the
photo=, the eireuits were assenibled on per-
forared phenolic boards. But ij yvou are en-
terprising, vou might want to design printed
civenit boards for vour project.

Since the prototype shown in the photoes
emploved all three subassemblips, one board
was used for mounting both the generator and
trigeer processor. while the elipper was as-
sembled on a separate boavd. I yvou plan to
use perl board, mount the components and
make conneetions—trom the under side of the

POPULAR ELECTRONICS
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Fig. 2. Fall and rise times of the envelope are controlied by Rl and R2,
respectively; on time is delermined by the time S1 is in alternate position.

PARTS LIST
C1—10-uF, 10-volt electrolytic capacitor
C2—25-uF, 20-volt electrolytic capacitor
C3,L4—0.i-uF ceramic disk capacitor
C5,06—20-uF, 20-volt electrolytic capacitor
C7—200-uF, 20-volt electrolytic capacitor
DI1—1N749 zener diode (see text)
D2—1N914 or similar silicon dicde
J1-J7—Single circuit phone jack
K 1—1.5-volt spdt relay with 1000-0hm, 3.5-mA
coil (Calectro D1-962 or similar)
Q1—2N5459 field effect transistor
Q2—Bipolar transistor (Motorola MPS2925)
Q3—Unijunction transistor (General Electric)
R1,R2—500,000-0hm linear-taper po:entiom-
eter
R6—1-megohm logarithmic-taper potentiom-
eter
R9—100,000-0hm linear-taper potentiometer
R15—350,000-0hm linear-taper potentiometer

R3—1-megohm
R4—10.000-0hm
R5—1000-0hm

R7,R8—100,000-0hm L A1l o

% watt 10%
tolerance

R10—4700-0hm
R11—1500-0hm
R12—100-0hm
R13—470-0hmn
R14—3300-0hm
RI16,R17—2200-0hm )
S1—Spdt switch (see text)
8§2—Spdt switch
S3—Spst  normally-open
pushbutton switch
S4—Spst switch (part of R15)
Misc.—Perforated phenolic board with flea
clips; 17" x 4" x 3" aluminum chassis:
cover for chassis (see text) ; control knobs;
machine hardware; hookup wire; solder;
etc.

momentary-action

sS4

Js
+24V
RIS
o agK t
r W }k
ZRI3 =RII RIO
Saron 35K 4.7k
4 ) 1 =0
3K EXT
53-'. PULSE o—~(8)
)
1 |
i MPS2926

DZ ;
: MAN
o INS14
. YR auto
RI12
10000

3 +
- C7 6
lZOOyF lZOHF ‘

c5
20pF E

1Sox
+ oN

=

Fig. 3. When adding this automatic circuit, match let-
tered contacts on K1 to same lettered points in manual

circuit and etiminate S1. Use S3 to initiate envelope.

April, 1971
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parts (except jacks and controls)

board—via flea clips. And be as neat as vou
possibly can when laving out the components.

Certain preeautions must be exercised when
soldering  transistors and diodes into the
cireit. Use a low-wattage soldering iron
with a elean tip and a heat =ink. Remeinber
that exeessive heat can damage solid-state
compotients rather easilv. So, use the heat
sink on all transistor and diede leads and
apply the 1ron tip long enoungh only for the
solder to flow over the eonnection.

The prototype project was built into a
177 X 47 X 37 aluminum ehassis, ftted with
a white Plexiglass® front panel on which were
mounted all controls and input, output, and
monttor jacks. This size chassis is more than
adequate to accommodate all of the eomypo-
nents. If vou wisli, vou can considerably re-
duce the size of the cliassis required.

Setup and Use. Connect a suitable power
supply to the cireuit. 1t a dual-polarity 24-
volt de power supply cannot be obtained. a
sigle-polarity 24-volt supply will provide

Single piece of perforated board was used in prototype to accommodate all
in basic circuit and auto/manual add-on.

ON | FALL
| ‘

LEVEL

7

j\_ INITIATING PULSE

Fig. 4. Diagram shows influehce each con-
trol has on geometry of envelope. Momentar-
ily closing S3 generates initiating pulse.

|

nost of the voltages needed, wid a 9-volt tran-
sistor battery can be used to sppply the nega-
tive voltage required for biasing Q7.
Conneet the output of thd envelope gen-
erator to an instrument or hi-fi amplifier.
Then teed into JJ7 a signal from an elecirie
auitar or audio generator. [Set the avro/
MANUAL switch to the aaNULL position and
the ri1SE, ON, and FALL time dontrols to zero.
With the LevEL control set flor midposition,

GUITAR

CLIPPING ENVELOPE
AMPLIFIER GENERATOR
FOOTSWITCH

Fig. 5. Mixer/amp system allows Timbre Gate to be
used with guitar. Footswitch initiate‘E envelope.
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CLIPPING AMPLIFIER

the envelope ecener-
in IMe. 2.
3 merely
For addi-

In s simplest forni,
ator consists of the eiveuit <hown
Tneorporating the cirenit in Fig,
adds an automatic/manual feature.
tional signal processing, the clipping ampli-
fier shown here can greatly tuerease the
versatility of the svstem, The elipping ampli-
fier is similar to the Tuzztone eirenits often
nsed with electrie guitars and can, in faet,
be nsed separate from the envelope wenceraror
by having a 9-volt battery at the poinr in-
dicated instead of the 24-volt supply.

The clippine amplifier consists of an in-
expensive dual rwo-inpnt eate RT L integrated
civenit, 7C7; in which each of the cares s
binsed into linear operarion. The aates arve
then easeaded. The outputr from the =econd
agate is clipped by D3 and D1,

Two controls ave provided in the elipping
amplitier. Potentiometer /722 allows vou to
adjnst the pereent ol clipping son desire,

while potentiometer 4022 lets vou adjust the
output signal level Irom the subassembly.

When the elipping amplitier is conneeted
at the output of the envelope generating sy s-
tem, the pereent (9%) cortrol can be adjusted
so that elipping occurs only afrer a certain
amplitude has been exceeded. Henee, the sig-
nal would start ¢lean, but past a certain level
would start to sound “tazzy.” 11, however,
the clippine amplifier were connected at the
input ot the envelope generator, the signal
Irom the input source should be ¢lipped re-
eardless o amplitude. Then it would he
civen an envelope.

When assembling the elipping amplifier,
nse the same teehnigques emploved with the two
cirenits that make up the envelope generator.
Be particularly caretul when mstalling /101
to make the proper orientation ot the index-
ine tab. Also, wse caution when soldering the
1C leads in place.

simplified when rise, on, and
fall controls (R2, R9, and R1)
are grouped together as shown.

April, 1971
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Solder shields of audio cables to the housings of potentiometers R22 and R23.
Also note that capacitor C8 mounts on the bottom of clipper amp circuit board.

there should be no sound coming out of the
system. If Q1 is not being overloaded and
vou hLear sound, not enough bias i~ avail-
able to cut off Q1; use a higher voltage zener
diode tor D1 in this case.

Depress and hold down 83; vou should hear
whatever signal is econnccted to the inpnt of
the system. In Fig. 4 are shown the effects
the varions controls have on the shape of the
envelope being generated. Bear in mind that
the on and rise times overlap.

Try varions adjustments until vou beeome
familinr with each eontrol. Plug into J2 an
oscilloscope or VTVM if vou have either of
these items, and vou can monitor the eifeet

each control lhas on the envelope, Set 82 to
AUTo and the RaTE control fully clockwise.
Yon should now hiear a pulsing sonnd. (Note:
if the on or fall time is longer than the period
of the pulse generator, the signal jwill remain
on indefinitely.)

External pulse jaek J3 is andther handy
built-in feature of the envelopd generator.
It allows vou to n=e a footswitell to initiate
the envelope gencrvating evele pwhile your
hands are busy playing yvonr musical instru-
ment. This feature is typically used with a
guitar setup as shown in the block diagram
in Fig. 5. The straight sound off the guitar
feeds to one input of a two-input mixer, while

For operating convenience, all jacks (except those used for power) are best
located in a group. Power jacks J6 and J7 can be located on side of box.

34
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Wired clipper amp board fas-
tens to front panel with 4-40
machine hardware and small I
bracket. Wires connecting sub-
assembly into system are sol-
dered to terminals on the bot-
tom side of the circuit board.

the output ot the envelope cenerator conneets
1o the second mixer input. When tlee enve.ope
cenerator is triceered, o slowhe rising wave of
thuzz can be initiated- o, tor that matler, a
hurst of fTuzz ean be initiated by preselting a
Jatl time with zero rvise and oun times.

The svstem can also he =et in the antomatie
eveling mode, with vise and fall times ad-
Justed so that the end of o fall coineldes
with the begiunine o a vise. Under these
onditions, the zound venerated 15 [tke a super
tremolo with adjustable amplitnde slope.

Sometimes  the pulse generator
range will appear not to be working at the
low end. To remedy this, turn the space con-
trol tullyv clockwise Tor a tew seconds. Then
return the control to the fow end again.

The values ot certain key components in
the envelope wenerator can he ehanged to
failor the svstem to vour needs. To doible
ihe maximum rise and fall thmes, R2 and 17
can he inereased inovalne to 1 megolim. In-
creasing €3 to HC-p 0 will vield on times of
np o 20 seconds. Lastly, i1 the low end of
fie pulse generator i~ too for vonr
pavticulay applivation, reduce €7 to 100 o1

Several coutrols interact in the envelope
cenerator. So, iF at first the svstem does not
seent to he operating correetly, make sure
It the problem is not o misadjusted eontrol
or =witeh or an incorrvectly installed diode,
transiztor, or cleetrolytic capaeitor,

Space lmts the deseription of what can
he done with the envelope generator when a
little imagination and a lot ol experimenting
are applied. So farg the <vstem has been used

slowest

slow

April, 1€7:
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<teeessfully with guitar, orean and bhass—as
well a5 both commereial and homemade musie
svnihesizer=. Kven an audio oscillator can bhe-
come a musical instrument with the aid of
the envelope eenerator.

Yemember that an electronie musical in-
strnment is really no ditferent from the morve
conventional musical instruments with which
vou are familiar. The more practice you pni
in, the hetter will be your techmigue. The nuni-
her of confrols on rthe envelope generator
means that if may take yvon several hours just
to ficure ont how evervthing works. Bur at
the end ot that time, vou will feel the effort
well worth while. —36—

ARTS |
.:mﬂ-\ LK

| JUST CAN'T GET
PEQPLE To TALK
TO ME ANYMORE.

e
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Do you work in electronics?
Find out how CREI can give
Kou the specialized technical

nowledge you need for
better pay, more security.

Mail postpaid card for
FREE book and complete
information.
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€4 o o
t klddln You've been working in
glectronics long enough to know

the facts. Companies are more
yOurself abO]ut selective in hiring and promoting

men now than ever before.

The result: plenty of opportunities
yOur u ure ll] for men with good technical

qualifications; almost none for
electr . those without them.
Make yourself one of ihe
specialists who will enjoy good
N say and excellent security in the

years ahead. Supplement your
. 2xperience with more education
n electronics. You won't have
. 20 worry about automation or
\ "pdyances in technology putting
W 760 out of a job.
L El Home Study Programs

Sifer: you a practical way to get
- Mjore education without going back
=0 school. You study at home,
at your own pace, on your own
\ schedule. Anc you study with
'he assurance that what you
arn can be applied on the job
hediately to make you worth
gire money to your employer.
Bt Y ou're eligible for a CREI
W% Sregram if you work in electronics
' o an%‘ave a high school education.
i ‘Dur;FREE book gives complete

nformation. Mail postpaid card
foryour copy today.

In-depth coverage of solid
state electronics . . . including
f. ntegrated circuits!

St FRLE BOOK

I am interested in

[ Electronic Eng neerirg Temnology

[ Space Electron cs

[0 Computers

[ Nuclear Engineering Techrolbogy

O Industrial Elec:ronics

[0 NEW! Electronics Srsterr: Engiieering

[0 NEW! Non-technica Course in sJomputer Programming

] G.I. Bill
APPROVED FOR TRAINING UNDER NEW G.I. BILL
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“Stop kidding
yourself about
your futyre in
électronics.”

Men without advanced
technical education will find
few opportunities in
electronics in the years
ahead. But industry will
offer exciting work,good
pag and excellent security to
meén who become specidlists
in these key areas:

Take the advice of menwho  more technical education. CREI
know the electronics industry. Home Study Programs offer you
Make yourself a specialist in an opportunity to get that
one of the key areas of additional education without
electronics. Then stop worrying  going béck to school.
about how cutbacks, layoffs and You're eligible for a CRE!
contract terminations will affect  Program if you work in
you and your family. lifyou have  electronics and have a high
up-to-date specialized school educatio