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. _Editorial

By Milton S. Snitzer, Editor

QUALIFYING TV SERVICE TECHNICIANS

The pros and cons of licensing television service technicians have been
advanced over and over for years. Proponents emphasize the
importance of building up the ‘professionalism’ of the business and
establishing a better public image by setting minimum technical
qualifications. (A byproduct of this would be the squeezing out of
“moonlighters’ who, with a low overhead, can charge less than regular
shops.)

On the contrary side, there are those who are against licensing because
(they say) it would merely create a bureaucratic system and tap the
technician’s income.

There are various forms of licensing, of course. State examinations
can be established for qualifying technicians; electronics service
associations can certify their own members; and states or cities can
institute “registration’ programs, relying on the mere establishment of
a service business as the criterion for granting a ticense.

After all these years, however, little progress has been made. For
example, only a few states boast technician license laws. New York is now
in the process of establishing regulations for technicians who operate in
any area of electronics repair—from TV to phonos. Details of the bill
before committee (F1630) have not been made available. We understand,
though, that technical competence will not be one of the prerequisites
since it is said that only an “interview’ procedure will be used in the
licensing procedure. Such a system will hardly assure better service for
the consumer.

The international Society of Certified Electronics Technicians (ISCET),
a subsidiary of a national service dealers association, has registered about
7000 technicians. Requirements for the registration are four or more
years of experience and/or schooling and the passing of a written exam.
Since there are 204,000 technicians and 74,400 dealers (according to
NESDA), the number registered by ISCET is relatively small; but the
program is respected within the field. Being registered by ISCET should
certainly aid a technician looking for a job. (For more information on the
quarterly exams, write ISCET, 1715 Expo Lane, Indianapolis, IN 46224.)

The ISCET program and the regulations enacted by some state and
local governments are good starts, of course, but much remains to be
done to deveiop more public confidence.

POPULAR ELECTRONICS
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wather introductory offer to new members of the
ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

286/515

404/445 INTEGRATED

ELECTRONIC CIRCUITS: !
CIRCUITS A Basic Course

MANUAL for Engineers

by J. Markus and Technicians

by R. G. HIbberd

Pub. price, $10.25
Club price, $8.45

Pub, price, $22.00
Club price, $15.75

637/458
DESIGNING

100/810

WITH TTL MOS/LSI
INTEGRATED DESIGN AND
CIRCUITS APPLICATION

by Texas by Carr & Mize
:ns(rumems Pub, price, $18.50
nc.

Ciub price, $13.50
Pub. price, $19.50

Club price, $13.50

313/059

4047437
ggURCE$08K| g:l;EBOOK OF
ELECTRONIC
CONDUCTOR ,l
g"‘f“:sk ELECTRONICS, |
y J. arkus /e N
Pub, price, §21.50 by P. Hunter Special $1.00 bonus book

Club price, $17.50 comes to you with your

first club selection

Pub. price, $29.85
Club price, $21.50

287/341

649/170

484/368 STANDARD 7731777

COMMUNICA- HANDBOOK OF NOMOGRAPHS i o
TION SYSTEMS ENGINEERING FOR

DESIGN CALCULATIONS ELECTRONICS by oney:

Graeme &
Huelsman

Pub. price, $15.00
Ciub price, $11.50

by P. F. Panter
Pub. price, $19.50
Club price, $13.50

by T. G. Hicks

Pub. price, $19.50
Club price, $14.25

by R. L. Peters
Pub, price, $27.50
Club price, $19.95

209/731

491/364 124/035 3594387 STANDARD
THE DESIGN OF HANDBOOK DF MINICOMPUT- HANDBOOK FOR
OIGITAL PHYSICS, 2/¢ E:E FUE“E ELECTRICAL
SYSTEMS by Condon and INEERS & ENGINEERS,
Odishaw SCIENTISTS
by J. B. Peatman 10/e
pub. price, $15.50 5 Pub. price. $37.45 :Yh“': ‘-s"l‘;';'s By Fink and
. ub. price, | arro
Ciub price, $11.75 1 y Club price. $14.95 Club price. $10.50 Pub. price, $34.85
e

Club price, $24.95

_— w/ MAIL THIS COUPON TODAY
Save time and money by joining the € g e .
R 5 5 l -ﬂ \ |
Electronics and Control Emglneers Book Club ELECTRONICS AND CONTROL ENGINEERS® BOOK CLUB

: 582 Princeton Road, Hightstown. N.J. 08520 {

H . i i i Please enroll me as « member of the Electronics nnd Control Engi-
ERE is a pI )fess:on:\l.club designed spe(_—nﬁcally.m meet your | "R’;!,"‘;mk e e s e e BasiH inbieRted balows: e |
day-to-day engincering needs by providing practical books | 15 receive the bonus for just $1.00, and my first selection at the |
in your field on a regular basis at below publisher prices. | special Club price shown. These hooks are to be shippea on ap- |

1 Pl ” 1, 1 mas hem both swith further obliga-
I!()w the Club operates: Basic to the Club s service is its publi- || :'i::‘",,","dd“'i':,:v(:ﬂ.:’:,,"::'bo.:k‘.( I .‘:‘rl.:o::, o;ur:;..:: :s l::‘:\v ||

cation. the Eleetronics and Control Ewgineers’ Book Club as four books during the next two years at speeial Club prices (at
Bulletin, which brings you news of books in your field. Sent to | Jeast 159 below lint) |
members without cost, it announces and describes in det,ail_the : Wirite Code No. of Write Code No. of :

Club’s featured book of the month as well as alternate selections bonus book first selection
which are available at special members’ prices. : here i :
When you want to examine the Club’s feature of the month, i | l | |
you do nothing. The book will be mailed to you as a regular part | i
of vour Club service. If you prefer one of the alternate selec- | [
tions—or if you want no book a: all for that month——you notify | Name |
the Club by returning the conuvenient card enclosed with each | |
Bulletin. | Address |
As a Club member, you agree only to the purchase of four | City |
books over a two-year period. Considering the many books pub- | |
lished annually in your field, there will surely be at least four | siaw Zip |
that you would want to own anyway. By joining the Club, you | e33255 |
save both money and the trouble of searchiug for the best books. o — — @ e e -l
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New—Low Distortion

COMPRESSOR
expander

&“C,

Restore the original dynamic range of your musijc—
increase your stereo separation, OR make your own
background music with our new compressor-ex-
pander Kit. Our circuit uses an electronic gain
control integrated circuit for fast attack, slow
release type operation with none of the lags and
distortion found in the old photoceli jamp con-
trolled circuits, Expansion beginning level and
compression beginning signal levels are adjustable.
Up to 20 db of expansion and 40db ofcompression
are available with less than 1.0% THO under
worst case conditions. Typically less than .05%.
under most operating conditions. Freguency re-
sponse of 2 Hz to 100,000 Hz. Self contained
power supply. Connects to preamp output, or
to ““Tape Monitor’ jacks if available.

EX-1 Kit. .. ...... 30 1Ibs. ... $29.95

REVERB ADAPTOR

Put more life into your music with this self
powered stereo reverb adaptor system. The reverb
circuit electronically simulates the longer re-
verberation time of a large hall, giving your
music more life and realism. Separate spring
units and controls for each channel may be
used with any stereo system by connecting
the adaptor between the amplifier and pre-
amp.
No.239 Reverb Adapter Kit with two spring units
Shipping Weight 5% Ibs. .. ..... $38.50

Circle the reader service card number below for
a FREE copy of our latest catalog.

[ [X] SOUTHWEST TECHNICAL
1= pRODUCTS CORPORATION

DEPT. PE
219 W. Rhapsody, San Antonio, Texas 78216
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ADDS MEMORY CIRCUIT TO LOGIC PROBE

After a lew weeks of using the logic probe
(“Assemble a4 Low-Cost Logic Probe,” Septem-
ber 1973) it became apparent that the device
needed a “memory” circuit to make it complete.
The simple addition of a JK flip-Hop, diode,
LED, resistor, and normally closed switch pro-

|
F5 Vet
’ PROBE 77

vl
yfwv i:—#
:$ HTW**’ 47!1;!’5:1
‘ ’_"‘“" 1C1=7404

/" 10 | +1{100F

EN370Y

vides the probe with the memory function

that really comes in handy tor “trapping” very

fast pulse indications. The parts are added to
the probe’s circuit as shown in the drawing.

KeiTin D. WENTZEL

Charlotte, N.C.

Many thanks for passing on to our readers
your practical modification that will almost
double the versatility of the probe.

ABOUT CYBERNETICS AND R/C
MODELING

How does one get into cybernetics? My main
| interest as a university student majoring in

POPULAR ELECTRONICS
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electrical engineering is artificial intelligence,
with a secondary interest in industrial robots.
Incidentally, “Ilow To Get Started In R/C
Modeling” (February 1974) was great. How-
ever, you failed to list in the table one _()f the
largest manufacturers of R/C gear: Kraft Svs-
tems, Inc., 430 West California Ave., Vista,
CA 92083.
Toxt PapEN
KVA 0821 (Class C); KGN 5865 (Class D)
New Castle, Pa.

If your interest is in cybernetics, look into
computer programming and engineering. Mix
together clements of electronic telemetry and
control. mechanical engineering, hydraulic (or
pneumatic) science, and cybernetics, and you
Lave a good foundation for robotics. You
should be able to obtain more information on
these topics at your university.

We apologize for fuiling to mention Kraft
Systems in the R/C story.

WHY DID THE AUTHOR USE. . .?

I enjoved reading “Luxury Features to Add
to Digital Clocks” (December 1973). But why
did the author use three 7485 IC’s when only
two were needed? Each IC contains four com-

10K
AN
Sl

Vie wg———
‘ g7

105 /{R&—é

“g| 8242
/3

UNITS

v/ =
e 34,000
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34,1011 OFF ‘L
o ON

i 2 A
‘6_‘ 5 _A_'—

105, 8 8242 |9 Sty
MIN 4] 12 —a—
——__;’q] B 1 ——— e —

parators; so, the one used for the tens of
minutes could also be used for the tens of
hours. For even lower package count, the cir-
cuit shown can be used.

Scorr
Towa

MICHAEL
Kiron

Why an author chooses to use one arrange-
ment or 1C when another would provide the
same results depends on a number of variables.
For example, le might have to use what was
available in  his locale. But whatever thi
reason, the object is to obtain a properly
functioning circuit.

-
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CAN YOU

1 QUALIFY

for a High Paying and Secure

position as a
CIRCUIT

DESIGNER?

HELP WANTED

CIRCUIT
DESIGNERS
275600 10 $17.500

Requirements:

BSEE or EQUAL

CHANCES ARE
YOU CAN...
Quickly &
Easily!

ANY COMPANY
EVERYWHERE USA

O

b - o
. y -y
sl /’* ﬁ
DEGREE REQUIREMENT WAIVED! The need for Circuit
Designers is so great that employers will put aside the degree
‘ requirement 1o move up or hire men with these skills. In every
Industry, there are men holding these prestigious positions
who do not have a degree in engineering. WHY NOT YOU?

UP-TO-DATE INTENSIVE TRAINING! Our programs are
not a rehash of the electronics you already know, but intensive
training in the electronics you don’t know. They offer you
“hands-on" learning of how to design circuits using the latest
devices. Included are: Transistors, IC’s, FET's, IC power sup-
ply regutators; UJT's ... plus more. ARE YOU READY FOR
TODAY'S ELECTRONICS?

LOW COST HIGHLY SPECIALIZED COURSES! Because
these courses are highly specialized, you can choose a cur-
riculum which best suits your needs. And most important, you
can learn at a price you can best afford. CAN YOU AFFORD
TO WAIT ANOTHER DAY?

FRE

Send for proof on how you can Qualify
for training as a circuit designer!

Gentlemen. please send me complete details on your CIRCUIT
DESIGN courses.

Name Age
Address
City State Zip

It is understood that there is no obligation
on my part and that no salesman will call.

a wholly owned Subsidiary of Kurz-Kasch, Inc

L_@?hter SN

1 % Phone: 513/296-1020
for technic? 2876 CULVER AVENUE
DAYTON, OHI0 45429
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Stereo Scene

\

Hm'c are some statements we have read

with remarkable regularity in audio
magazines in the last few months: “You
must have several hundred watlts in re-
serve to approach the levels of live music
in the home . . . Nothing ean compare with
the unstrained ease that a SUPET-POWET am-
plier brings to the reproduction of large
orchestral fortissimos. . . We wonder if 700
walts is enough!”

Swprisingly  (unless, of cowse, vou un-
derstand the acquisitive nature of the true
andiophile), statements such as these are
driving some sound buffs into a veritable
frenzy of buying. The major manufacturers
of super-power amplifiers report that de-
mind continues to outstrip supply.

Those of vou who were not remembered
in your rich uncle’s will (and hence remain
“super-powerless”) or who are actually sat-
isfied with 60 watts for euch speaker are
probably beginning to wonder what all the
excitement is about.

Two Plus Two Isn’t Four. Obviously, onc
thing a super-power amplifier can do s
plav recordings louder. One question is:
How niich louder? As it happens, a 600-
watt amplifier is not ten times as loud as a
60-watt amplifier. At best, it can play ap-
proximatelv twice as loud—for reasons hav-
ing to do with the nonlinear behavior of the
human hearing mechanism.

The unit of loudness level is the phon.
Largely through statistical studies of human
test subjects, a phon scale has been cre-
ated. Tt relates the Toudness sensations per-
ceived by the “average” ear to actual sound

Do You Need
Super-power?

10

By Ralph Hodges
intensity in decibels (dB) as measured by
clectronic instruments. For sounds of about
1000 Hz, the phon and dB scales corre-
spond. Thus, at that frequency, a level of 0
phon (or dB) is roughly the threshold of
hearing for most people, while 120 phons
or dB approaches the point at which the
ear’s normal operation begins to break down
under sensory overload.

The relationship between sound intensity,
perceived loudness, and amplifier power
can be explained as follows. An increase of
10 dB or 10 phouns results in an approximate
doubling of perceived loudness. (From here
on, we assitme that phons and dB’s are
equivalent for the important musical fre-
quencies.) This requires a ten-fold inerease
in amplifier power (60 x 10 = 600 watts
= twice as loud). A 3-dB increase, which
yields an incremental, but significant rise in
loudness, requires twice as much power.
Figure 1 shows these various relationships
in graphical form.

Most sounds in nature—excepting such
rare cataclvsms as the explosion of Krukatoa
—are safely below the level of 100 phons.
But, as in so many other things, man’s in-
genuity has outdone nature. 1 suspect that
many factory personnel endure levels of 100
phons or more throughout the working day
(a situation actually prohibited by law).
The pneumatic jackhammer so familiar on
city streets does a good deal better than
that. Sound-level meters have indicated that
the output of a symphony orchestra can
exceed 105 dB on climaxes; jet aireraft en-
gines (and a few clectronic bands during
the height of the acid-rock era) top 120 dB
at close range.

At mid-frequencies, let’s say that a par-
ticular speaker system achieves an out-
put of abont 90 dB at a distance of 3 feet
when driven with 1 watt of random noise.
Accordingly, 10 watts of drive should pro-
duce a 100-dB level; 100 watts should give
110 dB; and, it the speaker could survive

POPULAR ELECTRONICS
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THE RIGHT PICKERING CARTRIDGE
FOR YOUR EQUIPMENT IS THE BEST
CARTRIDGE MONEY CAN BUY.

They feature low frequency tracking and high frequency tracing ability*!

UV-15 2400 Q

DCF 2400

;
~¢7 ot ',
[ Jﬁﬂ

XV-15750E

DCF 750

XV-151200E

1200
EN

11;.\“‘

wanuAL TawsCRIRTION ]
N

| i

DISCRETE 4 CHANNEL

h‘»

UVv-15 2000 Q

N DCF 2000

MANUAL

w‘"""’"-"” O] uAnuAuAuvouAnclI

XV-15400E

DCF 400

XV-15350

DCF 350

~=

Pickering offers you “The Best of Both Worlds" in
‘DISCRETE 4-channel and in STEREO cartridges. These
cartridges have been specifically designed and engi-
neered not only to peak specifications and performance
characteristics, but also to achieve total compatability
with your music system to help you get the most out of it.

Only Pickering has developed .a-way for you to be
absolutely certain you select the “right’’ cartridge for
your music system. We did it first for STEREO by devel-
oping our Dynamic Coupling Factor rating system—DCF
for short—which identifies pick-up performance in terms
of a quantitative measurement. The value of a DCF rating
lies not only in its merit to define low frequency tracking
ability but also in its measure as an index of high fre-
quency (8 to 50 kHz) tracing ability. Pickering's DCF-
rated pick-ups have exceptional high frequency tracing
characteristics, vital for both STEREO and DISCRETE
4-channel performance, The Pickering cartridge exactly

automar ;n:s::lwv on ATomaric Taascn .n,..i
XV-15200E XV-15150 XV-15140E XV-15100
DCF 200 DCF 150 DCF 140 DOCF 100

4‘. "
A/

CHANGER i CHANGER i

“right’’ for maximum performance with your equipment
is simple to select because of this rating method.

Now, Pickering is also applying application engi-
neering techniques and DCF ratings to its DISCRETE
cartridges. They fulfill the stringent requirements neces-
sitated by the sophisticated nature of discrete discs.

So, whether STEREO or DISCRETE is your prefer-
ence, choose from “The Best of Both Worlds” the
Pickering cartridge exactly right for your equipment.

For further intormation write to Pickering & Co., Inc.,
Depl, E 101 Sunnyside Blvd., Plainview, New York 11803

“traceAbiity —T. M.

|
@ PICKERING

“for those who can hear the difference”
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it, 120 dB should be available from 1000
watts. On the basis of these figures, a 100-
watt amplifier could produce only four
times as much sound as a l-watt amplifier;
and a 1000-watt amplifier only eight times
as much. So, it is obvious that the law of
diminishing returns catches up with the
super-power  set pretty quickly. Further-
more, if we compute the maximum acoustic
outputs attainable from our typical speaker
when used with a 40-watt amplifier (for
example), the result is 106 dB. With a 200-
watt amplifier, we get 113 dB. Unquestion-
ably, the latter is louder; but a level of 106
dB in an average listening room is more
than enough h)r most pu)ple So what is
the point of the additional 160 watts? Ob-
viously, it is more than simply an order of
loudness.

Music Isn’t Steady State. So far, we have
talked about power and dB levels as if we
(*,\'pcricncc them as fixed values. However,
music levels are anvthing but constant. On
a millisecond-to- lmlhscumd basis, the vari-
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Fig. 1. Sound-pressure-level changes related
to amplifier power requirements and perceived
loudness changes. Base is 25 watts (O dB).
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ations in level are liable to be much greater
than the ear can apprcciute.

A good sound-level meter is designed to
respond to acoustic phenomena in a “hu-
man” fashion. As such, it gives a fair indi-
cation of the average levels at any one time.
But experience has taught us to expect fre-
quent short-term peaks in music that the
meter is too slow to follow. To predict how
much these peaks exceed the average level
at any moment is impossible; but knowl-
edgeable people have suggested that 10-dB
spikes are rather routine, so we will use that
figure for the purpose of discussion. Pro-
viding 10 dB of headroom before an ampli-
fier starts clipping means that average levels
will have to be cut back by that amount
Thus thev will be down to 96 dB for our
hypothetical 40-watt wmplifier, and 103 dB
for the 200-watt unit. With these reductions,
we begin to get into listening levels that,
while still loud, are not extraordinarily loud
tor the serious listener.

Some Psychoacoustic Factors. It would
appear then, based on these figures, that
the super-power amplifier does have some-
thing going for it. However it is difficult to
reconcile the numbers with the actual ex-
perience of listening to music. Several vears
ago, few would have suggested that levels
exceeding 110 dB (even for brief instants)
were necessary to realistic music reproduc-
tion. If 60 watts per channel was once con
sidered an ample rating, why is it necessarv
now to have 150 watts per channel? How
much better can all of that power actually
sound?

Perhaps these basic questions can be
answered by dealing with some  specific
problems in a ]omml progression:

(1) Why don’t these brief peaks at an
intensely high level seem unbearably loud,
forcing one to (urn down the voltune and
thereby reduce the amplifier power require-
inents?

For brief sounds, the sensation of loud
ness depends on duration as well as intens-
ity. According to an article in the Hewlett-
Packard Journal (November 1967) by Woll-
gang E. Ohme, any sound lasting less than
ah()ut 100 millisecouds (0.1 second) will
sound softer than a steady sound of equal
intensitv. A 10-millisecond sound must be
at least 10 dB stronger than a steady sound
of cqual inteusity in order to seem as loud
(see Fig. 2).

Now 100 milliseconds may seem short to

POPULAR ELECTRONICS
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Replacing
semiconauctors
takes
guidance.

hereitis.N&

rﬁa *1». N

4:
f Our new Semiconductor Product Guide.
;i It's the cross-reference for entertainment
s replacement semiconductors.
Transistors, zener diodes, diodes,
high-voltage rectifiers, light emitting diodes,
color crystals, integrated circuits,
field-effect transistors . . . they're ali here.
With one of ours you can replace
265 on the average.
And with every one of ours you get
Mallory performance and reliability.
Get your Semiconductor Product Guide
at your Mallory distributor’s today.
With a guide like this you can’t go wrong.
e ——
MA[_[_QR i MALLORY DISTRIBUTOR PRODUCTS COMPANY
- a division of P. 1 MALLONRY & COUENC.
Box 1284, Indlanapolis, Indiana 16206; Telephone: 317-638-63E3
MAY 1974
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Fig. 2. Below 100 ms, short sounds must be
more intense to seem as loud as longer
sounds. (Courtesy Hewlett-Packard Journal)

the human auditory mechanism, but to an
amplifier it is 100 cveles at 1000 Hz (or 10

cycles at 100 Hz). This is more than
enough time for any music-power capabil-

itics to be exhausted and for amplifier
clipping to set in. So the peaks, though thev
may not sound so loud, require substantial
power capability.

(2) If the ear discriminates against very
short sounds anyway, why would it notice
if the amplifier clips (and distorts) them?

We are not sure; but apparently it does
under some circumstances. Distortion and
its audibility are subjects of much argument.
The main objection to distortion seems to
be that it is somchow out of tune with the
rest of the music. If the ear senses distortion
in the same way that it senses the harmonic
values of sound (pitch), then, according to
Harry F. Olson’s Music, I’Iu/szcs and En-
gineering, 13 mllhseconds is sufficient time
for distortion to be heard. The conclusion
to be drawn (purely speculatively) is that
the ear is almost ten times quicker in re-
«»pon(hn(r to distortion than to mlcnutv In
short, an amplifier’s ability to cope “with
severe peaks may not be heard, but its
inability to do so can be heard.

(3) Then why doesn’t music reproduced
by “inadequate” 60-watt amplifiers sound
intolerably distorted?

Obviously some kinds of music present
lesser peak demands than others. Also, many
recordings are clectronically compressed as
thev are made, which greatlv reduces or
climinates the peaks. But T suspect that
much distortion goes unnoticed because of
the psychouacoustic phenomenon of “mask-
ing.”

Masking is the aural mechanism by which
a loud soun(l can render a softer one partially
or completely inaudible. Tt is dependent on
the intensities and frequencies of both the

14

masking and masked sounds. Lower (in fre-
quency) sounds can mask higher sounds,
but the reverse scems not to be true. Also
the closer together the two sounds are in
frequency, the more effective the masking,

Although it is a familiar phenomenon,
masking is hard to grasp intuitively because
it is largely beyond our control. A fully
masked sound cannot be heard, even by
straining or concentrating. The best way to
unmask it is to get closer to the source,
thereby making it louder. This is difficult to
do when muany sources are coming through
just two speakers, unless the masked sound
has one of the speakers all to itself.

Like any sound, distortion can be masked.
Theoretically, at moderate listening levels,
comparatively farge amounts of (hslmtlon
(1 percent or molc) can go unheard be-
cause they are softer than the ambient noise
level of the room. But at 100-dB listening
levels, 1-percent distortion achieves a 60-dB
level, which is certainly loud enough to be
audible. Evidently. it is sometimes masked
by the music itself.

Making Some Tests. Concocting theories
is certainly more fun than dealing with cold
reality; but to make sure that the theories
were not too far from the truth, T made
some listening tests. Using speakers of typi-
cal acoustic-suspension efficieney and am-
plifiers rated at 60 and 200 watts per chan-
nel, I tried to determine if there was any-
thing really objectionable about the smaller
amplifier.

The first program source was a disc with
a wide dynamic range (an advance copy
of the latest in the Lincoln Mayorga/ Master-
ing Labs serics), produced by the direct-
(]15( cutting technique. The music consists
of big- l).md pop arrangements of familiar
tunes, with bright, clear brass and a varicty
of outrageous percussion transients. Despite
the dvnamic demands of this material, get-
ting the GO-watt amplifier into trouble in-
volved some rather high volume-control
settings. Iiss from the preamplifier filled the
roont and the speaker fuses were blown
twice when the toncarm was set down on
the record. Finally, at an average level of
101 dB on a Realistic Sound Level Meter
the “strained” sound of clipping occurred
on drums and percussion. At 102 dB, the
amplifier was into hard clipping.

With a total of 120 watts (2 times 60)
and not cousidering room factors, this is the
point at which one would expect clipping to

POPULAR ELECTRONICS
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Energy shortages tell us we have to
change our driving style. Now! It doesn’t
mean we have to go back to horse and buggy
days. But it does mean we have to make
every drop of gas give us the most go for
our money. Anyone with horse sense knows
that a well-tuned car gets better mileage,
and in times of fuel shortages, better
mileage means a lot.

The Mark Ten B Capacitive Discharge
System keeps your car in better tune so it
burns less gas. Using Mark Ten B is more
than horse sense. It's the smart move under
the hood, helping
a nation survive
an energy crisis
and keeping you
on the road. Delta }|{™MARK TE

N
Mark Ten. The 8
best way to go.

r

DELTA PRODUCTS, INC.

P.O. Box 1147, Dept. PE
¢ Grand Junction, Colo. 81501
(303) 242-9000

Please send me free literature.

Enclosed i1s § Ship ppd. | | Ship C.O.D.
Please send: Mark Ten B assembied @
$59.95 ppd. Mark Ten B Kit @ $44.95 ppd.
(12 volt negative ground only) Standard Mark
Ten assembled, @ $44.95 ppd. 6 Volt: Neg.
Ground Only 12 Volt: Specity Pos. Ground

Neg. Ground Standard Mark Ten Deltakit®
@ $29.95 ppd. (12 Volt Positive or Negative Ground
Only)

Car Year Make -
Name
Address

City/State ___ — Zip

CIRCLE NO. 10 ON READER SERVICE CARD

MAY 1974
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b N SOLDERING
FOR! IRONS — GUNS

BY THE WORLD'S LARGEST
MANUFACTURER OF SOLDERING IRONS
Get the right soldering tool for
your jobs. You'll find the
right product at the
1 right price in the

. Lenk line - at

better hardware

and supply
Jt stores.

* CORDLESS
PENCIL Battery Powered
TYPE COMPLETE WITH
IRONS RECHARGER

|

PACEMAKER
Instant type gun at a low, iow cost
AND OTHERS
ALL MADE IN U.S. A BY
SKILLED CRAFTSMEN

If your dealer does not have the Lenk line,
please send us his name and address.

| companying transient signals,

WALL-LENK MANUFACTURING COMPANY
80X 3349 KINSTON, N. C. 28501

CIRCLE NO. 35 ON READER SERVICE CARD

3

Put more
punch in your work.

With a Greenlee Chassis Punch you can punch
clean, true holes in seconds. Round, square.
key or D. In 16-ga. metal, hard rubber, plastic
or epoxy. Available at radio and electronics
parts dealers. Write for catalog E-730.
Greenlee Tool Co, 1764 Columbia Ave., Rock-
ford, I1l. 61101,

GREENLEE TOOL CO

A Unit of Ex-Cell-O Corporation XLG, ,
CIRCLE NO. 17 ON READER SERVICE CARD
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start on 10-dB peaks. However, since the
clipping was clearly audible, the highest
peaks were in all pr()lml)lllt\ much more
severe.

Switching to the 200-watt amplifier
(which sounded much cleaner at these
levels), we noted peaks on the meter of +4
dB (that is, 106 dB) on single beats of a
kettledrum and +8 or more on continuous
rolls. The bass, with an obvious assist from
room conditions, convulsed the meter to
+ 10 and above on certain notes. The meter
was too slow to register most of the “snap”
transients (wood block, chimes, cte.), but
[ was surprised to see it peg s()hdly on
relatively mild-sounding piano run.

The brass sounds were almost unbearably
loud, vet registered a mere 105 dB (11111!!"
edl—splitting climaxes. So the relation l)e-
tween amplifier power and loudness is de-
ceptive. ALCOldinU to the acoustic measure-
ments, the 60- \lel’ amplifier could have
provided nmeh more of the brass than !
could take. But it couldn’t munage the ac-
which were
subjectively much less overwhelming,

Then I tried a selection fairly typical
of the Beatles” hard-rock creations, “Ilel-
ter Skelter.” A few seconds of this at 102
dB was all T wanted, but I was able to
confirm that the sound was excessively
{and cqually) dirty from both amplifiers.
Listening at a slightlv reduced level, it was
obvious that thc 1eL01d1an was absolutd v
bereft of any dynamic range. Vocals, Qun‘u
and drums were all compressed to an al-
most uniform level. Except for an occasional
twitch due to the electric bass, the meter
hovered steadily at about 99 dB.

So hard-core Beatles fans can save their
money. It is unlikely that anvone could stav
in the same room with “Helter Skelter”
plaving at a level that would clip a 80-watt
amplifier. But for those buving new records
with high dynamic ranges (such as classical
recordings that capture the low fundament
als of pipe organs), super-power is an asset.
Also, there are some new air-suspension
speaker svstems with massive woofers that
demand very high power. One manufacturer
of such a spmku system states that 200
watts per channel s required, and that
severe clipping occurs with an amplifier
rated for 100 watts per channel. Other con-
siderations are the size of the listening room,
the furnishings, and the number of speak-
ers. Adding it all up. vou mayv find that vou
need more power than you ever una"mod @®
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MITS 7440

Desk-Top Scientific Calculator -

The 7440 Scientific Calculator does the basic arithmetic

functions plus ten transcendental functions. Algebraic
prablem entry with two deep nasting parentheses makes it
possible to enter a problem just the way you would write
it. Either floating decimal mode or scientific notation. A
separate memory register can be used for storage of an
intermediats result or of a constant. Trigonometric
functions can be performed using either degree or radian
entry. There is also a radian mode indication. A separate
7 key, and factor reversal (xeey) are also featured.

The 14-digit LED display provides ten-digit precision for
mantissa and two-digit precision for axponent. There is
full sign change capability for both mantissa and expo-
nent, and full chain calculation with any sequence of
functions desired. Aiso featured are automatic error
indications for overflow, underflow, and forbidden apera-
tions. The 36-key keyboard has separate ctear and clear
sntry keys to prevent having to clear the whole problem
in the event of an erroneous entry. The calcutation range
is 1099 10 1099,

KEYBOARD FUNCTIONS:
Sine e Arcsine ® Cosine ® Arccosine ® Tangent
® Arctangent & eX e InX e logigx ¢ x¥ e VX, 1/x
e Addition e Subtraction ® Multiplication e Division

SIZE: 8% x 12" x 31"

PRICE: Kit $199.95 Assembled $299.95

Prices subject to change without notice.

INC. !

@ 1

]

[}

. 1

” : Z g I !
(reative Electronics '

[}

]

6328 Linn, N.E., Albuquerque, New Mexico 87108 :
505/265-7553 Telex Number 660401 1
AL

CIRCLE NO. 22 ON
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Parthers in Scientific
Calculations

MITS 7440
Prosrammer

Desk-Top Computer~

The programmer can program the 7440 to do extremely
long or often used calculator operations. instead of
repeatedly entering into the calculator a formula in which
only certain variables change, a formula can be entered
once into the programmer and then be stored and run
at will.

The programmer automatically executes all steps of the
program until it sees a focation within the formula where
a variable is to be entered. It then halts execution, but
once the variable is entered into the calculator, the con-
tinue key is pressed again and all remaining steps of the
formula are executed until the programmer sees another
variable entry or an ""End of Program’ command.

FEATURES:

256 programming steps with option of expandability to
512 steps ® Program code for each function key on the
calculator ® Constant power ta the RAM's preciudes
destruction of stored programs @ Sixteen-key array to
enter the address or instruction in hexadecimal ® Six
annunciator lights to give clear identification of pro-
grammad pauses; two to indicate a hait or end of
program & Two RUN modes of operation: Continuous or
step & S—Key to halt execution anywhere in the program.

Kit: Programmer . . . $199.95 — Expansion ... $79.95
Assembled: Programmer .. $299.95—Expansion .. $129.95

Warranty: Full two-year warranty on assembled units, ninety days on kits.

Available from your local Olsan Electronics Dealer.

[mR= é <1

r O BankAmer =
O Mast e = il
E e Oxit [}
e st P O Assembled L
O Model 7440 [ 7440 Programmer [ Expansion L
0O Please Send tntormation on Entire MITS Line. :
HAME ]
ADDRESS 3
Ty '
STATE&ZIP :

MITS/ 6328 Linn, N.£_ Albuguerque, New Mexico 87108 505/265-7553 Telex = 660401

READER SERVICE CARD
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The b
the better

COMPU-TRAINER

And
you can

get started
for just
$10.

SOLID STATE
OSCILLOSCDPE

TUBE & TRANSISTOR
TESTER

PIGITAL
WMULTIMETER

ELECTRO - LAB —

Only $10 down gets you into any NTS Home-Study
Courses in Electronics.* Just $19 that can lead to
a top-dollar job, a big. bright career in electronics.

As an NTS student. you'll acquire the experience
and know-how that comes with first hand training
on NTS “pro” equipment. Equipment you'll build
and keep. Our courses include equipment like the
5" solid-state oscilloscope, a transistor and tube-
tester, a vector monitor scope, 74 sq. in. B&W TV,
or a solid-state stereo AM-FM receiver. The unique

*Not including Advanced Color TV Servicing

-
AN — NTS DIGITAL GR-2000 SOLID STATE
COLOR TV WITH 315 SQ. IN. PICTURE

AND VARACTOR DIGITAL TUNING

TROUBLESHOOTER
VOM

new NTS Digital GR-2000 Color TV with first-ever
features like silent varactor diode tuning; digital
channel selection, digital clock, an option at addi-
tional cost; and big 315 sq. in. ultra rectangular
screen. This is just a sampling of the kind of better
equipment that gets you better equipped for the
electronics industry.

By following the easy-to-read NTS lessons, you
learn the theory behind these tools of the trade.
You'll learn and develop skill and confidence fast.
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equipment

—— IN—FIRCUIT TRANSISTOR TESTER

LO—SILHO
| SUPERHET RADIO

FET —VOM
SIGNAL

5" OSCILLOSCOFE TRACER

Choose from 12 NTS Electronics Courses, includ-
ing Color TV and B&W TV Servicing, Electronics
and Computer Technology, Electronice Commu-
nications & FCC, and Industrial & AuJtomation
Electronics. Al courses can prov:de you excellent
opportunities tc expand your career in the exciting
world of electronics! So get started right now by
checking the coupon and mailing it today.

Classroom Training at Los Angeles. You can take
classroom training at Los Angeles in sunny South-
ern Califomia. NTS occupies a city block with over

quipp

HIGH FIDELITY
SPEAKERS

VECTOR MONITOR
SCOPE

SOLID STATE
B&W TV

SOLID STATE 2-METER
FM TRANSCEIVER AND
POWER SUPPLY

SOLID STATE STEREO
AM FM RECEIVER
AMPLIFIER

GENERATOR

SIGNAL
GENERATOR

SOLID STATE
POCKET RADIO

a million dollars in facilities devoted exclusively to
technical training. Check box in coupon.

Approved for Veteran Training. Accredited Mem-
ber: National Association of Trade & Technical
Schools: National Home Study Council

NATIONAL G+ SCHOOLS

TECHNICAL-TRADE TRAINING SINCE 1905
Resident & Home Study Schoals
4000 South Figueroa St., Los Angeles. Calif. 90037
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News Highlights

CBS Labs VP Receives Patent for SQ Quadraphonic Disc

Benjamin B. Bauer, Vice President for Acoustics and Magnetics of
CBS Labs has been awarded patent number 3,770,901 covering his
invention of the SQ™ stereo-compatible quadraphonic dise. Together
with companion patents issued and pending, it provides broad cover-
age of the invention of the SQ quadraphonic record system. Mr.
Bauer has made numerous contributions to theoretical and applied
acousties, including the imvention of the phase-shift type of cardioid
micraophone which is universally used, as well as methods and ap-
paratus for measurements of sound and vibration. He introduced sev-
eral inmovations in transducer designs, developed a 1-gram moving-
magnet phono pickup (precursor of the modemn high-fidelity repro-
ducer), and made significant improvements in modern stereophonic
dis¢ technology.

Chip Shortage Slows Watch Makers

Digital electronic watch makers have heen plagued with one short-
age after another. First it was the quartz crystals that are used to
establish the operating frequency, now it is another important ingredi-
ent—the CMOS chip that does the dividing and timing. Senticonductor
makers seem to have given priority to other MOS products that they
can deliver more readily and to those on which the vields are higher.
In the meantime, the digital watch makers are chafing at the bit in an
cellort to get going into a market that still promises to reach over $50
million by 1976.

IEEE Releases Manpower Report

The Manpower Committee of the IEEE has released its manpower
report for 1973, “Career Outlook in Engincering (USA).” The report
states that generally “career opportunities in clectronics will continue
to grow (however) . . . it will be necessary to remain fexible and ever
ready to transfer to another area as activity changes in focus and grows
in turn to meet market demands.” The report urges engineers to keep
abreast of new developments and avoid over-specialization in their
education. The 225-page report is available to IEEE members at $10
and to nonmembers at $15 from the lnstitute of Electrical and Elee-
tronics Engincers, Inc., 345 East 47th St., N.Y., N.Y. 10017.

Hearing Aid Battery Recharged by the Sun

22

The Ultinwa in-the-ear hearing aid is powered by a sealed nickel-
cadmium rechargeable hattery that operates the aid for 24 to 36 hours.
To recharge the baltery, the aid is inserted into a recharger overnight.
The recharger contains a rechargeable high-capacity alkaline battery
which has 2 to 3 months of recharging power. To keep the recharging
battery fully charged, a six-cell silicon solar hattery is built atop the
recharging it By exposing the solar cell to about [0 hours of sun-
shine, about I month’s recharging power is applied to the alkaline
battery which can then be used to recharge the tiny nickel-cadminmn
cell built into the hearing aid. Covered hy a 5-year gnarantee with no
batleries to buy, the entire system <ells for jnet under $400.

YOPULAR ELECTRONICS
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There’s a wealth of enjoyment and
information in Sams hooks for the hobhyist.

One or more of the eight shown here could be right down your alley.

tliminating
Engine

ELIMINATING ENGINE
INTERFERENCE, 2nd Edition
By John D. Lenk

Explains how to eliminate or re-
duce troublesome interference
caused by auto, boat or other
engines in mobile communica-
tions receivers. Covers solid-
state circuits and includes wir-
ing diagrams for major autos.
Analyzes and discusses squelch
and noise-limiter circuits, com-
mercial suppression Kits, shield-
ing kits, and electronic circuits
that can be added to the re-
ceiver. 128 pages, softbound.
No. 21004 $4.50

QUESTIONS AND ANSWERS
ABOUT AUTO TAPE UNITS

2nd Edition

By Leo G. Sands

A handy, easy-to-follow guide
to understanding the operation
of auto tape units. Using a
question-and-answer format, it
provides information on the cir-
cuitry, installation, trouble-
shooting, and maintenance of
auto tape players, cartridges,
and cassettes. 96 pages, soft-
bound.

No. 21002 $3.50

QUESTIONS AND ANSWERS
ABOUT NOISE IN ELECTRONICS
By Courtney Hall

Explains, in easy Q & A format,
the situations that cause noise
in electronics. Provides a clear
understanding of noise charac-
teristics and the measurement
peculiarities associated with
them. Examples and tables of
solutions save time and effort
for the reader. 96 pages, soft-
bound.

No. 21022 $3.95

ABC's DF CITIZENS BAND RADID
3rd Edition

By Len Buckwalter

This easy-to-understand text
covers the principles of opera-
tion, regulations, setup, and op-
erating of CB radio equipment.
Illustrations and schematics
show how to obtain an FCC
license, and set up and operate
the equipment with efficiency.
128 pages, softbound.

No. 21021 $3.95

TAPE RECORDING FOR THE

HOBBYIST, 3rd Edition
By Arthur Zuckerman

Everything you need to know to
get the most from your tape re-
corder. The book discusses the
advantages, disadvantages,
maintenance, and repair of the
ditterent types of machines and
microphones available. It also
covers their many uses, ranging
from recorded letters to sound
effects and video tape record-
ing. 192 pages, softbound.

No. 21016 $4.95

ELECTROSTATICS HANDBOOK
By Charles Green

An introduction to one of the
great natural forces — electro-
static electricity. You learn its
fundamentals firsthand by build-
ing educational and entertain-
ing demonstration projects.
Each chapter in the book in-
cludes groups of projects that
cover different aspects of elec-
trostatic electricity generation,
detection, and use. 128 pages,
softbound.

No. 21023 $4.25

5-MINUTE ELECTRONIC
PROJECTS

By Len Buckwalter

While each project can be
created in just minutes, in total
the book provides many hours
of pleasure. It presents, in com-
plete detail, dozens of projects
that can be made with simple
tools and inexpensive compo-
nents. The projects start with
simple demonstrations and
grow progressively more com-
plex. enabling you to learn by
building. 96 pages, softbound.
No. 20968 $3.95

LED CIRCUITS & PROJECTS

By Forrest M. Mims |11

The recently developed and
tast-growing field of uses for
light emitting diodes {LED) is
graphically presented in this
highly readable book. Following
an introduction to the theory of
LEDs. the book covers the many
varied LED circuits and appli-
cations. Chapters cover instal-
fation, operating hints, multiple-
color LEDs, diode laser theory,
and much more. 176 pages,
softbound.

No. 21006 $4.95

TAPE
RECGRBIKG

ELECTROSTATICS

HANDBIOK

L.EED

i ‘ A
I HOWARD W. SAMS & CO., INC. RE:QSH,
| 43C0 W. 62nd St., Indianapolis, Ind. 46206
® Name
I Order from your Electronics Parts Distribu- E] g:gg;
{ tor, or mail to Howard W. Sams & Co., Inc. 01 21022
|  Send baoks checked at right.$ [] 21021 Addiess
I enclosed. Please include sales tax where B] g:g‘zg
applicat:le. Canadian prices slightly higher.
T P g 0] 20968 City State

i [ Send FREE 1974 Sams Book Catalog. [ 21006
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High-Voltage Geiger Supply

Q. [ am experimenting with an old Geiger
counter. Unfortunately, I can no longer buy
the high-voltage batteries that the unit re-
auires. Is there a simple 300-volt converter
that could be powered from the internal hat-
tery?

A. The circuit shown at the right will gen-
crate about 300 volts de—at a verv low cur-
rent, but enough for vour Geiger tube.

AF) Ft
/20K
WO
FEHT
|
250 vor
WNDNG
S '
| 3554
‘ —

A Do-Nothing Box

Q. I want to duplicate a Do-Nothing box
that a friend of mine has, but it is potted in
plastic so 1 can’t see the circuit. The seven
neon lamps just blink in a random fashion.
Houw is this done?

A. Use the circuit at the left. Capacitors
should be between 0.1 and 1 1F (low leak-
age); resistors between 220 k and 2.2 meg-
ohms. Use a pair of serics-connected 67%- or
90-volt dry batteries.

Needs an Audio Amplifier

Q. I like to experiment with crystal sets, but
I don’t like to wear earphones all the time.
I need a small, low-cost audio amplifier that
I can build from junk-hox or other readily
acailable parts.

A. All vou need for this amplifier is a couple
of transistors, two capacitors, a fixed resistor,
and a volume control (plus a speaker of
course). To extend batterv life, or to add a
little smoothing if an ac supply is used, con-
nect a capacitance of 200 nicrofarads he-
tween the 9-volt supply and ground. If you
dow't have a 16 ohm speaker, try using the
output transtormer and speaker from an
old transistor radio.
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Have a problem or guestion on circuitry, compo-
nents, parts availability, etc.? Send it to the
Hobby Scene Editor, POPULAR ELECTRONICS, One
Park Ave., New York, NY 10016. Though all letters
can't be answered individually, those with wide
interest will be published.

POPULAR ELECTRONICS
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There are some things
you'll appreciate about a Dual
right away.

Others will take years.

You can appreciate some things about a Dual
turntable right in your dealer s showroom: its clean
functional appearance. the precision of its fonearm
adjustments and its smooth, quiet operation.

The exceptional engineering and manufacturing
care that go into every Dual turntable may take years
to appreciate. Only then will you actually experience,
play after play, Dual's precision and reliability. And
how year atter year, Dual protects your precious
records; probably your biggest invesiment in musical
enjoyment.

It takes more than features.

If you know someone who has owned a Dual for
several years, you ve probably heard all this from him.
But you may also wish to know what makes a Dual
sodifferent from other automatic turntables which
seem to offer many of the same features. For example,

such Dual innovations as: gimbal tonearm suspensions,

separate anti-skating scales for conicat and
elliptical styli, and rotating single play spindles.

I's one thing to copy a Dual feature; it' s quite
another thing to match the precision with which
Duals are built.

The gimbal, for example.

A case in point 1s the tfonearm suspension.
Dual was the first manufacturer of automatics
to offer a true twin-ring gimbal suspension.
More importantly, every Dual gimbal 1s hand
assembled and individually tested with
precision instruments especially developed by
Dual. The vertical bearing friction of this
gimbal is specitied at 0.007 gram,
and quality control procedures
assure that every unit wili meet this

ma

United Audio Products, Inc., 120 So. Columbus Ave., Mt. Vernon, N.Y. 10553
5

U Distribution Agency for Dugl.

Dual 1214 $119 95

Dual 1218, 5189 95

specification. Only by maintaining this kind of iolerance
can tonearm calibrations for stylus pressure and
anti-skating be set with perfect accuracy.

Other Dual features are built with similar
precision. The roior of every Dual motor is dynamically
balanced in all planes of motion. Additionally, each
motor pulley and drive wheel is individually examined
with special instruments to assure perfect concentricity.

The Dual guarantee.

Despite all this precision and refinement, Dual
turntables are ruggedly buill, and need not be babied.
Which accounts for Dual's unparalleled record of
reliability, an achievement no other manufacturer can
copy. Your Dual includes a full year parts and labor
guarantee; up 1o four times the guarantee 1hat other
automatic turnfables offer.

If you'd like to read what several independent
testing laboratories have said about Dual turntables,
we Il be pleased 1o send you reprinis of their impartial
reports. To appreciate Dual performance first hand, we
suggest you visit your franchised United Audio dealer.

But your {ull appreciation of Dual precision won 1
really begin until a Dual is in your system and you
hear the difference it will make on your own records.

Play after play. Year atter year.

Dual 1216 $154.95

Dual 1229, $259 95

CIRCLE NO. 4 ON READER SERVICE CARD

MAY 1974
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3-1/2 digit multimeter with 6 to 13
times the accuracy of a typical
analog meter

The industry’s most popular bench-type VOM,
compared above to our Model 282 Digital
Multimeter, has 3% full scale DC accuracy. On
the 50-volt scale, that’s an accuracy of +1.5
volts, or an accuracy of reading of 7.5% at
about 20 volts. The 282's accuracy of reading is
0.5% * 1 least significant digit, or +0.11 volt.
Divide those two figures—1.5 by 0.11—and you
find that the 282 has 13.6 times the accuracy at
that reading.

Even at readings close to 50 volts, where the
analog multimeter is most accurate, Model 282
remains more than six times as accurate as the
analog multimeter.

As for ease of reading . . . the picture above
shows Model 282 and the analog meter to scale.
Put it where you’d normally set up your
multimeter and see for yourself how much
more easily you can read the 282's bright
digital display.

PRODUCTS OF

And there’s more—automatic polarity, clear

out-of-range indication, automatically
positioned decimal point, 100% overrange
capability, complete overload protection, 10
megohms input impedance and a three-position
handle thet doubles as a stand for tilt-up
viewing. Plus a Model PR-21 probe with
switchable 100K ohm isolation resistor to
prevent capacitive loading while measuring DC
in RF circuits,

And all for almost an analog price! Now in
your local

stock at distributor or write

Dynascan.

e

" MODEL 282 $200

By 1 OWASCANV

1801 W. Belle Plaine Ave. » Chicago, IL 60613 » Phone (312) 327-7270

CIRCLE NO. 3 ON READER SERVICE CARD
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BUILD THIS

NINE-CHANNEL =
STEREO EQUALIZER

Active op-amp filters produce very low distortion,

no ringing. Eighteen independent control

positions offer full flexibility.

AN INCREASING number of audiophiles

are adding equalizers to their hi-fi/
stereo equipment. These auxiliary devices
permit adjusting the response of the svstem
in relativelv small frequency increments to
achieve a desired effect—whether it be to
compensate for room acoustics or speaker
deficiencies, or just to please their own per-
sonal tastes.

If vou are contemplating adding an
(-qnulizer to vour svstem. but are con-
cerncd about the cost of a commercial nnit
with enough flexibility, vou will want to
consider building the unit described here,
Designed for a sterco svstem, it has nine
l-octave adjustments in cach channel. Us-
mg integrated circuit  (op amp) active
filters, the cqualizer has an internal ac power
supplv. Boost and cut limits are =12 dB;
voltage handling limit is 2 V rins; and the
total harmonic distortion is a low 0.05 per-
cent.

The frequency response of the equalizer

MAY 1974

BY GARY KAY

is from 20 to 20,000 Hz (3 dB), hum and
noise is 65 dB below 1 volt rms, input im-
pedance is 100,000 ohms, and output im-
pedance is less than 10,000 ohms. Connec-
hon to an ()pex'uting audio svstem can he
made between the preamp-out/power-amp-
imput jacks or between the tape-out/tape-
monitor input jacks.

The nine gain controls are centered at 50,
100, 200. 400, 800, 1600, 3200, 6400, and
12.800 Hz. Although the lowest and highest
frequency filters are bandpass tvpes, their
use in a feedback loop gives them a low-
pass/ high-pass response. The enclosure of
the entire array of active bandpass filters in
a teedback loop also provides low noise and
distortion.

The arrangement of the potentiometer
knobs for both channels on the front of the
equalizer provides a true graphic represen-
tation of the tonal compensation. The
equalizer can also he used in an electronic
musical instrument system l)y connecting it

27
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Fig. 1. Schematic for left pc
— .
e board and power supply section.
u.D__Q ll
wié s !
—-Z

between the preamp and the power ampli-

fier.

How It Works. The schematics for one
channel and the power supply are shown in
Fig. 1. The imput to the channel is coupled
through capacitor C1 to voltage divider RJ-
R2. One of the two op amps in IC! buffers
the input from the voltage divider and pro-
vides a low-impedance source for the nine
active filters. Each of the latter is composed
of an operational amplifier (% of ICI and
both halves of 1C2-1C3) with the related
resistors and capacitors. The outputs of the

28

bandpass networks are then summed in one
half of I1CH, whose output is fed back
through R3-RI1. Slide potentiometers RI2
through R20 vary the overall gain of the
feedback loop at the operating frequency
of each filter.

Since the filter circuit has unity gain at
0-dB vqualizution settings, it is necessary
to follow the summer with un amplifier
made up of the second half of 1C6. The
amplifier also provides the signal inversion
necessary to keep the input and output
signals in phase.

AN EQUALIZER IN-OUT switch (S1) is pro-

POPULAR ELECTRONICS
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PARTS LIST

For equalizer boards (1 of each for cach

board) :

( 1,(,21—1»;41'", 30-volt electrolviic capacitor

C2,011—0.22-uF cupaciior

C3,C12—0.12-uF cupacitor

4,C13—0.056-wt capacitor

5,0 14—27,000-pl capacitor

16,(15—15.000-pF capacitor

7,(16—{%200-pF capucitor

8,C17--3900-pF capacitor

9,C18—1800-pl capucitor

'10,C19—1000-pF capucitor

1204700 pl capucitor

J22-—10-pF, 60-volt elecirolytic capucitor

1C1-1C6--3558 op amp 10

11.J2-—Audio connector

Unless otherwise noted, resistors are Yy-watt.

R1,R78—100.000-0hm

R2,R76.R77—10.000-0hm

R3-R11.R21-R29-470-0hm

R12-R20-—10.000-0him slide potentiometer

R30-R38-—3900-0hm

R39-RI7—17.000-0hm

R48-R56- 6800-0hm

R57-R65—680-0hm

RG6-R71-—22.000-0hm

R75—100-0hm

Following components on right hoard only:

(.23-—0.047-uF capacitor

11—Neon lamp (NE2H ) und holder

R79- -75.000-0hn resistor

S2—Dpdt switch

Fallowing component on left board only:

bl—-Dpdt switch

Following on power supplh :

(:24.C25—1000-ut, 25-v0lt electrolytic
capacitor

D1-D4—IN5060 reciifier diode

F1-0.5-A4 iuse and holder

Ti1—Transiormer: secondary:
mA

Misc. —Suitable enclosure. knobs for slide
potentiometers (181 rubber feet (4), line
cord, mounting hardware, etc.

““f“‘ﬁ"“‘\“

24 VCT, 80

Note— The following are wvailable jrom South-
west Teehnical Products. 219 . Rhapso-

dy, Sun Antonio. TX 78216: Circuit hoards
(#216-38B) at <1175 (1 1h): complete kit
with case (#216) ar $99.50 (4 [h). Add
suflicient amount 1o cover shipping accord-
ing to weights given.

vided so that the unit can be bvpassed it

desired.

Construction. Three printed  circuit
boards are used: one cach for Teft channel
right channel, and power supply (sec Fig.
2). By mounting all of the switches and
contrals on the circuit boards, wiring is
kept to a minimnm.

When mounting the components on the
hoards, be sure to orient the diodes. in-
tegrated circuits, and electrolvtic capacitors
properlv. See the component layout dia-
grams in Fig. 2.

MAY 1974

Photo of left-channel board including S1.

Several jumpers are used on the two
equalizer boards, as indicated bv the solid
lines on the component L1>out diagrams.
The jumpers can be made by Stllp[)l]l” the
insulation from the ends of short lenaths
of #24 hook-up wire.

The pc boards with the slider potur
tiometers attached can be mounted in the
chassis in onc of a number of wavs. They
can be mounted one above the other, or,
as shown in the photo ol the prototvpe,
thev can be side-bv-side. In cither case, he
sure that sufficient room is left in the slots
for the potentiometer arns so that thev slide
smoothlv without binding.

The slides should he identified on the
front panel as to center frequency and the
amount of boost (+12 at the top) and
attenuation (—12 at the bottom).

The power supply can be mounted i
anv convenicent spot in the chassis, hut be
careful to keep leads carrving audio signals
as far as possible from the supply, to avoid
hum.

Operation. If the sterco svstem has sepa-
rate components, attach the equalizer be-
tween the preamp and the power amplifier.
Alternatively. it can be connected 1o the
tape- out .m(] the lape monitor mpllt ].1(1\8
If neither of these is possul)l( it will be
necessarv to find the spot in the equip-

Prototype

a&-

arrangement of power supply.
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Fig. 2. Foil patterns and component layouts (left at top) are shown half-size.
A foil pattern for the power supply is not shown, but one can be made easily.

ment where the preamp feeds the power
amptlifier. In any case, the input level to the
equalizer should not exceed 2 volts rms.
After installation, set the audio system
tone control for flat response. Using just
the equalizer’s controls for tone compensa-

32

tion will provide a better graphic represen
tation of the equalization preferred.
Compensating for room acoustics is a bit
tricky, but it can be acomplished hy using
a sound pressure level meter and  test
record. @
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What to look for

in a

SHORTWAVE
RECEIVER

Evaluating your broadcast coverage,

technical and operating needs.

VARIOUS types of receivers are common-

ly used by shortwave listeners. Thev
range from multiband radios to professional
communications receivers (not to he con-
fused with less-sophisticated communica-
tions-type receivers). Budgel permitting, the
serious SV listener will opt for the commu-
nications receiver since it pulls in more sta-
tions (especially distant ones) and provides
clearer reception on otherwise marginal sta-
tions. Shortwave communicalions receivers
are both general-coverage (i.e., covering
a specified range of freqnency continously,
without a gap) or cover certain designated,
limited bands.

What Coverage to Look For. If shortwave
broadeast listening is your thing, then the
bands you are interested i fall hetween 2.3
and 26,1 MHz (megahertz, the old mega-
cvcles-per-second or Mc/s). But they are
not continuous throughout this range; in
fact, only about a tenth of that spectrum
is used by broadcasting stations officially,
with a few more (in countries as varied as
Britain, China, Israel, Egvpt, and Spain)
spilling over bevond the designated short-
wave hroadeast bands in happy defiance of

M T‘ 1
10 ©00Q

Drake's DSR-1 communications receiver.

MAY 1974

BY RICHARD E. WOOD

International  Telecommuications  Union
regnlations. Unlike the amateur bands, which
are ina bharmonic relationship to cach
other, on 3.5, 7, 14 MHz, and so on, the
international broadcast bands have no regu-
Lar frequency relationship. Thus, receiver
design hased npon harmonic principles is
not possible.

The frequencics vou will need include the
international bands: 75, 49, 41, 31, 25, 19,
16, 13, and 11 meters, as they are popularly
known. Of these, the 75- and 41-meter
bunds are uot supposed to bhe used for
broadcasts to the Americas, where they are
an integral part of the 80- and 40-meter
ham bands, respectively. But vou will still
want them, either to listen to the amateurs
there, or to thne in to the hroadcasts which
are directed to North America, in some
cases under the pretext of heing intended
for the “Atlantic Islands.”

In any case, Radio Tirana, the voice of
China’s Ewropean ally, Alhania, is there on
7300 kllz all year round, while Radio Mos-
cow’s North Americun service relies chiefly
upon the 4l-meter band during the Narth
American winter, the main frequencies being
7150 and 7205 kHz, often supplemented by
half & dozen others. At the high-frequency
end, be sure that vour receiver covers 13
meters, ds it gives pristine reception ot En-
rope during the day and Australia in the
evening, plus muany other areas. A recciver
without 13 meters—particularly in areas
away from the East Coast—may ot give
much good listening during the hours of
daylight. So unless you're strictlv a night
owl, don’t forget 13 meters (21.45-21.75

33

www.americanradiohistorv.com


www.americanradiohistory.com

MHz). Going higher, the 1l-meter band,
while not obligatory at the present stage in
the sunspot cycle, when it is really too high
tor effective use over normal paths on the
earth, is a useful band to have. For those
days of good conditions it may bring local-
quality reception of Britain, Norway, or
South Africa (almost the only foreign coun-
tries which are using it now) during the
otherwise downswing midday hours.

oo o

.' i

Heath’s GR-78 SW receiver sold as a kit.

For the sounds of cumbias from Colom-
bia, merengues from the Dominican Re-
public, valses from Venezucla, the tropical
bands are not to be missed. And, while
voure not likely to find the BBC, Radio
Nederland, or other popular major hroad-
asters on them, they are Dbest for real
shortwave broadcast DX. The number of
vare countries which can be heard only on
the tropical bands is staggering: Belize,
Gambia, Nepal, Cook Islands, and Reunion,
to name just five. And, because of the
greater interference on the international
bands, or other reasons, many countries
which operate on, say, 25, 31, or 49 meters
are actually much easier to hear on 60,
90, or 120 meters: Honduras, Venezuela,
Colombia, Bolivia, and almost all the Af-
rican republics such as Upper Volta, Togo,
Sierra Leone, Kenva, and Senegal. Thus, be
sure you have coverage of 2.3-2.5 MHz
(120 meters), 3.2-3.4 MHz (90 meters
where you'll also hear the very handy CIIU

time signal from Ottawa, Canada), and
4.75-5.06 MHz (60 meters with WWV lo-
cated at 5 MHz).

Other Receiver Considerations. Besides
the above-specified frequency coverage, an
SWL receiver should have the best possible
charucteristics of sensitivity and selecticity.
Sensitivity is the ability to receive weak sig-
nals and raise them up, as the saying voes,
“out of the mud:” to raise them above the
background noise level, caused mainly by
static (the effects of thunderstorms near and
far), man-made noise, and internal receiver
noise.  Most  genuine communications re-
ceivers today have no lack of sensitivity.
It is worth checking each band, however,
to niake sure that sensitivity does not slump
at cither end of the tuning range, while
peaking in the middle. Weaker signals are
likely to be encountered at the high-fre-
quency end of the shortwave spectrum, so
check your reception in the 13-meter hand
and on 11, when open (carefully).

As more and more stations come onto
the unexpanded shortwave broadcast bands,
selectivity becomes more and more impor-
tant. Check to see whether vou have a
choice of bandwidths: and if you do, check
to sec how intelligible (readable) amplitude
modulated signals are at each bandwidth
setting. The human voice should not be so
clipped as to be incomprehensible. Getting
rid of heterodynes (piercing whistles caused
by stations too close, generally within 1 or
2 kHz of each other) can be performed by
a notch-filter. Tt enables one to take a
“stice” out of a range of frequencies, as
narrow as possible, in order not to destroy
the still-wanted frequencies. Check also
whether you can change to a narrower
bandwidth without switching in the BFO
(beat-frequency oscillator). You will need
the BFO for CW (Morse code) signals, but
not for broadeasting stations using audio
modulation.

ANTENNA
s SPEAKER
METER
BANDSWITCH
e ]
I L |
R.F. | IST LF, 2ND LF. AUDIO _/
avpLirer 1 MXER =1 ampuiFier || ampLiFiEr [T] CETECTOR AMPLIFIER
|
T ]
| —m——- |
L L
TUNING | _ | LocAL ErONES
DIAL [~ —]osciLLATOR
Typical shortwave receiver will have the circuits and features shown here.
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Do | Need a Preamplifier? A preamplifier
adds sensitivity, not selectivityv. If vour
problem is weak signals, then perhaps a pre-
amp is what vou need. A good preamp will
raise the signals without significantly raising
the noise level. The bugaboo of preampli-
fiers is the production of images. A properly
tuned preamp should not produce spurious
radiations or images of powerful stations on
frequencies where they are not supposed
to be. It is wise to ground the preamp and
receiver together with a  braided metal
strap. As we have said, lack of sensitivity is
the least of the problems in a contemporary
receiver, at least with the major shortwave
broadcasters with their average transmitter
power of 250 kW!

What About Grounding? A good ground
doesi’t look fancy. In fact, most of it is
buried and vou don’t see it at all. But it
nkes a bl(r ditference. The hest practical
ground is a copper rod driven into moist
earth. Oue reason why Alaskan AM stations
are not easv to hear in the “Lower 487 is
because of the permafrost which prevents
the digging of a good grounding systen.
Anvway, unless yvou live directly on top of
permafrost or in a wasteland of solid con-
crete, hammer that ground rod in deep and
clamp a heavy-gauge wire from it (copper
again, preferably) to the “G” (sometimes
“E” for the British “Earth”) connection of
vour receiver. Some SWL's keep the ground
moist in dry weather by positioning their
copper rod directly under the drip of an
air conditioning unit. This is a good tech-
nique, as long as the air conditioner does
not produce r-f noise. A substitute ground
can be rigged by numing a wire to a cold
witer pipe or any connection leading to
ground.

How Do | Pinpoint Frequency? Shortwave
receiver design has progressed recently in

the field of calibration. Lxact frequency
read-out to within the nearest assigned
shortwave broadcast channel, ie., to within
5 kHz, is now available on moderately priced
SW receivers. This is a real breakthrough,
taking much guesswork out of tuning and
letting vou dial your favorite station every
time. Some SWL's won't settle today for
less than that when purchasing new equip-
ment, although many still enjoy the older-
style equlpment which requires the compila-
tion of a logging scale or the use of an ex-
ternal « d]]l)l‘ll()l. The internal calibrator in
many receivers, with tones marking every
megahertz, or every 500 and 100 kHz, is still
as useful as ever and featured on manv of
the latest models of shortwave comnumnica-
tions receivers.

The most sophisticated form of calibra-
tion is the electronic digital display of a
frequency of great accuracy, say, one tenth
of a kilohertz. Such displays represent the
state-of-the-art and are found on receivers
in the $2000 price bracket. However, the
same effect, a direct read-off of fignres mak-
ing up the exact frequency to which vou
are tuned, is achieved by the digital dial,
now found on reasonably priced equipment.
A regular tuning scale with pointer remainy
the most common method and, if accurate,
can give good results.

A bandspread scale is another desirable
tuning-accuracy feature. Keep in mind, also,
that frequency calibration can be checked
by timing to WWV time signals.

What About Crystals? Yes, it vou have a
favorite frequency which vou wish to
tune regularly and are using a crystal-
umtxollcd set, vou can insert a compatible
crystal for just that trequency. An M sta-
tion in Washington, D.C., for example,
which regularly relays the BBC news, has
a crystal for 9510 kllz (which makes it a
double relay, since BBC 9510 kHz beamed

ANTENNA
SELECTIVITY s
PEAKER
CONTROL METER SREA
BANDSWITCH
—_—— g | I
! L |
R.F. IST |, |HiGH FREQ. 2nD | fLow FREQ. AUDIO _O/
awp. [ wmixer II" LE AMPS. [ MIXER IF. AMps. []PETECTORI—~] “gyp
) T
JJ ) ]
Jamla | [
TUNING . JWiGH FreQ. LOW FREQ. ‘ ® So— &ro PHONES
DIAL LOCAL 0SC. LOCAL OSC.

More sophisticated receivers use dual-conversion with two oscillators/i-f amps.
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www.americanradiohistorv com


www.americanradiohistory.com

Discover the ease and
excitement of learning
Electronics with
programmed equipment

When you train at home with NRI, you train

| en s you with your hands as well as your head. You

learn the WHY of Electronics, Communica-

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

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

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

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

NRI— The Leader in Electronics Training for more than Fifty Years

APPROVED UNDER
NEW Gl BILL /o serve

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

TV-RADIO
SERVICING

Color television sales are soaring.
And so is the demand for trained
repairmen. If you can service TV
sets, portable radios, tape recorders,
hi-fi sets, phonographs and auto
radios, you'll always be in demand.
It's one of your best routes to spare-
time earnings, a good paying job or
a business of your own. NRI trains
you quickly and expertly, showing
you how to get started in servicing
soon after you enroll, earning as you
learn. NRI trains you in today's
method of installing and repairing all
electronic equipment for the home
—including solid state Color TV. You
even build, experiment with and
keep to enjoy your own solid-state
radio plus your choice of black-and-
white or the new 25" diagonal solid
state Color TV receiver NR1 devel-
oped from the chassis up for train-
ing. Like thousands of others, you
can soon be earning good money in
your sparetime...the easy NRIway.

There’s money and
success awaiting you in

COMMUNICATIONS

MOBILE RADIO &
BROADGASTING

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

Move ahead in America's
fast growing industry as

COMPUTER
TECHINCIAN

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

YOU GET MORE FOR YOUR MONEY FROM NRI

MAY 1974
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NRI Kits
and Equipment

Dollar for dollar, you get more value
from NRI training kits, because they
are designed as educational tools.
In the TV-Radio Servicing Course,
for instance, the end product is a
superb 25” diagonal color TV your
whole family will enjoy. The set is
designed so that, while building it,
you can introduce and correct de-
fects . . . for trouble-shooting and
hands-on experience in circuitry and
servicing. The kits include, at no
additional cost, a wide-band service
type oscilloscope and color cross-
hatch generator, and other valuable
equipment that will let you start
earning money in your spare time
making repairs . . . even before the
course is completed.
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Panasonic’s RF-5000A
portable SW receiver.

to North America comes via the Atlantic
Relay Station on Ascension Island). Radio
Japan sent some of its regnlar inonitors a
little hand-held portable with erystals for
three leading NHK  frequencies, 9505,
15105, and 17825 kHz. For receivers which
come equipped with a certain range of fre-
quencies and which are programmed  to
accept additional crystals, sets of crystals
for the tropical bands, the aeronautical

bands, the amatenr bands, ete., may hbe
bought and inserted.
Now—the Antenna. Strictly speaking,

vour antenna is your receiver. It seizes the
imcoming signals, then vour receiver (nnph-
fies and (onvelts them. Bul the antenna’s
role is the basic one. The most common
SWL wantenna is the dipole. To make a
(]lpole take anv reasonably sturdy gauge of
wire, shielded or unshiclded, and measure
it out. A /:(I/f—u(u(' dipole will measure half
the waveleneth at the center of the band
for which the dipole antenna is being cut,
minus one twenticth (5% ). If vou make all
vour measurements inometers, this shonld
be easy to work out and it will give vou
practice with the metric system, which we
will be nsing all the time eventually, Take
the 19-meter hand, one of the most popular.
A wavelength toward the middle of that
band is 19.6 melers; a half-wave, then
would be 9.8 meters: a twentieth of that
would he roughly half a meter. So vyour
half-wave dipole should be 9.3 meters long.
Fold it and cut it precisely in the middle.
There, insert an insulator or, better still,
a halun. That is the point where vour trans-
mission line or lead-in to the receiver is in-
serted. This can be ordinary twin-lead, but

40

it’s better lo spend a little monev and use
RG-538/U coaxial cable. If you hang the
dipole between two trees or l)m]dmﬂs or
between a mast or a house, or in any othel
hanging position, the bdlun and transmis-
sion line junction will be the vulnerable
stress-point.  So  check it thoroughly for
physical strength and give the coax connec-
tion a good weatherproofing either by en-
casing it in a watertight box or by greasing
it lhomnﬂhly Don’t f()wet llghtmnq arrest-
ers for shortwave or anv other antenna that
is installed outdoors.

The Vee antenna is essentially a folded
dipole whose nid-point feeds directly down
to the receiver via the transmission line, as
above, while the two ends, rather than fol-
lowing a straight line, form a “V” shape
encompassing an angle of, say, 30 or 40
degrees, as desired.

The L antenna looks, of course, like the
letter L. It runs vertically, sav, up a pole
or the side of a house, then bends at right
angles and from there horizontally into the
receiver. There are many other Kinds of
antennas which can be built with simple
wire, and antenna experimenting is part of
the fun of SWL-ing. Antenna kits and pre-
built SWL .mtemms including a multi-band
dipole und a Lemcal may l)e bought com-

mercially. &
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‘““What | don't understand is why it
only shorts out on Mondays.”
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ENGLISH-LANGUAGE SHORTWAVE BROADCASTS

MAY-AUGUST
By Roger Legge

TO EASTERN NORTH AMERICA

TIME—EDT TIME—GMT STATION FREQUENCIES, MHz
7:15—8:30 a.m. 1115—1230 Melbourne, Australia 9.58, 11.71
7:30—8:00 a.m. 1130—1200 Jerusalem, Israel 15.13,17.71
8:00—8:55 a.m. 1200—1255 Montreal, Canada 5.97, 11.825, 15.315
8:00—9:00 a.m. 1200—1300 Peking, China 11.685, 15.095
4:00—4.45 p.m. 2000—2045 Jerusalam, Israel 9.445, 9.785, 15,100
6:00—9:0C p.m. 2200—0100 London, England 5.975, 9.51, 9.58, 11.78
6:30—8:30 p.m. 2230—0030 Johannesburg, S. Africa 5.98, 9.585, 9.695, 11.97
7:00—7:30 p.m. 2300—2330 Helsinki, Finland 15.185
7:00—8:30 p.m. 2300—0030 Moscow, U.S.S.R. 7.15, 9.685, 11.87, 11.90, 15.21
7:45—8:45 p.m. 2345—0045 Tokyo, Japan 15.27, 15.445
8:00—8:30 p.m. 0000—0030 Tirana, Albania 7.065, 9.78
8:00—9:00 p.m. 0000—0100 Peking, China 15.06, 17.673
Sofia, Bulgaria 9.70
8:30—9:00 p.m. 0030—0100 Stockholm, Sweden 11.895
8:30—10:45 p.m. 0030—0245 Johannesburg, S. Africa  5.98, 9.585, 9.695, 11.97
8:30 p.m.—3:00 a.m. 0030—0700 HCJB, Quito, Ecuador 9.56, 11.915, 15.115
8:40-—9:00 p.m. 0040—0100 Brussels, Belgium 9.55
9:00—9:15 p.m. 0100—0115 Vatican City 5.995, 9.605, 11.845
9:00—9:20 p.m. 0100—0120 Rome, ltaly 9.575, 11.81
9:00—9:30 p.m. 0100—0130 Budapest, Hungary 9.833, 11.91, 15.155
4.
s’
9
(s ey
()" - " i ﬂ aﬁ@
o » Dallyfrustrahons make
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4-speaker,

CIRCLE NO. 34 ON READER SERVICE CARD
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a person want to get away

“D‘ from it alt. And, the UTAH MP-3000
6\ Speaker will take you there better, faster
than any comparabte unit. With the MP-3000,

you know you are in Tahiti, Paris or even Kentucky.

Your day becomes more pleasant,
MP-3000 conquers the sound barriers.

MP-3000 combines the rare attributes of sound and
styling. Clean, undistorted sound comes from this
3-way speaker system. The oiled and
hand-rubbed walnut veneer cabinets, and unique
grille of sculptured foam are both acoustically and
geometrically beautiful. The system contains a 15”
high compliance woofer with a 2” voice coil, as well
as two horn-loaded-dome-tweeters.
guished combination of well-defined, distortion-free
sound reproduction. Size: 27" x 20'2" x 14” deep, ex-
cluding base. Shipping weight: 70#.

too, as the

It's a distin-

Come travel with us. Get complete information about
the exciting MP-3000 Speaker System.

UTAH ELECTRONICS

Huntington, nd. 46750
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9:00—9:45 p.m.

9:00—9:55 p.m.
9:00—10:00 p.m.

9:00—11:00 p.m.
9:00—11:30 p.m.
9:00 p.m.—1:00 a.m.
9:00 p.m.—1:00 a.m.
9:30—10:30 p.m.
9:30—10:50 p.m.
9:45—10:15 p.m.
10:00—10:30 p.m.
10:00—10:45 p.m.
10:00—11:20 p.m.
10:00—11:30 p.m.
10:00 p.m.—12 mdt
10:30—11:00 p.m.
10:30—11:15 p.m.
11:00—11:30 p.m.

11:00 p.m.—12:00 mdt

0100-—0145

0100—0155
0100-—0200

0100—0300
0100—0330
0100—0500
0100—0500
0130—0230
0130—0250
0145—0215
0200—0230
0200—0245
0200—0320
0200—0330
0200—0400
0230—0300
0230—0315
0300—0330

0300-—0400

Berlin, E. Germany
Madrid, Spain

Montreal, Canada
Peking, China

Prague, Czechoslovakia
Melbourne, Australia
London, England
Havana, Cuba

Moscow, U.S.S.R.
Bucharest, Romania
Cologne, W. Germany
Berne, Switzerland
Stockholm, Sweden
Lisbon, Portugal
Hilversum, Holland
Cairo, Egypt

Peking, China

Beirut, Lebanon

Berlin, E. Germany
Bucharest, Romania
Budapest, Hungary
Buenos Aires, Argentina
Prague, Czechoslovakia

9.73,11.89

6.065, 11.925

6.085, 11.835

7.12,9.78, 15.06, 17.855
7.345,9.74, 11.99

15.32, 17.795, 21.74
5.975,9.58, 11.78, 11.82
11.93

7.15, 9.665, 9.685, 11.735. 11.90
5.99, 9.57, 11.94

6.04, 9.545, 9.69

6.12, 9.535, 11.715, 15.305

11.955

6.025, 11.935

11.73 (via Bonaire)
9.475

15.06, 15.51, 17.855
11.79

9.73, 11.89

9.57,11.94, 15.25
9.833, 11.91, 15.155
9.69 (Mon.-Fri.)

5.93, 7.345, 9.74, 11.99

TO WESTERN NORTH AMERICA

TIME—PDT TIME—GMT STATION FREQUENCIES, MHz
7:00—7:15 a.m. 1400—1415 Tokyo, Japan 9.505

8:00—8:15 a.m. 1500—1515 Tokyo, Japan 9.505

4:00—5:30 p.m. 2300—0030 London, England 9.74 (via Canada)

5:00—7:00 p.m.
5:30 p.m.—12 mdt
6:00—8:00 p.m.

6:30—7:30 p.m.
6:30—7:45 p.m.
7:00—8:20 p.m.
7:00—8:30 p.m.
7:00—8:50 p.m.
7:00—9:15 p.m.
8:00—8:30 p.m.
8:00—8:45 p.m.
8:00—9:00 p.m.

8:00—10:00 p.m.
8:30—9:00 p.m.

8:30—9:15 p.m.
8:30—11:00 p.m.
8:30 p.m.—12:30 a.m.
9:00—9:15 p.m.
9:00—9:30 p.m.
9:00—9:45 p.m.
9:00—9:55 p.m.
9:15-—9:45 p.m.
9:30-—10:00 p.m.

9:35—10:55 p.m.
10:00—10:55 p.m.
10:00—11:20 p.m.
11:00—11:15 p.m.
11:00 p.m.—12 mdt.
11:30 p.m. 1:00 a.m.
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0000—0200
0030—0700
0100—0300

0130—0230
0130—0245
0200—0320
0200—0330
0200—0350
0200—0415
0300—0330
0300—0345
0300—0400

0300—0500
0330—0400

0330—0415
0330—0600
0330—0730
0400—0415
0400—0430
0400—0445
0400—0455
0415—0445
0430—0500

0435—0555
0500—0555
0500—0620
0600—0615
0600—0700
0630—0800

www americanradiohistorv com

London, England

HCJB, Quito, Ecuador
Melbourne, Australia
Moscow, U.S.S.R.
Peking, China

Tokyo, Japan
Johannesburg, S. Africa
Hilversum, Holland
Cairo, Egypt

Taipei, Taiwan

London, England
Seoul, Korea

Madrid, Spain

Buenos Aires, Argentina
Prague. Czechostovakia
Peking, China
Stockholm, Sweden
Tirana, Albania

Berlin, E. Germany
Havana, Cuba

Moscow, U.S.S.R.
Tokyo, Japan

Sofia, Bulgaria

Lisbon, Portugal
Montreal, Canada
Budapest, Hungary
Berne, Switzerland
Bucharest, Romania
Cologne, W. Germany
Montreal, Canada
Hilversum, Holland
Tokyo, Japan

Buenos Aires, Argentina
Havana, Cuba

9.51,11.78, 11.82

9.56, 11.915, 15.115
15.32,17.795, 21.74
17.775, 17.865 (via Khabarovsk)
15.06, 15.51, 17.855
15.235, 15.445, 17.825
5.98, 9.585, 9.695, 11.97
11.73 (via Bonaire)

9.475

15.345. 17.72, 17.89
9.51, 11.82 (via Ascension Is.)
15.335

6.065, 11.925

9.69 (Mon.-Fri.)

5.93, 7.345, 9.74, 11.99
15.06, 17.735, 17.855
11.705

6.20, 7.30

9.65, 11.825, 11.97

11.76, 11.93

15.18, 17.72, 17.865
15.105

9.70

6.025, 11.935

6.135, 9.655

9.833, 11.91, 15.155
5.98, 9.725, 11.715

5.99, 9.57, 11.94

6.085, 9.605 (via Canada)
6.135, 9.655

9.715, 11.73 (via Bonaire}
15.105

9.69 (Mon.-Fri.)

9.525

POPULAR ELECTRONICS
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COMMUNICATIONS

BY FRED MARKS

GROWING number of hobbvists has

been attracted to radio-control model-
ing due to new solid-state designs and
exam-free CB licensing. The clectronic gear
in today’s modeling provides wide responsc
flexibility and high reliability in cextremely
compact, lightweight packages. (See also
“Radio Control For Hobbyists,” February
1974.)

There are two commonly used basic
schemes in R/C equipment. The simplest
is a refined version of single-cliannel, pulse-
proportional control. The other, a digital
system, is a sophisticated feedback pro-
portional control that utilizes pulse-position
modulation.

Pulse-Proportional Systems. The only
tone-modulated, pulse-proportional  system
we know of on the market today is made
by Ace R/C. Its major advantages are mini-
mal weight and low cost. It is used primar-
ily in  situations where multi-channel
Hexibility is not required.

In the Ace R/C system, a 600-Hz tone
is pulsed on uand off at the transmitter
to drive an actuator in the receiver. The
receiver demodulates the received pulsed
tone and pl'oduces a4 square-wave output
that reproduces the pulses originally sent
to the transmitter’s tone modulator.

The switching outputs of the receiver

MAY 1974

o

TYPES OF
REMOTE R/C
SYSTEMS USED TO
OPERATE MODEL PLANES,
CARS, AND BOATS

comeel one end of the actuator or the other
(depending on the command initiated at
the transmitter) to the positive voltage
supply. This type of system is limited to
one proportional function. The repetition
rate is from 6 to S pulses per second. The
model under control does not respond  to
individual pulses. Instead, it follows the
average posilion.

Digital-Proportional ~ Systems.  Digital
systems all use the same  pulse-position
modulation scheme, with the -t envelope
amplitude-modulated by a series of pulses
at a specific interval (frame length) ot from
10 to 15 milliseconds. Each pulse is sepa-
rated from the others by o nominal 1.5
nilliseconds.  This  separation is  indepen-
dently and continuously variable by *+0.5
millisecond  (maximum) for control. The
decoded output to a digital feedback servo
is a pulse that duplicates the original control
input to an accuracy ot 99.75 percent.

The block diagrum of a typical digital-
proportional  transmit ‘receive  system s
shown in Fig. 1. The wavetrain illustrated
is for a five-chaunel system.

The objective of digital encoding and
decoding is to obtain a specific width-control
pulse for each servo in the system. The
length of the pulse must be variable over
the desired control range. Timing and syn-
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Fig. 1. Block diagram of con-
temporary five-channel digi-
tal-proportional transmit and

1.5m
TYPICAL
\ EN VELOPE

OO

7N

TVP|CAL

[ 0.3ms
“/_ﬂ__fUULMUt‘né“.m
l 1.5
MODUL ATOR — =—%{PeaL
0.3m
SOUARING /TYPICAL

receive system is complete
as shown except for servos.

—\ ML

The decoder system, shown on
facing page, uses typical IC's.

CLOCK

F ¥ %

T I.5ms
/T YPICAI
STAGE STAGE STAGE STAGE STAGE
t 2 3 4 5
CONTROL CONTROL CONTROL CONTROL CON};ROL
1 2 3 4
TRANSMITTER/ENCODER
(A)

chronization of the scheme is shown in Fig.
2. The times indicated are approximate and
are representative of those used in current
svstems.

A typical encode ‘decode process lakes
place as follows. The clock oscillator in
Fig. 1A estublishes the repetition rate of

the system, which is usually 10 to 16 milli-
seconds or 60 to 100 1z The trailing edge
of the frame pulse triggers the first stage.
Upon being triggered, the first stage changes
state for a period of time determined by
the control potentiometer.

The output of cach stage is gated by a
diode to an RC hllelentmtm, and a small
spike at the input to the squaring block
oceurs al the trailing edge of the stage’s
output pulse. This spike is also coupled to
the next stage for triggering. Stage two
stays on ftor its conmanded period (t2
in Fig. 2). Stages three through five follow
in like manner. Then 3 to 8 milliseconds are
permitted to clapse to allow the decoder
to reset. The clock, having completed its
15-millisecond period, changes state to re-
start the cvcle.

The gated output spikes appear at the
input to the squaring amplifier in the first
frame of pulses. The squaring stage converts
each spike to a well-defined pulse with a
0.3-millisecond nominal width for control
of the modulator.

44

The position of cach pulse relative to
the preceding pulse is the transmitted inlor-
mation—hence, pulse-position modulation.
The rise and fall times of the pulsed r-f
envelope must be carefully controlled to
obtain an acceptable sideband spectrum.

The receiver attempts to reproduce the
encoded envelope with the best possible
fidelity for presentation to the decoder.

Digital-Decoder. The decoder, shown in
block diagram form i Fig. 1B and sche-
matically in Fig 3, is typical of moderm 1C
decoders. The output of the receiver is a
train of two (for one channel) to nine (for
eight channels) pulses per frame. The
inverters switch between a 4.8-volt high
level to almost zero for the low level. Trans-
istor Q1 serves primarily as an inverter for
the incoming signal, although it also provides
a slight amount of amplification.

The pulse train that comes off the col-
lector of QI proceeds to two stages. The
stage consisting of inverters 4 and 5 gen-
erates the “set” pulse, while the one made
up of inverters 2 and 3 shapes the pulse
train to form the clock or “shift” pulses.

The shift-pulse shaper accepts the pulse
train, squares it, and slightly stretches it by
feedback through C3. The low outpnt from
inverter 2 is shifted high by inverter 6 to
provide the proper output. The shaped

POPULAR ELECTRONICS
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_R-F H;-r H;TECTOR / SQUARING
3 -q

.3ms
TYPICAL

e

m»'i%%‘i*l =

SET PULSE

CIRCUIT
CLOCK PULSES H E

LLOCK PULSE
SHAPER

SHIFT REGISTER

»
m

RECEIVER/DECODER
(B)

clock pulses are then passed to an eight-hit
shift register.

Upon receipt of the sync pulse, the diode
and C+4 act as a “sample-and-hold” cireuit
or pulse stretcher. Discharging through
inverter 4, C4 places the inverter in a high
state. At this point, the pulse is stretched
across the entire pulse train. The output
from inverter 5 is square and low during
the period when the pulse train is present.

The shift register is set by having the
ountput of the inverter high at the instant
the first clock pulse is received. The set is
immediately driven low until after the last
pulse is received. Flip-flop I'FFI in the
register is inhibited from shitting to high at
its Q output until the next frame of infor-
mation is received. (sce Fig. 1B).

The two control functions are entered
at the set (S) input of FFI and at the clock
inputs. When there is no information present
during the svne (set) pause period, the
FFI through I'F$ Q outputs are low. As soon
as the first clock pulse is received, FII's
Q ontput goes high. Unless it “sees” a high
input at SA and SB, which it does at the
instant the first clock pulse is received, IFI'1
(at its Q output) cannot shift. It remains
high until the second clock pulse is received,
at which time it goes low.

If the S input of FFI were to remain high
at all times, FFI would simply shift high

MAY 1974

alternately at its Q and not-Q outputs every
time a clock pulse is received. Now, I'F]
cannot shift again as long as the output of
inverter 3 is low. This is why the pause
between frames is called the sync or “set”
pause.

Bear in mind that the Q output of II'2
cannot shift high until the S input is high.
It sees a high level only when the Q output
of FFI is high. As soon as FII’s Q output
is driven high, FF2 is set to shift high at
its Q output when the second pulse, which

cLOCK m

STAGE | tl
STAGE 2 12
- " |
STAGE 3 +3
STAGE 4 t4
STAGE 5 t5

ENCODE +-0-3ms
BUTAUT TO \:'5:"“" 12|{t3[14][ 15
MODUL AT OR

t5:8ms
+1,12,13,14,45:1.5ms +0.5ms
(A)
ALL SERVOS AT NEUTRAL {1.5ms)
INPUT
QUTPUT 1 o
(CHANNEL 1)

OUTPUT 2
{CHANNEL 2)

QUTPUT 3 '3
(CHANNEL 3)

QUTPUT 4
{CHANNEL 4)

QUTPUT 5§ 15
(CHANNEL 5)
(B)
RELATED
SERVO-ARM
WAVEFORMS POSITION

CHANNEL 1 2-0‘ C/
ms
CHANNEL 2 —j—]"'l.Oms %
| 2.0 2
CHANNEL 3 ms r/
CHANNEL 4 I (NEuTm\Lﬂ
CHANNEL 5 2ms

N

()

Fig. 2. Waveforms show timing and synchron-
ization of digital signals. Those at (A)
are for one frame of encoder; (B) is for
decoder; and (C) shows control variations.
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Fig. 3. Schematic diagram of the decoder shows how the 8-bit shift register in IC
is used to simplify the circuit. Transistor Q1 is inverter and amplifier for input.

sets the Q output of FFT to low, is received. usually a diode-resistor network, determines
The Q ontput of FF2 remains high until the  the relative width of the pulses (sce Fig. 5).
third pulse is received to drive it low and The pulse stretcher and trigger convert
the Q oulput of FFI3 high, and so on down  the crror pulse, measured in microseconds,
the line throngh FI°3. As soon as C5 and C6  to a longer pulse suitable for turning on the
have discharged atter the last pulse, the servo driver. The driver then applies B~
outpul of imverter 5 returns to high, setting  power to the servo motor, providing full

I’ for the neat frame. power at any position.

The Servo. Figure 4 is a block diagram WeuT n il
of a digital feedhack servo. Almost all RUESE
servo amplifiers now consist of a specially REFERENCE
(.lvmg!w(l IC 'lhat. contains all the control cow oureyt - —_—  —
functions shown in the diagram. The only FROM COMPARATOR ~~ERROR
external components needed are used for CW OUTPUT SET==ERAOR
lead-band, travel, and feedback Sitivit A FATIOR
dead-band, travel, and feedback sensitivity P o Nodu
trimming. The scrvo functions as follows. ERROR ERROR

E (A) (8) (<)

First, a reference pulse is generated, jts

width determined by the feedbuck element Fig. 5. Diode-resistor comparator determines
as positioned by the servo ontput arm. The  relative width of pulses in digital servo.
incoming signal mav be wider or narrower
than the reference pulse. The comparator, \ o S i mp—

As the motor and servo arm are driven,

sTrETCcHED the leedback element is repositioning o

'ROR P . . . .
. e vield a pulse that is exactly equal in width
s LR L % 1o the input pulse. The repositioning can
iml l / oe l ) take several frames to occur hecause full

CCW SOr o v o ires ~
m"o'm’g; / | STRETCHER |pi CCW SCrvo t.mvd requires 0.5 to 1.0.Seu)nd,
T depending on such factors as gearing and

REFERENCE | COMPRR-) < & :
s 5 battery voltage.
\ PULSE
A [—> o STRETCHER oaTan

ACLL 2 Summing Up. Radio contro! for modelin

REFERENCE . . )
GENERATOR has come a loung wav since the 1950’s. With
T O ' \ q aimi Y i1sti-
‘zﬁm A oureur  today’s equipment, containing the sophisti
oraid | cated electronics described here, the modeler
C o e - has at his command a control system that
¥ COUNTERCLOCK WISE AND CLOCKWISE responds in a manmer very similar to the
Fig. 4. Most of the functions in digital svstems used in full-size aircraft, racing and
servo are included in a single IC device. standard cars, and boats, @®
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Micropower Audible Continuity Tester

SEMICONDUCTOR JUNCTION TESTER USES 55-uA TO SOUND ALARM
BY WILLIAM D. KRAENGEL, JR.

HERE are many low-power ohinmeters

whose test voltages are such that they
will not cause semiconductor junctions to
break down and give erroncous readings.
(They are also low enough that they will
not destroy a semiconductor junction.)
These instruments are very useful when
measuring  resistance in a semiconductor
circuit; but, as is true of all meter-type in-
struments, they require the user to look at
the meter in order to determine the re-
sults. In continuity checking this can he
a decided disadvantage.

For several reasons it is desirable that a
continuity tester be small, portable und
audible. Not all continuity checking is
done on the workbench. Quite often, it is
necessary to hold the probes in place while
standing on a ladder, working in the dark
(at least where the poiuts to be checked
can’t be seen), or squeezing into a small
space.

s J Jg2

b3 TEST &
25k3™4 2 voLTAGE
E:

33
820K3

1

PARTS LIST

A1—SC-628 Mallory Senalert (or similar)

B1—9-volt battery ar six AA cells

J1, J2—Banana jack

Ql—Transistor (HEP724 or similar)

RI1—25.000-0hm trimmer potentiometer

R2—10-megohm. Ya-watt resistor

R3--820,000-0hm, Ya-watt resistor

SI1—Spst switch

Misc.—Battery clips, suitable plastic case,
test leads, etc.

Fig. 1. Transistor is biased just be-
low operational point. When resistance
between J1 and J2 is less than 1500
ohms, Q1 turns on and alarm goes off.

MAY 1974

To avoid some of these problems, the
micropower audible continuity tester de-
scribed liere can be a real boon to the tech-
nician and experimenter. The tester applies
0.3 volt at about 55 pA to the circuit under
test. It can be used without regard to
polarity on circuits containing diodes, tran-
sistors or IC’s since the tester interprets
their presence as an open circuit. It will,
however, indicate continuity through anv
resistance of less than approximately 1500
ohms. The tester can be carried in a pocket,
with just the two test leads carried in
the hands.

About the Circuit. The circnit is shown in
Fig. 1. In operation, Q1 is hiased just below
conduction by voltuge divider R2 and R3.
Potentiometer RI- controls the test voltage
and hence the sensitivity of the tesler.
Xornmﬂ)’, a test voltage of about 0.3 volt
is available hetween JI and 2. When there
is 1500 ohms or less hetween JI and [2,
the small additional voltage from RI biases
Q2 into condnction causing the andible
alarm to sound. Potentiometer RI can he
adjusted to maintain a fixed test voltage as
the battery ages.

Construction. The circuit can be assem-
bled on a small piece of perf board. with
the entire wnit, including the battery, housed
in a sinall plastic case. Mount the alarm,
the switch, und the two connectors on the
front cover. Power can be obtained from
either a conventional 9-volt transistor radio
battery or six AA cells in series.

A Note of Caution. One might be tempted
to make the tester even more sensitive than
it is but there is a practical limit to the
maxinuun - sensitivity  that can be used.
There is a definite leakage that is inherent
to all semiconductor devices. Power semi-
conductors can have a leakage mnch greater
than that normally associated with signal
semiconductors. If the sensitivity of the
continuily tester is made too great, it will
interpret this leakage as continnity and give
a false indication.
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SCIENCE FAIR PROJECT

BUILD A

HALL EFFECGT
MAGNETOMETER

Probe magnetic fields with this

home-built instrument

BY L. GEORGE LAWRENCE

I.\ 1879. E.11. Hall published a paper in
which he described how a magnetice field,
when passing through a current flowing in
a thin picce of metal, produced a voltage
hetween the edges of the metal. The same
effect was also observed to greater degree
in semiconducior materials such as germa-
nium, silicon, and various indium com-
pounds.

Hall-effect devices can sense magnetic
forces without making phvsical contact.
Such devices made from semicondnctors
are used to measure magnetic forces in al-
most everv phase of applied electronies and
power generation, including such diverse
applications as the manufacture of razor
blades, satellites, and large tractor tires.

Iu this article, we will tell how to con-
struct a versatile Hall-effect magnetometer.
It will not only demonstrate the principles
of the Hall-effect operation, but will also
make an educational Science Fair project.
A commonly available IC, a transistor and
conventional components are used in the
project.

How a Magnetometer Works. The Hall
generator can be a verv thin strip of con-
ductor through which a current is passed
from A to B as shown in Fig. 1. If a gal-
vanometer is connccted to directly opposite
points at the sides of the strip (a and b),

48

the potential between the points will be
the same, and the galvanometer will not
register a deflection. However, Hall dis-
covered that if a verv strong magnetic field
(= B) is then applied at right angles to the
strip’s plane, the state of electrical balance
is disturbed. The meter then indicates a
potential difference between points @ and b.

By holding control current 1. constant,
Hall voltage V, depends directly on +B
(the magnetic flux densitv). If both I, and
+B are variable, the output (Vy) is pro-
portional to the product of the two terms.
Also, with the magnetic Hux and control
current held constant, V,; becomes a func-
tion of the angle between +B and the
Hall generator’s active area.

Todav, Hall-eflect devices are widely
used in measuring current, usuallv bv mag-
netie-field induction. Since the magnitude
of a magnetic field at a given point is pro-
portional to the current creating the field,
the IHall voltage is proportional to the cur-
rent level. Amplification is needed to make
the small Hall voltage readable on a meter.

In Fig. 2 are shown various types of
Hall-eflect sensor applications. The simplest
configuration (Fig. 2A) involves nothing
more than a IHall generator mounted near
a current-carrving conductor. This upplicu-
tion works exeeptionally well where very
high direct currents—such as those re-

POPULAR ELECTRONICS
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quired by automobile  starters—must  be
measured without making contact. The
magnetoneter of which thc iladl generator
is a part is calibrated against a hwh current
source ol known value.

Hall generators with flux-ring concentra-
tors (l*w 21B) provide increased sensitivity.
The smaller the width of the gap in the
concentrator  (such as in an Amold En-
gineering “Silectron” core), the higher the
system’s sensitivity.

Iy

Fig. 1. Hali generator is a thin
strip of conductor with a cur-
rent flowing through it. With
a magnetic field applied at
right angles to the current,

Another flux-field concentrator arrange-
ment is shown in Fig. 2C. Here a J-in.
diameter rod of ferrite or high-permeability
steel, such as molvpermalloy, makes a good
concentrator. About 500 amperc-turns ol
field strength is the bottom measurable
limit with this arrangement.

In Fig. 3 is shown another coneentrator.
Note how concentrator length Lo improves
the magnetic sensitivity of the Hall genera-

(such as the F.W. Bell Tvpe BH-702).

+—~ELECTROMAGNET

+B

HALL GENERATOR

a potential difference occurs.

z, ‘/% //25

GALVANOMETER

V= HALL VOLTAGE

—0 I: O

MAY 1974

I. =CONTROL CURRENT
+B = FLUX DENSITY

I¢ = FIELD CURRENT
R_ LOAD RESISTOR
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I CURRENT =g | I
ro CONDUCTOR M3 QG HAL;GENERATOR
% @:E
HALL < ) e
A —— CONCENTRATOR
FLUX CONCENTRATOR
( 6 GAP
\_,DE}E L HALL <__,>
S GENERATOR FLUX
U CONCENTRATOR
< MAGNETIC
- FLUX, B g ) D
OU (A) (B) bv ()
S,

Fig. 2. A simple current sensor is shown at (A).

In (B), the Hall generator has

a flux concentrator ring. A Moly permalloy strip concentrator is shown in (C).

Molvpermalloy strip concentrators measur-
ing 0.014 in. l)v 0.25 in. are simply bonded
to the Hall generatox s main body and suit-
ably secured in epoxy to avoid mechanical
d.mmgc to the Hall device due to accidental
bending.

A Home-Built Magnetometer. The mag-
netometer shown schematically in Fig. 4
can be built in a home workshop. Its highly
flexible design can accommodate different
types of Iall generators and their excitation
currents. It has special provisions for use
with the 741 IC amplifier, and the meter is
casily calibrated.

The Hall generator specified is a Bell
Type BIL-T02 that requires a control cur-
rent of 200 mA so that, when suspended
in a 100-gauss magnetic field, the open-
circuit Hall voltage is about 10 mV. The
generator has an operating t('mpvruture
range of —40° C to +100° C (boiling
point of water), which is typical of manv
similar Hall-effect devices.

The generator’s control current is regu-
lated by QI, whose operating bias is set
bv BI and RS. A simple adjustment of R8
will permit the system to accommodate
other Hull generators that require different
control currents. (You simply connect a de
ammeter in the collector circuit of Q7 and
adjust R8 to set the required current.)

The Hall generator’s output is fed into
a high-gain  operational amplifier (ICI)
whose gain is set by R3. Null adjustment
R5 is vital for zeroing the amplifier under
quiescent conditions (Hall generator ener-
gized but without a magnetic field applied).
Calibration control R7 permits proper full-
scale settings of the meter.

50

Construction. The electronic components
can be casily mounted on perforated phen-
olic board as shown in Fig. 5. The four
batteries should be held in place with pipe
clamps and holders for 1.5-volt D-size cells.

The three switches, meter, connector,
and potentiometer R3 mount on the front
panel of the chassis case. Use a 0-to-10
dial scale for R3, and muake up a “Calibra-
tion Reference” card. Affix the latter to
the case’s front panel.

Constructing the main unit is not critical.
However, special consideration must be
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BH-702 MAGNETIC SENSITIVITY

/
/
/
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»
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CONCENTRATOR LENGTH,L,IN INCHE S ==ma——pn

APROX. MAGNETIC SENSITIVITY, mV/GAUSS mmmmre—ip

0.014" X 1/4" MOLY PERMALLOY
STRIP CONCENTRATORS

—<+8

4 T~HALL GENERATOR

‘——CONCENTRATOR LENGTH, L

Fig. 3. Graph at top shows how length of
concentrators improves magnetic sensitivity.
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Pl 501

OPTIONAL LOAD RES R3
(10N FOR BH-702)

A
WWW/

VWWWWW»

BLUE

I 2>
SR7
0

S 10K
s METER CAL

<

R4
5—1"‘“ BH-702 |BED W

HALL |YELLOW

GEN
1 <::>

4

~—1I1,=200mA

.ADJUST FOR RECOMMENDED
HALL—ELEMENT CURRENT

1.5V

B1.B2-—1.5-volt D cell

B3.B4—9-volt bauery

Hall Generator—BH-702 (F. V. Bell)*

1C1--741C op amp

MI—1-mA meter (Calectro D1-912 or
similar)

Pl—i-pin plug with auached color-coded
leads (see text)

O —HEP-51 transistor

RI,R2--2700-0hm, Ye-watl resistor

R.3---850.000-0hm linear potentiometer

R4--1500-0hm, 1-wat! resistor

R5.R7—10.000-0hhm linear potentiometer

R6-—3300-0hm, Ya-wult resistor

R8—150-0hm, l-watt resistor (adjusted for
recommended Hall-element current)

R8 —~52 i
150N 58

PARTS LIST

i
lo—

I mA

Fig. 4. Schematic of magnetometer.
Transistor Q1 supplies plate cur-
rent, and op amp IC1 is amplifier.

RY-—10,000-0hm, Va-watt resistor

S1.52—Dpst switech

S3—Dpdt switch

SOI—4-pin socket to match Pl

Misc.—D-cell holder (2), pipe clamps (2) for
9-volt buttery, buttery connectors (2), suit-
able chassis, calibrated dial jor R3, prohe
holder, cement, wire, monnting hurdware.
elc.

“Heall generators of different sensitivity rangcs
and prices are available from  (among
others) F. W. Bell, Inc.. 4949 Freeway
Drive East. Columbus, Ohio 43229: and
Ohio Semitronics, Inc., 1205 Chesapeake
Ave., Columbus, Ohio, 43212.

taken when assembling the probe for the
Hall generator (see Fig. 6). First, remem-
ber that Hall generators are very fragile
and cannot be handled like most miniature
electronic  components. Their  aluminum-
oxide substrates are brittle. So, use only the
leads to move and locate the generator.
Avoid putting tension on the leads and
bending them close to the substrate. Bends
must be at least % in. away from the sub-
strate.

The Hall generator can be housed in a
small plastic tube containing a paper filler
to provide mechanical support. The Hall
plate. being small, can be bonded to a
glass or non-magnetic mount with epoxy
cement to form a fillet and protect the

MAY 1974

leads from breakage. Position the Hall plate
inside the tube so that the “active” (4 B)
side faces the tube's wall. Mark this posi-
tion with red paint or some other means of
identification; it is the Hall generator’s most
sensitive arca. Tvpically, the ceramice sub-
strate—onto which the actual Hall plate
is bonded—will face away from the probe’s
wall. Watch for special markings, since
different manufacturers use different indi-
cators.

Final assembly of the probe involves
cutting the generator’s four leads to a
suitable length and connecting them to the
magnetometer’s  4-conductor, color-coded
feeder cable. In the prototype, a 4-contact
Amphenol No. 91-MC4M-385 plug and No.

5
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Fig. 5. Photo shows interior of prototype.

91-PC4F-385 receptacle were used to muke
the connection. A 5- or 4-ft-long cable will
suffice for most applications. Be sure to
insulate the solder connections.

Calibration. Prior to calibrating the mag-
netometer, remember that most Hall gen-
erators arc high-current devices that heat
up very rapidly unless some form of heat
sinking is provided. Therefore, activate the
probe for only a few seconds at a time,
turning it off immediately after measure-
ments are completed.

Precise calibration depends on whether
the Hall generator is of the high- or low-
sensitivity type. Calibrations can be made
by wusing either magnets of known field
strength or a conductor through which a
known magnitude of current is passed.

With the Hall probe conmected to the

BLK

HALL G;NERATOR VEL TUBE

mput, start the nulling procedure bv turn-
ing on SI and S2. Set R3 for maximum
guin. If the meter’s pointer deflects with no
external field present, adjust the setting of
R5 until the pointer drops to zero.

To calibrate the magnetometer in given
values of direct current, use a high-current
battery charger or a fully churgéd batterv
as the current source. Connect the current
source, with a rheostat, switch, and am-
meter, in series with a length of cable.
With the magnetometer activated, hold the
Hall probe adjacent to the encrgized cable
and set the R3 gain control for a given in-
dication on the meter (sav a scalar value of
0.5 for a current of 10 amperes). Touch
up calibration control R7 to assure pointer
deflection above and below that range.

The value on the dial of R3, together
with the meter indication, provide vour
calibration reference. Enter this on the card
on the front of the magnetometer. Calibra-
tion with reference magnets is accomplished
in a similar manner, but the meter indica-
tions are referred to magnetic field strength
(gauss) instead of current.

Applications for the Hall-effect magnet-
ometer are limited only by your imagina-
tion. It is very uscful, for example, in
servieing automotive or marine electrical
systems. The clectrical system of the ve-
hicle can be “mapped” (while energized);
and then when trouble occurs, vou can use
the map to locate areas where abnormal
conditions indicate the trouble.

Excellent frequency response and high
speed muake IHall-effect  generators  most
valuable for physics experiments. If, for
example, an oscilloscope is connected across
the meter in the magnetometer, high-energy
discharge of capacitors can be observed.
It is also possible to duplicate Hall’s original
discovery by using strip conductors. @

4-CONDUCTOR
PROBE CABLE

A

SO0 S B —
‘ aLu
RED

HALL GENERATOR

POSITION MARK

PAINTED ON

PROBE TUBE

FILLER

HALL GENERATOR

FILLER
TUBE
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Fig. 6. Construction of probe. Position Hall
generator near tube wall for best sensitivity.

NOTE : USE SMALL 0.D. PLASTIC
TUBE FOR MAXIMUM
SENSITIVITY
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Hotter spark
for faster starts!

Points & plugs O
last longer!

Better mileage!

Build yourself a better car!
Build an Archerkit”
from Radio Shack

“After an hour or so of driving
we noted that the engine was acting the
way it did two years and 20.000 miles ago . &
definite Improvement in performance. Acceleration,
specifically. was much improved.” Popular Electronics, May, 73

Radio Shack's Deluxe Capacitive Discharge Ignition puts more ne'“_xe;_ “I!ll!-lnten_sﬂy
“Go" in every gallon! It delivers 509, more spark power for Tlmlll!l ll!lht K|t
faster acceleration and more complete combustion. That
means you get better gas mileage, and your points and plugs
will last 3 to 10 times longer. An in/out button lets you make
instant performance comparisons with your old ignition.

And it makes tuneups easier. The thorough step-by-step manual ]

makes it easy for even a first-time kit builder to assemble ms;ba':“:\r’fl”
and install—no wires to cut. Improves any 12-volt negative #28-4016.
ground vehicle. #28-3203.

Tune-up aid for
any engine. For
full power &
economy.
Bright flash is

]995 With All Cables

¥  FREE '74 CATALOG *”
s

Retail prices may vary -at individual stores.
AT YOUR NEARBY STORE OR

= R

! f -

| |

. - ArcherKit
| MAIL THIS COUPON | by A
[ 180 Pages . . . Full Color! Hi-Fi, CB, Kits, | 8
: 5 R Recorders, Antennas, Parts, More! : a Io ae
I

. l
) |
i |
1 |
L = )

Name Apt. #

Street —
Oy State 2ip| [ 1]

gA TANDY CORPORATION COMPANY
P. 0. Box 1052, Fort Worth, Texas 76107
CIRCLE NO. 37 ON READER SERVICE CARD
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READ WHAT THE
THE NEW HEATHKIT

electronic
magazines have
reviewed the Heathkit Gn-zooo
Digital Color TV. The consensus
is it’s the most advanced
design they’ve ever seen...

far ahead of any other set

54
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XPERTS SAYABOUT

DIGITAL COLOR TV

- Y il

The editors of
RADIO-TV REPAIR
said, ‘‘with manu-
facturers only now
beginning to get the color
excellence Heath has featured for years, it
was time for Heathkit to once again move
ahead of the industry, and move they did...”
According to RADIO-ELECTRONICS, the
Heathkit GR-2000 Digital Color TV “uses so
much digital design and so many integrated
circuits...it sets new standards for state-of-
the-art in color TV".
The RADIO-ELECTRONICS editors said the
Heathkit Digital TV has *‘features that are not
to be found in any other production color TV
being sold in the U.S.:

“‘On-screen electronic
digital channel readout
..numbers appear each

time you switch channels
or touch the RECALL button
..On-screen electronic digital clock...an
optional low cost feature...will display in
12- or 24-hour format...Silent all-electronic

tuning. It's done with uhf and vhf varactor
reprogram-
.up to 16

diode tuners...Touch-to-tune,
mable, digital channel selection..
channels, uhtf or vhf...in what-
ever order you wish... ’
there's no need to ever tune
to an unused channel. LC

IF amplifier with fixed ten-
section LC /IF bandpass filter
in the IF strip...eliminates
the need for critically ad-
justed traps for eliminating
adjacent-channel and in-channel carrier
beats. No IF alignment is needed ever.Touch
volume control...when the remote control
is used...touch switches raise or lower the
volume in small steps.”

POPULAR ELECTRONICS took

a look at the 25-in. (diagonal)
# picture and said it ‘““can only

be described as superb. The
Black (Negative) Maxtrix CRT,
the tuner and IF strip, and the
video amplifier provide a picture
equal to that of many studio monitors..."”

Furthermore, the Heathkit GR-2000 is an
easier kit-form TV to build. POPULAR ELEC-
TRONICS pointed out that “Each semicon-
ductor has its own socket and there are 12
factory-fabricated interconnecting cables...
The complete color adjustments can be per-
formed in less than an hour.”

And here’s what RADIO-TV REPAIR said
about service: *'...virtually every function of
the TV receiver has been broken down to a
miniature plug-in circuit assembly...if trou-
ble develops you simply pop out the correct
board and check it yourself...Heath pro-
vides free technical consultation, and if you
do need factory service, as we said, the costs
are low, well below that for (conventional
color TV) insurance protection.”

To sum up, POPULAR ELECTRONICS con-
cluded its study by stating, “In our view, the
color TV of the future is here — and Heath’s
GR-2000 is it!”

Why not see what the
experts have seen? The |
Heathkit Digital Color
TV — without question
the most remarkable
TV available today.
Mail order price for
chassis and tube,
$649.95. Remote Con-
trol, $79.95 mail order.
Clock, $29.95 mail
order. Cabinets start
at $139.95.

Send for your FREE '74 Heathkit Catalog
describing the amazing new Heathkit Digi-
tal Color TV in detail. If post paid card has
been removed, write: Heath

Company, Dept. 10-5,
Benton Harbor, Mich. 49022,

HEATH T

Schiumberger

HEATHKIT ELECTRONIC CENTERS Units of Schlumberger Products Corporation
Retail prices slightly higher

ARIZ . Phoenix, CALIF  Anahe El Cernto, Los Angeles. Pomona. Redwood City.
San D eg1 la Mesa}, Woodland Hills. COLO Denver, CONN ' Hartford (Avon); FLA
Miam H snan) Tampa. GA  Allanta <LL Chicago. Dawners Grove: IND. Indian
apol NSAS Kansas City (Mission} Lousville, LA - New Orleans (Kenner);

MO BaH ~Me ROCkv: i HA S
apolis {Hoptu o s
hoven. New York Ciy denche L1
(Woodlawn), Clevel \a Columbu
(Warwick); TEXAS Dalias, Houst

Boston WeHe ey) MICH Detroit; MINN - Minne”
B N Fair Lawn: H Y Buifalo (Am
Ro hr‘ ter ‘White Piains. OHIO ncinnat

Fa__Philadelphia. Pittsburgh "R Providence

WASH. Seattle, WIS~ Milwaukee.

CL-512

CIRCLE NO. 5 ON READER SERVICE CARD
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S 4 fascinating new electronic V by - :
¢ based on digital logic. Called the LED’s: A wired-mn “pr’o’gram”
4 will introdiice you to some basic € the change-in-state of the device
nputer concepts, pose a aumber of inter-  as a function of the previous
esting mathematical questions, and > input switch. Pressing a single input switch
. a set of challenging puzzles. The puzzles 8 times always returns the device to its
are easily solved, however, when the proper initial state, thereby demonstrating its ability
logic sequence i understood.” Using low- ~ to count input switch depressions. ;
cost CMOS log ED readouts, con= In Fig. 1, IG5 and IC6 are quad 2-input
straction of Flip is s aphifie AND gates connected to form three set/
‘ reset flip-flops for debounce of the switches.

put switches and is dis-

ircuit Operation. There a 3;8"'ﬂip—ﬂops\ - Eight D-type fli 'ﬂops;:;ayé’“provided by IC1
irough H) connected as shown in Fig. through 1G4, hich are triggered by a

-1 Eight LED indicators on the front panel _p'ositive-goijgig" dge. Flip-flops A, B, and C
Tow the state of each flip-flop (Fig. 92). are triggered directly by the three debounce

«,:ﬂ;ip—ﬂops; Flip-flops D, E, F, G, and H are

A trigger pulse applied to a flip-flop reverses : ,
its state: contact switches SI, each triggere by transitions of other flip-

tigger pulses for flip- flops. The capacitance-resistance combina-
v example, pressmg tions differentiate the outputs of these flip-
t, flops to form positive pulses. For example,
C1-RI and C7-R7 differentiate the positive-
Lsition from off to on also going not-Q outputs of A and D to feed an
flipflop D. The - OR gate formed by DI and D7 and trigger
a trigger pulse - flip-flop E. Trigger pulses for D, E, G, and
Y H are derived in a similar manner. ,
Integrated circuits 1C7 and IC8 are hex-
inverting buffers used to drive the displays.
Resistors R22 through R29 were chosen
to limit the LED current to about 7.mA.
~Any LED that provides reasonable bright-
~ ness for this curent can be substituted—
- possibly reducing the cost. Resistors R22-
- R29 can also be reduced in value to increase

Now, repeated pressing of 1 ;
] the the brightness of the LED’s; but this loads

S2, a
flops A, B,
S\yit(‘h S1 will trigger flip-flop A so tha

it will go off, and vice

versa. The bt
supplies a puse to trigger
reversal of D then i

i the top row
S3 causes the lights to go on and off in
'j.tb]t .l)n']‘(‘.ﬂf Seque?n;p e shown H—I‘;Flg 3 The «Flip is an electronic version of ¢ plastic comput-
combinations of'ﬂ;p—ﬂops BEH. BD DF, ~ er game called “Think-A-Dot” made by Edu-Cards

& S e . SRS - ey Corp. An article entitled “Mathematical Theory of
ete. also form 3-b bmeuy counter S, Thinlk-A-Dot” in the Sept.-Oct. 1967, issue of Math~

ematics Magazine provided a detailed analysis of
the game. The original Thinlk-A-Dot instruction. book
also provided an extensive discussion of the device,
with methods for demonstrating counting, adding; .
nd -subtracting of 8-bit. binary numbers. o
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Fig. 1 also contains 8
“memory” cells which remember an 8-bit

nattern. This: pattern (or state) can be
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Fig. 2. Arrangement of LED's
on the front panel of Flip.

1C7 and IC8 above rated values and will
also decrease battery life.

Construction. The Flip circuit uses CMOS
logic circuits since they require low power,
have good noise immunity and can be oper-
ated with unregulated voltage between 3
and 15 V. However, in using CMOS, some
precautions must be kept in mind. All
unused gates must have their inputs tied
to the plus or minus supply voltage to pre-
vent potential chip burn-out. Care must
also be taken in installing the devices.
Avoid any possibility of static charges on
the inputs. Keep them in the insulation in

which they are shipped until ready to solder
and use a grounded soldering iron. Low-
temperature solder and a low-power iron
should be used.

Diodes D1 through D10 are not critical;
low-current switching types (silicon) were
used in the prototype.

The circuit can be assembled on a perf
board or on a pc board as shown in Fig. 4.
To avoid complexity on the pc board, some
short cuts have been taken. Note that CI
through C10, DI through DI0, and RI
through R10 are attached together as shown
in the insert in Fig. 4 before inserting the
loose ends in the pc board. Note that the
capacitor end is called out as A, the diode
end as B and the resistor end as C on the
overall component layout.

There are 19 jumpers that must be made
of thin isulated wire and connected be-
tween similarly numbered points in Fig. 4
(point 1 to point 1, etc. up to point 16 to
point 16). The last three jumpers are from
point 17 on ICI, IC2 and IC3 to point X,
the reset circuit.

The eight LED’s and the three switches
are mounted on the front panel as shown
in Fig. 2 and the photo. Also mount the

O
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c2 —1
@ O !
- 13—13
c3 . . 14—14
15—I5
16—16

C4 O 7——rI17(3)

O
000000 ®

@
O

Fig. 3. It takes eight opera-
tions of a pushbutton to make
the cycle. This shows which
LED’s come on in sequence.
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reset and on/ off switches on the front panel.
The lines connecting the lights on the front
panel can be added in any way desired.

Testing. Turning on the power switch
should cause a random pattern to appear
on the LED display. Pressing the reset
switch should result in the P1 pattem of
Fig. 5. If it doesn’t, check the reset wiring
and voltage connections. After obtaining the
P1 pattern, press switches A, B, and C one
at a time to verify that all flip-flops are being
triggered properly as indicated in Fig. 3.
Check signals and wiring for any that fail
to operate properly. If the signals to a flip-
flop are correct but it still fails to trigger,
replace the chip.

Use. Figure 5 shows how Flip is used
to solve puzzles. Pressing reset switch S4
provides the pattern of lights shown at P1.
As a sample problem, try to get from pattern
P1 to pattern P2 by pressing one or the
other of the input switches just 7 times. The
other patterns in Fig. 5 can be obtained
with the indicated number of switch opera-
tions.

An interesting game that can be played

Fig. 4. Either a perf board or printed
circuit board can be used for the cir-
cuit. Note how the C-D-R assembly is
made. Be sure to install the jumpers.
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ON NOINONORG®
® © O O O O
Ceo 000 @@ ©
{RESET) {g,B,B,B,B,A,A) (8)
00 00606 0060
® O © @ O O

@06 606 606
P4 P5 P6
(6) (9} (7}
Fig. 5. Pattern after reset is Pl. To get

P2, press switches as shown. Other patterns
take indicated number of switch operations.

is to try to generate specific patterns, with
players taking turns pressing just one switch
at a time. Starting with the reset switch
operated to set the original pattern, the goal
is to obtain a pattern consisting of a triangle
of lights (either ACDEG or BDEFH). It
doesn’t matter if additional lights are on as
long as one of the two winning triangles
appears. Of cowse, other patterns, easier
or harder, can be chosen as the winning
pattern. Since it is possible to predict what
pattern is going to appear next, considerable
skill can be developed.

Flip provides some insight into why bugs
occur in large computers after months or
even years of use. These machines have
thousands of possible states, many of which
remain untested until someone happens to
write a program that causes one of these
states to occur. Flip, with only 8 flip-flops,
has relatively few possible states, but it is
still nontrivial in a mathematical sense. For
example, how many of the potential 256
states (or patterns) can be obtained starting
from the reset state? Can you develop an
algorithm (set of rules) for finding the
shortest sequence of switch depressions to
transform one pattern to another?

Here is another interesting property of
Flip. If the sum of the lights that are on
in the top and bottom rows is even, then
pressing A, B, and C any number of times
will leave this sum even. In other words, the
parity of these 6 bits (lights) can’t be
changed by the input switches. This concept
of parity is used for error checking in com-
puters. For example, a switch input can
only change the parity of the 6 bits of the
top and bottom rows if a circuit malfunction
occurs. This condition could easily be de-
tected and used to turn on an error light. &
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PARTS LIST

B1—9-volt alkaline| mercury battery :
CI-CI)()—0.033-/LF disc capacitor (low wvolt-

age
D1-D10—Silicon diode (1N914 or similar)
IC1-1C4—CD4013 integrated circuit
IC5,1C6—CD4011 integrated circuit
IC7,1C8—CD4049 integrated circuit

MAY 1974

LEDI-LED8—Any light-emitting diode

R1-R21—10,000-0hm, Y4 -watt resistor

R22-R29—1000-0hm, Yi-watt resistor -

S1-S4—Spdt switch, momentary closed (Alco
MSP-105F or similar)

S5—Spst switch

Misc.—Battery connector, suitable cabinet,
“dry-transfer” type, adhesive tape, etc.
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- , M/!C’S SERVICE SHOP
uying and Using
A Pocket Calculator

6 A RE YOU buving another pocket caleu-

lator?” Barnev incredulously asked his
emplover as he discovered the latter poring
over several calculator brochures spread out
on the service benceh.

“"No, I'm just getting ready to tell other
people how to buy and nse one,” Mac re-
plied. "Every week more and more people
ask me what kind of a calewlator 1o buy.
Knowing math is my avocation and electron-
ies is my vocation, thev figure these two
mterests should come together and make me
a real authority on the snbject of electronie
pocket caleilators—which, of course, is not
true. But I have been fascinated by these
devices ever sinee Sharp put one of the first
ones on the market; and 1 never miss a
chance to plv with a new one. 1 decided
that hefore 1 started dishing out advice on
what to buv. T'd hetter get it all together,
becanse new calenlators with new features
are coming on the market every week or so.”

“Good!™ Barney  exclaimed. “I've heen
thinking abont investing; so vou can lay
your advice on me. Not that I'll take it, but 1
like to hear vou talk—especially since, when
yor're lecturing me, von can’t expect me to
be slaving away at the bench.”

"It anyone ever catches vou ‘slaving away’
anywhere, 1 hope they send me a telegram,”
Mac retorted; “but my spiel goes something
like this.”

What to Consider. “The iraportant points
to consider are: (1) why von think vou need
a pocket caleulator: (2) how old vou are;
(3) how mnch math vou've had or plan to
tuke: (4) where vou will be using the eal-
culator: (37 who else will share its use; and
(6) Tow mach von want to pay.”

“With most people, that last point comes
first,” Barney observed.

“It shouldn’t, becanse a good calealator,
like a good slide rule or a good camera,
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By John T. Frye, W9EGV, KHD4167

should be a long-time investment whose se-
fulness and power increase with familiarity.
That doesn’t mean you should buy the most
expensive, but other considerations shonld
come before price.”

“What’s age got to do with it?”

“Probably some modern educators will
disagree, but 1 don’t think vou shonld give
a kid a calenlator wintil he is at least out of
the eighth grade. Up till then, he should he
learning the basics of mathematical compu-
tation with a pencil and paper. I'm amazed
at how many high school voungsters todav
seem to have a very shakv acquaintance
with the mnltiplication tables. I'd want a kid
of mine to know there’s another wav to do
long division besides pushing buttons on a
calenlator in the proper sequence.

“At the other end of the scale, there’s not
much point in an elderly person’s buying a
calculator that has functions hevond his
present grasp of mathematics because it’s
unlikely that his understanding will be ex-
panded. Addition, subtraction, multiplica-
tion, and division comprise all the math
many people know or need. An inexpensive
but reliable four-function calenlator will
muke their necessary  daily computations
casier, more accurate, and more pleasant.
They don’t need transcendental functions to
balance their check hook.

“But if voure buving a calculator for a
junior or senior high school student who
plans to go on to eollege and take an en-
gineering course, give him one he will not
outgrow, onc that represents a challenge
and a powerful aid in his school work. What
he needs is an ‘electronic slide rle’” type of
calculator that has pre-programmed  full
trigonometric and inverse functions with
decimal angle conversion to either degrees/
minutes/scconds or radians. It should also
be capable of performing common and nat-

5 .9 .
ural logarithmic functions, exponential func-

POPULAR ELECTRONICS

www americanradiohistorv com


www.americanradiohistory.com

tions, square roots, squares, 1'ccip1'ocu]s.
polar ordinate conversion, statistical accu-
mulation with mean and standard deviation
calculations, pi, U.S./metric conversion of
length, weight, and volune unils, fixed-
point or scientific display modes, address-
able memorv registers (the more the better),
register review, polar arithmetic, tactorial
function, a dynamic range from 10™ to
.. 7

“Whoa!” Bamev interrupted. “Do vou
mean there is such an animal still called «
‘pocket calenlator’® It would have to be as
big as a bread box and weigh at least twenty
pounds.

“Not true,” Mac denied, shaking his
head vigorously. “Hewlett Packard’s HP-45,
the Cadillac of the pocket calculators at
$395, measures 5.8” by 3.2” by 0.7-1.37; yet
it has all the features I mentioned and more.
It weighs just 9 ounces and wedges snugly
into a man’s shirt pocket or slips easily into
his coat pocket. For that matter, the HD-35,
the first scientific pocket caleulator that
came on the market only two scant vears
ago and is still going strong at $295, has the
great majority of the functions nentioned
and is the same size and weight.

“But you don’t need to go that high to get
a multifunction caleulator. Unicom’s Model
202SR sells for $195 and has twenty kevs
and thirty functions. Bowmar’s Model MX-
100-1 ‘Scientific’ Bomar Brain sells for
$179.95 and has twenty functions, thirteen
of which are termed ‘scientific.” Texas In-
struments’ SR-10 Electronic Slide Rule fea-
tures scientific notation, 1‘0(‘iproca]s, squares,
square roots, change-sign, and nearly a 200-
decade range. It sells for just under $100.
Sharp has introduced the PC-1801 ‘pocket
computer’ that performs twelve different
scientific functions and sells for under $200.
MITS Ine. has a whole line of desktop and
pocket caleulators including an interesting
Model 941, a handheld metric converter
available in kit (8$130) or assembled form
($150).”

“I'd think the power source for the calcu-
lator would be an important consideration,”
Barney hazuarded.

“It is. That’s where vour use for the cal-
culator comes in. If vou plan to use it only
at home or in the office, a straight ac model
will suffice. Some of the calculators are
powered by alkaline flashlight batteries to
achieve low-cost portability, which is fine
if vou plan to use the instrument only occa-
sionally and for short periods of time. But
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lel me warn you that using a calculator
grows on vou. I find mysell reaching for
mine a dozen times a day—almost a reflex
whenever I think about numbers. The best
arrangement for use in the home, the class-
room, and the field is to have the calculator
powered by self-contained nickel-cadmium
rechargeable batteries with an external plug-
in charger for use when ac is available.
When plugged in, the calenlator operates
from the line with the batteries “foating’
across the charging voltage.”

“You said vou were going to advisc peo-
ple on how to buy and nse pocket calcula-
tors. Wouldi’t the user’s manual tell vou
how to use the thing?”

Improving the Four-Banger. “Not in the
way I mean. The manual tells you how to
add, subtract, multiply, and divide on a
four-function calculator; but T want to make
that four-hanger do a lot more than that.
After all, we can’t all afford 11P-45’s, but we
still have at least an occasional need to make
some of the calculations the 1TP-45 does with
a single key-stroke. T want to get the same
answer on my four-function job, and I'm
willing to punch a few more keys and use a
pencil-and-paper ‘memory” to do it. Suppose,
for example, we want to extract the square
root of a number such as 539 with this basic
Sharp Model EL-8 here on the bench. We
shall use the formula T=(N/A+A)/2
where N equals the numiber whose square
root we're secking—in this case 539—A is a
trial root, and T is the second trial root or
the answer.

“Let’s take 20 as the first trial root, al-
though it obviously is way off. When we try
this in the formula. we get 23.475. Squaring
this vields 551.07562, which is not close
enough. We plug 23.475 into the formula as
A and come up with 23.217798. This
squared is 539.06614, which probably is
close enongh for all practical purposes; but
jnst for the heck of it let’s plug 23.217798
into the formula at A, Now we get
23.216373, and that squared is 538.99997.
That’s much closer than near beer; so let’s
quit. Unless you start with a trial root that
is ridiculously far off, von only need two or
three operations of the formula to come up
with a root that is plenty close enough for
all practical purposes.”

“Yeah, but how about extracting other
roots, or raising a number to certain power?
Can vou do that on vour four-speed joh?”

“Why not? All I have to do is get myself
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The Ultimate in Ignition Systems!

% ELIMINATES BREAKER POINTS. %
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A

a set of log tables. Four-place tables would
be fine for most practical problems, though
T use six-place tables. If person doesn’l
remember how to use logarithms, he can
bone up on the subject in one evening. With
logarithms, extracting any root of a number
IS a matter of simple division. Suppose we
want to extract the 11th root of 48,828,125
We look up the logarithm of this number
and find it is 7.685669. Dividing this by 11
on the calculator, we get 0.698970. The
tables reveal the antilog of this to be 5. The
process is reversible. We could have multi-
plied the logarithm of 5 by 11 and got the
antilog of 45,828,125, )

“Using scientific notation and the calenla-
tor is an casy way to multiply and divide
very large or verv small numbers. To write
a nmumber in scientific notation, yon move
the decimal point right or lett until vou have
only one integer to the left of the decimal.
Then vou indicate this immber is multiplied
by 10 raised to a power equal to the number
of places you moved the decimal, giving the
exponent a negative sign if you moved the
decimal to the right. For example, the dis-
tance to the sun is 93,005,000 miles. We can
write this as 9.3005 x 107. The mass of an
clectron can be written as 9.1091 x 10 g
instead of the awkward 0.000,000,000.000. -
000,000,000.000,000,910,91 g With num-
bers in this form. vou can multiply and di-
vide them by doing the computation on the
significant figures with the calculator and
adjusting the exponent of 10 in the answer
according to the law of cxponents. For jn-
stance, 3.141 X 107" multiplied by 3.00 x
10" vields 9423 x 107

‘Herve's one final little trick. 1f you want
pi to greater accuracy than 22/7, write
113355, which vou notice consists of dou-
bling the first three odd integers. Now di-
vide the last three digits, 355, by the first
three, 113, on the calculator. That 3.14159-
29 vou sce showing is accurate to 8.47 mil-
lionths of 1%.

“To sum it all up, a calculator should
match the owner’'s mathematical ability—
just as a generator delivers the most power
when the impedance of the load matches
the intemal impedance of the generator. A
student, however, will want to buy the best
“electronic slide-rule” calculator he can af-
ford because he’s matching it to what he
eventually expeets to know. On the other
hand, if all vou have is a four-banger, keep
in mind that there are many wavs of enhanc-
ing the power of a simple caleulator.” &
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Product
Iest Reports

~

CONCORD MODEL CR-400 AM/STEREO FM 4-CHANNEL RECEIVER
(A Hirsch-Houck Labs Report)

o et AR

,.f\(‘@"’"j:+ ¢

T A SUGGESTED retail price of $300,
the Concord Model CR-400 is one of the
lowest priced 4-chanmel receivers on the mar-
ket. The CR-400 contains an AM/stereo FM
timer and four wnplifiers, cach of which is
specified ut 12 watts continuous output pow-
er with less than 1 pereent distortion. In ad-
dition, the atx inputs can be used with an
external CD-4 demodulator for plaving dis-
crete 4-channel dises.

General Description. The tape outputs
and monitoring inputs ot the CR-400 receiv-
er are intended for use with a 2-channel
recorder, but a second 4-chaimel tape input
is available for plaving pr(*rec()r(lc(l 4-chan-
nel open-reel and 8-track cartridge tapes.
The receiver has an #xe peT ontput ahead
of its multiplexing and de-emphasis cirenits
1o drive an external demodulator should the
FCC approve o discrete 4-channel T'M
broadcasting system.

For deriving rear channels from 2-chan-
nel programs, a SYNTHETIC operating mode
drives the rear speakers from the difference
(L — R) component of the stereo program.
Similar in principle to the well-known
“Dyvnaguad” svstem, the syxrnenc feature
in the receiver uses the rear-channel ampli-
fiers to provid(‘ greater Hexibility in balane-
ing front and rear channels.

The FM tuner has an FET r-f amplifier
and ceramic filters in its i-f section, while a
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single 1C serves as the i-f amplifier on AM
and FM. IC’s are also used for the FAs
multiplex demodidator and the SQ matrix
decoder.

Four lights on the front panel are uscd
for balancing purposcs, with their bright-
ness levels being proportional to the out-
put level from each channel. The light ar-
ray also provides instant identification of
mono, sterco, and 4-channel programs. The
tuning dial’s pointer is illuminated in white,
chunging to red when a stereo FM hroad-
cast is received.

The output stages of the amplifier are
clectronically protected  against overloads
and short ¢ircuit by an SCR that cuts ofl the
supplv voltage to the amplificr and lights a
seseT legend above the dial scales in the
event a problem arises. Shutting oll the re-
ceiver for a few sceonds resets the svstem,
which can be turned on again il the Tanlt
has been remedied.

An FyFINE TUNING control supplements
the main TuNinG knob. A puaL poweR switch
located on the receiver’s rear apron can be
set to provide increased output power when
the front-channel amplificrs are operated in
the 2-channel mode.
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Laboratory Measurements. The amplifier
outputs of the CR-400 receiver clipped at
12.3 watts/channel (all four channels driven
into 8-ohm loads at 1000 Hz)} during our
tests. Al subsequent measurements were
made with only two channels driven, vicld-
ing outputs of 13 watts/channel into 8 ohms,
[7.7 watts into 4 ohms, and 7.5 watts into
16 ohms. In the puaL powER mode, the max-
i available power rose to 15.1 watts/
channel into 8 ohms and 23.5 watts/chan-
nel into 4 ohms.

The 1000-11z THD was 0.5 percent at a
0.1-watt output, dropping to 0.12 percent

CONCORD CR-400
REFERENCE POWER { 12w} {-

.- -HALF POWER (-3dB)
LOW POWER {—10a8) |-

PER CENT HARMONIC DISTORTION

| |
20 50 colo 200 300 KMz 2kHI Skmz  1OWMz 20
FREQUENCY IN Hz (CYCLES PER SECOND)

at 10 watts and remaining at close to this
figure at 12 watts, which was just helow the
clipping point. IM distortion was 1.35 per-
cent at 0.1 watt and 3.9 percent at 1.2 mW,
But it was less than 0.5 percent at outputs
between 1.5 and 14 watts.

At full power (12 watts/channel), THD
was less than 0.3 percent from 55 to 20,000
Hz (typically about 0.17 percent). Full
power could not be maintained at very low

frequencies, and distortion rose below 35
Hz. At half power, however, THID was less
than 0.3 percent from 20 to 20,000 Iz, and
at one-tenth power, it exceeded 0.3 percent
onlyv at frequencies greater than 15,000 11z,

Through the aux inputs, 120 mV drove
the amplifiers to an output of 10 watts; 30
mV was required at the pProxo inputs. The
noise levels were low, respectively —73 and
—70.7 dB in aux and raoxo. Phono over-
load occurred at 45 mV, an acceptable level
for most cartridges. The aux inpuls could
also be overloaded, but this required an
input signal level of 5.7 volts and can be
disregarded as a potential source of distor-
tion.

The RIAA phono equalization was within
+0.8 dB from 20 Hz to 20,000 Hz. Car-
tridge inductance had less effect on the
high-frequency response than with most am-
plifiers we have tested.

In general, the FM tuner met or surpassed
its specifications. The THF usable sensitivity
was 3.3 uV in mono and 9.0 pV in stereo.
The 50-dB quieting sensitivity was 3.7 ul\
in mono (very good), but was 60 pV in
sterco. Distortion at the 50-dB  quicting
level was about (0.3 percent in mono and
1.6 percent in sterco. At 1000 uV input,
the S/N ratio was 63 dB in mono and 59
dB in stereo.

Image rejection was 50 dB and capture
ratio was 2.6 dB. Alternate-channel selectiv-
ity was 39.5 dB below the set frequency and
74 dB above it. In stereo, chammel separa-
tion was an excellent 30 to 35 dB from 30
to 15,000 Hz. The 19-kHz pilot carrier leak-
age was an unusually low —73.5 dB. AM
rejection was 52 dB, and the automatic
stereo switching threshold was 6 pV.
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User Comment. Obviously a $300 4-chan-
nel receiver cannot be expected to match the
performance of a comparably priced 2-chan-
uel receiver or a 4-channel receiver selling
at a much higher price. The budget-priced

Concord  Model CR-400  delivers budget
performance, but it is honestly rated and
does what is claimed of it.

During our use test, we found that the
M FINE TUNING control had a range of a
little more than one channel width. In real-
itv, the tuner was about as casy to tunc with
its NMAIN TUNING control as anv other re-
ceiver. The FM FINE TUNING control simply
adds extra convenience.

An A-B comparison test against another
receiver costing about twice as much re-
vealed that the major difference hetween it
andd the CR-400 was the latter’s slightlv
higher background hiss.

With S§Q-cncoded  discs, the 4-channel
performance of the CR-400 was typical of

- [ [T 1
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\
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L
50 [T
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FREQUENCY IN Hz
that obtained with any simple matrix decod-
er. In this respect, the receiver matches some
of the highest priced 4-channel gear. The
syvTheTic mode generates some degree of
“ambience” in the rear channels from out-
of-phase material in a sterco program. While
it did not offer an improvement over using
the SQ matrix, its inclusion could hardly
he considered an extravagance since it re-
quired only one extra switch position.

Circle No. 65 on Reader Service Card

KOSS MODEL HV-1 STEREQ HEADPHONES
(A Hirsch-Houck Labs Report)

HIS Koss Model 1HV-1 (the “HV”

for High Velocity) stereo headphones are
lur]n\v01(rht \vcwhm(r in at only 9% ounces,
cxclnslve ol cmd UnhI\C most phones t]mt
depend on a tight seal around the car for
hest bass performance, the 1IV-1 rests on
porous foam pads that provide no isolation

stands

from ambient sound; one can hear external
sounds as well with the phones on as with
them off. By the same token, the phone
sounds can be heard clearly i the room,
especiallv when listening at high levels. ln
fact, the phones are d( slrfnc(l to provide
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excellent sound quality and low distortion
at high listening levels.

The HV-1 phones are comfortable to wear
for extended periods of listening. ach car-
cup contains a 2-in. diaphragm made from
L-mil Mylar. The diaphragims are driven by
a l-in. diameter voice coil. The outside of
the carcup is vented, and the compliant di-
nphmgm suspcnsion resonates at about 200
HTz—roughly an octave lower than the reso-
nance of the still suspensions used in scaled
phones. The resonance is damped by the
acoustic resistance of the ear cushion and
the internal structure of the carcup. The
useful frequency response of the phones ex-
tends far below the resonance point.

The phones are relatively efficient, pro-
ducing a 95-dB sound pressure level in the
wearer’s car with only 0.6 volt applied
drive. Thev are capuble of very high un-
distorted output, on the order of 132 JdB
in the 200-Hz region, where much musical
energy is concentrated, without dumage or
serious distortion—to the phones, that is.

The Koss HV-1 phones are fitted with an
interrrute(l coiled cord that extends to 10 f1.

They are des igned to operate from any
dl]]P]lﬁCl with an oulput impedance of from
3.2 ohms to 600 ohms. They retail for
$40.
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Laboratory Measurements. The measured
frequency response of a headphone is criti-
cally dependent upon the dimensions and
design of the coupler or “artificial ear” used
to match the headset to the microphone. We
tested the HV-1 phones in a Koss coupler,
a slightly modified ANSI headphone coupler.

The response curve for the phones had
a broad maximum centered at 200 Hz but
spanning several octaves. There were the
usual - midrange irregularities, found in
virtually all phones, but the overall fre-
quency response was a very good *=7 dB
from 20 Hz to bevond the 15,000-Hz upper
limit of our microphone calibration.

With a 1-volt signal applied, the acoustic
output of the phones varied hetween 95 and
109 dB over the full frequency range. This
level, which would be uncomfortably loud
for many listeners, can casily be achieved
when driving the phones from anv amplifier
known to us. At 1000 Hz, the distortion was
only 2.6 percent at a 120-dB sound pressure
level. At 200 1z, the distortion was less than
2 percent for any output up to 132 dB SPL,
at which point, we began to hear some buzz-
ing. Of course 132 dB would be an ear-
splitting level to even the most dedicated
rock-music enthusiast.

The electrical impedance of the V-1
phones was a uniform 150 to 200 ohms
from 20 Hz to 20,000 Hz.

User Comments. The Koss phones had an
open, airy quality which most people find
to their liking. Subjectively, this effect comes
closer to that of loudspeaker listening thun
that of tightlv scaled headphones.

The overall sound quality was so good
that we compared it to the expensive Koss
Model ESP-9 clectrostatic phones which
were the best we had previously tested and
which are considered by some people to be
a standard of headphone sound quality. Al-
though the HV-1’s dicd not match the sound
provided by the ESP-9’s, the differences
were not great. The HV-1 had a fuller
warmer sound, easily explained by their re-
sponse curve which emphasized the lower
midrange and had somewhat less outpul at
both extremes of the audio range. The
HV-1’s sound smooth and free from obvious
coloration. For good sound, we feel that
the HV-I’s offer strong competition to far
more expensive stereo headphones. On the
whole, they rank at or near the top of
all phones we have tested for output level
capabilities.

Circle No. 66 on Reader Service Card

RCA MODEL WR-525A TV MARKER/SIGNALYST

(e

HE SERVICE technician has at his dis-

posal a greal variety of test instruments,
each for a specific job in testing and/or
measuring. Most such instruments can he
classified as voltage/current/resistance mea-
suring devices, display instruments (oscillo-
scopes, vectorscopes, etc.), signal-gencrating
equipment, or component-value checkers.

After looking over and working with
RCA’s Model WR-525A Marker/Signalyst
($46.50 at RCA distributors), we found
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it difficult to classify this instrument in a
single categorv. Essentially, it is a battery-
powered 1-f signal generator that is tunable
across all 12 vhf TV channels. This makes
it ideal for use as a signal marker generator
when using an r-f sweeper. Unlike most
other r-f generators, the WR-525A can he
externally modulated by an audio or video
signal of up to 4.5 MHz in frequeucy, mak-
ing this small (4% in. x 3% in. X 3 in.)
instrument a good substitute TV transmitter
when needed.

Our standard bench-type sweep generator
has excellent crystal-controlled markers built
into it; so, we were at a loss as to just how
to use the WR-525A. We subsequently
learned that there were potential applica-
tions for this compact instrument from RCA
in the modulation mode. This mode enabled
us to check TV receivers on any vhf channel
supplying the WR-525A with the video
output of a color-bar/dot generator, or by
supplying the unit with the video extracted
from our bench TV receiver. Employed this
way, we were able to use the WR-525A to
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check ecach channel of a TV tuner. If there
were any noticcable differences between
channels, it meant that the tuner had to
be checked out.

We could also check TV receivers being
used on the local CATV line where all 12
channels are active. While the TV receiver
was tuned to an on-the-air channel, the
modulated WR-525A was tuned to either
adjacent channel (one side at a time) to
check for adjacent-chunnel interference.

CATV service technicians will find the
WR-525A a handy device to have around.

It can be used to “ving out” suspect coaxial
cables, using it to simulate uny ot the desired
commercial TV broadcast channels available.

We also found another use for the instri-
ment. It appears that some depurtnwnt
stores in the New York area are using CCTV
systems with each camera operating on a
different vhf channel, but all on a single,
although complex, coaxial cable setnp. Using
the WR-525A supplied with video from a
battery-powered TV receiver, we  lave
successtully  checked out a complete 1-f
coax svstem of this type.

Circle No. 67 on Reader Service Card

PACE SIDETALK MODEL CB-1023 AM/SSB CB TRANSCEIVER

HE Pace Sidetalk Model CB-1023 is de-
signed to provide the punch power of sin-
gle- sldc[)dnd operation while maintaining
omp‘mbl itv with the AM trunsceivers shll
in wudesplead use. The rig is a mobile unit,
which operates from a n()nmml 12-volt de
source. It uses a negative- or positive-
ground svstem (for which reverse-polarity
I)mtutl(m is pmvnlo(]) It functions at the
full legal input of 15 watts PEP on SSB and
5 watts on AM on any of the 23 class-D CB
channels.

The transceiver measures 9% in. bv 74 in.
by 2% in. and weighs onlv 44 p(nm(ls Com-
plete with (l((.ldml)lv push to-talk dynamic
microphone and mobile mounting hardware
the CB-1023 retails for $330.

Receiver Section. Employing single con-
version to a 7.8-MHz i-f, the receiving sce-
tion has excellent sensitivity. We measured
itat 0.15 wV on SSB and 0.3 pwV on AM with
400 or 1000 Hz modulation for 10 dB (S +
N)/N. (The manufacturer’s ratings are
0.5 and 1.0 uV, respectively.) Image und
other spurious-signal rejection was a mini-
mum of 60 dB down—10 dB better thun
specified. This  performance is obtained
with a front-end consisting of a hipolar
transistor r-f amplifier and o dual-gate FET
mixer.,

High sensitivity is usually obtained at the
expense of good wm.ll he mdhmr capability.
This can bc the J(‘\]I“ of ov ml(m(l inter-
modulation products, cross- nm(]u].ltl(m. and
desensitization bv an adjacent-channel sig-
nal. To prevent this in the CB-1023, there
is an r-f gain control that allows the user
to reduce sensitivity.

The same i-t section is used for both SSB
and AM with separate detectors for cach
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mode of operation. Sclectivity and sideband
selection are obtained with a common erystal
filter preceding the i-f chain. The filter has
a 6-dB bandwidth that is rated at +2100
Iz (4200 Hz overall).

For SSB, the hctemdyning frvquvn(‘\
from the svnthesizer is pliced so that the
resulting i-f is at one skirt of the filter, pro-
ducing an overall SSB w-f response of 300
to 3100 Hz at 6 dB. The unwanted-sideband
suppression at 1000 Hz was 45 dB.

For AN reception, the heterodyning fre-
quency is shifted so that the frequency of
the i-t falls at the center of the filter pass-
band. This results in a  double-sideband
signal for which the overall a-f response was
found to be 450 to 3200 Iz at 6 dB. Adja-
cent-channel rejection was nominally 40 dB.

A common age is used for hoth operation-
al modes h()l(lmfr the a-f output to within
3dB with a change of 80 dB (1-10,000 p\7)
in the r-f input signal. Approximately 30 uV
of input signal was needed to register $-9
on the meter. (The meter doubles as an r-f
output indicator on transmit, at which time
a red lamp also comes on.)

A variable squelch for both AM and SSB

can be adjusted over a threshold-sensitivity

range of (1.3 to 5000 uN'. A slight delay at
squclch release holds the reeeiver open be-
tween words during SSB use.

A noise blanker can be switched into or
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out of the circuit (with an a-f noise limiter
when used on AM). The overall effective-
ness between in and out appears to be
greater on AM than on SSB, since the noise
is inherentlv less on SSB. With impulse-
noise peaks of 10 pV or more, the overall
noise attenuation with the blanker on was
at least 20 dB.

External speaker jacks are turnished for
the receiver and for PA work. At the rated
3 watts a-f output, the distortion at 1000 Hz
was 3 percent. But 8 watts into an 8-ohm
speaker could still be obtained before clip-
ping set in.

Frequency Synthesizer. The frequencv
synthesizer emplovs ten crvstals and pro-
vides heterodvning frequencies in the 19-
MHz range. Only oue crystal is used at the
fo. Sidebands are switched by placing the
heterodvning signal at the low side of the
CB signal for LSB and at the high side for
USB work. The latter is accomplished bv re-
mixing the svnthesizer output with the sec-
ond harmonic of the bfo.

This setup eliminates the need for up to
five additional crystals, keeps the signal at

the best side of the sideband filter, and
maintains  the operating frcqucnc; with

operation on cither one of the sidebands.

A crarirFter control provides for on-fre-
quencev operation. At its mldp()mt cach
channel was within 50 Hz of the assigned
frequency, and the CLARIFIER'S range was
nominally =900 Haz.

Transmitter Section. Transmissions are
set up in the conventional manner, using a
bakinced modulator and the sndcl).md hltc
for SSB. For A\, the receiver's a-t svstem
collector-modulates the r-f driver and power-
output amplifier. The latter is designed to
work into a 30-ohm (nominal) load from a
multi-clement output-matching and filtering
network.

Operating from the standard ElA  test
potential of 13.8 volts de, the SSB output
was 8.5 watts PEP with third and fifth-
order distortion products at onset of maxi-
mum output down 19 and 28 dB, re-
sl)(!(-ti\'('l), below maximum singlc-l(mc out-
put. Unwanted-sideband and carrier sup-
pression were 45 dB (at 1000 Hz) and 55
dB. respectively. Overall 6-dB response was
200 to 4500 Haz.

With AM, the carvier output was 3.5
watts with a good waveform. The overall
6-dB response was 450 to 3200 Hz.

Circle No. 68 on Reader Service Card

HELPMATE MODEL CD-5 AUTOMATIC GARAGE DOOR OPENER

ASICALLY, an automatic garage door
opener consists of a power head with
an clecetrie motor; a trollev and rail assem-

bly; a wmechanical drive svstem; a radio
control transmitter and separate receiver;
mounting brackets; and a manually operated
switch, Al of these items—and a variety of
improvements—are included in the Help-
mate Model CD-5 automatic garage door
opener that sells for $140.
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General Description. The CD-5 is a
heavv-duty residential svstem designed for
casv owner installation. It cmpl()vs a heftv

-hp motor rather than a %-hp unit. Hence.
thc svstem can open and close light and
heavy doors ranging in size up to 20 ft
wide. The svstem works equallv well with
one-piece or sectional and track or trackless
doors.

The radio control transmit/receiver svs-
tem can be chosen to operate on the 2325-
260-MEiz high vhi hand, 350-400-MI1z ubf
band, or 410-450-MlHz uhf band. A pulsed-
tone scheme kevs a given transmitter to a
specific receiver. (Extra remote-control trans-
mitters are available for families with two or
more cars at $20 each.) Maximuwn range is
about 150 ft.

The power-head motor is an instant-re-
verse, capacitor-start type with thermal over-
load proteetion. It is activated manually by
depressing a wall-mounted  switch or re-
motely by keving the transmitter. The 800-
rpm spce(] of rhe motor is reduced by a
large pulley that, in turn, drives a roller
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chain attached to a trolley. The door arm |
assembly links the trolley to the garage door.
As a s;ifoty feature, the door’s travel re-
verses in the event the door encounters an
obstacle while closing.

A 75-watt lamp comes on when the svs-
tem is activated and remains on for ap-
proximately two minutes, after which it ex-
tinguishes automatically. This gives ample
time to close the door and leave the garage.

Accessories are available for special prob-
lems. For example, an extension kit can be
obtained for using the CD-5 with garuge
doors exceeding 7 ft in height. There are
also kits for reinforeing light metal and
fiberglass doors.

User Comments. Installing the garage
door opener is not a purticularly difficult
task. Rather, it is a time-consuming one,
especially if you haven’t done this sort of
work  before. The completely assembled
power head is housed in an attractive en-
closure (nothing is exposed) that is easily
hung trom rafters or the ceiling.

The rail consists of four sections of Thi-in.
tubing that butt into cach other. The trolley
rides on this with the chain assemblv at-
tached to cach side and in sprockets at each
end of the rail. Traveling at 6.5 in./second,
doors open and close at a smoothly con-
trolled speed. The door s automatically
locked bv the mechanism; so, there is no
need for a lock and kev.

A thoughtful feature in the CD-5 svstem
is a quick-release hitch pin that uncoaples
the door arm from the trollev in seconds to
permit manual opening and closing should
electrical service be interrupted. In these
davs of power failures and brown-outs, the
idea of power interruption is not a far-
fetched possibility.

When the door is coming down, not much
18 requir(-d to cause it to reverse automatical-
ly. Therefore, vou will never have to wonry
about a child becoming accidentallv pinned
under the door. The ftact that the door re-
verses itself is a particularly nice feature
since most door openers simply stop and
require a command to start to reverse.

After the CD-5 system was installed, we
checked its radio-control setup. The hat-
tery-powered transmitter opened the door
at distances well bevond 50 ft. We did not
attempt to verify the maximun range of the
radio control link, but we have no doubt
that the 150-ft specification is valid.

Circle No. 69 on Reader Service Card
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NEW FREE

CATALOG OF
CIRCUIT DESIGN

& BREADBOARDING
EQUIPMENT!

\

NOW . . . TEST NEW
CIRCUIT IDEAS, IC.'S,
DISCRETE COMPONENTS WITH NO SOLDERING!

Circuit Design’s new catalog has every-
thing you need to take you from circuit
concept to working hardware in minutes.
Featured items include the great SK-10
socket for solderless circuit design and
testing, the NEW SK-20 socket (only
$2.75) for smaller circuits, the versatile
Digi Designer (in kit form or assembled),
a new Op-Amp Designer, plus power
supplies, pulse generators, digital logic
courses, plug-in socket boards, and
much more.

Write today for your free copy.

CIRCUIT DESIGNS, INC.
P.O. Box 24, Shelton, Conn. 06484

Exclusive mail order dist. for E&L Instruments.)
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One of our
most successful students
wrote this ad!

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

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

By Harry Remmert

€6 A FTER SEVEN YEARS in my present position, I was made
painfully aware of the fact that I had gotten just about
all the on-the-job training available. When 1 asked my
supervisor for an increase in pay, he said, “In what way
are you a more valuable employee now than when you
received your last raise?” Fortunately, I did receive the
raise that time, but I realized that my pay was approach-
ing the maximum for a person with my limited training.
“Education was the obvious answer, but I had enrolled
in three different night school courses over the years and
had not completed any of them. I'd be tired, or want to
do something else on class night, and would miss so many
classes that I'd fall behind, lose interest, and drop out.

The Advantages of Home Study

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

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

*Having decided on home study, why did I choose CIE?
1 had catalogs from six different schools offering home
study courses. The CIE catalog arrived in less than one
week (four days before 1 received any of the other cata-
logs). This indicated (correctly) that from CIE I could
expect fast service on grades, questions, etc. I eliminated
those schools which were slow in sending catalogs.

FCC License Warranty Important

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

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

exam or be entitled to a full refund of all tuition paid. Warranty is valid
during completion time allowed for your course,

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

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

“Then, too, it’s the men who know their theory who
are moving ahead where I work. They can read schematics
and understand circuit operation. 1 want to be a good
theory man.

“From the foregoing, you can see 1 did not select CIE
in any haphazard fashion. I knew what 1 was looking for,
and only CIE had all the things I wanted.

Two Pay Raises in Less Than a Year

“Only eleven months after I enrolled with CIE, 1 passed
the FCC exams for First Class Radiotelephone License
with Radar Endorsement. | had a pay increase even before
1 got my license and another only ten months later.

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

Praise for Student Service

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

“And finally, there is Mr. Tom Duffy, my instructor. [
don’t believe I've ever had the individual attention in any
classroom that I've received from Mr. Duffy. He is clear,
authoritative, and spared no time or effort to answer my
every question. In Mr. Duffy, I've received everything 1
could have expected from a full-time private tutor.

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

For men with prior electronics training . . .
Electronics Engineering Course

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

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

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

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

Send for Complete Information — FREE

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

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

To get both FREE books, just fill out and mail the
reply card. For your convenience, we will try to have a
representative call. 1f card is missing, use coupon below.

APPROVED UNDER G.I. BILL

All CIE career courses are approved for educational ben-
efits under the G.1. Bill. If you are a Veteran or in service
now, check box for G.1. Bill information.

Cl

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

Cleveland Institute
of Electronics, Inc.

I T e N 1
. " |

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

l Please send me your two FREE books: {
1. Your schoo! catalog, “Succeed in Electronics.” |

{ 2. Your book on “"How To Get A Commercial FCC License.” |
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HE ELECTRONIC music synthesizer is

here to stay. You can hear the result of
this union of art and technology in many
TV commercdials. Synthesizers are also well
represented in pop music dise and tape re-
cordings and on the sound tracks of modern
motion pictures. And now they are showing
up in a variety of forms in private homes
and schools!

Why this sudden acceptance? One rea-

modular- l\/pc synthesizer. We will also look
at the mini- synthmlzc , an increasingly pop-
ular type of musical instrument, and the use
of clectronic music modules for modifying
the sounds of instruments such as guitars
and pianos.

Controllers. The most popular synthesizer
controller is the organ-type kcyl)ourd, even
though it limits the svnthesizer in which it

WHAT’'S NEW IN

E UMD

son is that svnthesized nusic provides an
exciting and “different” medium of expres-
sion. Aln)thc is that consumer demand has
spurred diversity and pushed prices down as
s)nth(‘swe systems went mto mass pmdu(-
tion. Perhaps the most important reason is
that no prior musical knowledge or training
is needed to produce music on a synthesizer.

Since synthesizer technology is still in its
infancy, many changes are taking place.
Here is an overview of new ideas and de-
vices in the synthesizer ficld. This includes
alternatives to the conventional organ- tvpe
kevhoard, applications of digital tuhmques
to a primarily analog field, and the attempts
being made to solve the cumbersome inter-

is used 1o those who are familiar with the
kevhoard technigue. Other  disadvantages
arc complexity and high cost.

Robert Moog, a prominent electronic mu-
sic equipment inventor, recognized these
problems. To overcome this deficiency, he
developed the ribbon controller, a device
similar to & one-string fretless guitar. Mov-
ing a finger up and down the “string” pro-
duces  control voltage changes in pileh,
{something more unusual) amplitude, or fil-
ter resonance. In Fig. 1, a resistance wire,
fed by a constant-current source that pro-
vides a uniform voltage drop, runs the
fength of the instrument body. Suspended
above this wire is a steel ribhon th i, when

mecctmn problems  of the traditional  pressed, picks off u voltage from the wire.
_‘_——f GROUND PLATE _1
= = .- -+ OSCILLATOR
TRIGGER BAR
_RIBBON
L]

= " RESISTANCE ELEMENT o DETECTOR

AL SCHWITT

SOURCE TRIGEER |

CONTROL
ouT

STORAGE

I CAPACITOR

— — —
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TRIGGER .__*
VOLTAGE A3

Ji

Fig. 1. Ribbon controller for
synthesizer, developed by Moog.
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The magnitude of the voltage depends upon
where the contact is made. This voltage
goes to a storage capacitor and  high-
impedance  buffer  that “remembers”  the
voltage until a change occurs in the system.
Adjacent to the ribbon/wire assembly are
two parallel metal plates that act as a capuc-
itance in a high-frequency oscillator. Press-
ing on the ribbon closes the gap between the
plates, squelching the oscillator and causing
a trigger voltage to appear at the output of
a Schmitt trigger. The advantage of a rib-

of discrete adjustable control voltages, tra-
ditionally done by clocking a “bucket-
brigade” counter in which cach clock pulse
advances a voltage down the counter, stagce
by stage. At the output of cach stage 15 a
control for varying the voltage level.
Synthetic Sonnd Labs has developed a dif-
ferent  “touch-controlted  expression” ap-
proach. In it is a printed circuit board with
two adjacent insulated conductive pads. Ly-
ing flat on this board is a piece of conductive
foam. The copper pads on the board nor-

!

Applications of computer techniques to the music

field, alternatives to the conventional keyboard, and use

of electronic music modules

hon controller is that very subtle glides from
note to note and dramatic multi-octave
sweeps are possible.

Another Moog innovation is the percussion
controller that resembles a drum but is actu-
allv a drumstick-activated controller. Strik-
ing the drum head produces a sharp pulse at
the output of a transducer {sce Fig. 2). A
peak stretcher conditions this pulse, which
is then sampled by a sample-and-hold cir-
it to producv a control voltugc output.
Simnltancously, a Schmitt trigger delivers a
trigger output for use with envelope genera-
tors and  other triggerable synthesizer
modules.

Another type of controller called a se-
quencer (Fig. 3), illustrates a musical use of
digital logic. Basicallv, it produces a series

BY CRAIG ANDERTON

mallv have a high resistunce between them.
But pressing down on the foam causes
the resistance to decrease. This variable re-
sistance is then converted to a variable
voltage by an interface amplifier. A low-pass
filter keeps transients and noise out of the
interfuce amplifier.

Ep Svstems has devised a modular digital
sequencer. A complete sequencer includes
such modules as a voltage-controlled clock;
two 8-position address gencrators that pro-
vide cight (expandable to 64) decoded out-
puts; two 256-word memory modules that
can bhe programmed via kevhoard, analog
voltage source, or binarv code; and other
modules, such as a potentiometer matrix,
analog switch, inverter OR gate, one-shot
multivibrator, and latch. Taken together,

DRUM HEAD

ACOQUSTIC
DAMPING

e
TRANSDUCER

Fig. 2. A percussion controller that
is actuated by a drumstick.
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these modules provide a very capuble se-
(1umluntf svstem.

EMS (of London) Ltd. has attacked the
pml)]cm in a different way with its 256-
word memory ke vhumd As a rml()dv
is ])LIV(([ the l\(ylmn(l information enters
the memory at every clock pulse (limited to
one note at a time). With a finite memory,
prograniming a 20-second sequence of 256
events with good resolution is possible. Set-
ting the clock speed slower provides more
plaving time bat decrcases definition. Con-
verselv, increasing the clock speed increases
(]cﬁmtmn but cuts down on plaving time.

The KS system has such interesting fea-
tures as o meter whose pereent of full-scale
deflection indicates how minch memory has
heen used; transposition pads for raising the
entire sequence a third, a (ifth, a semitone,
or anvthing clse up to un octave; a trig-
ger output; and « real-time (not stored) out-
put. A block diagram is shown in Fig. 4.

The organ- tvp(- kevhoard umtlollel has
also nndugnn(. (hangc.. Many comparies
are working on adding extra notes and
voices to angment the basic monotounic {one-
note-at-a-time)  svinthesizer sonnd. Methods
currently nsed to obtain more than one-
note-at-a-time include digital mutliplexing
svstems, constunt-crtrrent schemes that coms-
pare the voltages present at the low and
high ends of the ke vhourd’s resistor string;
.ln(l building scpmatc oscillator,  vea

(voltage-controlled  “awplifier),  and  vef
(V()]tdﬂv controlled filter) for cach note re-
qun((l Most svithesizers now  offer two
simultancons  notes or  voices—with  cer-

tain limitations.

On smaller synthesizers, another feature
that adds kevbourd versatility is a “bend”
control. Operated with the left hand, it allows
the plaver to slide the pitch of o note plaved
on the kevboard up or down several semi-
tones. Also, touch-sensitive ke vhoards are
becoming more popular, with their advan-
tages of no moving parts and greater resis-
tance to wear and tear.
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Mini-Synthesizers. The synthesizer was
originallv conceived us a studio device. To
pr()(]llc(" svnthesized musie, a multi-track
mpe l(‘(‘()l(l(‘ was needed because synthe-
sizers, for all their complexity, conld play
only one note at a time. Complex timbres
or harmonics had to be constructed, laver
by Tayer, on tape. And because sounds were
created ina building-block manner by con-
necting the various modules together with
patch u»l(ls svithesizers were virtuallv use-
Jess for h\e perforinances. If that were not
cnough, they were large, fickle, and suscep-
tible ta drift and other bugs.

Now, manv tvpes of low-priced mini-
synthesizers are on the market. Thev have
stable oscillators and require no patdmlg
(switches and potentiometers route the sig-
nals). Some minis even have patching facil-
itics for studio use, giving the operator ex-
tra_options. These instruments use regular
svithesizer function blocks in a non-modu-
Tar, predetermined order. A t\plc‘xl svnthe-
sizer block diagram is shown in Fig. 5.
Conncections between modules are normally
closed. Inserting a patch cord opens them
and roides the signal to a different module.

The mini offers a varietyv of features; how
many dup(-nds on how much money vou are
prepared to invest. The ElectroComp Model
101 (51500) inclndes a ring modulator, vea,
multi-mode filter, noise souree, sample-and-
hold provisions, two-voice kevhoard, four
oscillators, mixers, two envelope generators,
and a microphone preamplifier. Most inputs
and outputs are avajlable at a patch bay for
the operator who wunts to create custom
signal puths.

Less expensive minis, like the ARP “Pro
Soloist,” nsually \.\cnhu' the patch bav, an
oscillator or two, and the more esoteric ef-
feets. such as ring modulation. On the other
hand, thev are smaller, lighter, and contain
fewer things that can go wrong. PAIA
Electronies even offers a complete  mini-
svithesizer kit for those who would rather
build their owi.

Fig. 3. This type of control-
ler, called a sequencer, uses
simple digital counter circuit.
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RANDOM EFFECTS
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D/A
CONVERTER
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> ouTPuT

Fig. 4. Block diagram of KS memory keyboard by EMS Ltd. using 256-word memory.

Modifiers. Like anv other new idea,
svathesizers have taken a little while to
catch on. This is due mainly to such factors
as high cost, the use of organ controller
keyboards, and the fact that people are just
plain scared of all those dials. As a result, a
large number of devices now exist, using
synthesizer modnles, to add synthesizer ef-
fects to conventional musical instruments.
One of the first of these was the Oberheim
‘Music Modulator” shown in block diagram

form in Fig. 6. Note how simple it is com-
pared to keyboard systenis.

Filters are popular, starting with the sim-
ple bandpass filter (waa-waa effect) and go-
ing up to the state-variable filter, set in the
notch position, to yield imitation “phasing”
effects. Another powerful huilding block for
instrument modifiers is the envelope-tollower
madule. It consists of a precision de recti-
fier that detects the ainplitude envelope of
an input signal and transtorms it into a dc

-
AUX
IN
>— MiC A AA
g PREAMP L 5 \
2 Ll I
CONTROL < MASTER NG
VOLTAGE ® OSCILLATOR o
OSCILLATOR A igey ,)\ T
6-CHANNEL
A \3
P ot —{ . r — vCF o vC
B v
MASTER i
| OSCILLATOR i e
B A -
i ENV ENV
GEN GEN
NOISE I
1 Y %
CONTROL SOURCE ot
VOLTAGE
ouT
P
eV TRIGGER PULSE OUT

Fig. 5. Typical mini-synthesizer block diagram. Function order is usually predetermined.
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e
L indd - :
PREAMP [l OUTPUT
. MIXER : ?
— - —
-— BALANCED -
) moouLaToR I SQUELCH
§ ‘ SINE ~WAVE FOOTPEDAL FOOTPEDAL
L OSCILLATOR CONTROLLER CONTROLLER

Fig. 6. Oberheim Music Modulator is used with conventional instruments.

voltage that can vary parameters of other
modules (as in the Scamoon “Funk Ma-
chine” in which an envelope follower and a
bandpass filter give an automatic waa-waa
elfect).

An interesting refinement of the voltage-
follower concept is  the EMS  pitch-to-
voltage converter (P-VC) that provides a
connection between traditional instruments
and voltage-controlled instruments. Although
its major function is to convert an audio
input into a de control voltage that is pre-
ciselv proportional to the pitch, the P-VC
also contains an envelope follower that pro-
vides either a duplicate of the original en-
velope, a new envelope shape, or an in-
verted (huackwards tape effect) envelope.
There is also a built-in sawtooth oscillator
that can track the mput signal.

An interesting feature of the P-VC is that
it can track instruments with a high har-
monic content. Thanks to special filtering in
the P-VC, a fundumental comprising 10
pereent or more of the total sign;ll insures
proper tracking.

EMNS also makes a modifier called the
“Hi-F1i.” Tt has a batch of synthesizer mod-
ules, including a ring modulator, filter, en-
velope  generator, mixer, fuzz  (harmonic
generator), and foot-pedal controllers.

IC’s For The Experimenter. A lot of help
for the experimenter is coming from semi-
conductor companies that are  designing
IC’s suitable for use in electronic music
applications. Signetics, for example, offers
the 556 vco that is tunable over a 10:1
range with triangle and square-wave out-
puts; the 355 timer that can be used as an
oscillator or an envelope generator; and the
565 phase-locked loop that is good for
pit(-h—t()-voltuge conversion.

Intersil makes the 8038 function gener-
ator, a vco that has a tuning range of
1000:1 and generates sine, triangle, square,
and other waveforms. The Exar XR-205 is
a function generator; XR-S200 is o multi-
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function 1C with a veo, four-quadrant ana-
log multiplier, and op amp on the same chip;
XR-2240 timer has a built-in binary counter.
Motorola’s offerings inchide the MFC4040
toggle flip-flop designed for octave division,
MEFC6020 (dual MITC4040), and MIFC6040
vea.

A variety of analog-multiplier IC’s is also
available, the 5595 heing the least expensive
but requiring considerable outboard cir-
cuitry. For about three times the price, In-
tersil’s 8013 is far simpler to use.

Other IC’s uscful in electronic music are
the low-noise 739 dual op amp for filters
and  preamps; the CD4046  micropower
phase-locked loop; the 74C154 CMOS ver-
sion of the 74154 for making a 16-step
sequencer, a digital wave-form gencrator or
an envelope  generator; and the CD4016
quad analog switch that is used as a voltage-
controlled switch.

Looking to the Future. The trend towards
integrated packages of synthesizer modules,
rather than modular systems (started by the
mini-synthesizers) will continue. This will re-
sult in clectronic instruments with simpler
opcrati()n, lower prices, and extreme port-
ability for live performances. Modular syn-
thesizers, on the other hand, will become
more sophisticated, mixing digital and ana-
log technjques. A patching svstem using ana-
log switch matrices  and  programmed
patches will probably show up soon; and to
simplify transportation, synthesizers  will
aim for higher and higher densitics.

You can also expect refinements, such as
touch-sensitive kevboards, to become com-
monplace, thanks to chips like comparators.
Tt is also the opinion of this author that
more and more voltage-controlled parame-
ters will be put under the control of the mu-
sician. This may mean less “spectacular”
synthesizer effects, hut a more “human” and
subtle sonmd. As musicians learn to tame this
new medium, synthesizers will complement
pre—electmnic instruments. ®
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CONSTRUCTION

Sounds alarm
when freezer
temperature
rises above
safe, preset

value

HOME-FREEZER THAW ALARM
Prntects Food I“VEStment BY FRANKLIN C. WILLOUGHBY

F YOU have a home freezer unit, vou

probably have a sizable investiment in
stored food. All that food can be lost if,
for some reason, the temperature inside
the freezer rises to the thaw point. For
about %10, vou can build a thaw alarm to
warn you of rising temperature long before
the thaw point is reached.

The thaw alurm is adjustable over a
temperature range of 0° I to room tem-
perature. By adjusting it to trip at 10° F,
the freezer can be opened to put in or take
out food withoul triggering a false alarm.

The alarm’s circuit (see schematice) is
simple. Thermistor probe THI1 (Solid State
Devices No. GB42P2, available from Allied
Electronics as stock No. 791-0441, at $3.60
each) goes imto the freczer and serves as
the temperature  sensor. The temperature

s BE
s
SONALERT
_.i {SEE TEXT}
— B SCRI
—_— 9V GEX~-5
(25v,14)
RIS
100K
Thermistor probe, inside freezer, changes

resistance with temperature to trigger SCR.

MAY 1974

at which the alarm trips is governed by the
setting of RI. Resistor R2 is a gate current
limiter for SCRI (the tripping device),
while capacitor CI prevents lransients from
tripping the SCR when reset switch SI s
operated. A Mallory No. SC628 Sonalert®
is the “heeper.”

Power for the circuit is provided by an
ordinary 9-volt battery (B1). Sincc current
drain when the alarm is on standby is only
30 1A, BI’s service life should he essentially
the same as its shelf life. Even when the
alurm  trips, current  consumption s still
onlv 4 mA. To provide continuous, reliable
protection, however, it is reccommended that
BI be replaced every six months or so.

Temperature adjustment, via R1, is made
only after the probe, THI, has been in the
freezer for a half hour or so. Rotate RI's
knob slowly just to the point at which the
Sonalert starts to beep. Then back oft just
a bit until the ulirm no longer sounds when
S1 is depressed and let go.

When you build the thaw alarm, carefully
solder thin wires to TI11. Make these wires
long enough to reach the cirenit proper,
located atop or somewhere near the freezer.
After first insulating the soldered connec-
tions at THI, slip a length of insulating
tubing over the probe assembly. Puck both
ends of the tubing with silicone rubber
caulking compound. When the canlk sets,
place the probe assembly in the freezer. @
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' YOU have cver blown an expensive

power transistor, don’t teel bad—you're in
good company. Although there are no firm
statistics, there’s a good chunce that nearty
evervone who has done mneh work with tran-
sistors has had the misfortune of having one
blow out at one time or another. If von
haven’t—hby sheer luck—enjoyed the unre-
warding experience as yet, you've something
to look forward to in the future.

Power trunsistors may be damaged by anv
one of scveral conditions—incorreet para-
meters or hias, open or shorted components,
simple wiring errors, accidental shorts, over-
loads, higher than rated voltages, or extreme
ambient temperatures. Quite often, dwnage
results frone u condition known as thermal
runaweay. Flor one reasom or another (such
as a chanee in bias, extreme loading, or
whatever), the transistor starts drawing ex-
cessive enrrent. This leads to internal heating,
reducing the transistor’s effective internal
resistance and leading to a frirther inerease
in current and cven higher teiperature. Once
started, the altermating conditions of temper-
ature increase and crent increase keep
building until the transistor is destroved
unless the crent is Timited by external
means. This may be done by using a series
resistor, a current-limited power supply, a
circuit breaker, or a fuse.

For those of ns who have blown more
than our share of power transistors, there is,
as a famons radio commentator used to say,
“wond news tonight” The National Semi-
conductor Corporation (2900 Semiconductor
Drive, Santa Clara, CA 95051) has recently
introduced a power “transistor” that protects
itself and anvthing connected to it from short
circuits and overload conditions. Designated
the LM193, the device is actually a three-
terminal bi-polar monolithic IC that simu-
Lites a 40-watt transistor with a high switch-
ing speed.

The LAMI95 contains some 50 compon-
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By Lou Garner

ents in a circuit that both drives and protects
i Ialrgv multi-emitter npn power transistor,
rendering the it virtnally blowout-proof
at output current levels of up to 2 amperes
and at input and output voltage levels of 40
V. The current-limiting and  thermal-shut-
down circuits built into the device ent off
the output stage if the output current exceeds
the 2-A level or if the chip temperature ex-
ceeds 165°C. Abont the only way the device
can be harmed is by applying an excessive
voltage. IF this happens, the LMI195, unlike
conventional power transistors, fails safe. It
becomes an open cireuit, disconnecting the
load.

Electrically, the LM195 looks like a pup
transistor driving an npn Darlington with an
overall guin of over 1 million. Two versions
are available, the LM 195, designed for oper-
ation from —55 to 130°C and a lower priced
unit, the LM395, intended for use over the
0-to-125°C runge.

Circuit Potpourri. Tn his recent articles
“The IC Time Machine” (November 1973)
and “Applications for the IC Time Machine”
(January 1971), our co-editor, Walter G.
Jung, discussed the type 555 IC timer in de-
tail, mentioning that several manufacturers
were offering dual versions of this versatile
and interesting device, including Signetics

Blow-Out-
Proof
Transistor
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Fig. 1. Tone-burst generator uses dual timer, has pitch and interval controls.

(tvpe NES536A), Exar (type XR- 2556CP),
and Lithic Systems (type LS353-2). Another
firni ayv now be added to the roster of pro-
ducers of the 355 aud its dual version, the
556. This is Ravtheon’s Semiconductor Di-
vision (350 Ellis Street, Mountain View, CA
94042). Raytheon has kicked oft its intro-
duction of these IC limers by producing a
16-page booklet featuring both device speci-
fications and a varicty of practical circuit ap-
plications. Three v tiable cireuits abstracted
from that booklet are shown in Figs. 1, 2 and
3; all use the type 556 dual device.

You can use the tone-burst generator in
Fig. 1 as an attention-getting alar, incor-
porate it in musical rhythin equipment,

utilize it for special sound cffects, or employ
it i any similar application. In operation,

one timer scction serves as a slow-speed
astable multivibrator to gate the second

timer (an audio-frequency oscillator) at pre-
set intervals. The gate contml s‘idnal is ap-
plied to the soum(] timer’s “reset” terminal
{pin 10). Scparate controls wave provided for
adjusting both the audio pite ‘h and the burst
interval.

The anto burglar alarin control cirenit
given in Fig. 2 uhh/es one timer section (A)
to provide a time dela , thus permitting the
driver to enter, vxit, m disarm the alarm.
This eliminates the need for an casily de-
feated external “disarm” switch. Note that a

ON/OFF SLIDE SWITCH

T (o4 IGNITION
% 2482
BAT
RA 4 14 0
<
éRB
3 ALARM
’ }
1/2 RM/RCES6 3 12 1/2 RM/RC556 L] CONTROL
- L-Z LIB
1T~ Ca A 1482 B
B 1/ B
s 5 o L
—I— PUSH-BUTTON
< 0.001 uf
' 001 4
FRONT é | v zam
DOOR| ——f—e— | LAY
SWITCH | ¢
! ] SCR AL -
. 240 Ok i 6\
_—_ol
‘f T xR
¢ - —
SENSOR SWITCHES
Fig. 2. Auto burglar alarm control circuit uses one timer to provide a delay.
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separate sensor switch is provided on the
front door only to control the delay cireuit.
Al other sensor switches (rear door, luggage
compartment, hood, etc.) are connected in
parallel. The control circuit’s output signal
is used to switch an externul alarm system.

Suitable for use as either a frequency or
speed alurm control, the cirenit shown in
Fig. 3 employs one timer section to compare
the input signal frequency to a preset RC
time constant. 1f the signal frequency ex-
ceeds the allowable value, the timer’s output
remains in a high state, causing the second
timer’s output to shift to a low state and
activate the scparate alarm.

85036), this 216-page volume covers all
phases of rectifier use, from basics through
applications. Included are tables, graphs,
circuits and specifications. A useful addition
to any technical bookshelf, it is priced at
$2.50/copy.

Linear Integrated Circuits Data Book, 3rd
Edition. Another Motorola publication, this
massive 800-page book contains device list-
ings, data sheets, package outlines, pinouts,
schematic diagrams, an interchangeability
guide and a listing of availuble Application
Notes. “Quick Selector Guides” are provided
for each device category to facilitate the lo-
cation of specific data, The volume is $3.00.

v
o~ -0
m il | BUFFER :
FULL-UP A1 0k 2” '
RESISTOR 2 ALARM
1
1 4 14 12 10 |
|
2 | 13 |
12 RW/RCSSE 5 -—d 1/2 RM/RC556 9 f—O
u'/f J u;;ll d
N 7 3 | o 7 1
ﬂ[\ 0.01 T 0.01
! F
uF 001 L 001
5 . T
VIN puLs

Fig. 3. For frequency or speed alarm control, timer compares input to preset constant.

Books, Brochures, et al. Unlike the slow-
grinding Mill of the Gods, the printing
presses of our semiconductor manutacturers
are almost setting new records in turming
out nseful and valuable literature. Among
the recent offerings:

Amperex  High Power RI Transistors.
Published by the Amperex Electronic Cor-
poration (230 Dufly Ave., Hicksville, NY
11502), this 640-page hook, contains 24
application reports which cover subjects
ranging from single-sideband  drivers and
amplifiers to vhi and uht FM power ampli-
fiers. Among the cirenits deseribed are a
single-stage power amplifier for 40 watts
outpit in the 470-MHz band and a wide-
band (1.6 to 28 MHz) linear power ampli-
fier for 165 watts PIP. Suitable for ad-
vanced experimenters, serious hams, tech-
nicians and engineers, the book is priced at
$15.00 per copy, including a 2-vear sub-
scription to future reports.

Silicon Rectifier Handbook, 2nd Edition.
Published by Motorola Semiconductor Prod-
ucts, Inc. (P.O. Box 20924, Phoenix, AZ
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Linear 1C  Direct-Replacement  Guide,
publication CRG-110A. Available on re-
quest, this useful gnide is printed on heavy
card stock pre-punched for loose-leaf hind-
ing. Published by RCA’s Solid State Division
(Box 3200, Somerville, NJ 08876), the
guide cross-references the products of 13
industry manufacturers. It should bhe ex-
tremely handy in locating a device for a
project or for replacement.

Application Note AN-76. Available on
written request from the National Semi-
conductor  Corporation (2900 Semicon-
ductor Drive, Santa Clara, CA 935051), this
publication covers the practical aspects of
using modern clock drivers in MOS memonr
systems und includes application inforinu-
tion on driving various types of shift regis-
ters and RAM's using logic control.

Application Note AN-79. Also available
from National Semiconductor, this paper
covers the complete circuit and operating
description of the LMI121 IC preamplifier,
discusses the techniques for achieving low
drift, and includes circuit applications.

POPULAR ELECTRONICS
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Device /Product News. Converting an ex-
isting piece of electronic test eqmpment
from vacuum-tube to solid-state operation is
wot considered a feasible procedure under
most conditions. It requires a complete re-
desion of the circuit, replacement of virtu-
ally every component, and a complete re-
wiring job. But the conversion can be a
cinch il it is accomplished hy replacing
vacnum  tubes with FETRONS, hyhrid
JFET devices with characteristies (except
for a filament) closely duplicating those of
the vacuum tubes they are designed to re-
place.

Recognizing that many users wonld like
to convert their older test instruments to
solid-state  operation, Teledvne  Semicon-
ductor (1300 Terra Bella Ave., Mountain
View, CA 94043) has introduced the first
two of a planned series of Kits for replacing
vacunm tubes with FETRONS. One is de-
signed to replace the meter tubes in the
Hewlett Packard ELP400 VTV, while the
other kit replaces all tubes in the Tektronix
CA oscilloscope plug-in module. The HP400
kit contains five FETRONS and sells for
$48.00, while the 15 FETRON CA kit is
priced at $110.00.

Featuring medium-power TTL drive capa-
bility, low power dissipation, high noise im-
munity, and good temperature stability
RCA’s new 3-state COS/MOS gate (CD-
4048A) has three binary control inputs
which permit the selection of 1 of 8 ontpnt
functions of eight input variables. The cight
output functions are OR, NOR, AND, NAND,
OR/ AND, OR/NAXD, AND/OR, and AND/NOR.
An “expand” input permits cascading of sev-
cral CDH048A’s to obtain functions of 16,
24, or more variables. The device is avail-
able in 16-lead ceramic or plastic DIP’s, in
a 16-lead flat pack, and in chip form.

Working with r-{? Then vou will be inter-
ested in Motorola’s new r-f transistors de-
signed for 28-volt de transmitter applications
—tvpes AMREF5174, MRBRESITS and MRI-
5176. Of these, the MRF5174 is rated at 2
watts output and 12 dB gain at 400 Mllz,
the MRF5175 at 5 watts output and 11 dB
gain at the same frequency, and the MRF-
5176 at 15 watts output and 10 dB gain.
All three devices are for 200-to-600-M11z
operation and arc supplied in SOE (Strip-
line Opposed Emitter) ceramic stud pack-
ages. Unil prices range from $6.00 for the
MRF5174 to $17.00 for the MRE5176. @

day . .

CHOICE OF OISPLAY MODES

You can decide to disptay time only, dale only,
or a continuous 10-second cycle in which time
alternates with date. You can operate on a
12-hour or 24-hour international time sequence
And you can change all display modes instantly
anytime you wish - by flicking simple controls.

Enclosed please find my check or money order for $ ————

| or charge my [] MasterCharge or [) BankAmericard account
l number e
| Expiration date to cover the following order:
| kit(s) of electronics only,
| Model CK-100 @ $68.00 each.
l cabinet(s) with face and mounting hardware,
| Model C-31 @ $18.00 each.
| factory assembled calendar/clock(s),

Model EC-102 @ $108.00 each.
E Add $3.00 to cover costs of postage and handling.
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The highest quality
digital clock calendar
you can build or buy!

This new Digital Concepts electronic digital clock and calendar
indicates the hours, minutes and seconds . .
( or alternates between time and date at 10 second
intervals. Glowlng orange digital readout (a continuous character .55
inch high) is visible from almost any viewing angle, no matter how
light or dark the room.

Operation is totaily silent, with accuracy to within seconds a
month; life expectancy is an incredibie 100,000 hours.

Beautifully easy to assemble in just one evening——The contemporary
hand rubbed oiled walnut cabinet is ideal for home, office or place
of business. And a very memorable gift. All components of the kit
mount on two interlocking printed circuit boards, for easy assembly
in one evening, using only a soldering iron and a pair of diagonal
cutters. The only wire in the kit is the line cord. The kit comes
complete with one MOS/LSI integrated circuit, full 6-digit planar
gas-discharge readout, and all other highest quality components
you'll need. The Digital clock and calendar is also available

factory assembled.

or the month and the

digital concepks

247 Route 46, Saddle Brook, New Jersey 07662 |

Order now for immediate delivery—Send this coupon I
with your check or money order for fast delivery |
| anywhere in the world. Money back guarantee if not l
fully satisfied. I
| Name = L |
| address —— . :
City _ State __ Tip. 1
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CB Scene
Y,

WE GET our CB from a speaker barking
away somewhere under the dashboard.
But the chairman of the board of Transvl-
ania Oil probably listens over a telephone
handset. The captain of a Boeing jumbo jet
monitors with phones clamped to his head.
Thanks to a couple of novel designs now
reaching the CB murketpluce, these deluxe
teatures are no longer limited to transceivers
that cost more than a Volkswagen.
The most unusual vig in many months was
recently brought out by E. F. Jolmson in

New E. F. Johnson rig has telephone handset.

what the company calls a “radiotelephone
configuration.” Translated, that means there
is a telephone handset that looks exactly like
the one on a home phone. Instead of listen-
ing throngh a loudspeaker and speaking
over a mike, vou simply remove the handset
from its cradle and start commumicating. A
push-to-talk  bar near the middle of the
handset is for sending. The resemblance to
a true radiotelephone is hardly an accident
since Johnson purchases the housings from
the same company that supplies radiotele-
phone manutacturers.

There are a couple of advantages to be
gained from CB'ing with a handset. Since
the receiver is held directly to the ear, noisy
conditions of road and car are cut down.
Also, weak signals are more easilv under-
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By Len Buckwalter, KQA5012

stood over headphones than throngh a loud-
speaker. (The rig, incidentally, has a lond-
speaker to alert the operator to an incoming
call when the handset is in the cradle.) Yet
another benefit is the privacy of listening—
it that should he an important factor. Last,
but certainlv not least, is the prestige of
using a handset instead of an old-fashioned
mike.

The Boom Mike. Another novel item for
“hollering and hearing” is from Telex, the
headphone people. They are preparing to
introduce a “hoom mike headset” for the
CBer. It is designed to replace, or supple-
ment, any rig's existing mike and speaker. A
headphone, as mentioned earlier, has the
advantage of excluding traffic and other
noises that might he heard in the cab of a
truck or the pilot house of a boat cleaving
thraugh the water. Telex, though, is nsing
just one headphone because it is against the
law in some states to drive with both ears
covered up.

Even more interesting is the “boom mike”
part of the new product. As shown in the
photo on next page, the boom is attached
to the back of the headphone and curves
around the wearer’s cheek. It positions the
microphone squarely in front of the mouth
tor close talking and allows virtuallv hands-
free operation. Boom mikes are especially
popular among professional pilots because

Hearing &
Speaking
Accessories

POPULAR ELECTRONICS
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s,

Telex headset has earphone, boom mike.

they eliminate fuinbling and cord-fouling in
the cockpit. Tt is still necessary, however, to
have some sort of press-to-talk switch, which
Telex supplies as a part of the cord itself.

1t should he possible to modity just about
any existing CB rig to use a hoom mike
headset. Althongh Telex is still patting the
finishing touches on the product, it will
probably include a cerainic mike rated at
2000 ohms. Since there are so muny con-
nector styles for CB inputs, the mike cord
will be supplied unterminated so that any
plug can be attached.

Even if you don’t buy a boom mike, vou
can still moditv almost any CB receiver to
be used with a headphone. Many reccivers
have a provision for the use of an external
speaker. This jack can be used for an car-
phone by making one small addition. Since
an earphone is Fur more sensitive than a
speaker, the signal must be attenuated. Of
course, this can be done by uadjusting the
front-panel volume coutrol; but the kuob,
for a comtortable listening level. mav be
only slightly cracked open and, thus, diffi-

EARPHONE

Fig. 1. Adding a jack for external speaker.

cult to adjust. One way to avoid the problem
is to install @ 100-ohm potentiometer, as
shown in Fig. 1, and use it to reduce the
andio power delivered to the carphone.

It the receiver has no external speaker

MAY 1974

outpnts, an earphone jack can be added to
the speaker circuit as shown in Tig. 2. The
CB audio circuit is a typical one, with one
side of the speaker connected to chassis
ground. Note that a wire from the audio
oulput transformer was originully connected
to the hot side of the speaker. This wire is
Iroken, as indicated by the “X” in Fig. 2,
and reconnected to the center of a closed-
circuit jack. Mount the jack at some con-
venient point on the front or rear panel.
With this arrangement, the speaker is auto-
matically disabled when the earphone is
Plugged in. It the earphone is too loud,
stimply add the 100-ohm potentiometer as in
Fig. 1 to serve as « coarse volume adjust-
ment. Set the potentiometer for normal ear-
phone level with the CB sel’s volume con-
trol ubout one-quarter open. Then leave the
potentiometer at that setting. Dav-to-dav ad-
justments are usually 1nore convenient to
inake at the set’s regular volume control.

"HoT"
) EARPHONE
U
SPKR X
] CLOSED
CIRCUIT
JACK

— TO XFR =
Fig. 2. Circuit for adding headphone jack.

External Speakers. That external speaker
juck mentioned earlier is one of the more
valuable additions that can be made ta a
CB receiver. There are many instances when
the set’s built-in speaker simply woi't de-
liver the andio to the right place. If the
transceiver is in a bedroom. for instance, it’s
pretty hard to monitor it when you are put-
tering around in the basement workshop or
polishing the car. It vou are using CB in one
of the trades—construction, plumbing, cte.
—vou may not hear calls from a truck set
while voure on the job. And the distance
between a campsite and a parked antomo-
bile may put the mobile rig out of carshot.

The external speaker solves these prob-
lems. To add a speaker, start by installing
the closed-circuit jack shown in Fig. 2. Since
you'll be listening at a remote point, it is also
handy to add a volume control at the second
speaker. A 100-ohm wirewound potentiom-
eter can be installed in series with one leg of
the speaker circuit. This permits vou to de-
crease the sound at the remote speaker. If
the potentiometer is set at full volume, and
there is insufficient signal, turn the set's vol-
ume control to a higher setting. @®
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Test EquipmentN
Scene

EVERAL times, in previous columins, we

have mentioned that the triangle wave-
form is the ideal signal to use in checking
audio systems. The idea has generated quite
a bit of mail—some pro and some con. A
nuniber of readers have also asked for a
suggestion for a low-cost circuit of a tri-
angle waveform  generator that could be
nsed in audio testing, Ever cager to please,
this month we present such a cireuit.
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For the op amps, a pair of 74s can be
used; but, in the long run, it will cost less
to use a single 747, which is a dual op amp.
It is also possible to use the 709 tvpe of
op amp, hut then it is necessary to use com-
pensation  elements to prevent oscillation
from throwing everything out of kilter.

The first part of the circuit is a simple
variable-frequency  square-wave generator
(1C1). The secoud part is an integrator that
converts the square waves to triangles. If
vou already have a square-wave genertor, it
can be used to drive the integrator directly.
Circuit operation of the squarc-wave gene-
rator is as follows. When the output of IC
1s at maximum positive, the noninverting in-
put (marked -+) is held to %V.. by the
voltage divider made up of RI and R2. At
the same time, capacitor C! is charged up
through the series combination of R4 und
potentiometer R3 (frequency control). As
soon as the charge on C1 reaches %V, its
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By Leslie Solomon, Technical Editor

action on the inverting (—) input of IC!
causes the op amp to switch to its maximum
negative output.

The noninverting input is now clamped
at —2V.. and CI starts to discharge to max-
imum negative. When the capacitor voltage
slightly exceeds —%V.., the op amp switches
agdin to 1its maxirmum positive output and
the cycle repeats.

The output of this op amp is a square
wave whose trequency is determined by the
setting of R3. The values of CI and R3 can
be varied to provide other frequency values
of interest. However, with the 741, the up-
per frequency limit is not very high, and the
output waveform will not he a good square
wave. The frequency used for triangle wave-
form testing is about 100 Hz {using the
compouent values shown here).

The second op amp is connected us a
conventional integrator with a capacitor in
the feedback network. When a constant
voltage (snch as the top and bottom flat
portions of a square wave) is applied to the
integrator, capacitor C2 starts to receive a
charge at a constant rate and the voltage
across the capacitor increases in a linear
fashion. The capacitor is charged in one
direction on the positive portion of the in-
put square wave to produce one side of the
triangle. One the negative portion of the
square  wave, the capacitor is rapidly

A Triangle

Waveform
Generator
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switched to provide the other side of the
trialng]r.

I vou are in the mood to experiment, try
various values for the feedback capacitor
and square waves of different frequencies.
Yon can learn a lot about op amp operation
in this wav.

The ontput goes through a nonpolarized
capacitor coupling and a level control which
determines the amplitude being fed to the
test circuit.

Cosmetics. Many people build test equip-
ment based on circuits and ideas given in
this, and other, magazines. Unfortunately,
the builder doesn’t always realize that a
project is not really complete when the
electronic portion has bheen put together.
Some scem to feel that finding and finishing
a decent cabinet, using proper front-pancl
lettering, and having decent test leads and
access connectors are merely frills that don't
really count. Thev don’t realize that, con-
sidering the amount of time and money they
have put into a project, they should take
cnough pride in it to make it look pre-
sentable. It shouldnt have to be hidden
away—unfortunately, we have scen some
that deserve just that fate.

That's why we say that, if you are gowng
to build a project (in this case, a picee of
useful test equipment), give at least some
thought to the cabinet and how it looks.

How do vou do this? Start by getting cata-
logs from suppliers. (Many are advertised in
this magazine.) Take a look at all of the cab-
inets, pilot lamp housings, switches, knobs,
and other items that go on the outside of a
project. Don’t forget rubber teet. They not
only dress up a project; they also keep it
from slipping off the workbench. A little
paint or some sclt-adhering patterned plas-
tic also goes a long way toward making 4
project look like u fairy princess instead of
an ugly duckling. There are all sorts of selt-
adhering trims  too—gold or silver metal
stripping, for instance.

You can always make a fancy front pancl
by cutting out a picce of stiff cardboard that
will just fit the panel size. Paint it, add some
lettering, and cement it onto the front of
the chassis. Or, you can use the mounting
hardware of the controls on the front to keep
the facing in place. Don’t forget to keep
some “stick-on” lettering on hand to make
the labeling look professional.

In finishing a chassis, vou can use one of
the various metallic spravs. @®

2 Hz to 200 kHz frequency range

Sine, square, and triangle outputs
Linear and logarithmic sweep
Battery powered for maximum portability

All of the above inthe
function generator below
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for only $149.95.

Well, Wavetek's done it again—another
function generator first. For under 150 bucks,
you can get a complete audio signal source
with the capability of generators costing sev-
eral times as much. With our new Model 30,
you can generate sine, square, and triangle
wavelorms over a frequency range of 2 Hz
to 200 kHz. You can also sweep the frequency

in either the linear or logarithmic mode. The
battery-powered Model 30 operates anywhere
with complete line isolation. And for unlim-
ited line operation, you can get an optional
rechargeable power supply kit. At $149.95,
the Model 30 has performance and versatility
that everyone can alford. So don't just sit
there. Order one.

WAVETEK °

P.O. Box 651, San Diego, Calif. 92112: TWX 910-325-2007, Tel. (714) 279-2200
CIRCLE NO. 36 ON READER SERVICE CARD
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DIGITAL COLO

90

Bell & Howell Schools

4Announces an

exciting new at-home

le pro

You learn valuable skills in
electronics through experiments
and testing as you build a color
television that’s ahead of its time!

You've seen TV’s that swivel, TV’s
with radios built in. TV’s small enough
to stuff in a suitcase and TV’s that have
remote control.

But now comes a color television
with features you've never seen before.
Features now possible as a result of the
new applications of digital electronics
- - - - features that make Bell & Howell's
new 25-inch diagonal color TV ahead
of its ime! You learn about.. ..

Channel numbers that flash big and
clear right on the screen. An on-screen
digital clock that flashes the time in
hours, minutes and seconds with just
the push of a button. An automatic
channel selector that you pre-set to skip
over “dead” channels and go directly 10

the channels of your choice.
And to insure highest quality per-
formance, this new TV has silent, all-

. .
that includes this
advanced color TV
with digital features. ..
you build it yourself!

Sunulated TV picture.

You build and keep this revolutionary
new Bell & Howell 25" diagonal color TV

with amazing digital features!
Mail the postage-free card today
for complete details, free!

electronic tuning, “state-of-the-art”
integrated circuitry, Black Matrix
picture tube for a brighter, sharper pic-
ture and 100% solid-state chassis for
longer life and dependability.

Perform fascinating
experiments with the
exclusive Electro-Lab®
electronics training system.
It’s yours to build and keep!
Designed exclusively for our stu-
dents, this Bell & Howell Iilectro-Lab®

www.americanradiohistorv.com

gives you up-to-date “tools of the trade,”
including instruments you can use pro-
fessionally after you finish the program.

A digital mudiimerer that measures
voltage, current and resistance and dis-
plays its findings i big, clear numbers.
Far more accurate and readable than
convenuonal “needle pointer’ meters

meters that require guesswork and
interpretation.

The solid-stare “rriggered sweep” oscil-
loscope 1s a “musr” for accurate analysis
of digital circuitry. Includes DC wide-
band vertical amplifier and “mwiggered
sweep” feature to lock in signals for
easier observaton.

The design console is a valuable de-
vice for setting up and examining cir-
cuits  without soldering! Features
patented modular connectors, AC
power supply and mransistorized dual
range DC power supply.

POPULAR ELECTRONICS
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R TV IS HERE!

Build it
yourself ...

the perfect way
to discover the
exciting field

of digital
electronics!

It’s part of a complete
learn-at-home program!

Imagine spending your spare time
actually building your own 25-inch
diagonal color TV! Ifs a project you
can work on right in your home. You'll
enjoy the challenge...explonng the
new systems of digital circuitry and per-
forming expenments to test what you
learn

There’s no travelling to classes, no
lectures to attend, and you don't have
10 give up your job or paycheck just be-
cause you want o get ahead. When you
firush thus new Bell & Howell Schools
program you'll have learned new skills,
plus you'll have a great color TV 10
keep and enjoy for years!

You need no prior electromcs
background!

We start you oft with the basics.

MAY 1974

Digital
electronics is

changing
our lives!

There's a lot more to digital elec-
wonics than just the numbers! True,
that's what you see on more and more
products like digital calculators, clocks
and watches. But behind the numbers
lies a fantastic technology that's
creating higher standards of accuracy
and dependability. The versatlity of
digital electronics has begun another
industrial revolution. Its growth and
applications are giving us new and bet-
ter ways of doing things and spectacu-
lar products like this new Bell &
Howell color TV with digital features!

You'll receive a special [ab Starter Kut
with your first lesson so that you can
get immediate “hands on” experience
to help you better understand newly-
learned electronics principles. Later,
you'll use your new knowledge and
learn valuable skills as you build the
color TV. You can take advantage of
our toll-free phone-in assistance service
throughout the program and also our
in person ‘“help sessions” held in
major cites throughout the year where
you can “talk shop™ with your instruc-
tors and fellow students.

www.americanradiohistorv.com

Pick up valuable skills in
electronics that could lead to extra
income, full or part time. ..
perhaps a business of your own!

Once you complete this new leam-
at-home program from Bell & Howell
Schools, you'll have the specialized
skills to service color TV's plus the
knowledge that you can apply to repair
a variety of home electronics equip-
ment. No better or more practical at-
home traiming in electronics is avail-
able anywhere!

These skills could open up new in-
come opportunities for you full or part
time. While many of our students do
not ask for employment assistance, it is

. available. Of course, no assurance of

income opportunities can be offered.
Get the complete story on this excit-
ing. learn-at-home program...the
worlds first color TV course employ-
ing digital electronics technology!

Mail card today
for full details, free!

If card has been removed, write:
An Efectronics Home Study School
DeVRY INSTITUTE OF TEONOLOGY

3 BELL & HOWEL SCHOOLS

4141 Beimoni, Chicago. filinois 60641

tleutro-labis 3 registered vadernare
of the Bell & Fowell Company.
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New Products

Additional information on new products
covered in rhis section is acailable from
the manufacturers. Lither circle the iten’s
code number on the Reader Service Card
inside the back cover or write to the man-

ufacturer at the address given.

SANSUI FIVE-DRIVER SPEAKER SYSTEM

Sansui’s Madel SP-2500 three-way speaker sys-
tem has a 12-in. wooler, two 5-in. midrange
drivers, and two 2-in. hom-tvpe tweeters. The
midrange drivers are angled toward cach other
to provide a crossfire of sound. They have con-
cave aluminum radiators mounted on the voice
coil bobbins to vield smooth transition to the
tweeters with little phase disruption. The newly

rree |[ICInfosh caTAL06 and FM DIRECTORY

Mcintosh Laboratory, Inc.
East Side Stanion P.O. Box 96
Binghamton, N.Y. 13904

developed wooler is designed to assure smooth
response even at low frequencies und allows the
amplifier signal to be f63 into it, bypassing the
crossover network. The sound diffuser adjacent

SEND
TODAY!:

Dept. 16-5

NAME |
ADDRESS

CiTy STATE Z\P l
e e N N, o ey B RN
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to the tweeters creates an acoustic lens effect.
Frequency range ot the system is 30 Hz to 20,000
Hz, and power-handling capacity is 80 watts.
(Price is $209.95.)

Circle No. 70 on Reader Service Card

SENCORE FET MULTIMETER

The first thing one notices diflerent about
Sencore’s Model FE27 Big Henry FET multi-
meter is the total absence of the traditional
range/function switch. In its place are 16 push-
button switches wrranged in two rows of eight

each. The upper row controls power 1o the
instrument and the test functions, while the
lower controls the range to be used. The user
simply presses one button in each row. The only
other controls on the front panel are thumb-
operated  zero-adjust and  ohms-adjust  poten-
tiomelers. ( Price is $130.)
Circle No. 71 on Reader Service Card

REGENCY 10-CHANNEL SCANNING MONITOR

The Regency Electronics, Inc., Model ACT-R
10/H/L/U is a 10-channel scanning monitor
radio that can be programmed for any combina-
tion of frequencies in the uhf, high vhi, and low
vht hands. It can be used to monitor police. fire,
civil defense, marine, weather, and business
radio. It features pushhulton program control
for each channel and lor both automatic and

Get all the news and latest information on the

new

Mclntosh Solid State equipment in the Mcintosh
catalog. In addition you will receive an FM station

directory that covers all of North America.

MX 113

AM FM/FM STEREO TUNER PREAMPLIFI
CIRCLE NO. 21 ON READER SERVICE CARD

POPULAR ELECTRON
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mannal operation. T'he receiver scans al a rate
of approximately 15 channels per second while
searching for an active signal. Tt automatically
stops to permit monitoring any transmission it
detects, then automatically reswines scanning.
(Price is $169 plus crystals.)

Circle No. 72 on Reader Service Card

NU-CONCEPT DESOLDERING TOOL

A desoldering tool that provides a simple solution
to 14- and 16-pin dual in-line intearated cireuit
removal is being marketed by Nu-Concept
Computer Systems Inc. Designated the PAK-
X-TRAC™™, it enables the unser to remove
soldered-in IC’s from printed circuit hoards in
seconds. In use. it is a one-handed tool that
weighs less than 8 ounces.

Circle No. 73 on Reader Service Card

NEW-TRONICS 2-METER GOLINEAR ANTENNA

The Hustler 2-meter colincar Model GG-144-A
antenna is expressly designed for repeater or
fixed-station operation. FCC accepted for re-
peater application. the antenna is conservatively
rated at 6 dB gain, based on EIA Standard
RS-329 (gain over a half-wave dipole). Special
features are built into the 117-in. antenna, in-
cluding high-power capability. shunt teed with
de g¢rounding, easily accessible SO-239. four
radials, heavy-duty construction, and U-bolt
mounting. (Price is $49.95.)
Circle No. 74 on Reader Service Card
HEATHKIT HIGH-RESOLUTION FREQUENCY
COUNTER KIT

The new Heathkit Model IB-1103 trequency
counter responds out to 180 MHz with high
resolution through the use ol a phase-locked

o =
Pl

frequency multiplier. Pushbutton switch selec-
tion permits multiplication by 1, 10, 100, or
1000. A temnperature-compensated crystal oscil-
lator generates the time base, and three pnsh-
buttons provide I-ms. 100-ms. and l-s gate
times. Input sensitivity is 30 mV to 120 MHz and
100V trom 120 MHz to 180 Nz, A rear-panel
switch permils bypassing the internal oscillator
to permit the use of any external time base (up
to 3 V). The display consists of an 8%-digit
cold-cathode neon indicator array. Indicators

MAY 1974

DELUXE

INE
MAGAZ CASES

POPULAR ELECTRONICS

The ideal way to save your valuable copies, keep them well
protected and make it easy for you to refer to any issue at any
time. Both decorative and attractive enough to enhance the
decor of any room. each case holds a full year's copies.
Constructed of reinforced fiberboard, these durable cases are
covered in a rich-textured leatherette. The gold embossed back
adds to its elegance and makes each case a welcome addition
to your bookshelf or cabinet.

Magazine cases are available for any of your favorite maga-
zines. They're only $4.50 each. 3 for $12.50, in any combina-
tion of titles ordered. Add 50c per case for postage and han-
dling. Outside U.S.A. add $1.00 per case ordered.

W CHARGE YOUR AMERICAN EXPRESS
OR BANKAMERICARD ACCOUNT
Ziff-Davis Pub. Co., Dept. 23, 1 Park Avenue, New York 10016

1 My remittance in the amount of $. is enclosed.
Please send magazine cases for the titles indicated below.

CHARGE: [ American Express [CJ] BankAmericard
Account = —
Signature —
TITLE PE-574 QUANTITY

| Check One: [ All Blackiig[] Maroon Back, Black Sides
Print Name. - _

|
Address_ - = = —

City

PAYMENT MUST ACCOMPANY ORDER
®
 PPCeerertng 20 move >
| Let us know 6 to 8 weeks in advance so that you won't
miss a single issue of POPULAR ELECTRONICS INCLUDING
ELECTRONICS WORLD
Attach old label where indicated and print new ad-
| dress in space provided. Also include your mailing label
| whenever you write concerning your subscription. It
helps us serve you promptly.
| Write to: P.0. Box 2774, Boulder, Colo., 80302 giv-
| ing the following information.

-
;—I-f you have no label handy, print OLD address here. (.I

1 I)
\ =
name please print <

—

address ;

m

I city l’_
state zip-code ‘]

B P S S |
‘ [J Change address only.
| O Extend subscription. [3J Enter new subscription.
| @d5yrs. $21 @ 3yrs. $15. @ 1 year $6
O Payment enclosed (1 extra issue per yr. as a BONUS}
l O Bill me later. 0882
|

name please print
address
city state zip

Add'l postage: $2 per year outside U.S., its possessiens & Canada.
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are provided for gate, overrange, unlocked
operating conditions, and for Mtlz, kHz, and
Hz. (Price is $379.95.

Circle No. 75 on Reader Service Card

PHASE LINEAR STEREO PREAMPLIFIER

The new Phase Lincar Madel 4000 preamplifier
is designed to climinate the inherent noise pro-
duced during the recording process and to re-
store dvnamic range. It leatures  the “Auto

Correlator’ noise reduction svstem that makes
record/tape hiss and FM broadcast noise vir-
mally vanish without affecting musical content.
Music altering recording techniques, such as

“peak unlimiting” und “gain riding”. used to
put the tull range of inusical sound on tape or
dise, are compensated for by the preamp. The
preanip’s “Peak  Unliniiter” and  “Downward
Expander” sense whether these technigues have
been used and  antomatically  corrects  them.
(Price is $399.)
Circle No. 76 on Reader Service Card

MITS 8-DIGIT CALCULATOR WITH MEMORY

An 8-digit/8-lunction hand-held calculator with
built-in memory tunction is available factory-
wiredd and in kit forn from MITS, Inc. The
Model 908M calendator perlorms the usual tour
arithietic functions, square, square root, recip-
rocal. and percent. The memory feature can be
used as a constant. temporary storage register,
or an accurmulator. The nser can choose between
fixed and Hoating decimal. Other features in-
clude raised. positive-touch Reys; troe credit

96

balance sign display; alzebruic mode ol entryv;

SBE “‘Sentinel”, high performance, full-feature
scanning receiver. VHF, UHF and Hi-Lo models.

¢ 8 xtal controlled channels e Automatic or

leading aud trailing zero suppression; overflow
indication; automatic display cutoff; and low-
battery indication. (Price is $99.95 in kit form,
$129.95 factory wired. )

Circle No. 77 on Reader Service Card

TURNER NOISE-CANCELLING MICROPHONE

Turmer’s Model ND350DM microphone was de-
signed specifically for use in mobile communica-
tions upplications  where  traffic, equipment,
motor, or any other unwanted background noise
presents a problem. The mike has a {requency
range of 100 to S000 Hz and an impedance of
2000 ohms to complement all solid-state cquip-
ment in which the input impedance is between
G600 and 3000 ohms. It has an output level ot

60 dB (0 JdB = 1m\W/10 microbars). It is
wired for velay switching, but it can be easily
converted for clectronic switching.

Circle No. 78 on Reader Service Card

AUDIOTEX STEREO MICROPHONE MIXER

You can increase the number of microphone
inputs to your tape recovder or amplifier with
the new stereo mike inixer (Cat. No. 30-2320)
from GC Electronics, Audiotex Division. The
mixer feeds up to four high-impedance signals
to u single high-impedance input. It has provi-
sions for increasing or decreasing the volume
ot any channel while feeding or holding the
other channels at a constant level.
Circle No. 79 on Reader Service Card

TEAC DELUXE 3-MOTOR/3-HEAD TAPE DECK

Teac’s Model 33008-2T looks and is designed
to handle like a professional mastering tape
deck. Tt has three miotors and three heads. a
two-trackh/2-channel  format, 15 and  7h-ips
speeds, 10%-in. tape reel capacity, remote con-
trol capability, and total pushbutton transport
control with logic circuitry. Separate bias and
equalization switches are provided lor standard
and high-energy tapes. A reel size selector
automatically presets motor torque and holdback
tension. A precision narrow-gap tape head de-
sign is said to offer the highest possible
frequency response and a signal-to-noise ratio of

60 dB. (Price is $679.50.)

Circle No. 80 on Reader Service Card

2

HF/FM - VHF/FM - UHF/FM -

|

manual scanning ¢ Lockout of any channel e Write for

Priority Channel!! Provides instant shift to pre- full line

selected channel when priority signal appears scanner

—by-passes other channels ¢ 12VDC and brochure

115VAC operation for car or home use ¢ Big

audio — 3 watts e Telescoping antenna, LINEAR

mounting bracket, 2 power cords e Compact SYSTEMS, INC. 220 Airport Blvd., Watsonville, CA 95076

CIRCLE NO. 20 ON READER SERVICE CARD
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New Literature,

MOTOROLA CMOS DATA BOOK

More than 300 pages of CMOS product data,
busic technology and applications information,
and product sclector guides are in Motorola’s
“McMOS  Integrated  Circuits  Data Book.”
Data is included on 68 sepwrate functions,
some of the more useful ol which are: an
Arithmetic Logic Unit, Look Ahead Carry
Block, 64-hit RAN, 1024-bit ROMN, and Succes-
sive Approximation Register (for A/D applica-
tions). The Data Book is $2.50 lrom Motorola
Semiconductor Products, Inc.. Technical Infor-
mation Center, P.O. Box 20924, Phoenix, AZ
85036.

RADIO SHACK ELECTRONIC PARTS CATALOG

Radio Shack has added more than 2000 hard-
to-find electronices iteins to its parts and  test
equipment line, all of which are listed and de-
seribed in the “Qwik-Fill" 1974 Electronic
Parts Catalog (No. AlX-74). The 52-page cata-
log lists a variety of special-purpose  tubes,
transistors, readouts, P’C and 1C equipment, re-
lays, resistors, capacitors, potentiometers, trans-
formers, test instruments, and more. Address:
Radio Shack, 2617 W. Seventh St., Fort Worth,
TX 76107.

EDMUND SCIENTIFIC CATALOG

Mundreds ol new items have been added to the
latest edition (No. 742) ot the Edmund Scien-
tific catalog. In its 180 illustrated pages are
listed and described more than 4500 items.
Coverage includes tovs and games, electronic
and light effects gaduets, scientific materials,
astronomy and optics equipment, and much
more. Among the clectronic items to be found
are the Bio-Rhythm Charting and Analysis kit,
lasers, solar-powered radio kit, electronic calcu-
lator/digital clock combination, and a hand-
held metal locator. Address: Edmund Scientific
Co., 380 Edscorp Bldg., Barrington, NJ 08007.

CGALECTRO FET CIRCUIT BOOK

For 25¢, you can get the “FET Circuit Book”
(Cat. No. FR-172) from Calectro Division ol
GC Electronics. It gives a basic introduction to
the technical details of the field-effect transistor
and provides schematics for nine different cir-
cuits. Address: GC  Electronics, Division ol
Hydrometals, Inc, 400 S. Wyman St., Rock-
ford, 1L 61101.
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—  ABOUT YOUR™

1974 LAFAYETTE
CATALOG 740

Beady How!

LAFAYETTE = ©

Your Complete Electronics Buying Guide

o Stereo/Hi-Fi Components e CB Transceivers &

Walkie-talkies @ PA Systems e Tools & Test Equipment

o Police/Fire Monitor Receivers o Antennas e Photog-

raphy Equipment o Ham Gear e Books, Parts, and More!

Send Lafayette Radio Electronics
Today! P.D. Box 10, Dept. 35054
Syosset, L.1., N.Y. 11791

roT T 350541
| NAME |
| ADDRESS |
| ciry '

STATE zZIP :

CIRCLE NO. 19 ON READER SERVICE CARD

SUBSCRIPTION

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

We have found that when complaints do arise,
the majority of them occur because people have
written their names or addresses differently at
different times. For example, if your subscription
were listed under "William Jones, Cedar Lane,
Middletown, Arizona,” and you were to renew it
as “Bill Jones, Cedar Lane, Middletown, Arizona,”
our computer would think that two separate sub-
scriptions were involved, and it would start send-
ing you two copies of PoPULAR ELECTRONICS each
month. Other examples of combinations of names
that would confuse the computer would include:
John Henry Smith and Henry Smith; and Mrs.
Joseph Jones and Mary Jones. Minor differences in
addresses can also lead to difficulties. For exam-
ple, to the computer, 100 Second St. is not the
same as 100 2nd St.

So, please, when you write us about your sub-
scription, be sure to enclose the mailing labei
from the cover of the magazine—or else copy your
name and address exactly as they appear on the
mailing label. This will greatly reduce any chance
of error, and we will be able to service your
request much more quickly.
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BE CHOOSEY.

YOU CAN AFFORD TO WITH EICO

The more you know about electronics, the more you'il ap-

preciate EICO. We have a wide range cf products for you to

choose from, each designed to provide you with the most

pleasure and quality performance for your money. If you

prefer, you can “Build-it-Yoursel{” and save up to 50% with -
our famous electronic kits.

For latest EICO Catalog on Test Instruments, Automo-
tive and Hobby Electronics, Burglar-Fire Atarm Systems and
name of nearest EICO distributor. check reader service card
or send 25¢ for fast first class mail service.

Over 3 million Eico
instruments in use

since 1945,
—— (G —
283 Malta Strect 8rakiyn, N.Y.

CIRCLE NO. 13 ON READER SERVICE CARD

Send for FREL Tiger booklet (20
pages) which answers all your
questions.

Name _
Address
City. =

State Zip -

CLIP OUY THIS AD AND SEND TO—

TRI-STAR CORP.
P. O. Box 1727 Dept. E

Grand Junction, Colo. 81501
CIRCLE NO. 33 ON READER SERVICE CARD

@lectronics Library,

ELECTRONICS SHOP PRACTICES,
EQUIPMENT, AND MATERIALS
by Clyde N. Herrick

. As its title implies, this book is primarily an

exposition on the proper fabrication technigues
to use when assembling original electronic
equipment. While it is written for the techni-
cian-in-training, the material covered is invaln-
able to hobbyists and experimenters who make
their own gear from basic parts. Among the
topics are safety rules and tools, parts identifi-
cation and codes and symbols, hasic hardware,
soldering, cabling and harness making, dmw
ings and blueprints, and much more.

Published by Prentice-Hall,
Cliffs, N1 07632, 1]ard cover.

Englewood
$14.95.

Inc.,
340 pages.

CASSETTE TAPE RECORDERS: HOW
THEY WORK—CARE & REPAIR
by Walter G. Salm

This hook is an up-to-date guide to cassette
recorder alignment, adjustinent, maintenance
and rvepair for the technician, hobbyvist, andio-
phile, or anyone who wants to develop a well-
rounded understanding of cassette recorders.
The text explains how cassette recorders work,
how various svstems differ, and why the cas-
sette is now challenging open-reel tapes as the
record/plavback system most suitable for se-
rious hi-fi applications. Much useful data on
recording  techniques  involving  nicrophones
mike mixers, and volume levels is included.

Published by Tab Books, Blue Ridge Summit,
PA 17214, 204 pages. $7.95 hard cover; $4.95
soft cover.

WORLD RADIO & TV HANDBOOK 1974
When a specialized handbook like this has gone
into its 28th edition, therve is very little in it
that can be considered “new and exciting.” Be
that as it may, this is a comprehensive comnpila-
tion on radio and TV broadcasting throughout
the world. Updated during the latter part of
1973 for use in 1974, it contains all the inlor-
mation needed v the serious listener, including
stations, callsigns, frequencies, schedules, lan-
guades, power, ete.

Distributed by Gilfer Associates, Inc., Box 239,
Park Ridge, N] 07656, Soft cover. 408 pages.
$7.50.

FOPULAR ELECTRONICS
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LECTRONICS MARKET PLACE

NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or indl-
viduals offering commercial products or services, $1.60 per word
(including name and address). Minimum order $16.00. Payment
must accompany copy except when ads are placed by accredited
advertising agencies. Frequency discount: 5% for 6 months;
10% for 12 months paid in advance. READER RATE: For individ-
vals with a personal item to buy or sell, $1.00 per word (includ-
ing name and address.) No minimum' Payment must accompany
copy. DISPLAY CLASSIFIED: 17 by 1 column (2557 wide), $200.00.
2" by 1 column, $400.00. 3” by 1 cotlumn, $600.00. Advertiser to
supply cuts. For frequency rates, please inguire.

GENERAL INFORMATION: First word in all ads set in bold caps at
no extra charge. All copy subject to publisher’s approval. All
advertisers using Post Office Boxes in their addresses MUST
supply publisher with permanent address and telephone number
before ad can be run. Advertisements will not he published
which advertise or promote the use of devices for the surrepti-
tious interception of communications. Ciosing Date: 1st of the
2nd month preceding cover date (for example, Maich issue
closes January 1st. Send order and remittance to POPULAR
ELECTRONICS, One Park Avenue, New York, New York 10016,
Attention: Hal Cymes.

FOR SALE

FREE! pargain catalog. Fiber optics. LED's, transistors, dloAdes.
rectifiers. SCR’s. triacs, parts. Poly Paks, Box 942, Lynnfield,
Mass. 01940.

GOVERNMENT Surplus RecJers Transmitters, Snooperscopes,
Radios, Parts, Picture Catalog 25¢. Meshna. Nahant. Mass. 01908.

LOWEST Prxces Electromc Parts. Confdentlal
KNAPP, 3174 8TH Ave. S.W., Largo, Fla. 33540.

Catalog Free.

ELECTRONIC PARTS, semiconductors. kits. FREE FLYER. Large cat-
alog $1.00 deposit. BIGELOW ELECTRONICS, Bluffton. Ohio 45817.

RADID—T.V. Tubes—36¢ each. Send for free catalog. Cornell,
4213 University. San Diego, Calif. 92105.

AMATEUR SCIENTISTS, Electronics Experimenters. Science Fair
Students . . . Construction Plans—Complete, including draw-
ings, schematics. parts list with prices and sources . . . Robot
Man — Psychedelic shows — Lasers — Emotion/Lie Detector —
Touch Tone Dial—Quadrasonic Adapter—Transistorized Ignition
—Burglar Alarm—Sound Meter . . . over 60 items. Send 25¢ coin
{no stamps) for complete catalog. Technical Writers Group, Box
5994, University Station, Raleigh, N.C. 27607.

METERS—Surpius. new. used, panel or portable. Send for [ist.
Hanchett, Box 5577, Riverside, CA 92507.

PYROTECHNICAL chemicals, casings, tools, suppties, fuse, liter-
ature. Giant, itlustrated cataiogue/handbook includes formulas.
instructions—50¢, with samplfes—$1.00. Westech, Box 593,
Logan, Utah 84321.

WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machine,
Speakerphone, Carphone, Phonevision. Auto Dialer, Touch Button
Dialer, Centrai Dial System. TELEVISION: $35.00 Color Converter,
Video Tape Recorder. $25.00 Camera. HOBBYIST: Electron Micro-

scope, 96 Hour Tape Music System, Ultrasonic Dishwasher,
Radar-Oven. Plans $4.95 each. NEW ITEM: $75. Electronic
Pocket Calculator, $7.50. COURSES: Telephone Engineering

$39.50. Detective Electronics $22.50, Integrated Circuit Engi-
neering, $49.50. NEW SUPER HOBBY CATALOG plus year's sub-
scription to Electronic New Letter A'RMAILED $1.00. Don Britton
Enterprises, 6200 Wilshire Blvd., Los Angeles, Calif. 90048.

JAPAN HONG KONG DIRECTORY. World products information.
$1.00 today. World Trade Inquiries, Hillyard, Washington 99207,

SCOPES, meters, test equipment, military and industrial surp!us.
Write for free ‘‘Bargain Bulletins'’. Lawrence Instruments, P.O.
Box 744, Sunbury, Pa. 17801.

TEST EQUIPMENT, Aerospace-Laboratory Grade. Request your
needs; will mail appropriate catalogs (we have 24 catalog cate-
gories). Only for Engineers, Businesses, Schools and advanced
Technicians. Goodheart, Box 1220PE, Beverly Hills, Calif. 90213.

WAVEFORM GENERATOR KIT 8038 Function Generator [C Produc-
ing Sine, Square, Triangular Waveforms, $10.00. Write for cata-
log. Photolume Corporation. 118 Fast 28th Street, New York, N.Y.
10016.

MAY 1974

LDDI{ING FOR A NEW GHALLENGE?
-« then buikd a TV cameral

ONLY SOLIDSTATE CAMERA AVAILABLE IN KIT FORM
OR FACTORY ASSEMBLED. COMPLETE KIT WITH VIDIOON

TUBE ONLY $166.00. POSTPAID DELIVERY ANYWHERE IN
USA, CANADA and MEXiCD. OPTIONAL AUDIO SUBCARRIER
$18.95. WRITE or PHONE NOW FOR COMPLETE CATALOG OF
KITS, PARTS ond PLANS, DIAL 402987-3771,

ATV Research

1301 BROADWAY DAKOTA CITY, NEBR. 68731

DIGITAL ELECTRONICS: Complete schematics, parts lists, theories
—Discrete Component Digital Clock, $3.00--Sound Sensitive
Switch, $1.50. Increase technical competence, hobby skills—
Complete Course in Digital Electronics is highly effective, $10.00.
Free |iterature. DYNASIGN. Box 60A7, Wayland. Mass. 01778.

SOUND SYNTHESIZER KITS—Surf $11.95, Wind $11.95, Wind
Chimes $16.95. Electronic Songbird $6.95. Musical Accessories,
many more. Catalog free. PAIA Electronics, Box J14359,
Oklahoma Cuty 0K 73114.

| ()uulu\ Lln'(uonl( Components
) ' ' e
[anuind

DIGI-KEY CORPORATION i
MINIATURE ALUMINUM ELECTROLYTIC CAPACITORS

’ Temp. range: -40°C +85"C Tolerance: -10+50% for more than 4.7 ufd, -10+75% for 4.7 uid or less

Value 1 10-99* 100-240° Value 1 10-99* 100-240°

‘ 1 ufd/sov 14c 12 e 100 vfd/16 v 19¢ 15¢ 14c
2.2 ufd/50 V T4c 12¢ ¢ 100 ufd/25v 24c 18¢ 17¢

3.3 ufd/35v 14c 12¢ T 220 ufd/16 v 24c 18¢ 17c¢

4.7 ufd/35 V 14¢ 12¢ 1c 220 ufdi25 v 35¢ 25¢ 24c

1 10 ufd/16 ¥ 13¢ 10¢ 9¢ 330 ufd/16 v 35¢ 25¢ 24¢
10 ufd/25 v 14c ¢ 10¢ 330 ufd/25 v 44 35¢ 3%

22 vfdN6 vV 14c Tlic 10¢ 470 ufd/16 v 37c 30c 27c

22 ufd/25 v 15¢ 13c 12¢ 470 ufd/25 v 4% 39 35¢

33 ufd/i6 v 15¢ 12 ¢ 1000 ufd/16 V 49¢ 39¢ 35¢

33 ufd/25 V 17¢ 13c 12¢ 1000 ufd/25 v 75¢ 60c 55¢
47 ufdNé v 17¢ 14c 13¢ 2200 ufd/16 V 75¢ 60c 85¢
47 ufd/25 V 19¢ 15¢ 14c 10 pcs per capocitonce value

Y2 & Ya WATT CARBON COMP. RESISTORS

5 each of the 85 standard 10% values (2.2-22M) "2 W Resistors (425 pcs}
Sorted by volue S12/set 2-4 are $11/set 5-9 are $10/set.

5 each of the 70 stondord 10% volues (10-5.6M) % W Resistors (350 pes)
Sorted by value $12/set 24 ure $11/set 5-9 are $10/set. o
Also ovoiloble ore TTL & Lineor (C's, Silicon Rectifiers. Molex
Pins, LED Readouts & Lamps. Tronsistors. 1C Sockets, Slide

[ Switches, Reed Reiays ond more!

ﬂ

r‘ Send for FREE CATALOG or Mail Readers Service Card
| C.0.D. ORDERS ACCEPTED FOR SAME DAY SHIPMENT
CALL 218-681-6674
| =

Orders Less Thon $10.00 Add 25¢ — Others Postpaid

DIGI-KEY -

| Box 126 Thief River Falls, MN 56701
CIRCLE NO. 11 ON READER SERVICE CARD
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FREE 1974 CATALOG!!

NEW .3” Char. Height YELLOW MAN 81and
red MAN 74 LEDs. 3-4 only $5.00 each.
Also available with 7490, 7447, 7475
latch and G- 10 epoxy board for 2, 4,
or 6 digits.

POWER SUPPLY KITS!

5,12,15vDC “ 1 Amp. = 15% =+ 1or1lamp.
Short Circuit, thermal overload protection.
All models include space for transformer
on the circuit board. 5v kit for only $8.95
(less transformer). Instructions included.

RESISTORS - 50 5 watt CARBON FILM
§ Superior to composition in everyway,

but at the same low price 12c¢ each.
Quantity Discounts.

CAPACITORS for bypassing, coupling, etc.
Sub-miniature case. .001-.22uF, 100 vDC .001
15¢ each. Quantity Discounts.

ALUMINUM ELECTROLYTICS 1-2200 uF
from 16-50 vDC. These are high quality ICC
units at a very low pxice.

OTHER 7400 SERIES PARTS AVAILABLE
as well as op amps, transistors, display
bezels, and cases for your projects. MANY
OTHER KITS also. All products guaranteed
NAME BRANDS ONLY. Mastercharge and
Bank Americard accepted.

Tracy Design Corporation
15870 Schaefer Detroit, Mich. 48227
CIRCLE NO. 31 ON READER SERVICE CARD J

MECHANICAL, ELECTRONIC devices catalog 10¢. Greatest Values
—Lowest Prices. Fartik's, 5249 “D", Philadelphia, Pa. 19120.

SURPLUS etectronic parts and pieces. Monthly picture flyer free.
Startronics, Box 17127, Portiand, Oregon 97217.

BURGLAR-FIRE alarm components. hardware. Free catalog—in-
formation. Silmar, 133 S.W. 57 Ave., Miami, Florida 33144,

DISCOUNT PRICES

B & K, SENCORE, LEADER Test Equipment
RAYTHEON, ICC/MULLARD Tubes
TELEMATIC Test Jigs

Free Catalog

FORDHAM RADIO SUPPLY CO. INC.
558 Morris Ave., Bronx, N.Y. 10451

FREE CATALOG. Parts. circuit boards for POPULAR ELECTRONICS

projects. 0K

73114,

PAIA Electronics, Box C14359, Oklahoma City,

YOU SAVE BiG MONEY! Surplus, Ciearouts, Bankruptcy, lnventor;
Deals. Catalog $1 (redeemable). ETCOA Electronics, Box 741,
Montreal, H3C 2v2. U.S. Inquiries.

ELECTRONIC Parts wholesale. Catalog 10¢. Donlyn Elect:nics,
P.0. Box 15421, Phoenix, Arizona 85060.

FREE Catalog iigg resist?rs, tubes,wtransistors, rectifiers, con_-
densers. {ools, tuners. etc. Hytron Hudson, Dept. PE, 2818 Ken-
nedy Blivd., Union City, N.J. 07087.

BURGLAR-FIRE alarm supplies and information. Free catalog.
Protecto Alarm Sales. Box 357-G. Birch Run, Michigan 48415.

FREE CATALOG. IC's, Puts. Transducers, Thermocouples, Led’s,
Transistors, Circuit Boards, parts. Chaney's, Box 15431,
Lakewood, Colo. 80215.

100

LASER parts catalog, 60¢. Moynihan,
Atlantic City, New Jersey 08401.

107 North Brighton,

AUTHENTIC, INSTRUMENTED, FLYING ROCKETS for casual or
serious experimenters. Over 80 scale original, muiti-stage or
ready-to-fly modeis. Solid-propellant engines for safe, electric
launch system liftoffs up to 2,500 feet. Measure altitude, temp.
inversons, more. Real telemetry, electronic tracking, aerial stili
and movie photography with super-miniaturized equipment. New,
detailed tech manual and full-color catalog. 25¢ from ESTES
INDUSTRIES Dept. 18W, Penrose, Colo. 81240.

PAIA SYNTHESIZER
KITS

- Models
priced from

$139 -

LIKETOHEARIT?

NEED TOKNOWMORE ?

10 minutes of far out sounds

created with the PAIA Synthesizer

now onademo record -« -75¢ -  Catalog free

PAIA ELECTRONICS, INC.
BOX P14388, OXLAHOMA CITY OK 73114

ELECTRONIC ORGAN KITS, KEYBOARDS and many components.
Independent and divider tone generators. All diode - keying.
1.C. circuitry. Supplement your Artisan Organ. 35¢ for catalog.
DEVTRONIX ORGAN PRODUCTS, Dept. C, 5872 Amapola Drive,
San Jose, Calif. 95129.

CALCULATOR OWNERS: Use your + — = calculator to compute
square roots, cube toots, sin(x), cos(x), tan(x), arcsin(x),
arccos(x), arctan(x), logarithms. exponentials, and more! Quickly,
Accurately, Easily! Send today for the IMPROVED AND EXPANDED
EDITION of the first and best calculator manual—now in use
throughout the world . . . only $2.00. Unconditional money-back
suarantee—and FAST service! Malimann Optics and Electronics,
Dept. 15A, 836 South 113, west Allis, Wisconsin 53214.

BUGGED??? New tocator finds them fast.
11500-L N.W. 7th Avenue, Miami, Florida 33168.

Write, Clifton,

TELEPHONE ‘‘BUGGED”"? Countermeasures Brochure $1.00.
Negeye, Drawer 547, Pennsboro, W. VA 26415,

JAPANESE TRANSISTORS, Wholesale Prices, Free Catalog. West
Pacific Electronics, Box 25837, W. Los Angeles, CA 90025.

ELECTROSLEEP, acupuncture. Catalog of 200 more projects
free. Cimarron Labs, G-13060 Center Rd., Clio, Michigan 48420.

WE SELL MONEY MAKING CONSTRUCTION MANUALS!—Reclaim
refined GOLD and SILVER for EXCELLENT full time or part time
money!—Cotor Catalog 25¢-—Airmailed 50¢. Creative Produefs,
Dept. PE-574, 8415 Lofland, Houston, Texas 77055.

HEAR POLICE/FIRE Dispatchers! Catalog shows exclusive di-
rectories of ‘‘confidential” channels, receivers. Send 10¢ stamp.
Communications, Box 56-PE, Commack, N.Y. 11725.

FIREWORKS NEWS—Magazine Covering Commercial—Display
Fireworks, Sources, Construction, Pyrotechnical Supplies, Fuse,
Literature. Free Catalogs/Book'ist With Subscription! Calendar
Year $9.00 “1974"" Fireworks Buyers' Guide” $5.95. Pyro Press,
Box 12010N, Lexington, Kentucky 40511.

DRAKE and Swan Receivers, Transmitters, Transceivers, Acces-
sories. New Boxed 1974 models. trade-in's taken. Siep Elec-
tronics, P.0. Box 100, Otto, North Carolina 28763.

Y2 WATT Resistors a!l values 2¢. Minimum $2.00. Lectronix,
Box 1067, Southgate, Michigan 48195.

LOW NOISE RESISTORS—carbon film. Brand new as low as $2.25
each. Components Center-PE, Box 134, N.Y., N.Y. 10038.

POPULAR ELECTRONICS

www.americanradiohistorv.com


www.americanradiohistory.com

LIGHT EMITTING DIODES
MRD 14B Photo
Parlington . ... ..... ..
MT2 Photo Transistor s
MCT-2 Opto. Isolator .. s
0SL-3 GaP VIS, LED .. . %
. lsolator . s .
S
S

TRANSISTORS SPECIALS

2N1137B PNP TO-3 GE ..$ .95
2N2222 NPN Si T0-92 5 $1.00
2N3137 NPN S: TO-S .4 $1.00
2N1605 NPN GE TO-5 5 $1.00
MPS3393 NPN Si T0-106

4./51.00
2N2218T NPN Si T0-5 4 $1.00
2N3767 NPN Si T0-66 ..S .70
2N3772 NPN Si TO-3 ..%$1.25
2N3866 NPN S TO-5 ...% .75
2N6109 PNP Si T0-220.% .55
2NS5296 NPN Si T0.-220.% .50
2N4898 PNP Si TO-66 ..% .60
MJ2522 NPN Si TO-66 ..$ .90
2N3055 NPN S T0-3 ...S1.00

D's
GREEN GaP OSL-16 LED.

bers 45 ma 1 Seg. $7.50

o et b )

SLA.-3 7 Segment LED Readout 77% Num-

5311—Clock Chip featuring BCD, | €. MOS (Diode Clamped)
ho!d count and output 4003 . . N
strobe .. ... .. ...-- . .$11.50
5314—Clock Chip 6 digit read-
out hold count 1 .$9.5
5316—Alarm Clock Chip .$13.95

ASCII Encoded
Terminal Keyboards

-

-

s ..
waoounrnonn

14 Pin 1C Sockets .....

000060006060
©0000U00CUCo
»
PUPNANNPN AN
wonhonmomten

»
aa

Printed c:rcu‘;t board 417” xhex 2;

double sided fiber glass boar CINEAR CIRCUIT
Wisesgtnickigunetched: LM309K—5V 1A regulater
$.60 ea. 5/52.50 | 723 _40 -40V_rcgulator. .

S

Miniature Trim Pots
SK, 10K, 20K, 25K,
50K, 100K $.75 3.52.00

FULL WAVE BRIDGES
PRV 2A 1 6A 4
200 .95 1.25 S0 A5

INJECTION LASER—A SINGLE DIODE 6W. p
25R GaAs UNIT SIMILAR TO RCA 40859 400 | 1.15 | 1.50
$10.9

amp, ...
" 600 | 1.35 | 1.75 LM308-—Low power op-

NMAN-1, Red or Yellow READOUT
$3.25

gl
P N
S
.
L1

1.

MAN-4 LED READOUT . %2.50
MAN-3 LED REAOOUT . .51.75

CAPACITORS
T -

S0V 100 UF ELECT. ... ..
25V AT 30 UF L.
1103 1024 Bit RAM

% 7.2
NEC6003 2048 Bit RAM. .10.
t RAM 3.

bt et et s e b NN

8260 1024 BIT RAM

DUAL TAPEREO CdS PHOTO
CELL USED FOR OPTICA ALIGN-

Cltlo0| 936 ...
.75 | LM3S1

VERIPAX PC BOARD

This board is a 1/16% single
s.ded paper epoxy board &4%/2” x
632" (standard veripax) BRILLED
and etehed. which will hold 21
Single 14 pin 1C's. or 8.16 or | TRIANGULAR

LSl DIP IC's with busses for

ower supply connections. It is NIXIE TUBE

Sleo etched for a 22 pin connec- | RAYTHEON B650 WITH SOCKET
tor. $5.25 3/514.50 AND DATA SHEET $2.25 3/$6.00

amp. ..
747—Dual 741 . .. ..
Silicon Power Rectifiers 536—FET input op. amp
PRV 1A 3a  12A s0A & o e
“100 .06 .11 B as 1.

20¢c .07 .16 . 1.25
400 .09 .20 - 1.50
600 .11 .30
800 .15 .40
1000 .20 .SS

3822 Transistor array
LM3B0—-2W audio amp
LM3I77—2W steree amp. .
LM382_0Oual audio preamp
LM311—Hi perform. comp
LM319-—Dual hi speed

TRIACS SCR's
PRV| 1A 10A12SA | 1.5A] 6A
100{ .40/ .70 1.30| .40 .50 compY eseeed  g1.50
200| .70 1.101.75 | .60] .70 LM339_Quad comparator 31,95
400 1.10 1.6012.60 | 1.00'1.20! ?_ONDUC;W')/E ELASTgMETER

o e PROFILE CALCULATOR

600 1.70/2.30 3.00 ! | | KEYBOARD. A 234"x31%"x3/5"

i :LEX KEY. 19 5K-6 KEYBOARD

B . AVING 0-9,° 8, . — X, i, =

TI5-73 N CHANNEL F.E.T. 5.60 | MAVING Q8 * with QFF. ON
2N 4891 WJT .. ... .50 | SWITCH. $6.50

ER 900 TRIGGER DIODE 4/1.00 | Terms: FOB Canibridge, Mass.

Send Check or Money Order. Include Postage
Minimum Order $3.00. Rated Companies 30 Days Net .
Send $.20 for our latest catalog featuring transistors and rectifiers

SoLip STATE SALES

Post Office Box 74A

Somerville, Mass. 02143

CIRCLE NO. 28 ON READER SERVICE CARD

Tel. (617) 547-4005

CONVERT any television to sensitive, big-screen oscilloscope.
Only minor changes reguirad. No electronic experience neces-
sary. |llustrated pians. $2.00. Sandars, Dept. A-33, Box 92102,
Houston, Texas 77010.

BIDFEEDBACK. Professional instruments: Electroencephalopnone,
Galvanic Skin Responsa. 1), 8102E, Bainbridge, WA 98110,

ALPHA WAVE Monitors—frea brochure. Medlab, Box 31035, San
Francisco, CA 94131.

PROFESSIONAL Record Cleanar eliminates dust and static. Onfy
available from Canada. $3.50 postpaid. Dept. P, P.0. Box 5207
Stn. B., Victoria, Canada. U.S. inquiries.

DIGITAL IC Manual—Latest Edition-—1500 types by types dia-
gram number, $3.35. 32—function digitai computer kit—IC.
transistors, instructions. $14.00. IC applications manual-——numer-
ous circuits—Analog/Digital, 33.95. Electronetics, P.0. Box 127,
Hopedale, Mass. 01747.

NE555V: $1.10; MOR10A: $2.50; IC's: Digital. Linear: LED's.
Catalog: 10¢. Electronic Discount Sales, 138 N. 81st Street,
Mesa, Ariz. 85207.

CITIZENS BAND equipment discount prices. Free List. CRS Com-
munications, 2271 Morris Avenue, New York, N.Y. 10453,

CITIZEN'S band radio, scanners, stereo. discounts. Free Catalog.
Capitol Sound, Box 3523, Des Moines. lowa 50322

POWER SUPPLY PLANS, precision regulated 9 to 12vdc, 2 amps
$5.00. Airborne Systems, Box 1175, Hartford. Conn. 06101

EXPEIiIMENTER MINICOMPUTERS! Write M.P. Engineering,
Dept. 2, Box 378, Be!mont, Massachusetts 02178.

FREE Profes?onal Experimenters Catalog. Walton Electronics,
Box 503F, Bethany, Okiahoma 73008.

TAPE RECORDER COMPUTER 1/0, other plans. Free Catalog.
M.P. Pubfishing Co., Box 378, Belmont, Massachusetts 02178.

MAY 1974

THE CALCULATOR HANDBDOK 127 pages practical applications,
short cuts, algorithms. $1.25 plus .39 postage and handling.
Techniplan, Box 51, Baldwin, New York 11510.

FREE! Diodes and catalog. BDJ Electronics, 11 Revere, Tappan,
fNew York 10983.

SCREW ORIVER with buiit in flashiite with four interchangeable
parts, $1.25. Write: Baez & Santana, 565 Academy St., N.Y.,
N.Y. 10034. )

CO 1GNITIONS, VHF/UHF monitors, crystals, CB radios.
Southland. Box 3591-B, Baytown, Texas 77520.

CRYSTALS, Scanners, $3.88, include make and frequency. G
Enterprises. P.0. Box 461PC. Clearfield, UT 84015.

LINEAR I1C’s, most types avai'able, send for free list. Semi-Lin
Enterprises, P.0. Box 992, Santa Ana, Calif. 92702.

AUTOMATIC telephone recording and debugging equipment. Top
quality. Lowest wholesale prices. Viking International, Box 632E,
Newhall, California 91321.

RADIO-TELEVISION Diagram Manuals, essential 14 volumes,
$48.75 vatue. only $19.95, postpaid. Publications, 1760 Balsam,
Hightand Park. Illinois 60035.

ELECTRONIC TEST INSTRUMENT CATALOG—160 itlustrated pages
list over 5.000 new, used and reconditioned test instruments—
500 manufacturers. Send 32.50 refundable with first purchase.
Tucker Electronics, P.0.B. 1050, Gariand, Texas 75040.

PRACTICAL APPLICATIONS of Digital IC’s. 100’s of tips, circuits,
projects. on TTL. 443 pp. $19.95. Money Back Guarantee, GEA,
P.0. Box 285, Northfield, Ohio 44067.

PLANS AND KITS

RADAR DETECTOR KIT, alerts you to hidden radar *‘traps’,
transistorized. clips to visor, #1 seller worldwide over 12 years.
Send check, charge or call. Bank Americard, Master Charge,
$29.95. Assembled, $39.95, guaranteed. KartroniX-PE, 4017
Coronado Place, Oklahoma City, Oklahoma 73122. (405) 842-1493.
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ELECTRONIC Siot Machine type game. Plans $5.00. KAB, 1923
Fern, Royal Oak, Michigan 48073.

CB MOBILE co-phase antenna harness, VSWR 1-.1:1 match.
Plans  $2.00. Enclose self-addressed stamped envelope.
DUFFY’S, P.0. Box 808, Nevada City, Ca. 95959.

STRANGLE TV Commercials! Sound revives AUTOMATICALLY!
Devilish plans $2.00. Hobby Electronics, Box 2172E, Capistrano
Beach, Calif. 92624.

TESLA COIL—40” SPARKS! Plans! $7.50. Information 75¢.
Huntington Electronics, Box 2009-P, Huntington, Conn. 06484.

FREE Semiconductors with purchase of detailed plans. Digital
clock, stereo amplifier, Dwell Meter, and more. $3.50. Box 245,
Littleton, Mass. 01460.

MILES ELECTRONICS CO. has better kits for a lower price. Let
us custom design a circuit to fit your needs. 100, 200, 400
watt RMS stereo power speakers. All you need is a preamp or
tuner. Systems are studio quality. 4000 O!d College Rd., Bryan,
Texas 77801.

SIMPLE DIGITAL READOUT CONSTRUCTION PLANS: 10,000 rpm

tach, 12V crystal clock, reaction timer, thermometer, portable

stopwatch (manual and photocell), R/C checker, crystal time

gg;e (clock). $2 each. Digi-Dec, 342 S.E. 32nd, Portland, OR
14.

DIGITAL COMPUTER complete plans; Send ;7.00 to Walter, 58700
Bremen Highway, Mishawaka, Indiana 46544.

HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount prices for
Shure, Pickering, Stanton, Empire, Grado and ADC. Send for free
cataiog. LYLE CARTRIDGES, Dept. P, Box 69, Kensington Station,
Brooklyn, New York 11218.

DERIVE_ 4 channel sound ;rom your present ste;eo vivithoutiany
expensive devices. Send $1.00 for easy instructions to: Surround
Sound, 96 Home St., Somerset, N.J. 08873.

WANTED

QUICKSILVER, Platinum, Silver, Gold, Ores Analyzed. Free Circu.
lar. Mercury Terminal, Norwood, Mass. 02062.

CAPACITORS WANTED: Computer-Grades, Tantalums, Mylars,
Discs.—Cash  Paid—National Electronics Supply, Dept. PI1,
7231-B Garden Grove Blvd., Garden Grove, Calif. 92641.

MAIL ORDER CONCERN Seeks Security Oriented Products. Box
671, Westwood, New Jersey 07675.

TUBES

RADIO & T.v. Tubes—36¢ each. Send for free Catalog. Cornell,
4213 University. San Diego, Calif. 92105,

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS. All Brands—
Biggest Discounts. Technicians. Hobbyists. Experimenters—Re-
auest FREE Giant Cataiog and SAVE! ZALYTRON, 463 Jericho Turn-
pike, Mineola. N.Y. 11501.

TUBES “Oldies”. latest. Lists free. Steinmetz, 7519 Maplewood,
Hammond. indiana 46324

SAVE money on parts and transmitting-receiving tubes, foreign-
domestic. Send 25¢ for giant catalog. Refunded first order.
United Radio Company, 56-P Perry Street, Newark, N.J. 07105.

TUBES receiving. factory boxed. low prices. free price list.
Transleteronic, Inc., 1306 40th Street, Brooklyn, N.Y. 112184,
Telephone: 212-633-2800.

CASH Paid for obsolete receiving tubes WE300B, WE3508,
WE252A, WE310A, WE274A, WE262B, WE284D, RCA45, RCAS50,
and_Movie Theatre we amplifier models 91B, 86F. Contact:
M. Takabe, 303 Fifth Avenue, N.Y.C. (212) 679-1970.

102

TAPE AND RECORDERS

RENT 4-Track open reel tapes;all major Iabels—3z)00 different
—tree brochure. Stereo-Parti, 55 St. James Drive, Santa Rosa,
Ca. 95401

19301962 Radio Programs. Reels, $1.00 Hour! Cassettes, $2.00
Hour! . . . Mammoth Catalog, $1.00. AM Treasures, Box 192F,
Babylon, N.Y. 11702.
WHOLESALE PRICES
CASSETTES

PLAIN WHITE CASSETTE LABELS, NORELCO CASSETTE CLEANERS.
PAPER MAILER BOXES®* HOLDS NORELCO-TYPE PLASTIC BOX.
FAMOUS BRAND CASSETTES. “LIKE NEW'™ 10%5" AL OR
FIBERGLASS REELS. SEND FOR OPEN REEL AND CASSETTE DIS-
COUNT CATALOG. . *QUANTITY 10-99 100 1000
CASSETTE LABELS (Multiples of 10) .02 .15 .01
NORELCO CASSETTE CLEANER .65 .60 .58 50
“*NORELCO PAPER MAILER BOXES -03 .025  .022 .02
10145 FIBERGLASS REELS. USED .50 .40 .35 a
1055” METAL. NAB HOLE. USED 1.00 1.00 .90 .
*PLUS POSTAGE BY WEIGHT AND ZONE MINIMUW ORDER. €5.00
SAX”’ONE TA E SALES 1776 COLUMBIA ROAD, N.W
WASHINGTON, D.C. 20009

OLD radio programs on tape. Thousands availab'e. Six hours,
$8.00. Cata'ogue, 25¢. Nostalgic Radio, Box 29Q, Peoria, IL
61601.

16,000 OLD RADIO SHOWS on tape. Catalog $2.00, supplement
50¢ (refundable). Hart Enterprises, 1329H George Washington,
Richland, WA 99352.

PERSONALS

MAKE FRIENDS WDRLDWIDE through international correspon-
dence. [liustrated brochure free. Hermes, Berlin 11, Germany.

BUGGED??7 . . Detectors focate hidden transmitters. Literature
25¢. Security, Box 671, Westwood, N. J. 07675.

MOVIE FILMS

8MM-SUPER 8-1BMM MOVIES! Biggest Selection! Lowest Prices!
Free Catalog! Cinema Eight, Box PE, Chester, Connecticut 06412,

TOOLS

WRAP Toof $1.00, Wire, Panels. Xycon Box 9341, Phoenix
AZ. 85020,

ELECTRICAL SUPPLIES
AND EQUIPMENT

PLATING Equipment, Portable Platers, Supplies and ‘‘Know-
How."" Build your own tanks for nickel. chrome, etc. Fasy-to-
install PVC liners. Rectifier components—all sizes. Schematics,
parts lists, formulas, aperating instructions for all plating.
Guaranteed to save you 25%-75%. Some good units for sale.
Write for details. Platers Service Company, 1511-PE Esperanza,
Los Angeles, Calif. 90023.

GOVERNMENT SURPLUS

GOVERNMENT Surplus. How and Where to Buy in Your Area. Send
$2.00. Surplus Information, Headquarters Bldg., Box 30177-PE,
Washington. p.C. 20014.
ELECTRONIC Equipment and Parts. Big 36 page Free Catalog.
Send for your copy today! Fair Radio Sales, Box 1105-P, Lima,
Ohio 45802.

MANUALS for Govt Surpus radios, test sets, scopes. List 50¢
(coin). Books, 7218 Roanne Drive, Washington, D.C. 20021.

ELECTRONIC gadgets and parts. Send for free bulletin.
Aeroparts, International Airport, Box 1492, De! Rio, Texas 78840.

POPULAR ELECTRONICS
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LEI 7-SEGMENT
Readouts

MAN-1
'l'ii SLA-1

MAN.3

" |

Brand New

smasies",

OVER 1,000,000-PC

SHEs 1C Pl

'-Mnr
ED
’Ftn.

INVENTORY
‘DIP Packakes

532 Micro power 741 (TO-5

* Factory Marked i, by type numbert 8
YYDG SN - Nore TGNLY
74 o] Buy 100 —
! $N7390 3023 sN7a3s a5, SNzANy £Ss SN74108 Y 100 — Take 204
SLA-3H SN7301 © 24 SN7438 o3 SN7472 a1 SN7a112  of|L] sN7a161 159
| SN7302 24 SN7340 SN7473 a9 SN74113 ‘95 |Ll SN74163 1175
| 5 SN7403 .24 SN7441 1719 SN7474 a9 sN7a11a 99| SN7a163 210
704 SN7404  2¢ sn7aaz 112 SN7475 85 sn7at2r O3 SN74165 2.10
707 | SN7405 | 2¢ SN aas i Ll SN7476 53 |7 sn74 -611(] SN74166 1.85
7 a9 . SN7480 | : SN7417
(All “LED” TYPES) J SN7308 37 g:;::g }-;: ] SN7481 g: g:;:}g: 1.45 SN7417; §'§3
SN7409 28 i . ] SN7482 339 1.45 SN74 1
il | . L] sN7aa7 = SN7. 176 1.85
Shars 3".‘;“5 e SN7310 2a SN7aas 122 |4 SN7483 115 N7aiae 2230 $N74177 185
i -31 SN745 3 1.15 S . = 74179 1.85
2 1.49 | 3 for 3. SN7413  ag 0 127 | SNTaBE 115 [ SN74145 19| onraime
19 | 2i0 | 3forsE. svrais  las | - 3N743) 31 |0 sN7ass 3o [} SN74138 45001 SN7aie: 410
— S =y 416  las SN74 . SN7490 .85 19| 5SN74182 1.
54 43 | 5 [l SN741851 | = 1.05
REFLECTIVE BAR TYPES SNIMT 49| Snzass (37 (] SNT3S1 135 |7 sn7aisz 295 ([ Snyai8% 230
707+ | 2.50 | 3 for 36 I sN7a21 55 | U SN73Se .27 SN7a93  os 0 snrered rasin) SN7a153 1oe
704+ 250 | 3 tor 36 SN7422 3 N L 5N7494. 105 | (] anyares 182|011 sN7418a 1lss
SLA-10¢ 2110 | 3tor3s j SN7425 50 SN7aea a3 SN7495 1000 | sn7a1se ;.ae||] SN73195 1110
SLA-3%+ . | al9s5 | 3tor3$13 SNIiZel | Fa3 SN7aes 43 SN7496 1,00 | ] snraiey L35 |L SN74196 125
SLA-114% 33t 350 @ 3for $10. 30 .24 SN7470 3¢ 2:;:;36 95 |1 sN7a158 145 |- :::,’“97 1.10
- — 3 — : 7 .51 [[] SN74160 1. - 4198 235
“Hy Litronix. By Opeos, vaual 0 1. SN74200 995
1 or S I spees. Color - RED l IC'S FOR EXPERIMENTERS
Morey Back Guara [2 CLOCK CHips
ntee!  Factory Marked! 1.00: Py
.TRACK CAR ] 00 N A “Dipr
e TAPE| - SN7404 -20for 81, L] SN7a76. .10 for $1. 2
gRADIO STEREO ] sN7a ©.20 for 31, SN7490 51, ANY CHIP
TRANSPORT | [ straai 00 Zlordi: [ Shraior . lae tor 31, HiP $8.88
3 or $1. 121 i S
N-Tracx tape LCANSpoOrt ] ::;::2 <. Stor$1. [] SN74123 '}g fonsr: NEEMMS3I11 Sadiit 28.pin 8.8
ith complete stereo plav- | | ... Stors SN7415 -10 for 1. § 7 MM5312 24-Pin 8.88
system  less audio | SN744s5. [0 gyl ey (] SN7a1m1. 0 S forSi. J 1 MMs313 28-Pin  8.88
amplifier. Operates off 12 | 1 SN7aa7 2100 3UT31 [ Snjaies (0 2fersi |0 mms3ia 24.Pin 888
3 tor $24 VDC Woiw & Mutter proof. | g SnNrdan.h Stersi O sN7alas ;77 Slersi |7 Mmsai6  ddigit 40-Pin.13.50
Use 749 preamp & ready .0 110 10r 51, lIncludes 1 & Dila Alarm
8.88 1 o Uses s-track tape. H ;:;:74-- .30 for 31, rejects & ‘L??JL““"
Wi d-lhs. U S tor $1. knows at these p:]cw.:o 1-MM5316, DIGITAL ALARM
—— 0o FACTORY FALLOUT — $1.49
Facro, T
® Facroay o Ps Mamy .: P e
CUARANTEED ir
60-WATT STEREO
$31 Hi slew rate op.amp (T0.5) .. .. $2.50 -
250 1 AM-FM-MULTIPLEX

533 Micro power 709 (TO- s)
536 FET Input op amp (70-5)
550 Procision 723 voltage reg.
555 Timer 2 u Seconds to 1-hr.
556 S5 Times faster than 741C.
558 Dual 741 (A)

560 Phase lock loops
561 Phase tack loops
562 Phase lock loops (DIP]
565 Phase lock loops (A

566 Function generator ('ro s).
S67 Tone decoder (A)

702C Hi-grain, DC amp (T0-5) .
703C RF-IF, amp, 13 ckts (TO s).
704 TV sound IF system

709C Operational amp (A)
710C Differcntiai amp (A) .
711C Dual diff. comp (A) .
723C Voltage regulator (A) ...
733 Diff. Video Amp

741C Frequency compensator 709 (A)
741CV Freq. comp 709 (Mini DIP)
747C Dual 741C (A) .

748C Freq. adj. 731C (A)
753 Gain Btock

739.739 Dual stereo preamp.
731-741 Dual 741C (T0'S)
PA265 5.Watt voltage regulator .
ULN2300M Op amp with SCR
€A3065 Video Audio system
3250 Programmable Op Amp . .
4136 Ouad 74d1‘s (DIP) .
75451 Oual periwpneral driver.
75453 Dual peripheral driver.
75491 Quad seg driver for LED readouts

The most amaz

amd an ides
house, otfi 1e. Comes complete with hooku s
| cutcheon, . separate controls: LOUDNESS
% | 2 eireuits switeh for PHONG,
APE, MIKE, A switehes for SCRATCH
| FIL'I‘) I{ RITMBLE FILTIZI( and POWER “ON-CFF with
69 built-in lite, J-output transistors, each 30 wialts, Sepa
Tite accesxory mounting panel for 1 speuke 1taeh

ment, mike und musicai instrument juck. pe,
and peower jachs, H-f1 cord set for TIIVAC, 60 cyeles
Measures only | 17, Wt 4 lbs, With ate e
Made by Jemding US muhker of

HIGH FIDELITY AMP

® Tape, Record Player, PA
& Musical Instruments!

it for the family den, or any room in the

multi-color excutcheon,

£ Wall “Slim-Line'' Type!
. PA

ing audio offer for the hi-fi-er nen.

s s Al quality amplifiers
.44 ) ® 20.20,000 Cycles Resp @ 4.Channel Spkr. Systems!
a9 2 p
.89 2 “THE PRO"
oty $6.95 .. owsrno. PENCIL MIKE
Sald elsewhere for R \ln AL mietal constynetiom,
with stand, 6-ft. ve wl standard mike plug 1
Goneral Electrics ¥o. [\nan' Hhghly polished  wit
hrome trim. Omni-dircetinl, 28000 1 Gt
100Khz freg resp. Ceispe sliraesensi hixh qgaaling
hi-tidelity, fdeal for PACCE, and all HAM cquipoient
with t

for vur Kow

May be hand-held tou! Mike 57 long l” dx

Heavy-duly grev mets
“teten Amp.

1,
Wi,

1-lh,

lGS

T

75492 Hex driver w/col. out 250 ma. 1.85 -
For LED readouts BUY ANY 3 t CALCULATOR CHIPS ON A
CAY P o b1 gasl in line pak TAKE 10 % - i Lo Mostek G001, Gutperforms Texas
Bit it TMSIBOZ. A 10-pin DIP, Adds, mulnplu~
SANKEN HYBRID OF b ha P A L
AUDIO POWER [ A RN T IR (.ﬁ‘\“
AMPS 4- [] €T5001 12-digits 40-Pin .. $6.95
€T5002.9 Voit version of 5001 —  8.88
S'gr s royn‘;v w:gs s Ssal;s FUNCTION MEMORY [ crsoos 12 digits 28-Pin .. .. 9.95 &
51-101 with 3-function memory.
0 siciozse 25 188 | “CALCULATOR KIT” -
[] s1-1050E S50 29.95 | et |} o o
in hi-ti systems, tape dec M - | Pocket type,  the lowes POCKET CALCULATOR KEYBOARD |17 . B
it players, stereo cotiponents, musical instrn- | price d-function  memory - hand . % »
o AL ote. Al amplifiers, flar within dh fron [ with w1 arithnecetie,  Com- f;'l’v ",‘,‘"L‘}ti’;fl'e'iw“’l"”h;r oY - Only D8R
1o 3R0.000. Exch unit properdy heat-sinked, with [plete with all parts, insteue- 001, 2. 12 or Mostek  $6.95 =
vodimty | connecting tic  lug  conncetions.  Ningheo | tion booklet. -120 1% feather-toucit 1 2 =
1 pushpull output. Power supply vequired 21V by FLEX-KEY, 3 for $18.
Output to X ohtns Order by Stoch No
- d
BRANO NEW LOWEST PRICES L age  Rated: net 30 B
GENERAL ELECTRIC 3-WATT $2 50 - Vakefield, M‘Lss (01. 2 3829,
AUDIO AMP 3 FOR $6.00 g Cw il: 1G-18& Del Carmine Wukefield, Mass.
watts continuous, 10 watts Dpeah, With \;{ toff Water Street) C.O.D.'S \iA\ BE PHONED
hvini size: I aloat Yot A0V sup- E
censitivity, ® to 16 ohms. For mono sand P.0. BOX 942
honos, tape, FM, AAM, TV, servo Lynnfield, Mass. 01940

e
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Ei‘
7' LED READOUT BONANZA!
Compare prices and you will buy from us,

MAN-i type readoul 27 inch character size. Lefl decimal point. Uses 7447
driver 14 pin style — $2.50 ea,

;AAgN-JA type readout. 12 inch charaCter size. Right decimal point, Uses 7448 driver
9.

Three digit readout. In one dip. Has 3 MAN-3 type readouts. Interally muttiplexed

Designed for caiculators. etc. Right decimal point. Like DL-33 — (3 digits) $2.95
OPCOA SLA-1 readout. Electrically Ike MAN-1 except has larger digit size. 33
Inch character. 14 pin style. Uses 7447 driver. Segments consist of bar rather
than dots. Much easier to read. Lefl decimal — $1.75 ea.

LOOK! OPCOA SLA-17 readout. Same as SLA-1 but Green! Like MAN-5, Uses 7447 A
Driver. Left dectmal polat — $2.50 ea
OPCOA SLA-1C. Colon readout for use in digital clocks. Has either left or sight
declmal — $2.50 ea

Jumbo red led lamps. Large like MV5024
ﬂ Jumbo green jed iamps ke MV5222

5tor §1.00
3tor $1.00
Prime TTL DIP IC'S

7400 -3 25 7438 - § .49 7483 -3 89 74157 - $1 25
74028 25 7439 -3 69 7486 -3 .39 74164 - $3 .95
7404 -8 25 7442 -8 89 7480 -8 .95 74165 - $1.50
7407 -§ .30 7445 -5 89 7491 -5 g5 74174 - $1.95
7408 -5 25 7447 =S 95 7492-5 95 74175 - $1.95
7409 -3 30 7448 -3 95 74109 - § .60 74181 - $3.50
7410 -5 25 7473 -$ 39 74121 -8 49 74187-§ 98
7427 -8 35 7474 -5 .49 74150 - $1.80 74192 - §1.39
7430 -5 .25 7483 -5 .89 74151 -5 .89 74193. $1.39

74H73 - § a9 74154 - $1.35 74197 - $1.50

Buy any three. take 10% off.
Pome TTL DIP IC'S

Clock Chip — CT7001 — has alarm and calendar — $12.95
LM309-K 5V reguiator — $1.75 » 741C minl dip — $.49
Phase lack loop. NE 567V minl dip — $1.95
TTL and Linear Assoriment. Contans % pound (Approximately 200 pleces) mixed TTL
and Linear {C's untested. includes logic gates. Flip flops, Counter FM delectors
chroma demod IC’s, etc. Marked and unmarked, with some SpeC Sheets — $3.95
Plaslic transislof assodiment manufactured by T.1.. contains NPN and PNP siticon
TO-82 case. many useable units. We have more than W@ ¢an fest. 100 piece
assortment — $1.49
New for 74 4 bags for $5 00.

SPECIAL OFFER
On every $15.00 oruer, choose $1 00 worth of free merchandise.

ALTAJ ELECTRONICS
P. O Box 28592

Dailas. Texas 75228
Terms: Check or Money Order. No COD. Add 10% of order o help cover #9stage and
handling Bargam fiyer $.10 free wilh order. Cashiers check and money order whil
speed up delwery,

CIRCLE NO. 2 ON READER SERVICE CARD

INSTRUCTION

LEARN ELECTRONIC ORGAN SERVICING at home all makes includ-
ing transistor. Experimental kit—trouble-shooting. Accredited
NHSC, Free Booklet. NILES BRYANT SCHOOL, 3631 Stockton,
Dept. A, Sacramento, Calif. 95820.

LEARN WHILE ASLEEP, Hypnotize! Strange cataiog free. Auto-
suggestion, Box 24-ZD, Olympia, Washington 98501.

DEGREE IN ELECTRONICS through correspondence. Free catalog.
Grantham, 2000 Stoner Avenue, Los Angeles, California 90025.

INTENSIVE S week course for Broadcast Engineers. F.C.C. First
Ctass license. Radio Engineering Incorporated, 52 S. Palm Ave.,
Sarasota, Florida 33577,

SHORTCUTS To Success! Highly Effective, Profitable Short Courses.
(75 Choices). Study At Home. Diploma Awarded. Qur 27th Year.
Free Literature. CIEE-D, Box 10634, fackson, Miss. 39209.

PA EXAMS' Memorize, study
—“Fests-Answers’’ for FCC 1st and

2nd class Radio-telephone licenses.
Newly revised multiple-choice
questions and diagrams cover all
arcas tested in FCC exams.—plus—
‘‘Self-Study Ability Test.'” $9.95
postoaid. Moneyback Guarantee.

COMMAND PRODUCTIONS P.O. BOX 26348-p
RADIG ENGINEERING DINSION S AN FRANCISCO, CALIF. 94126

DEGREE Program in Electronics Engineering. Qur 27th Year! Free
literature. Cook’s Institute, Dept. 13, Box 10634, Jackson, Miss.
39209.

EARN College Degrees at home. Many subjects. Florida State
Christian University, P.0. Box 1674, Fort Lauderdale, Florida
33302.
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LOGICSONSTRUCTION
NEWSLETTER ©

SAMPLE COPY $ 1.00
LOGIC NEWSLETTER
POB 252
WALDWICK N.J. 07463

SCORE high on F.C.C. Exams . . . Over 300 questions and an-
swers. Covers 3rd, 2nd, 1st and even Radar. Third and Second
Test, $14.50; First Class Test, $15.00. All tests, $26.50. R.E.I,
Inc, Box 806, Sarasota, Fla. 33577.

ELECTRONICS career training at home. College level communi-
cations, FCC license, Broadcast Engineering, Satellite Com-
munications. Free Catalog. Genn Tech., 5540 Hollywood Bivd.,
Los Angeles, Calif. 90028.

INVENTIONS WANTED

CASH-ROYALTIES for patented, unpatented inventions. Giobal
Marketing Service, 2420-P 77th, Oakland, California 94605.

INVENTORS: Protect your ideas! Free '‘Recommended Proce-
dure”. Washington Inventors Service, 422T Washington Building,
Washington, D.C. 20005.

PATENT Searches including Maximum speed. full airmail report
and closest patent copies. Quality searches expertly adminis-
tered. Complete secrecy guaranteed. Free Invention Protection
forms and ‘‘Patent Information,”” Write Dept. 9, Washington
Patent Office Search Bureau, Benjamin Franklin Substation,
P.0. Box 7167, Washington, D.C. 20044.

FREE PAMPHLET: “Tips on Safeguarding Your Invention.” Write:
United States Inventors Service Company, 708-T Carry Building,
Washington, D.C. 20005.

INVENTORS! Either we will seil your Invention before you or
anyone else does, or we will pay you a cash bonus. Get Free
Invention Evaluation and information: Write Gilbert Adams Or-
ganization. Invention Brokerage, Dept. 20, 80 Wall St., New
York, NY 10005.

FILE your own patent application. Complete information and
materials. Write: Inventor's Guide, 468-R, Goodspeed Road,
Virginia Beach, Virginia 23451.

FREE ‘'DIRECTORY OF 500 CORPORATIONS Seeking New Prod-
ucts.” For information regarding Development, Sale, Licensing
of your patented/unpatented invention, write for FREE “‘INVEN-
TOR’S KIT NO. A-73, RAYMOND LEE ORGANIZATION, 230 Park
Avenue, New York, N.Y. 10017.

MUSICAL INSTRUMENTS

30% DISCOUNT name brand musical instruments. Free Catalog.
Freeport Music, 455N, Ruute 110, Melvilte, N.Y. 11746.

WHOLESALE! Professional Guitars, PA Systems, Altec Speakers,
240W RMS Amplifiers. Free Catalog, Carvin, Escondido, Calif.
92028.

30% + DISCOUNT. Name Brand Musical Instruments. Free
Catalog. Continental Music, Dept. H, P.0. Box 3001, Garden City,
New York 11530.

REAL ESTATE

FREE . . . NEW . . . BIG . . . SUMMER CATALOG! Describes
and pictures hundreds of farms, ranches, town and country
homes, businesses coast to coast! Specify type property and
location preferred. UNITED FARM AGENCY, 612-EP, West 47th
St., Kansas City, Mo. 64112,

POPULAR ELECTRONICS
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SOLID STATE SYSTEMS, INC. now has a wider
selection of LED displays, lower prices. Now
available are:

* 7-segment numeric displays
in 3 colors
* Resistor packages for each
display
* 9-digit calculator displays

Catalog e Ch Colo Price Each Grouping
Number escription Height " [29 | 5088 | 100488 [500-999 | 1000-up | code
21.00001 | OPCOA SLA-1,7-Segment, 15mA, feft decimal 0.33” Red 2.00 1.85 1.70 155 140 10
11.48001 | Pkg of 8 current limiting resistors for SLA-1 36 32 .28 24 .20 16
21-10001 | OPCOA SLA-11, 7-Segment, 40mA lett decimal 0.33" Green | 2.00 1.85 1.70 1.55 1.40 10
21-20001 | OPCOA SLA-21, 7-Segment, 40mA, left Oecimat 0.33" Yeltow { 2.00 1.85 1.70 155 1.40 10
11-58001 | Pkg. i 8 current limiting resistors for SLA-118& 21 | = -~ | 36 | .32 28 24 | 20 ) 16
72400002 | OPCOA SLA-2, *1, 15mA 0.33" Red 2.00 1.85 1.70 1.55 140 | 10
11-44002 | Pkg. of 4 current timiting resistors for SLA-2 - - 20 7 14 A2 10 16
24-10001 | OPCOA SLA-12, +1,40mA 0.33” Green | 2.00 1.85 170 1.55 1.40 10
24-20001 | OPCOA SLA-22, :1,40mA 0.33" Yellow | 2.00 1.85 1.70 155 1.40 10
11-54002 | Pkg. of 4 current lmmmu vesistors for SLA-128& 22 | - e {20 ) a7 | a4 | a2 | 00 1 16
2300011 | OPCOA SLA-1C, 7-Segment with Colon, 15mA_ 0.33" Red 2.30 2.15 2.00 185 1.70 10
11-49011 | Pkq. of 9 current limiting resistors for SLA-TC - - 40 36 .32 28 24 16
23-10011 | OPCOA SLA-11C, 7-segment with Colon, 40mA 0.33" Green | 230 2.15 2.00 1.85 1.70 10
23.20011 | OPCOA SLA-21C, 7-Segment with Colon, 40mA 0.33” Yellow | 2.30 2.5 2.00 1.85 170 10
1169011 | Pkg. of 9 current limiting resis. for SLA- HC & -21C | = e 40 | 3% | 32 [ 28 | 24 | 16
21.00007 | GPCOA SLA 7, 7-segment, 20mA, left decimal - 0.33" Red 150 1.40 130 120 1.10 10
1148007 | Pkg. of 8 current limiting resistors for SLA-7 g e .36 .32 .28 24 20 16
24-00009 | OPCOA SLA-9, -1, 20mA 0.33" Red 150 1.40 1.30 1.20 1.10 10
11-44009 | Pkg. of 4 current limiting resistors for SLA-9 - - .20 17 14 12 .10 16
21-00008 | OPCOA SLA-8, 7-segment, 20mA, left decimal 033" | Red 150 | 140 130 | 120 | 110 | 10
1148007 | Pkg. of 8 current limiting resistars for SLA8 s 36 32 28 24 .20 16
24-00010 | OPCOA SLA-10, -1,20mA 0.33” Red 150 1.40 1.30 1.20 1.10 10
1144009 | Pkg. of 4 current l:milmg resistors for SLA-10 .20 17 4 12 0 16
21-10008 | OPCOA SLA-18, 7-segment, 40mA, feft decimai 0.33" Green | 1.50 1.40 1.30 1.20 1.10 10
1158008 | Pkg. of 8 current limiting resistors for SLA-18 e w136 32 28 .24 .20 16
24-10010 | OPCOA SLA-20, +1,40mA 0.33" Green | 1.50 1.40 1.30 1.20 1.10 10
1154010 | Pkg. of 4 current limiting resistors for SLA-20 - 20 A7 14 42 10 16
21.20008 | "PCOA SLA-28, 7-segment, 40mA, left decimal 0.33" Yellow | 150 1.40 1.30 1.20 110 10
11-58008 | Pkg. ol 8 current himiting resistors for SLA-28 - .36 32 28 24 20 16
24-20010 | OPCOA SLA-30, +1, 40mA - 0.33" Yellow | 150 | 140 130 | 120 | w0 | 10
1154010 Pkg of 4 current limiting resistors for SLA30 e 20 17 14 a2 10 16
2100003 | OPCOA SLA-3H, 7-segment, 30mA, right decimal 077" Red 550 5.10 4.70 4.30 3.90 10
11-48003 | Pkg. of 8 current timiting resistors for SLA-3H - - .36 32 .28 24 .20 16
21-20003 | OPCOA SLA-23H, 7-segment, 30mA, right decimal 077" Yellow | 550 5.10 470 4.30 390 10
1158003 | Pkg. of 8 current limiting resistors for SLA-234 | - | - | .36 3 | 32 | 28 | 24 20 ] 16
24-00004 | OPCOA SLA-4H, +1,30mA, right decimal 077" Red 5.50 5.10 470 4.30 3.90 10
1145004 | Pkg. of 5 current limiting resistors for SLA-4H == .24 21 .18 .15 12 16
2420004 | OPCOA SLA-24H, +1, 30mA, right decimal 077" Yellow | 5.50 5.10 470 o 4.30 390 10
11-55004 | Pkg. of 6 current limiting resistors for SLA-24H - 24 21 18 15 12 16
2900125 | OPCOA 9B125, 3-digit calculator display 0.125" | Red [1000 |} 925 | 850 | 775 [ 7.00 1
29-10125 | OPCOA GIB125, 9-digit calculator display 0.125" Green [10.00 .25 850 135 7.00 10
All resistors in packages are supplied for operation with 5V TTL supply.
All items with the same grouping code may be combined for quantity pricing.
WRITE: SOLID STATE SYSTEMS, INC. .
COLUMBIA, MISSOUR! 65201

=L
fﬁc.—fﬂwl%:'i_rﬁ%l:\::

SOLID STATE SYSTEMS, INC,

MAY 1974

PHONE (TOLL FREE)
800—-325-2595 & 800—-325-2981

CIRCLE NO. 29 ON READER SERVICE CARD
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KLH
TAPE DECK

New in
factory
cartons, 3
head,3 mot-
or solenoid
operated,

Part of their
$699.unit.

No electronics,
but panel cut
for all controls.

Walnut case

] 'ﬁ;. 3
included. Controls include Automatic Rewind,
Search,Pause, Fast forward, Reverse, Play, and
speed control,(3.75 & 7.5").Tape counter. Wt.
37 Ibs. 14%''x15%"".Ideal for custom instailation.
STOCK NO.F5180 $79.00

3%* LIQUID CRYSTAL
WRIST WATCH DISPLAY

i e The AEO129 Liquid Crystal
Display specified in Jan.'74
POPULAR ELLECTRONICS

article' Build This Electronic
Digital Wristwatch.

We supply reprint of article, and data sheets.
STOCK NO.B 5192 With Socket $19.75

MINIMUM ORDER $5.00. Include sufficient
postage;excess refunded.Send for Jatest 56
page catalog with exciting values.

A\ DETA ELECTRONICS 0

CIRCLE NO. 9 ON READER SERVICE CARD

BUSINESS OPPORTUNITIES

I MADE $40,000.00 Year by Mailorder! Helped others make
money! Start with $15.00—tree Proof. Torrey, Box 318-N,
Ypsitanti, Michigan 48197.

FREE CATALOGS. Repair air conditioning, refrigeration. Tools, sup-
plies, full instructions. Doolin, 2016 Canton, Dallas, Texas 75201.

MAILORDER MILLIONAIRE helps beginners make $500 weekly.
Free report revea's secret plan! Executive (1K5), 333 North
Michigan, Chicago 60601.

PtAND TUNING LEARNED QUICKLY AT HOME' Tremendous field!
Musical knowledge unnecessary. G! approved. Information free.
Empire School, Box 450327, Miami 33145.

$2000.00 MONTHLY ;elling information By mail. Ropchan, Box
161X, Saginaw, Oregon 97472.

FREE Secret Book ‘2042 Unique Proven Enterprises.’”” Fabulous
‘“Little Knowns.”” Work home! Haylings-BH, Carisbad, California
92008.

DO SIMPLE ADDRESSING-—-Mailing. Receive $12.95 orders. Keep
$8.00 profit. Details Free. Quality, Box 9-ZD, East Rockaway,
N.Y. 11518.

START SMALL, highly profitable electronic production in your
basement. Investment, knowledge unnecessary. Postcard brings
facts. Barta-CE, Box 248, Walnut Creek, California 94597.

$200.00 DAILY in Your Mailbox! Your opportunity to do what
mail-order experts do. Free detaiis. Associates, Box 136-J,
Holland, Michigan 49423.

EARN $15,000 annually plus. Full year trial p'an Import-Mailorder
business. Postcard brings details: Northeast Imports, Box
121PES, Fremont, N.H. 03044.

106

HIGHLY

PROFITABLE ONE'MAN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings
facts about this unusuatl opportunity. Write today!
Barta-DE, Box 248, Walnut Creeek, CA 94597.

EMERGENCY Highway kit boIdI;ays you need help. 4 large
self-stick eye-catching, pliable plastic posters. $3.00. Chun Lam,
Box 5662, LA, CA 90055.

TELEPHONE answering machine manufacturer is looking for
dealers. Qur high-fidelity unit takes 90 messages. It can even
ask questions from callers! Retail Value $225. For limited time
anyone can buy one sample at factory cost for only $78.
Telephonic, 4880 49th Street North, St. Petersburg, Florida
33709.

Citizens Band

DEALER-DISTRIBUTORS

SEND THIS AD TO:
PAL ELECTRONICS CO.
P. 0. BOX 778 * WESTMINSTER, CA. 92683

MAKE $1,500 per month from your home. Timothy Hamlin, Route
5, Box 500, Ashland, Kentucky 41101.

$178.00 WEEKLY. Work one hour daily. Free brochure.
Box 13703-A, San Antonio TX, 78213.

FAS,

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUNITIES. Report
on jobs now open. Details FREE. Aviation Employment tnforma-
tion Service, Box 240E, Northport, New York 11768.

AGENTS WANTED—Can you seii a Telephone Answering Machine
for $49.50?77 If you can, you can make BIG MONEY represent-
ing us! Free details! Paiomar, Box 17384E, Jacksonville, Florida
32216.

EMPLOYMENT INFORMATION

EXCITING Overseas jobs. Directory $1.00. Research Associates,
Box 1167-E, Kailua, Hawaii 96734.

BETTEK RESUMES (satisfaction guaranteed). Free starter Resume
Package: JOB CAMPAIGN, 91 Market Street, Annapolis, Maryland
21401.

TREASURE FINDERS

FREE--Valuable Treasure Finder catalog sent by return mail.
Find Coins, Rings. Go!d. Sitver. Metals, Relics. Write today.
JETCO, Dept. CPE. Box 26669. EIl Paso. Texas 79926.

FREE FACT-FILLED CATALOG. world's largest line of metal
detectors. Models as low as $49.50 and up. Two year Guarantee.

Three factory locations, U.S. and Canada, plus over 1,000
dealers and 35 Service Centers from coast to coast. No finer
instruments made at any price. Budget terms. Write:

White's Electronics, Inc.. Rm# 391, 1011 Pleasant Valley Road,
Sweet Home, Oregon 97386.

FAMILY FUN! OUTDOOR ADVENTURE! Find valuable coins and
treasure wtih world famous metal detectors. Free illustrated
booklet. Detectron, Dept. PE, Box 243, San Gabrie!l, Ca'f. 91778.

RUBBER STAMPS

RUBBER address stamps. Free catalog. 45 type styles. Jackson's,
Box 443G, Franklin Park, Ilf. 60131.

POPULAR ELECTRONICS
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Popular Electronics

MAY 1974
ADVERTISERS INDEX

READER
SERVICE NO. ADVERTISER PAGE NO.
1 Allison Automotive Co. ..........-.... .- 64

2 Altaj Electronics ........c..ocooioninnonnans .. 104
3 B&K Products of Dynasean ...........-.-...ooiinninn 26
Bell & Howell Schools .. ................... 490. 91. 92, 93
CRE1 Canitol Radio Engineering
Institute ... ... cc0nniiann SECOND COVER. I. 2.3
G Center for Technical Development Inc., The .. 9
7 Circuit Designs. Inc. . ... 71
8. Cleveland Institute of Electronics T 72, 73. 714. 75
9 Delta Electronics Co. ... 106
10 Delta Produets. Inc. 15
11 Digi-Key .............. cooin .9y
Digital Concepts .. ... ... 85
T T 11+ F e R AT 98
14 Edmund Scientific CO. ... ... oo 108
15 Electronic and Control Engineers’ Bodk Club ......... 7
t6 GTE Sylvania ... 1o
17 Greenlee Tool Co. 16
5 Heath Company 57
18 llinois Audio ... o 64

CLASSIFIED ADVERTISING ... ... ..o oot

.PAGE NO.
g6

READER
SERVICE No.
20 Linear Systems. inc.

ADVERTISER

2t  Mclutosh Lahoratory. Inc. .......... u4
22 MITS INC. o oeiee it 17
Mallory Distributer Products Company .............. 13
24 Midwest Hifi Wholesale & Mail Order Division ....... 71
NRI Training ........ocouvcmnnursmmeene .36, 37. 38. 39
National Technical Schools ................. 18. 19. 20. 21

25 Pickering & CoO.. Inc. .. ..niini i
26 Poly Paks ........ .....
37 Radio Shack

27 Sams & Co.. Inc..

32 Shure Brothers Inc. ...............o... FOURTH COVER
28 Solid State Sales ... ... 101
29  Solid State Systems. Ine. ... il 105
30 Southwest Technical Products Corporation ............. 8

31 Tracy Design Corporation
33 Tri-Star Corp.
4 United Audio Products, Inc. ......
34 Utah Electronies ..................
35 Wall-Lepk Manufacturing Company ............c. ..o 16
36 Wavetek

.99, 1D0. 101, 102. 104. 106. 107

SPORTS ACTION FILMS

SAVE ENERGY—OROER BY MAIL! 1974 Catalogs ready for imme-
diate delivery. Make your selection from Columbia, Castle or
Sportlite Films Catalogs at 25¢ each (coin or stamps). MAY
SPECIAL: Ali-Frazer #2, 2-reeler, B&W, $16.95 PPD; Eastman
Color, $33.95 delivered. SPORTLITE, Elect-5 Dept., Box 500,
Speedway, Indiana 46224,

PLASTICS

CASTOLITE pours like water, hardens like glass without heat.
Crystal clear, colors. Embed flowers, seashells, momentos, any-
thing. Make fine gifts. Form flexibte molds over any pattern,
size. Reproduce your own designs in plastics, candle wax, metal,
plaster, cement. Profitable. lllustrated Manual and Catalog Only
50¢. CASTOLITE, Dept. 74E/PE, Woodstock, I1l. 60098.

RESORTS AND TRAVEL

BERTH & Partownership in 155 ft. 3-masted Barquentine for
$10,700. Join in Europe, assist conversion then heip sail on
2-year Adventure & Business World Voyage. Write: R. Bruderer,
IYC, Box 149 Broadway, NSW_Australia 2007.

HYPNOTISM

SLEEP learning. HypnoficA method. 92% effective. [-)et_ails—frg
ASR Foundation, Box 7566EG, Fort Lauderdale, Florida 33304.

FREE Hypnotism. Se!f-Hypnosris. Sleep Learning Catalog! Drawer
H400, Ruidoso. New Mexico 88345.

AMAZING self-hypr?osis record re'eases fantastic mental power.
instant results' Free trial. Write: Forum (AA5', 333 North
Michigan, Chicago 60601.

MAY 1974

BOOKS

FREE catalog aviation/electronic /space books. Aero Publishers,
329PF Aviation Road, Fallbrook, California 92028.

FREE book prophet Elijah coming before Christ. Wonderfu! bibie
evidence. Megiddo Mission, Dept. 64, 481 Thurston Rd., Roches-
ter, N.Y. 14619.

BOOKS—thousands titles, bargains. Catalog Free. Cassiano,
92.27 New York Blvd., Jamaica, New York 11433.

736 PAGES of the good old days, 1908 Sears Catalogue. $2.89 pp.
Return in 10 days if not delighted. No C.0.D.'s. Jay, Box 103,
St Mary’s City, Md. 20686.

REPAIRS AND SERVICES

TECHNICAL services—Engineers will answer or give opinion on
technical questions. $5.00 fee with request. Will custom design,
modify or construct circuits, kits or equipment. Quotation:
EECO, Box 64622, Baton Rouge, La 70806.

ETCHED CIRCUIT BOARDS from your foil patterns, same size of
reduced, phenolic or glass, silver plated, fast service. Write for
price list. Box 302, Cote-St-Luc, Quebec, Canada. U. S. Inquiries.

MAGNETS

MAGNETS. All types. Specials-20 disc, or 10 bar, or 2 stick, or 8
assorted magnets, $1.00 Magnets, Box 192-H, Randallstown,
Maryland 21133.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog yeaéts, equi}ment. Sem-
plex, Box 12276P, Minneapolis, Minn. 55412.

CATALOGS! Receive many! Catalog Directory $1.00. Box 33098,
nistrict Heights, Md. 20028.
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LIVE IN THE WORLD OF TOMORROW...TODAY!
unusual ecological & physical science items—plus
4,500 finds for fun, study or profit . . . for every mem-
STARTS HERE g I S S S
L. - | KNOW YOUR gy
- - - _ For greater relaxation, con-
'3

(And our FREE CATALOG is packed with exciting and
A BETTER LIFE
ber of the family.)
ALPHA FROM THETA!
HE-NE LASERS . $99.50 UP!

Ton  quality  Specty headband
i » stips on/off in
[ lli;“w< l’l\dLH fed lllllnl seconds—eliminates need
" Mao modce. intert for messy creams, ctc. Atch'd

g mirror plisnge Lubes

- w 141, 0¢H)  hr lite,
self-starting eold alu- x Theta wave itori

% 2 passed. Monitoring

mmum&clt(r:'(,u'h .‘:"v)\\ 'J”" a button simulates Alpha sound:

ool s & B ars bonser audio & visual (L.E.D.) feedback.

e W his ; Reliable. easy-to-use unit—com-

~ T
to amplifier. filters brainwaves,
signals beep for eca. Alpha or

<l|h|||l) :ml nore for
parable to costlier models.
‘I‘;“““'g“;]';ﬁ 12y wotike Completely safe. Comprehensive
AC A 0 ”““ .88 nstruction booklet.
by D ppelli 1 No. 1635AV (8x3x4”; 24 0z.) . ... . $128.00 Ppd.
. No. 71.809AV (LOW COST "'STARTER' UNIT) $39.95 Ppd.

A e 070Av {2.6x8.5x
14.8)$99.50" Pod _—_
(a5, above) =79.073A '$125.00 Ppd. — -
ty MRad Dnverg ~

B) 1.0mwW.
C) a.om Dia.
\79 L07SAY (3 9x5 5x15 87 . 54552— — . 3CHANNEL COLOR ORGAN KIT

‘-——‘ R I D E i o [ ee———
“FISH” WITH A GIANT MAGNET

pleted unit has 3 bands of audia

frequencies to madulate 3 inde-
Fascinating fun, and sometimes very . Pe”dﬁ?t strings gf CR‘OTSSHHTDS
profitable! Tie a line to our 32-pound £ GWSth’rr]e,,sv b;"‘ esj—t
Magnet—drop it overboard in bay, river, 8'99“5-1 i fl' Sd— ues. i “15
lake or ocean. Troil it along the bottom. C(tmnec I“' I '31'0- potwer ?”tp
Your ‘‘treasured” haul can be outboard etc. & plug ea, ltamp string into
motors, anchors, other metal valuables.
Five-pound Magnet is war surplus—

St ooy
own channel (max. 300w ea.).
Kit features 3 neon indicators,

Alnico V Type that cost the Government

twice our price. 1t lifts over 40 pounds

color intensity controls, con l
trotled individ SCR circuits; isolation

on tand-—much greater weights under

water!

transformer; custon: plastic housmg, instr.
iy Stock No, 41,8318V ... ........... $17.50 Ppd.
Stock No. 70,570AV 312 Ibs. $11.50 Ppd. N
\ Stock No. G0.Z15AV 1% Ibs. $ 650 FRi._ oy gl [ % . - \
. - — —— SUPER 6"

_HOwW TO BEAT THE ENERGY CRISIS SPACE

BT #7200 Shop Solar Headquarters USA— | CONQUEROR
that's us! Qur ‘‘Solar House Plans’’
i book gives det. on bidg 5 homes;

¢~

hi-output Siticon Solar Cell can ik u.'ﬁ nic i

- a

- e H - - N " B ‘]
” E‘“’.“GY power a boat, toy car; Conversion Eoi e AP S Dl
i 7 ' n ube. LlL(‘ln( Llu(‘l( drive

; Kit shows how sun's energy be- gl B Bt ol
e comes electricity to run small mo- o sl ales Pleg .'vi“hJn"f."ulm.\.‘.lh':n..uc..'(
i Fumace i soss 1o 20000 &ea e f‘?’iia‘.s;"’??‘“ e T e
Vaslia ogeav.  CI8 ¥k 0.8,
No. 9440AV, .(SOLAR HOME PLANS). .. ... ... . .. $10.00 Ppd. & & WITHOUT CLOCK DRIV
No. 30, gggﬂ (SILICON CEL) $11.93 poy- &\ 1 “Efgiz‘cvé‘é’ (455;5(2?0225?5:')::‘
0. 60, ONVERSION KIT). . .|/ . 11$18.00 Ppd. 4 0. B2, 10SAV o
No. 71.653AV. §PORT. SOLAR COOKER)..... ... ~'$10.75 Ppd. : ot wShoTaY oo "‘): fs‘x;’f?';g‘é“éf’&s.
No. 70, 533AV -{SOLAR FURNACE KIT)............. $ 4.00 Ppd. 1y D RN e D SELEN -

Ey
22

COMPF & MAIL WITH CHECK OR M.O.

EDMUND SCIENTIFIC CO.
300 Edscorp Building, Barrington, N.J. 08007

How Many Stock No. Description 4}Price Each Total

MAIL COUPON FOR

GIANT FREE
CATALOG!

180 PAGES  MORE THAN
4,500 UNUSUAL BARGAINS!

¢ Completely new ’74 Catalog. Packed with huge
lselection of telescopes. microscopes. hinoculars,
magnets, magnifiers, prisms. photo components,
ecology and Unique Lighting items. parts. kits,
laccessuries—-many hard-to-get surplus bargains.
100's of charts, illustration. For hobbyists, experi-
menters, schools, industry.

B [ =T

pLEsE seno ] GIANT FREE CATALOG “AV” MERCHANDISE Total

20 A e i
ADD HANDLING CHARGE: $1.00 ON ORDERS
UNDER $5.00: 50c ON ORDERS OVER $5.00

L————————————

| EDMUND SCIENTIFIC CO. 30 DAY t enclose [J cnech TOTAL § o
l 300 Edscorp Building, Barrington, N. ). 08007 [J money order for $
= e MONEY-BACK —
| Please rush Free Grant Catalog "AV GUARANTEE
NAME
I Name | You musT 8 saTisriEn
\ OR RETURN ANY PUR. f
\ CHASE IN 30 DAYS ADDRESS
Address FOR FULL REFUND
l CITY STATE r4ld
l&[y Stale, 2w L——— pAmpapeem——— K B R R
CIRCLE NO. 14 ON READER SERVICE CARD
Printed in U.S.A.
108 CIRCLE NO. 16 ON READER SERVICE CARD ————>
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- 1. LEADER IN ELECTRONICS TRAINING
Over the years, Sylvania Resident Schools
have trained thousands of students for key
positions in electronics. Now, through Syl-
vania Home Training, you can receive the
same high-quality career training at home.
2. AUTOTEXT TEACHES YOU ELECTRONICS
RAPIDLY, EASILY

AUTOTEXT, offered exclusively by Sylva-
nia, is the proven step-by-step method of
home training that can help you learn elec-
tronics quickly and easily.

3. CASSETTE SYSTEM

This innovative learning-by-hearing ap-
proach is a special option that is almost like
having an instructor in your own home. On
cassette tapes, an instructor guides you
through your AUTOTEXT lessons, explain-
ing the material as you read it.

4. SPECIALIZED ADVANCED TRAINING

With our advanced courses, you can starton
a higher levet and skip work you know.
5. PERSONAL SUPERVISION THROUGHOUT
All during your program, your exams are

career

Why a Sylvania home training
program may be your best

investment for a rewarding
n electronics.

in the Master
TV/Radio Servicing
Program, you build
and keep the all
solid-state black
and white TV set,
the color TV set, the
oscilloscope and
muitimeter shown

reviewed and your questions are answered
by Sylvania instructors who become per-
sonally involved in your efforts and hetp you
over any "rough spots” that may develop.
6. HANDS-ON TRAINING

Many programs come with valuable kits to
give practical application to your studies. In
our Master TV Radio Servicing Program, for
example, you actually build and keep an all
solid-state black and white TV set,acolor TV
set, an oscilloscope, and a multimeter.

7. FCC LICENSE TRAINING

MONEY BACK AGREEMENT

Take Sylvania's Communications Career
Program — or enter with advanced standing
and prepare immediately for your 1st, 2nd,
or 3rd class FCC Radio Telephone License
examinations. Our money-back agreement
assures you of your money back if you take,
and fail to pass, the FCC examination taken
within 6 months after completing the course.

8. CONVENIENT PAYMENT PLANS

You get a selection.of tuition plans. And,
there are never any interestcharges.

r——-------—----—---

I Please rush me Free fllustrated Career CATALOG
and more information about Sylvania’s CASSETTE
§ SYSTEM. | understand that | am under no obligation Q
LET SYLVANIA and that no salesman will call. | am interested in: L J 2 .
TRAIN YOU i ( HOME STUDY ) ° N 2
FOR A O Television & Radio O Fundamental Electronics 2 I - E ;
BIG FUTURE i Servicing (including g Ejectronics Technology 3 Es &
SRISER I Color TV and CATV ; g,ig State Electronics 8% 3
ELECTRON'CS l lessons) o - &~ (/>)‘
o Communications | Digital Technology e B2
i (including CATY  © Industrial Electronics % 60 L
Send ! lessons) O Instrumentation g:@ é
OFCC License 0 Drafting o2 -
for your Preparation 28 w
FREE | CLASSROOM TRAINING > §
CATALOG I o Boston O New York O Philadelphia § 2
Q 7] (/)'
right now! d 8 <
! SYLVANIA E s o
|
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The Sylvania Cassette System

An exciting concept -
new in electronics
home training

It’s almost like having an instructor in your own home.

This innovative learning-by-hearing ap-
proach is designed to get you started more
quickly and easily towards an electronics
career. The CASSETTE SYSTEM adds an
extradimension to AUTOTEXT, the step-by-
step planned instruction which simplifies
the mechanics of learning. As you play the
cassette tapes, you'll have an instructor
guiding you through your AUTOTEXT
lessons. Explaining the material as you read
it. And now the CASSETTE SYSTEM s
available as an optional extra to all students
enrolling in basic, fundamental, and career
programs.
“HANDS-ON"” TRAINING

In addition, you get the all-important
“Hands-On” training. You perform ex-
periments and build a number of pieces of
electronics test equipment that are yours to
keep. In the Master TV/Radio Servicing

BUSINESS REPLY MAIL

No Postage Stamp Necessary if Mailed in U S A,

Postage will be paid by —

SYLWVANIA TECHNICAL SCHOOL

Home Study Division
909 Third Avenue
New York, N.Y. 10022

program you build and keep an all solid-
state black & white TV setandacolor TV set,
oscilloscope and multimeter.

CHOOSE FROM EXCITING
CAREERS

Whether your career goal is radio/TV ser-
vicing, digital technology, communications
or industrial electronics, Sylvania Home
Study gets you started towards that career
with the training you might have thought
was too expensive, too drawn-out, or too
hard to learn.

NO SALESMAN WILL CALL
If you want an exciting, rewarding career in
electronics, discover which Sylvania course
or program is for you. Send the attached
card today.

(113 SYWVANIA

FIRST CLASS
PERMIT NO
48975
NEW YORK. N.Y

*  FORFREE

; ILLUSTRATED
CAREER
CATALOG

and more
information about
Sylvanias
CASSETTE SYSTEM
send postage paid
g reply card
TODAY!

-

1
1 Sylvania Technical
Systems, Inc.

-
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Popular Electronics

READER SERVICE

Here’'s an easy and convenient way for you to get additional informa-
tion about products advertised or mentioned editorially (if it has a
reader service number) in this issue. Just follow the directions below...
and the material will be sent to you promptly and free of charge.

On the attached
postage- free card,
print or type your
name and address
on the lines
indicated.

Circle the number(s)

that corresponds to the key
number(s) at the bottom or
next to the advertisement or
editorial mention that is of
interest to you. (Key numbers

Simply cut out

the card and mail.
No postage
required.

for advertised products also
appear in the Advertisers’ Index.)

1974 ELEGTRONIC
EXPERIMENTER’S
HA“BBOOK Spring Edition

Helps you get

it together...
with a score of
build-it- yourself
projects.

You can count on ELECTRONIC EXPERIMENT-
ER'S HANDBOOK. It's by the editors of Popular
Electronics — with features and articles and
complete lab-tested instructions that guarantee
successful hours and months of mind-absorb-
ing projects for fun and practicality.

How about BOUNCING, BOUNCING, BOUNC-
ING — a fascinating analog computer pro-
grammed to solve an intriguing problem. Then
there's the MEMO-O-PROBE LOGIC LEVEL
INDICATOR—a probe that not only reveals high
and low TTL or DTL logic states but captures
low-duty-cycle pulses that even a scope might
miss. Or a TC SWITCH FOR REMOTE CON-

FREE INFORMATION

TROL~% handy device with which you can turn
off the TV without getting out of bed, start the
morning coffee perking or turn on house lights
when you have both hands full. You can build
the 2-TONE “WAVERLY" ALARM—it can be
used as a panic button, novelty audio device,
an electronic doorbell, a selective call, a bur-
glar alarm, and more. There's an issue full of
other brain teasers including HEADS 'n’ TAILS
—the electronic coin flipper ¢ DiIGI-VIEWER—
the handy digital IC tester that can be built for
under $20 ¢ CRYPTO-LOCK—the electronically
activated, small in size, burglar-proof lock e
SIGNAL-DIFFERENCE STEREO BALANCE ME-
TER » AN ELECTRONIC CLINICAL THERMOM-
ETER ¢ SOUND ACTIVATED PHOTOFLASH
ATTACHMENT  CONSTRUCTING PC BOARDS
—a useful technique for making professional-
looking-printed circuit boards e PLUS other
challenging and stimulating build-it-yourself
projects.

HERE’S HOW TO ORDER

Send your order to Ziff-Davis Service Division,
Dept. EEH, 595 Broadway, New York, N. Y.
10012. Print your name and address clearly,
specify 1974 ELECTRONIC EXPERIMENTER’S
HANDBOOK—Spring Edition,” enclose $1.25
plus 35c for postage and handling. (Outside
U.S.A. copies are $2.50 each, postpaid.)
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o

/hake, rattle & roll.

Welcome to cur chamber of horrors. Inside the Shure Quality Control laboratory,
some of the most brutal product tests ever devised are administered to Shure micro-
phones. The illustration above shows a “shaking” machine at work on a Shure
microphone and noise-isolation mount. it's only one in a battery of torturous tests
that shake, rattle, roll, drop, heat, chill, dampen, bend, twist, and generally commit
mechanical, electrical and acoustical mayhem on off-the-production-line samples
of all Shure microphones. It's a treatment that could cause lesser microphones to
become inoperative in minutes. This kind of continuing quality control makes
ordinary “spat checks” pale by comparison. The point is that if Shure microphones
can survive our chamber of horrors, they can survive the roughest in-the-field
treatment you can give them! For your catalog, write:

Shure Brothers Inc.
222 Hartrey Ave., Evanston, IIl. 60204 =Q SHHU R E
In Canada, A. C. Simmonds & Sons Ltd. ‘

CIRCLE NO. 32 ON READER SERVICE CARD
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