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Experience is the best teacher. You 
might settle for any CB first time around. 
Understandably. A lot of people think 
they're all pretty much alike. But you'll 
soon discover that, like everything else, 
there are exceptions. 

Ask the pros. America's long distance 
truckers. These guys talk CB day in and 
day out. And they demand the best. 
That's why truckers refer to the Cobra 
29 as "The Diesel Mobile" 

Listen to Cobra. You'll hear a big 
difference. Because the Cobra 29 gives 
you features which assure crystal clear 
reception. Like switchable noise limiting 
and blanking, to cut out practically all 
pulse and ignition interference. Add 
squelch control and RF gain and you've 
got exceptional-adjustable-receiver 
clarity. Even in the heaviest CB traffic. 
You also get Delta Tuning which makes 
up for the other guy, because even off - 
frequency transmitters are pulled in. 
Perfectly. 

Talk to Cobra. And you know you're 
punching through. One glance at the 

29's over -sized illuminated meter tells 
you just how much power you're punch- 
ing out and pulling in. For voice modula- 
tion the DynaMike delivers at 100%. 
Same way with power: The 29 transmits 
at maximum power levels. 

Sooner or later you'll get a Cobra. 
And you'll get engineering and crafts- 
manship second to none. Performance 
that will make your first CB seem 
obsolete. Reliability and durability that 
have set standards for the industry. 
Above all, you'll get power. The power 
to punch trirough loud and clear like 
nothing else. Because when it comes to 
CB radio, nothing punches through loud 
and clear like a Cobra. 

kP obra 
Punches through loud and clear. 
Cobra Communications, Products of Dynascan Corp. 

1801 W. Belle Plaine, Chicago, Illinois 60613 
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IF YOUR FIRST CB ISN'T A COBRA 
YOUR SECOND ONE WILL BE. 

/ r 

,t/rNAMINE 
VOLUME 

k. 

' .i COBRA 29 
A MO .. 

M 
Q 

OFF 0F 

SQUELCH 
RF GAIN DELTA T 

t 
1 

. 

o f:. f- l ./ 

TX ' 



Want a rewarding career like this: 

_. 
^ 

s. 

It's yours when you know Electronics Drafting! 
Learn it at home the practical, or lose a single hour from your You know why that's most impor- 

step-by-step ETI way ! present job. And in a surprisingly tant? Confidence. After these suc- 

Imagine getting ready to move into short period you'll discover that you cesses, you know that you're a "can 

this kind of career. ETI prepares can put the T-square in place, do" draftsman. You'll earn the 

you for the job of working closely interpret technicalities, and do the Electronics Technical Institute 

with electronics engineers in getting job of an accomplished draftsman! diploma, and you can talk to any 

electronics concepts down on paper. You get personal, expert help. prospective employer proudly. 

That's where it begins! And just You're not "all alone out there" as Get the facts FREE! 
think, a drafting course can be only you do your step-by-step learning. You've got everything to gain. 

the beginning. Ultimately, with In fact, you're "in a class of one" There's no obligation. And no sales - 

additional study, you might be with an experienced, helpful instruc- man will call. You'll simply be look - 

applying your specialized skills to tor. He knows his job, and he knows ing at a great future that can be 

the designs for new developments you. He is chosen both for technical yours. And the best time to find out 

in computers. Or working with the competence and ability as a teacher. is now. Just fill in and return the 

development of new medical equip- He's licensed by the State of New coupon, and we'll rush you the 

ment. You might be needed for new . Jersey. He cares about you, because 11-1n~details. They're all 

refinements in citizens band radio ... your success is his success. He care-=lltf 1 yours in a new, fully 

even watches and photographic fully goes over each of your assign- ,° illustrated 44 -page 

products. You'll probably be in on ments personally. He helps, suggests, ': catalog. Don't you 

developments that right now are corrects and encourages ... person- i owe that much to 

really beyond everybody's imagina- ally. He gets you all set for the next yourself? 
tion! But it's all in a future that you step. He wants to keep you progress - 
can be part of. A future where there's ing as fast as possible. 
real enjoyment in your work and Real do -the -job kits. Electronics you're a respected professional. A When you learn Drafting 
future where the paycheck is as good the ETI way, you do it Technical Institute as the security, An exciting future! the "real world" Division of Technical Home Study Schools 

But what about learning way. You learn MN ~ MI MIR IM MI ~ ~ IIIII ~ ~ IIIMI 
~ MI 1~ ~ MII 1 drafting home? h? the theory, andElectronics Technical Vnstitute, Dept. 2-473-096 

The fact is, this subject is a "nat- you work with I Little Falls, New Jersey, 07424. 

ural" for home .study. Electronics specially devel- 1 YES! I'm interested in a future in Drafting! Rush me your , 
Technical Institute sends you all the oped Project I free career information! , 

Send me information on these other fields of special interest: 

professional tools and equipment Kits to carry ' o TV/Audio Sen;eing Communications Computers Business and Engineering 

you need-including T-squares, specific assign- ' Black and White FCC License Digital Electronics Electronic. Fundamentals 
saint Aircraft computer Tvchnoingy Industrial Electronics 
Solid -State Marne Computer Programming Advanced Electronics 

triangles, measuring scales, French ments through to' CATV Mole Two-WhyEl Industrial instrumentation' 

curves, ruling pen, compass and completion just 
Closedi 

Recorders 
Mio owave ElTrhnology 

l oReircuit Medical Electronics , 
Radio 

straight edge. Then you start learn- as you would in Iii -Fi Stereo 
a Check here for Veterans information. 

ing by doing. You move to your goal a plant or office. 
Name 

just as fast as your time and ambition You're prepared E Address tp'eY}Q 
print) 

permit, because you set your own to tackle jobs I City state Zip 

pace. You don't have to waste time detail by detail. `tiL!-NMt.-L!-t.t-t-t!-ttIIM-tiI=MI 
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THE LOGICAL CHOICE-First in a series 

Logic Probe 1 is a compact, enor- 
mously versatile design, test and trouble- 
shooting tool for all types of digital 
applications. By simply connecting the 
clip leads to the circuit's power supply, 
setting a switch to the proper logic family 
and touching the probe tip to the node 
under test, you get an instant picture of 
circuit conditions. 

LP -1's unique circuitry-which 
combines the functions of level detector, 
pulse detector, pulse stretcher and 
memory-makes one-shot, low -rep -rate, 
narrow pulses-nearly impossible to see, 
even with a fast scope-easily detectable 
and visible. HI LED indicates logic "1", 
LO LED, logic "0", and all pulse transi- 
tions-positive and negative as narrow 
as 50 nanoseconds-are stretched to 1/3 

second and displayed on the PULSE LED. 

By setting the PULSE/MEMORY switch 
to MEMORY, single -shot events as well 
as low- rep -rate events can be stored 
indefinitely. 

While high -frequency (5-10MHz) 
signals cause the "pulse" LED to blink at 
a 3Hz rate, there is an additional indica- LOGIC '0. 

tion with unsymmetrical pulses: with duty 
cycles of less than 30%, the LO LED will 
light, while duty cycles over 70% will 
light the Hl LED. 

In all modes, high input impedance 
(100K) virtually eliminates loading prob- 
lems, and impedance is constant for all 
states. LP -1 also features over -voltage 
and reverse -polarity protection. Housed 
in a rugged, high -impact plastic case 
with strain -relieved power cables, it's 
built to provide reliable day -in, day -out 
service for years to come. 

LOGIC "0" 

LOGIC -I- 

LOGIC '1 

LOGIC -3 

LOGIC 

LOGIC 

HI LED ON LO LED ON 

PULSE LED BLINKS 
ON FOR la SEC. 

LO LED ON -T 1/3 SEC 

HI LED ON 

HI LED ON 

# 1 
PULSE LED 

OFF n ULSE LED P 

OFF 

4 4 4 
LO LEO ON 

s:;::°A SE 111.,51,,014s PULL LFD aLW.s 

HI LED ON,LO LED DOES NOT RESPOND TO NARROW PULSES 

P.N 
1111.»,110.4 PULSE ,N.BUNKS oao 

LO LED ON: HI LED DOES NOT RESPOND TO NARROW PULSES 

CSC'S MULTI -FAMILY LOGIC PROBE 1. 

AT $44.95, IT DIGS UPA LOT OF INFORMATION WITHOUT 
BURYING YOUR BUDGET. 

HI/LO LED's-Display level 
(HI -logic "1", LO -logic "0") 
of signal activity at node 
under test 

Non -corrosive nickel - 
plated probe tip and clip 
leads-For reliable contacts 
and maximum life 

'1 

Protected-Features built-in 
reverse polarity and over - 
voltage protection; strain - 
relieved power cable 

CONTINENTAL SPECIALTIES CORPORATION 

PULSE LED-Lets you know 
what's going on-and off. 
Indicates positive and nega- 
tive pulse and level transi- 
tions. LP -1 stretches pulses 
as narrow as 50 nano- 
seconds to full 1/3 sec. 
(3Hz pulse rate) 

º, ..,'W- VC 
IOGiC FR i 

, 

OBE 1 

PULSE/MEMORY Switch- 
PULSE position detects 
and stretches pulses as nar- 
row as 50 nanoseconds to 
'/a sec. Switch to MEMORY 
and it stores single shot and 
low -rep -rate events indefi- 
nitely; HI/LO LED's remain 
active 

Rugged high impact plastic 
case-Built to take it ... in 
the lab or in the field 

Logic Family Switch- 
TTL/DTL or CMOS matches 
Logic "1" and "0" levels, 
for greater versatility. High 
Input Impedance -100K 
virtually eliminates circuit 
loading problems and is 
constant in both "0" and 
"1" states. CMOS position 
also compatible with HTL, 
HiNIL and MOS logic 

$44.95 Price tag-Costs so 
little it can be your personal 
property 

For more information, see your distributor or write for our catalog and distributor list. 
44 Kendall St, Box 1942 New Haven. CT 06509 203-624-3103 TWX: 710-465-1227 West Coast ottice: 
Box 7809, San Francisco, CA 94119. 415-421-8872 TWX: 910-372-7992 Canada: Len Finkler Ltd., Ontario EASY DOES IT 
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Editorial 

CONSUMER "RADIATION" PROTECTION 

From time to time we all read about the possibility of biological damage due to 
"radiation" exposure. The latest "radiation" furor involved the U.S.S.R.'s microwave 
"spy" beams directed against our embassy personnel in Moscow. But there are 
some disquieting radiation considerations closer to home. For example, how much 
radiation exposure is safe? Will there be a damaging cumulative effect from chest 
X-rays, dental X-rays, color TV receivers, microwave ovens, et al? No one truly 
knows the answer. 

Since 1968, radiological safety standards have been set by the FDA's Bureau of 
Radiological Health in conjunction with information from industry and interested 
parties. Establishment of this Federal agency was motivated by General Electric's 
1968 recall of more than 100,000 color -TV receivers due to excessive radiation 
levels. The agency subsequently discovered that many other brands of color TV in 
the late '60's also had high levels of X-radiation. Today's acceptable TV X-radiation 
is 0.5 milliroentgens per hour at 5 cm away from the receiver per 10 square cm area. 

Microwave ovens, too, exhibit radiation (not X-ray) through a small amount of 
leakage. The Federal limit, established in October 1971, is 1 milliwatt per cm2 at 5 
cm away, at the time of purchase, and 5 milliwatts maximum for the duration of 
oven use. The military and industry consider 10 milliwatts/cm2 to be the safe limit. 
However, other countries-namely the U.S.S.R.-have a standard of 10 
microwatts/cm2 per working day, which is increased to 1 milliwatt for 15- to 
20 -minute exposures each day. 

Obviously, there's a difference of opinion as to which level of microwave 
"radiation" is safe. Although, there's never been a documented case in the U.S. of 
harm from exposure to microwave ovens, and I'm confident that the standards are 
conservative, I still stay more than four feet away from an operating microwave oven 
(the distance at which leakage becomes unmeasurable with a standard meter). 

Assuming that standards are well within safe limits, however, there are other 
distressing questions. Is there a danger of excessive X-ray exposure from a pre -1969 
color TV receiver? How does one know when a microwave oven's door seal is 
unsatisfactory? 

A neon bulb or household fluorescent lamp used as a wand could detect serious 
microwave leakage by glowing or lighting. But this method is by no means an 
accurate indicator. Instruments such as Simpson Electric's microwave tester, at 
$195.00, are too expensive for the general public! The same is true for testers to 
check color -TV radiation. It was therefore interesting to receive by mail a free 
sample of a $2.95 color -TV radiation detector kit that includes a film pack with 
processing chemicals. Developed at home (darkroom not required), it is said to 
reveal excessive radiation. 

I haven't verified the accuracy of the foregoing (available from Dahlco, P.O. Box 
19202, So. Minneapolis, MN 55419), but the concept is interesting. It makes me 
wonder why color -TV and microwave -oven manufacturers haven't developed a 
simple inexpensive device or material to enable consumers to make home 
radiation -danger -level tests on their products. But no placebos, please. 
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FROM THE COMPANY 
WHO'S NUMBER ONE IN CAR SPEAKERS, 

A GREAT LINE OF CB EQUIPMENT. 

Even though you may And once you've got a 
not have heard of the Sparkomatic transceiver, 
Sparkomatic name, you've you should back it up with 
probably been listening to one of the many antennas 
the Sparkomatic sound for we make for your specific 
the past eight years. That's application. 
how long we've been number Like our SA -204. It gives 
one in car speakers. And now you three full inches of whip 
that we've put that kind of adjustment for optimum 
experience into CB, you're tuning instead of being 
going to hear a lot more limited to the usual 3/44 
about us. Because we have inch. Other antennas 
everything in CB equipment can't give you the lowest 
to fit anything on wheels. SWR (standing wave 

i 

Beginning with conver- ratio) like this one 
ters. If you're just starting 11. can. And because 
out in CB you'll be interested 
in our CB -10 converter. 
This easy to install unit con- 
verts any AM radio into an 
all channel CB receiver so 
you can listen to what CB 

. 

is all about. 
Or, if you're already 

well into CB, use it to mon- 
itor a particular channel 
while you use your trans- ' 
ceiver for the regular 
action. We also have a 1-S1-?: 4E9 IQ . 
CB -11 converter which has 
the added feature of a 23 it's pre -wired 
channel selector knob. with a plug-in connector for 

We make CB transceivers to goof -proof installation, you 
fit your price range and needs. know you'll get all the per - 
And whether it's one of our bas- formance that's built into 
is mobile rigs like our CB -1123, your CB radio. 
or a multi -featured base station Our motorized SA -301 is 
like the CB -5000, they're the retractable antenna that's 
all engineered with the same completely retractable. It 
Sparkomatic know-how. looks like a regular radio 

antenna so no one will know 
your car is CB equipped. 
Yet, it has everything going 
for it like lock -in tuning and 
efficient top loaded coil. And 
it's engineered for 
AM, FM and stereo, as 
well as CB. 

Our SA -22 is perfect for 
mounting on station wag- 

' ons, campers, vans, and 
cars without conventional 
trunks. We even have a 
clip -on (SA -10) or magnet 
mount (SA -11), which you 
can easily attach or 

I remove in seconds. 
And now that you're all 

set in CB, you should look 
into an external speaker. 
For a few bucks more you 
can improve greatly on 
intelligibility. 

And nothing is better 
designed for this purpose 
than our SK-35CB with 
the exclusive Sparkomatic 
Zone Purifier" slide 

control which brings in the 
message the way you want 
to hear it. And to add 
another dimension to the fun 
of owning CB, our Public 
Address speaker, the 
SK-50CB is a must. 

Engineering, design, 
dependability, value, selec- 
tion... you'll get it all with 
Sparkomatic CB 
equipment. 

Sparkomatic Corporation, Milford, Pa. 18337, CB Equipment Automotive Speakers Car Radios E Competition Shifters Mechanics Creepers 

SPARKMATIC 
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Letters 
CONVERT NATURAL TO COMMON LOGS 

Common, or base -10, logarithms are 
often used in electronics, such as in com- 
puting decibel power figures. Unfortunate- 

ly, a number of electronic calculators that 
provide natural log (In) functions fail to 
provide a base -10 log key. Any reader who 
has such a calculator can easily perform 
his calculations using the In function sim- 
ply by multiplying the In figures by the con- 
stant 0.434. Hence, the familiar decibel 
formulas, expressed in natural rather than 
common logs, become: G,15 = 4.34 In (P2/ 

/P1) = 8.68 In (V2V1).-Michael A. 
Covington, Athens, GA. 

PRINTERS FOR CALCULATORS 

"Here Are the New Programmable Cal- 
culators" (May 1974) was timely and infor- 
mative. I note, however, that there is a need 
for a low-cost printer for calculators. If an 

handic 
TALKS BETTER... LISTENS BETTER... and it's QUIET 

p . 

. 

handic 235 
¢Artt91L`i 

VOLUME 

r¡ 

oe ~ :9i. 

":ági. ; ..ytr. 

SOUELCM 

Wé='. 

SPECIAL 

FREE OFFER. 

SAVE $2000 
aopro><. 

Precision matched, high performance 
mobile antenna FREE with purchase 
of the handic 235 23 channel CB. 

hand ic, the one -of -a -kind Swedish designed CB now 
gives you a rare opportunity to own this advanced equip- 
ment at real savings. It's hand ic's unique engineering 
concepts that have generated specifications up to 250% 
better than FCC requirements- without frills, gimmicks or 
"flash -in -the -panel" lighting. The result is the cleanest CB 
performance around - performance that's conquered the 
roughest operating conditions Sweden could muster. Take 
advantage of the special offer. See your dealer now. You'll 
save money and own a hand ic CB with a precision 
matched hand ic antenna - a combination that's sec- 
ond -to -none In quality. hand ic ... the orange color tells 
you it's outstanding. The performance proves it. 

hand oc CB radios Include. mobile/base transceivers. handheld porl- 
ables: scanners with FM radio option: antennas. 1n,crophones: selec- 
tive call: and a lull line of accessories. 

Iii- 
!+ handic 

USA me 

14560 N.W. 60th Ave., Kennedy Bldg. 
Miami Lakes, Fla. 33014 
(305) 558-1522 
In Canada: Scotcomm Radio Inc., 
Chomedey, Laval, Quebec 

handic Model MA -1 
Mobile CB Antenna 

SPECIAL DESIGN 
for Extended Range Performancé 

Optimum radiation pattern 
Top -loaded coil 
Quick thumb -screw SWR adjustment 7 

Fold -down construction 
' Precision crafted in Scandinavia 

I Offer expires November 15, 1976 
or on previous notification by handle of USA, Inc. 

Send For FREECatalog! 

- 
SMEMS.DE6IGNED oEVErroeiun 

": =-MIE 
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adding machine that sells for $50 to $60 
can have a numeric printer, it should not be 
too difficult for a low-priced calculator to 
have one as well. - David W. Johnston, 
Washington, D.C. 

Electromechanical adding machines use 
impact -printing mechanisms, whereas 
calculators use thermal printing heads. 
Putting an impact printer in a calculator 
would result in a bulky, power-hungry 
machine. But you're in luck because some 
major calculator manufacturers recently 
introduced small calculators with built-in 
thermal printing heads. Some will sell for 
less than $100. 

BASE ANTENNAS A HOMER 

It was with much enthusiasm that I read 
"Special Focus on CB Radio" in the April 
1976 issue. Your coverage of base station 
antennas was extremely well presented.- 
Arnal A. Cook, Bloomington, IN 

MORE ON WEATHER ALERTER 

The "Severe Weather Warning Alerter" 
(May 1976) was most interesting. I highly 
recommend it as an add-on to low-cost vhf 
weather receivers, but a few comments are 
in order. Perhaps the National Weather 
Service Office in author Lloyd's area used a 

15 -second alert tone at the time the article 
was prepared, but the new nationwide 
standard is now a 10 -second tone. There- 
fore, for the Alerter tb work effectively 
under these conditions, the value of C/O 
should be reduced. 

During severe weather warning condi- 
tions, the warning is repeated every couple 
of minutes, but the alert tone is sent only 
once, with the initial broadcast. If a new 
warning is required, another warning tone 
is sent with its initial broadcast. Our latest 
directive stipulates that tests of the warn- 
ing signal be conducted every day, includ- 
ing weekends, between 10 AM and 1 PM. 

Incidentally, Congress has recently des- 
ignated the NWS vhf broadcast network as 
a primary means of disseminating attack 
warnings. These would also be preceded 
by an alert tone. - John R. Hughes, Jr., 
National Weather Service, Detroit, Ml. 

Out of Tune 
In "Learning Electronic Theory With Hand 
Calculators, Part One" (July 1976), the 
equation accompanying Fig. 4 should 
read: 

kT = 
1 

p 
KztR 
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ELECTRONICS BOOK CLUB 
invites you to take this 
1624 -page electronics library 

for only 
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- For Only 1 
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MASTER HANDBOOK/1001 ELECTRONIC CIRCUITS 

Here are IC and transistor circuits for practically anything and 
everything-with ALL the data needed to put them to work. is the 
ideal schematic sourcebook for all active technicians, engineers, ex- 
perimenters, amateurs-for anyone who must occasionally or re- 

gularly construct or adapt electronic circuits for any purpose 
whatsoever. Eacn circuit diagram has every component carefully 
labeled, and every schematic is accompanied by all the info you need 
to construct the circuit for use in your own individual application. If 

there are coils to be wound, you'll find full and complete coil -winding 
details right there on the spot. It special parts are required, you won't 
have to invest a lot of time and effort before the fact, for it's all there 
before you in condensed captions. The circuits included are com- 
pletely up-to-date, and have been designed, bunt, tested, reworked 
as necessary, and perfected. You'll find any circuit you're ever likely 
to need in the pages of this rich volume. Includes an utracomplete 
22 -page cross-reference index so you can quickly find the circuit you 
need. The schematics are classified according to general application. 
If you're In the business of servicing/repairing commercially built 
electronic equipment, you're going to especially appreciate the com- 
prehensive Appendix of IC substitutions, which includes base dia- 
grams for most popular ICs, and gives you all the into you need to 
adapt the IC packages of one manufacturer to the circuit applications 
of another. 602 pps., over 1250 illus. 

2ND CLASS FCC ENCYCLOPEDIA 

Truly a one -volume electronics library as by itself...a 602 -page 
supercourse in electronics that belongs on the bookshelf of everyone 
in electronics. it's as sweeping and all -encompassing as the FCC ex- 
am itself. It's a "quick -guide" to learning the answers to the 2nd and 
3rd Class FCC exams (plus Element 9, for the broadcast endorse- 
ment), as well as an intensive, no-nonsense series of courses that 
can make you the master of any field related to radio communication. 
A special feature of this unique guide is the short -form, long -form 
answer format to hundreds of FCC -posed questions: Whenever 
possible the answer to a question is divided into the shortest answer 
needed to satisfy the FCC requirements: a longer answer (hen shows 
how any similar question may be answered, and is included for re- 
ference or for more complete understanding. Questions appear in 
italicized type. A boldface type section in most answers enables you 
to immediately extract from the detailed discussion that portion 
which directly answers the specific question. These "theory 
packets' amount to an extremely comprehensive educational ap- 
proach to the FCC exam, and are just one of the many ways in which 
this book is one of the easiest -to -use of all radio courses. An ex- 
tremely complete 5000 -word index, fully cross-referenced. provides 
instant access to any rule, formula, circuit diagram, or technical ex- 
planation 602 pos.. over 600 illus. 

DICTIONARY OF ELECTRONICS 

This huge, quality dictionary is a handy reference that will serve most 
of your needs-extremely useful in whatever connection you have 
with electronics. Defines most all of the electronic terms you will run 
across in your everyday reading...from alpha particles through zoom 
lens...including those found in radio, N, communications, radar, 
electronic instrumentation, broadcasting, industrial electronics, etc. 
The concise but clearly written definitions from all the various 
branches of electronics are of value to technicians, engineers, hob- 
byists, experimenters, and students. It provides full, complete and 
easily understandable explanations of thousands of specific elec- 
tronics terms. A unique feature is the Cross-indexing, whereby key 
words contained in the definitions (words that are defined more fully 
elsewhere in the book) are printed in small capitals so the user Is not 
left in the dark by any definition. Appendices provide you with 
still more data-an extensive list of units and abbreviations, 
graphic symbols used in schematics, component Color codes, rib 
conversion tables, data on the electromagnetic spectrum, tube base 
diagrams. etc 420 pps.. 487 illus. 
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Let us send you these three. practical, time -and - 

money -saving books as part of an unusual offer 
of a Trial Membership in Electronics Book Club 

Here are quality hardbound volumes. each 
especially designed to help you increase your know- 
how. earning power. and enjoyment of electronics. 

These handsome. hardbound books are indicative 
of the many other fine offerings made to Members 
...important books to read and keep...solumes with 
your specialized interest in mind. 

Whatever your interest in electronics-radio and 
TV servicing. audio and hi-fi. industrial electronics. 
communications. broadcasting. electronics as a hob- 
by-you will find Electronics Book Club will help you 
get the job you want. keep it. improve it or make your 
leisure hours more enjoyable. With the Club providing 
you with top quality books. you may broaden your 
knowledge and skills to build your income and in- 
crease your enjoyment of electronics, too. 

This Special Offer is just a sample of the help and 
generous savings the Club offers you For here is a 
Club devoted exclusively to seeking out only those 
titles of direct interest to you. Members are annually 
offered over 50 authoritative books on all phases of 
electronics 

This extraordinary offer is intended to prove to 
you. through your own experience. that these very real 
advantages can be yours...that it is possible to keep up 

Facts About Club Membership 
The 3 introductory books carry a publishers retal price of 

533.85. They are yours for only S1.99 (plus postage and 
handling) with your Trial Membership. 

You will receive the Club News describing the current 
Selection, Alternates and other offerings. every 4 weeks (13 
times a year). 

If you want the Selection, do nothing: it will be sent to you 
automatically. If you do not wish to receive the Selection, or if 

you want to order one of the many Alternates offered. you 
simply give instructions on the reply form (and in the en- 
velope) provided. and return it to us by the date specified. 
This date allows you at least 10 days in which to return the 
form If, because of late mail delivery, you do not have 10 

days to make a decision and so receive an unwanted Selec- 
tion, you may return it at Club expense. 

Personal service for your account-no computers used! 
To complete your Trial Membership, you need buy only 

four additional monthly selections or alternates during the 
next 12 months. You may cancel your Membership any lime 
after, you purchase these four books. 

All books-including the Introductory Offer-are fully re- 
turnable atter 10 days if you're not completely satisfied. 

All books are offered at low Member prices plus a small 
postage and handling charge. Prepaid orders shipped 
postpaid. 

Continuing Bonus: If you continue after this Trial Mem- 
bership, you will earn a Dividend Certificate for every book 
you purchase. Three Certificates, plus payment of the 
nominal sum of 51.99 will entitle you to a valuable Book 
Dividend of your choice which you may choose from a list 
provided Members. 

Top -Quality 
Hardbinding 

Features huge 
quick -find index 

Over 2300 
illustrations 

IContains over 
800,000 words 

11624 data - 
packed pages 
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with a Trial 
Membership in 

the Book Club 
that Saves you 
25% to 75% on 

a wide selection of 
electronics books 

with the literature published in your areas of in- 
terest.. and to save substantially while so doing. As 
part of your Trial Membership. You need purchase as 
few as four books during the coming 12 months. You 
would probably buy at least this many 
an way...without the savings offered through Club 
Membership. 

To start your Membership on these attractive 
terms. simply fill out and mail the coupon today. You 
will receive the 3 -volume Electronics Library for 10 - 

day inspection. YOU NEED SEND NO MONEY! If 
you are not delighted. return them within 10 days 
and your Trial Membership will be cancelled without 
cost or obligation. 
ELECTRONICS BOOK CLUB. P 0 Box 10. Blue Ridge Summit, Pa 17214 

TYPICAL CLUB SELECTIONS land List/Club prices) 
Microprocessor!Aicrxprogramming Handbook 59 9555.95- 
VHF tJHF Fire. Police, Ham Scanners Service Manual 
59,9555.95-Modern Guide To Digital Logic 59 9555.95-C8 
Radio Schematic Servicing Manuals -3 Volumes S2685/ 
59.95-Color N Trouble Factbook 59.9551,95-C8er's Handy - 
book 01 Simple Hobby Protects 56.95153.95-Modern Elec- 
Ironies Math 512.9558.95-Electronic Music Circuit Guidebook 
59.9Y55.95-Build Your Own Working Robot 58 95 
55.95-Intro to Medical Electronics S9.9556,95-21 Simple 
Transistor Radios You Can Build 56.96/$3.95-Ham Radio Ad. 
vaned)) Class License Study Guide 58.9554.95-Aviation Elec- 
tronics Handbook 511 95/57.95-Practical CB Radio Repair 
58.9515.95-Radio Astronomy for the Amateur 58.9555,95 

ipmmummizawwwwww 
ELECTRONICS BOOK CLUB 
P.O. Bet 10 

Blue Ridge Summit, Pa., 17214 

Please open my Trial Membership in ELEC- 
TRONICS BOOK CLUB and send my 3 -volume 
Electronics Library, invoicing me for only $1.99 
plus shipping. If not delighted, I may return the 
books within 10 days and owe nothing, and have 
my Trial Membership cancelled. I agree to 
purchase at least four additional books during the 
next 12 months, after which I may cancel my 
Membership at any time. 

Name Phone 

Address 

City 

State lip 
(This otter valid for new Members only Foreign and Canada add 10°,.) PE -96 
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New Products 
Additional information on new products 
covered in this section is available from 
the manufacturers. Either circle the item's 
code number on the Reader Service Card 
inside the back cover or write to the man- 

ufacturer at the address given. 

KENWOOD AM/STEREO FM RECEIVER 

Kenwood's Model KR -5600 deluxe stereo 
receiver is rated at 40 watts/channel into 8 

ohms with 0.5% maximum THD from 20 to 
20,000 Hz. Its power amplifier section uses 
direct -coupled complementary -symmetry 
output stages and has "area of safe opera- 
tion" circuit and relays that instantly cut 
output power should safe levels be ex- 
ceeded. Op amps in the preamp section 
maintain a high S/N ratio. A MOSFET front 
end has a rated sensitivity of 1.8 µV. Cap- 
ture ratio is 1.5 dB, and alternate -channel 
selectivity is 80 dB. A PLL in the multiplex 
section provides uniform stereo separa- 
tion A 25-µs deemphasis switch is provided 
for Dolby -processed FM signals. ADAPTOR 

OUT/IN terminals can also accommodate an 
outboard Dolby unit and a 4 -channel con- 
version adaptor. 

CIRCLE NO. 85 ON FREE INFORMATION CARO 

ASTATIC "SILVER EAGLE" MIKE 

A new version of the venerable D104 crystal 
desk microphone has been introduced. 
Called the D104 Silver Eagle, it features a 

push -to -talk bar in parallel with the grip- 
. to -talk bar on the desk stand. A slide lock- 
ing clamp provides "no hands" transmis- 
sion. Electronic or relay switching trans- 
ceivers can be used with the microphone, 

1 

which is wired with an open audio line on 
receive. Its coiled cable has one shielded 
conductor and four unshielded. All exter- 
nal parts, including the base, are chrome 
plated. 

CIRCLE NO. 86 ON FREE INFORMATION CARO 

"DISCO DUTY" PHONO CARTRIDGE 

The Stanton 680EL has been developed for 
use in discotheques and radio stations. lits 

claimed frequency response is from 20 Hz 

to 18,000 Hz, with a nominal output of 1.1 

mV/cm/sec ±2 dB. Channel separation is 

said to be 30 dB, and channel balance 
within 2 dB. Load resistance is 47,000 
ohms, and load capacitance is 275 pF. The 
cartridge's stylus is a 0.4 mil x 0.7 mil ellip- 
tical diamond. Tracking force is from 2 to 5 

grams, and cartridge weight is 5.5 grams. 
The Stanton 680EL comes with a replace- 
ment stylus. $90.00 

CIRCLE N0. 81 ON FREE INFORMATION CARD 

SWTP PRINTER 

Southwest Technical's Model PR -40 al- 
phanumeric printer kit is a 5x7 -dot matrix 
impact printer which produces the 54 - 
character upper case ASCII set with 40 
characters per line. Print rate is 75 lines Der 
minute on standard 37/8 -inch rolls of adding 
machine paper. One complete line is 
printed at a time from an internal 40 - 
character line buffer memory. Printing 
takes place either on receipt of a carriage 
return command or automatically 
whenever the line buffer memory is filled. 
The unit is available in kit -form only and 
includes the assembled print mechanism, 
chassis, pc boards, components, ac power 
supply, assembly instruction, one ribbon 
and one roll of paper. $250.00. 

CIRCLE NO. 88 ON FREE INFORMATION CARD 

LUXMAN SYNTHESIZED FM TUNER 

The new Luxman Model 5T50 is a fre- 
quency synthesized FM tuner featuring a 

four -digit, seven -segment frequency read- 
out with 200 -kHz incrementation. An FM 
dial scale is also provided with a LED 
pointer that moves across the 88 -108 -MHz 
band. Tuning can also be accomplished by 
means of seven station presets, as well as 
automatic scan tuning. The preset capabil- 
ity uses a CMOS IC memory, which is main- 
tained by a self -recharging battery, even 
when line power is turned off. A string of 
LED's indicates signal strength. Claimed 
S/N is 72 dB, capture ratio is 1.3 dB, alter- 
nate channel selectivity 80 dB, and stereo 
separation 48 dB at 1000 Hz, 38 dB from 30 
to 10,000 Hz. Dolby noise reduction with a 

400 -Hz test oscillator is built-in. Claimed 
sensitivity is 1.7 µV (IHF), 9.8 dBf (available 
power) monaural. Frequency response is 
30 to 15,000 Hz, +0.2, -0.5 dB. THD at 65 
dBf is 0.08% at 1000 Hz (stereo). A muting 
switch selects one of two thresholds, or 
disables this feature. Output voltage is 1.5 
V. Balanced (300 ohms) and unbalanced 
(75 ohms) antenna inputs are provided. 

CIRCLE NO. 89 ON FREE INFORMATION CARO 

TURNER MAGNETIC -MOUNT CB ANTENNAS 

Turner has added two magnetic -mount an- 
tennas to its Signal Kickers CB antennas 
line. The antennas use a magnet with a 

specification strength of of 90 lb (41 kg) of 
direct pull. The SK900 series come with 18 
ft (5.5 m) of coaxial cable. They are factory 
tuned for low VSWR and are designed to 
handle up to 500 watts of power. The stain- 
less steel whip measures 46" (122 cm) long. 
The Model SK900 antenna includes a stain- 
less steel shock spring and sells for $28, 
while Model SK900 at $25 does not have a 

shock spring. 
CIRCLE NO. 91 ON FREE INFORMATION CARD 

FISHER AM/FM STEREO RECEIVER 

Fisher's Model RS1060 receiver features a 

PLL multiplex decoder, attenuator-type 
calibrated volume control, a claimed FM 
sensitivity of 1.7 µV (IHF) or 9.8 dBf (avail- 
able power), and a continuous power out- 
put rating of 100 W rms minimum into 8 

ohms from 20 to 20,000 Hz with no more 
than 0.15% THD. It also has ladder -type fil- 
ters in its linear phase i -f section, two tun- 
ing meters, feedback -type Baxandall tone 
controls, a tuned bass extender, two 

nn 

PHONO and AUX inputs and an FM DOLBY 
mode for use of an external Dolby noise 
reduction unit with the FM tuner. Two tape 
monitors are provided, as well as FM mut- 
ing, a six -position speaker/headphone 
selector, switchable high and low filters, 
and a tone defeat switch. Phono preamp 
input sensitivity is 2 mV at rated output at 
1000 Hz. FM capture ratio is 0.8 dBm; alter- 
nate channel selectivity, 70 dB. Measures 
233/4"W x 1615/16"D x 73/8"H (60.3 x 43 x 
18.7 cm), and weighs 54 lb (24.5 kg). 
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DUMONT SINGLE -TRACE OSCILLOSCOPE 

A single -trace oscilloscope with a 

bandwidth of dc to 5 MHz, Model 5040, is 

available from Dumont Oscilloscope 
Laboratories. It has triggered sweep, 
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New RealistIc ° Mobile Radio 
Puts EVERYTHING in 

-One Hand. Everything? 
Yes ... EVERYTHING! :. 

Pushbutton Mike! . 

Built -In Speaker!, 
. Illuminated. 
Channel Selector!.. 
en -Off Switch! 
Volume and Squelch! 

It's Patented, Too ... = 

U.S.- Pat. No. 643485 

Here's What CB Magazine (May 1976) 
Has to Say About Our "One -Hander" 
"On the road, it performed beautifully. The 60 dB of adjacent c cannel rejection 
was a particular plus ie the test area ... In my opinion, this ratio is one of the 
best innovations in mbile communications in many years. having all cf the 
operating controls butt into the mike frees the driver from haying to reach for 
the next channel or looking for the volume control while paying attention 
to traffic." 

Invented by Radio Shack 
to give you one -hand 
control for driving safety, 
amazingly easy operation 

a., 
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! 
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A CB "first" - either -hand ONE HAND control of all 
functions. And the rest of the transceiver is so small you can 
hide it away under the dash or seat, even in the glovebox. 
A nigh -quality, super -convenient radio in every detail. With - ''t+ 

all crystals for full 23 -channel coverage Built-in blanker u 

and ANL to chop out ignition -type noise. Ceramic filter to 
cut station interference. Positive or negative Ground. Jack 
for optional extra remote speaker. FCC Type Accepted, ;,` `` c 

of course. Adjustable mounting bracket, power cable 
for any 12VDC vehicle included. Better hurry in for yours- 
everybody is going to want the One -Hander! 
Ask for 21-161. 14995* 

F E E NEW 1977 
RADIO SHACK CATALOG 

AT OUR 4200 USA 
1977 ELECTRON SCA AI'c 

¡lithe lñaNc 
STORES AND DEALERS 

'y STARTING SEPTEMBER 1st! 

i - 
II ... 
CB Hi -Fi Radios Phonos Recorders Tape Antennas 

Kits Batteries Parts Car Stereo PA Intercoms More 

'. EXCITING NEW 56TH 
I.j ANNIVERSARY EDITION 

OVER 2000 EXCLUSIVE 
t PRODUCTS 

FULL COLOR 164 PAGES 

Handset shown 
actual size 

The 11/2x51/4x7" remote section is 
easil/ concealed. 3 -way switch for 

its 2wn built-in speaker, handset 
speaker, external speaker. 

* 

% . 1 
c 

K , 
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We've put the whole 
works in ONE hand. 
Even a red LED that 

lights up when the 
set is "on" and 

indicates the channel 
number. Coiled cord 

extends to 5 feet, 
gives you freedom of 

movement and lets 
you place the handset 

anywhere. 

SOLD ONLY WHERE YOU SEE THIS SIGN: 

Radie IhaeK 
A TANDY CORPORATION COMPANY 

OVER 5000 LOCATIONS 50 STATES 9 COUNTRIES 

Blüi`KRMi:itlCAil 
master c'lir n. now.. 

-I.1 1, F 

Use your credit card 
at most stores 

'Retail Price May Vary at Individual Stores and Dealers. 
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" TNE MOST 

OF YOUR 

CB POWER! 
ANTLER ANTENNAS DELIVER 
GREATER POWER POTENTIAL 
All CB radios have about the 

same range potential ... yet, 

some CB'ers get greater range 

and reception. The secret's in a 

matched system ... the radio 
and antenna system as it's in- 
stalled in your particular car ... 
and the best systems are topped 
by Antler antennas. 

HERE'S WHY! 
Antler antennas are more effi- 
cient ... deliver and hold lower 
SWR readings. It's that simple. 
The more efficient your antenna 

. the better your CB can reach 

its full range potential. 
Insist on an Antler antenna. 
There's a model and mount for 
the installation you want. You'll 
get better transmission to power 
through CB congestion by deliv- 
ering all the potential of your 
CB. Isn't that what you want? 
10-4! 

_ Till ! ̀  l ' 
u t, ;_"_ \`e 

11----- 

Antler "POSI-GRIP" 
MAGNETIC MOUNT. 
Grips tight at speeds in 

excess of 100 MPH. No 

installation ... avoids 
targeting your car by CB 

.thieves. . 

MCM Mfg. Company 
6200 South Freeway 

Fort Worth, Texas 76134 (817) 293-7533 

10 
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minimum vertical sensitivity of 20 mV/cm, 
input impedance of 1 megohm paralleled 
by 32 pF, a horizontal time base of 1 µs/cm 
to 10 ms/cm in five calibrated steps. The 
horizontal amplifier accepts external 
sweep signals from do to 100 kHz (-3 dB), 
and has an external sensitivity of 0.5 V/an. 
A 5 -inch CRT provides a 3.15" x 3.94" (80 x 
100 mm) viewing area, and uses a P31 

standard phosphor. A built-in calibrator 
provides a 1-V p -p line frequency reference 
signal. Measures 16.5"D x 9"W x 6.5"H 
(41.9 x 22.8 x 16.5 cm), and weighs 15.4 Ib. 
(6.98 kg). $325. 
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TEAC HALF-TRACK TAPE DECK 

Teac announces its A-3300SX-2T open -reel 
tape deck with a 2 -channel stereo or mono 
format. Features three motors, three tape 
heads, and 71/2 or 15 ips. Independent left 
and right channel source/tape selector and 
VU level averaging meters are included. A 

manual cue lever facilitates searching and 
editing. Includes separate bias and equali- 
zation selectors, independent left and right 
channel record mode selectors, and indi- 
vidual input and output level controls. Ac- 
commodates 10'/2 -inch reels. Claimed fre- 
quency response is 30 to 26,000 Hz ± 3 dB 
at 15 ips; wow and flutter (NAB weightea) is 

0.04% at 15 ips, and THD is less that 1% at 1 

kHz, normal operating level. A headphone 
output jack is built-in. Measures 175/16" x 
175/16" x 85/16" (44 x 44 x 21 cm), and 
weighs 44 lb (20 kg). 
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MERIX ANTI -STATIC COATING 

Merix Anti -Static #79 is a non-metallic 
conductive coating that achieves its con- 
ductivity chemically after it is diluted with 
de -ionized water. It can be wiped on to an 

area, dries quickly, and gives conductivity 
to an average area of 8000 to 10,000 square 
feet per gallon. The coating gives readings 
of 20 to 100 megohms per square inch on 
plastics, and +100 megohms per square 
inch on glass surfaces. Merix Anti -Static 
#79 is stable, clear, neutral pH, non- 
flammable, and safe to use. Available in 

large quantities, or in sample gallons for 
$58 each, or sample quarts for $27 each. 
Merix Chemical Co., Div. A., Conductive 
Coatings, 2234 East 75th St., Chicago, IL 

60649. 

WEATHERALERT WEATHER RECEIVER 

A new weather receiver from Weatheralert 
offers continuous U.S. Weather Service 
monitoring and sounds its internal siren 
when a special signal is received whenever 
dangerous conditions threaten. During 
normal operation, the receiver picks up the 
weather station's continuous reports. The 
siren trips only when the special signal is 
transmitted. (Volume need not be turned 
up to activate the siren.) The receiver is de- 
signed to operate within 40 to 50 miles (65 to 
80 km) of the transmitter using its built-in 
telescoping antenna. An optional antenna 
kit extends reception range up to 80 miles 
(130 km). Primary ac powered, the receiver 
automatically switches over to batteries 
should a power failure occur. $39.95. Ad- 
dress: Weatheralert Co., 639 S. Dearborn 
St., Chicago, IL 60605. 

SANSUI HIGH -POWER STEREO RECEIVER 

The Sansui Model 9090 stereo receiver is 
rated at 100 watts/channel at 0.2% 
maximum harmonic distortion with both 
channels driven into 8 ohms. The direct - 
coupled amplifier section features two 
meters with logarithmically compressed 
scales to cover a power output range of 
from 0.05 to 200 watts at 8 ohms. The re- 

ceiver is equipped with zero -center tuning 
and signal -strength meters, the latter 
doubling as a multipath indicator during 
FM antenna alignment for eliminating mul- 
tipath distortion. A phase -locked -loop IC is 
used in the FM (stereo) demodulator to 
minimize multiplex distortion and tuning 
noise. In addition, the receiver has a circuit 
to permit mixing mike signals with those 
from any other source. FM sensitivity is 
rated at 1.7 µV, capture ratio at 1.5 dB, and 
selectivity at 85 dB. $750.00. 
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EICO MOBILE CB PREAMP 

The "Long Ranger" Model LR-3 preamp 
boosts CB signal 20 dB on receive for in- 
creased sensitivity. Although the preamp is 

inserted in the transmission line between 
transceiver and antenna, a carrier detec- 
tion circuit isolates the preamp on trans- 
mit. Requires 12 V dc, positive or negative 
ground. $29.95 
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Low cost, battery operated 
Intercept Jr. Tutor. -al 
System instructs you on 
tcdays most advanced L SI 

' semiconductor devices, 
then serves doub:e 
duty as an operating 
solid-state computer! 

Learn to use a microprocessor 
This , 

ó,} r41 
portable computer ` 
teaches you how. 

° ° . ' ",`'' _ 

.1-7/ 

,. 

,_ 

Learn microprocessors in hours. 
With its detailed Owne'r's Handtcok, 

Intercept Jr: teaches you basics of micropro-. 
cessors, Random Access Memories (RAMs), 
Read Only Memories (ROMs) and input/ 
'output interfacing, all in less than 8 hoLrs. 

Contains everything you need. 
Intercept Jr: üs a complete all-CMOS 

computer on a 10- by 12 -inch board. Con- 
tains batteries, entry keyboard, 8 -digit LED 
display, RAM and ROM memory .- . all .--;on- 
trolled by an- Intersil IM6100 12 -bit "CMOS 
microprocessor. 

An inexpensive leaching Computer. 
For $281.00 you get both the handbook 

and the computer, plus provisions for expan- 
sion with 1024 words of acditional memory, 
from 256 to 2048 wo-ds of added -program, 

'and input/output interfacing with terminals. 
.. 
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Send in coupon today. 
Intersil, Inc., 
10900 Nortl- Tantau 4v9., Cupertino, CA 95014. 

1 

PRICE CTY. TOTAL 

I'm interested. Send me Intercept $281.C'0 -$ 
Jr. Tutorial System complete with 
Owner's Handbook. 

E I need to know more. Send full FREE 
technical details on Intercept Jr. 

Plug-in Expansion Modules Also Available 
RAM Module, with 1024 v-ords of 145.00 
added non-volatile memori. 
P/ROM Module, with spckets fir 74.65 
256 to 2048 words o- p -o -am. 

I/O Module, fo- interfacinc TT" 81.70 
keyboard/reader and pinterlptnch. 

(Caliornis residents add 6% sales tax.) 

TOTAL PAYMENT DUE 
PE9 

Check enclosed. 
Money order encicsed. 
Bill me. (Please list Purchase Order. no 

SHIPPING ADDRESS (Please print) 

name 

company 

address 

city scat. zip 

/ / / 
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As little as $17 

This versatile mini breadboard features the same superior contacts, materials and construction 
we use in our full-scale ACE All Circuit Evaluators. Any solid hookup wire up to #20 plugs right in 

to connect DIPs, discretes and almost any components you have on hand. Super -Strip gives you 

128 separate five -tie -point terminals in the circuit building matrix and 8 power and signal distri- 
bution lines - enough capacity to build circuits with as many as nine 14 -pin DIPS. And when 

you're done with your hookup, just pull it apart - everything's as good as new. Super -Strips come 

with your choice of nickel -silver or gold-plated terminals. Plus an instant -mount backing and quick - 

removal screws for fast and easy stack- 
ing or racking. Heard enough? Then stop Part Model 

Number Number 
TermiTypnal Price 

Each Quantity Total 
looking and start cooking with A P 

Products Super -Strips. 923252 

Credit Card Number 

4 Numbers Above Name (MC) Good Thru 

Signature 

Print Name 

Address 

City State Zip 

923748 
SS -2 
SS -1 

nickel -silver 
gold-plated 

$17.00 
$18.90 

Check or M.O. 
enclosed 

E Charge BAC 

Charge MC 

E Send catalog 

Total for merchandise 

Sales Tax (OH and CA) 

Shipping (see table) 

TOTAL ENCLOSED 

Shipping/Handling 25.01 to 50.00 2.00 
Up to $10.00 $1.00 50.01 to 100.00 2.50 
10.01 to 25.00 1.50 100.01 to 200.00 3.00 

Orders subject to acceptance at factory. 
Company PO's FOB Painesville. No COD Orders. 

DEALER INQUIRIES INVITED. 

A P PRODUCTS INCORPORATED 
Box 110-H Painesville, OH 44077 (216) 354-2101 
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Stereo components ...-easy to make kits or ássembÍed. 

Writefor free 24 páge color catalog ,4dUN2CO 
Dept.G,,Box 88, Blackwood; N.J. 08012 OlUnia 
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New Literature 
CB ANTENNA CATALOG 

Cush Craft's new 4 -page catalog, C-9, in- 

cludes a full line of monitor antennas; 
trunk -mount, jiffy mirror -mount and co - 
phased mirror -mount mobile antennas; 
omni-base antennas for permanent or 
temporary use; directional base -station an- 
tennas with 3,4 and 5 element beams, in- 
cluding a horizontal/vertical power beam 
and dual beam stak kit. Antennas are illus- 
trated and complete specifications are 
provided. A section on related accessories 
is also provided. Address: Cush Craft 
Corp., 621 Haywood St., Manchester, NH 

03103. 

TECHNICAL BOOKS CATALOG 

Tab Books offers a 1976 catalog of techni- 
cal and do-it-yourself books. The 44 -page, 
fully illustrated catalog describes over 400 

current and forthcoming books, plus 14 

electronic book kits. Some of the subjects 
covered are: amateur radio license study; 
audio; hi-fi; basic electronics; 2 -way, 
shortwave and CB radio; math calculators 
and computers; electronic music; general 
electronic servicing; and test equipment. A 

selection of TV, radio, CB and hi-fi service 
manuals is also included. Address: Tab 

Books, Blue Ridge Summit, PA. 

SPEAKER CATALOG 

Quam-Nichols announces its new 17 -page 
catalog illustrating its line of loudspeakers 
for high fidelity, music instruments, sound 
systems, automotive, general purpose and 
industrial applications. Technical specifi- 
cations are given, including dimensions, 
frequency response, power -handling 
capacity, voice -coil impedance and diame- 
ter, and magnet material. Speakers are il- 

lustrated and a section on configurations 
and mounting dimensions is included. Also 
available is a 2 -page flyer describing 
Quam's air -suspension speakers. Address: 
Quam-Nichols Company, Marquette Rd. 

and Prairie Ave., Chicago, IL 60637. 

SOLDERING AND DESOLDERING EQUIPMENT 

A new, 4 -page catalog, #76, from Endeco 
illustrates its line of soldering and desol- 
dering equipment. Included are soldering 
and desoldering irons, kits, a desoldering 
head that converts a soldering iron into a 

desoldering iron, tips, desoldering bulbs, 
solder paks, and soldering tool stands. 
Cord size, wattage, voltage and tip temper- 
ature information are included. Address: 
Enterprise Development Corp., 5127 E. 65 

St., Indianapolis, IN 46220. 
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IN PERFORMANCE 
The word is getting around. There is 

simply no better processor available for 
general purpose computer work than 

the Motorola MC6800. This memory 
oriented processor is easier to program 
and makes possible more efficient, 
shorter and faster running programs 

than the old fashioned bus oriented 
processors. Have you been convinced 
that machine language, or assembler 

programs are only for the experts? 

Well not with a modern 6800 based 

computer. Anyone can learn very 

quickly with this simple straight- 
forward hex idecimal notation pro- 

cessor. When you add to these ad- 

vantages the unique programmable in- 

terfaces and the Mikbug® ROM you 

truly have a "benchmark" system. 

Mikbug® eliminates the tedious and 

time consuming job of loading the 
bootstrap program from the switch 
console each time the computer is turn- 
ed "On". With Vlikbug® this is auto- 
matic and you simply don't have 

switches and status lights. It has been 

said (not by us) that a switch console is 

essential for "hardware development," 
(perhaps they meant "hardware de- 

bugging"). Anyway the SwTPC 6800 
system has no need for either. This is a 

fully developed, reliable system with 
no strange habits. All boards have full 
buffering for solid noise immune oper- 

ation. One crystal type clock oscillator 
drives everything, processor interfaces 

and all; so there are no adjustments and 

no problems. 

FOR VALUE 
The SwTPC 6800 in its basic form 
comes complete with everything you 
will need to operate the computer ex- 

cept an I/O device. This may be either 
a teletype of some kind, or a video 

terminal. You get a heavy duty an- 

nodized aluminum case, a 10 Amp 
power supply large enough to power a 

fully expanded system, a mother board 

with seven memory/processor slots and 

eight interface slots, a 2,048 word sta- 

tic memory and a serial control inter- 
face. This kit is now only $395.00. It 
was introduced at $450.00, but when 

processor prices went down we reduced 

the price of the kit accordingly. 

As an owner of our 6800 computer 
you will get copies of our newsletter 
with helpful information and software 
listings. We have a library of software 
including all the common computer 
games and our fantastic BASIC. This 
is available to you for the cost of copy- 
ing, you don't have to buy anything to 
get this material. 

What more could you want? Pay a visit 
to our nearest dealer and see the 6800, 
plus our new cassette interface, graphics 
terminal and printer. He will be happy 

to demonstrate our system and to sup- 

ply you with a 6800 that will fit your 
exact needs. 

M ik bug® is a Motorola Trademark 
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Computer System 

with serial interface and 2,048 words 

of memory .$395.00 

Southwest Technical Products Corp. 

219 W. Rhapsody 
San Antonio, Texas 78216 

The Computer Store, 820 Broadway, 
Santa Monica, Calif. 90401, (213) 451-0713 

Cyberdux, Microcomputer Applications, 
1210 Santa Fe Dr., Encinitas, Calif. 92024 
(714) 279-4189 

The Micro Store, 634 South Central 
Expressway, Richardson, Texas 75080 
(214) 231-4088 

ELS Systems, 2209 N. Taylor Rd., 
Cleveland Heights, Ohio 44112 
(216) 249-7820 

Microcomputer Systems Inc., 
144 S. Dale Mabry Ave., Tampa, Florida 
33609, (813) 879-4301 

William Electronics Supply, 1863 Wood- 
bridge Ave., Edison, N.J. 08817 
(201) 985-3700 

Computer Mart of New York, Inc. 
314 Fifth, New York, N.Y. 10001 
(212) 279-1048 

The Byte Shop Computer Store# 1, 
1063 El Camino Real, Mountain View, 
Calif. 94040, (415) 969-5464 

The Byte Shop Computer Store#k2, 
3400 El Camino Real, Santa Clara, Calif. 
95051, (408) 249-4221 

A -V ID Electronics Co., 1655 E. 28th Street, 
Long Beach, Calif. 90806 (213) 426-5526 

Computer Warehouse Store, 584 Common - 
worth Ave., Boston, Massaschusetts 02215 
(617) 261-1100 

The Computer Workshop, Inc., 11308 
Hounds Way, Rockville, Ind. 20852 
(301) 468-0455 

The Computer Store, Inc., 120 Cambridge 
Street, Burlington, Mass. 01803 
(617) 272-8770 

Marsh Data Systems, 5405 B. Southern 
Comfort Blvd., Tampa, Florida 33614 
(813) 886-9890 

Midwest Enterprises Inc., 815 Standish Ave., 
Westfield, New Jersey 07090 
(212) 432-2066 

The Milwaukee Computer Store, 6916 W. 
North Ave., Milwaukee, WI 53213 
(414) 259-9140 

Control Concepts, P.O. Box 272, 
Needham Heights, Mass. 02194 

American Microprocessors, Equipment & 
Supply Corp. at Chicagoland Airport, P.O. 
Box 515, Prairie View, Illinois 60069 
(312) 634-0076 

The Computer Room Inc., 3938 Beau D'Rue 
Dr., Eagan, Minn. 55122, (612) 452-2567 

Computerware, 830 First St., Encinitas, 
Calif. 92024 (714) 436-9119 

Atlanta Computer Mart, 5091 B Buford 
Highway, Atlanta, Ga. 30340 
(404) 321.4390 
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Stereo_. 

GREETINGS FROM NIHON 

LTHOUGH you may not know it, 
"Nihon" is the name-or at least 

the likeliest phonetic rendering of the 
name-that the Japanese people have 
for their native land. There are many 
other things that we, and especially I, 

don't know about Japan, even though 
I've just returned from my third visit to 
that country in about as many years. 
What appears below is an amalgam of 
what I think I've learned on the trip and 
what I'm sure I don't as yet under- 
stand. The emphasis will of course be 
on hard information, since rumors and 
speculation are readily available 
elsewhere. 

What Is Japan? For our purposes 
Japan is perhaps the world's leading 
producer of sophisticated consumer 
electronics. It is also one of the world's 
poorest markets for its own products. 
Outside of stores that sell them, I have 
never seen-much less heard-a 
Japanese transistor radio, except in 
taxicabs where they have been turned 

By Ralph Hodges 

on more for my benefit than the driv- 
er's. People do not walk around with 
such devices, and as nearly as I can tell 
from brief glimpses of resorts and 
scenic areas, they do not take them on 
trips either. Japanese -made TV re- 
ceivers seem to sell well among those 
who can afford them, but I've never 
seen them used for anything other 
than sports events. The salesman who 
totted up my copious purchases in a 

store in the Akihabara (Tokyo's famed 
retail electronics district) used an 
abacus instead of an electronic cal- 
culator, although his store had at least 
three different brands of calculators 
on display. 

If this seems to suggest that the 
urban Japanese consumer is back- 
ward and unappreciative of the "finer 
things," put the idea out of your mind. 
Notwithstanding a highly complex 
and difficult language, Japan has 
managed to achieve a phenomenally 
high percentage of literacy within its 
population. Consumer enthusiasm is 

Fig. 1. The Pioneer ribbon tweeter is down only 10 dB at 100,000 Hz. 
14 

rampant, technological awareness is 
acute, and among those able to in- 
dulge themselves there is a refined 
appetite for the arts in all their var- 
ieties and origins. 

However, the Japanese are given to 
setting themselves collective and in- 
dividual goals. They wait until they can 
afford what they want rather than 
"making -do" with temporary substi- 
tutes, and they relish, I think, the an- 
ticipation as much as the actual ac- 
quisition. Having been an im- 
poverished audiophile for too many 
years, I respect their attitude and ad- 
mire their patience. But I think most 
Westerners, myself included, would 
consider their buying practices a 

strange combination of rationality and 
irrationality. 

Hi-fi in Japan. In the U.S., the staple 
hi-fi product has been and is likely to 
remain the receiver, even though the 
popularity of "separates" is growing. 
In Japan, the receiver has never been 
an extraordinarily popular product, 
and latest reports indicate that it is 
dying a speedy death. 

There is a rational reason for this: 
Japan's FM broadcasting is extremely 
sparse, so that a modern receiver's 
wide -band tuning capabilities and 
superb interference rejection are 
largely superfluous. At present, regu- 
lations allow a maximum of two 
broadcasting stations in any given re- 
ception area, and these tend to be 
widely spaced on the dial (the 
Japanese FM band is centered 10 MHz 
below that of the U.S., so that there is 

only a two-thirds overlap between the 
two; but most Japanese receivers are 
designed to cover the U.S. band only, 
and are therefore not really Japanese 
products at all). I am told that the 
people in charge are gradually being 
persuaded that equipment in the 
hands of the general populace is ca- 
pable of coping with closer frequency 
spacings. If this view prevails, Tokyo 
may suddenly acquire eight or more 
FM stations in addition to the present 
two, which would make a stereo FM 
receiver a more practical product than 
it has been. 

Then there is the irrational side. Re- 
ceivers may be languishing in Japan, 
but tuners are not! The world's more 
widely acclaimed tuners-the classic 
Marantz 10B and the Sequerra, for 
example-bring higher prices on the 
Japanese market than almost any- 
where else. But Japanese tuners, as 
good as some of them are, do not sell 
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This is no way to nail down 
a hi-fi bargain. 

Some stores think that one of their cost -cutters in assembling a "bargain" 
stereo system is to install a run-of-the-mill, inexpensive cartridge. After all, 
who's going to notice a tiny cartridge when it's surrounded by powerful 
speakers and a dynamite turntable? Unfortunately,some shoppers are reluc- 
tant to insist on a better cartridge when buying one of these package spe- 
cials. But you are made of sterner stuff! And if you insist on a Shure cartridge, 
"better" doesn't have to mean more expensive. Time and time again, con- 
sumer magazines have rated Shure cartridges the best in their price category. 
As the source of sound for the entire system, that Tiny Shure cartridge and 
its critical stylus determine what you'll ultimately hear. And as bargains go, 
that's the best tip you'll hear today-or any day! 

Shure Brothers Inc. 
222 Hartrey Ave., Evanston, IL 60204 

aE In Canada: A. C. Simmonds & Sons Limited 
,SHORE 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
SEPTEMBER 1976 
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Learn to service Communications/CD 
equipment at home...with 

NRI'S COMPLETE 
COMMUNICATIONS COURSE 
Learn design, installation and maintenance of 
commercial, amateur, or CB communications 
equipment. 
The field of communications is bursting out all 
over. In Citizens Band alone, class D licenses 
grew from 1 to over 2.6 million in 1975, and the 
FCC projects about 15 million CB'ers in the U.S. 
by 1979. That means a lot of service and 
maintenance jobs ... and NRI can train you at 
home to fill one of those openings. NRI's 
Complete Communications Course covers all 
types of two-way 
radio equipment 
(including CB), 
AM and FM 
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Transmission and Reception, 
Television Broadcasting, 
Microwave Systems, 
Radar Principles, 
Marine Electronics, - 
Mobile Communica- \11$11.1 

! 

tions, and Aircraft Electronics. 
The course will also qualify you for 
a First Class Radio Telephone Commercial FCC 
License or you get your tuition back. 

Learn on your own 400 -channel digitally - 
synthesized VI -IF transceiver. 
You will learn to service all types of communi- 
cation equipment, with the one unit that is 
designed mechanically and electronically to train 
you for CB, Commercial and Amateur communi- 
cations: a digitally -synthesized 400 -channel VHF 
transceiver and AC power supply. This 2 -meter 
unit gives you "Power -On" training. Then we 
help you get your FCC Amateur License with 

i 

-; 
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special instruction so you can go on the air. 
The complete course includes 48 lessons, 9 

special reference texts, and 10 training kits. 
Included are: your own electronics Discovery Lab, 
Antenna Applications Lab, CMOS Frequency 
Counter, and an Optical Transmission System. 
You'll learn at home, progressing at your own 
speed, to your FCC license and into the 
communications field of your choice. 

NEW CB SPECIALIST 
COURSE NOW OFFERED 

NRI now offers a special course in CB Servicing. 
You get 37 lessons, 8 reference texts, your own 
CB Transceiver, AC power supply and multi - 
meter ... for hands-on training. Also included 
are 14 coaching units to make it easy to get 
your commercial radio telephone FCC license- 
enabling you to test, install, and service com- 
munications equipment. 
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NRI offers you five TV/Audio 
Servicing Courses 
NRI can train you at home to service TV 
equipment and audio systems. You can 

choose from 5 
courses, starting 
with a 48 -lesson 

120,1211ii basic course, up 
j to a Master Color 

TV/Audio Course, 
í complete with 

designed -for - 
learning 25" diago- 

nal solid state color TV and a 4 -speaker SQ- 
Quadraphonic Audio System. NRI gives you 
both TV and Audio servicing for hundreds of 
dollars less than the two courses as offered by 
another home study school. 

All courses "are available with low down payment 
and convenient monthly payments. All courses 
provide professional tools and "Power -On" 
equipment along with NRI kits engineered for 
training. With the Master Course, for instance, you 
build your own 5" wide -band triggered sweep solid 
state oscilloscope, digital color TV pattern 
generator, CMOS digital frequency counter, and 
NRI electronics Discovery Lab. 'Trademark of CBS Inc. 

NRI's complete computer electronics course 
gives you real digital training. 
Digital electronics is the career area of the future ... and the 
best way to learn is with NRI's Complete Computer Elec- 
tronics Course. NRI's programmable digital computer goes 
far beyond any "logic trainer" in preparing you to 
become a computer or digital technician. With the IC's 
in its new Memory Kit, you get the only home training 
in machine language programming ... experience 
essential to trouble shooting digital computers. And 
the NRI programmable computer is just one of ten 
kits you receive, including a TVOM and NRI's 
exclusive electronics lab. It's the quickest and best 
way to learn digital logic and computer operation. 

You pay less for NRI training and you get more 
for your money. 
NRI employs no salesmen, pays no commissions. 
We pass the savings on to you in reduced tuitions 
and extras in the way of professional equipment, 
testing instruments, etc. You can pay more, but 
you can't get better training. 

More than one million students have enrolled 
with NRI in 62 years. 
Mail the insert card and discover for yourself why 
NRI is the recognized leader in home training. No 
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salesman will call. Do it today and get started on 
that new career. 

APPROVED UNDER GI BILL 
if taken for career purposes Check lox on card for details. 

NRI NRI SCHOOLS 
wl ; McGraw-Hill Continuing Education Center 

3939 Wisconsin Avenue. l Washington. D.C. 20016 
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Video Terminal Interface: Connects 
to standard TV monitor or modified 
receiver to display 16 lines of 32 or 64 
characters. Characters are formed in 
a 7 x 9 matrix for easy readability. Char- 
acter set includes 128 upper and lower 
case ASCII characters and 64 graphic 
characters for plotting on a 48 x 64 
(48 x 128 with memory option) array. 
An 8 -bit input port is provided for the 
keyboard. Characters are stored in the 
onboard memory, which may he read 
out of or written in to by the computer. 
Cursor control, text editing, and graph- 
ics software is included. $185 (32 
char.) kit. $210 (64 char.) kit. 

Poly I/O Idea Board: This will save 
you a lot of time in making prc, otype 
circuits. I/O port address is selectable 
with dip switch, and inputs 
and outputs are fully buffered. $55 kit. 

Analog Interface: Good for interfacing 
your computer to an analog world. Ten 
bits of resolution in and out. $145 for one 
channel and $195 for two channels (kit). 

Ask about how to get a free POLY I/O 
Idea Board or Analog Board. 

81( RAM on a single board. Connection 
for battery backup. $300 kit. 

Special Offer 
Video Termi ,al Interface 

(32 character) and aK RAM, $450 kit. 
Expires - September 30th, 1976. 

You've p obably been hearing about the 
POLY 88 microcomputer system that 
uses keyboard and video. We don't have 
the space here to describe all the fea- 
tures. See it at your local computer store. 

Support your local computer store. 

All prices and specifications subject to change 
without notice. Prices are USA only. Calif. residents 
add 6% sales tax. All nompaid orders add 5% USA 
shipping, handling, and insurance. (Outside USA add 
10%) Bankamericard and Master Charge accepted. 

PolyMorphic 
Systems 

737 S. Kellogg, Goleta, CA 93C17 
(805) 967-2351 
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Fig. 2. JVC's unusually large anechoic chamber. 

remarkably well. I think you can put 
this phenomenon down to good 
reasons (these preferred tuners are, 
after all, excellent) as well as ques- 
tionable ones. For example, U.S. 
products are considered exotic by the 
Japanese in ways that Japanese prod- 
ucts are considered exotic in the U.S. 

The Japanese Market. In the opin- 
ion of many people in Japan, the audio 
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market is more sharply and discern- 
ibly divided than in the U.S. A large 
part of the market buys the equivalent 
of consoles-usually three-piece en- 
sembles-two speakers and a central 
control and program -source section. 
All of this is generally enclosed in 
free-standing furniture. Often, this will 
all be of Japanese manufacture. 

On the next step up you'll find the 
beginnings of audiophilia. One 
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Fig. 3. The JVC sound theater has 
two enormous horn -loaded speaker systems. 

m 

20 CIRCLE NO. 54 ON FREE INFORMATION CARD POPULAR ELECTRONICS 



2 
6 

6 
6 , .2,i 

, 
° . . 

NG °-4 E t 
SG\ r 61 

p 
v4 

Introducing the first 
\t 

pocket programmable 
that remembers your 
programs and data even 
when it's turned off. 
The new HP -25C. $200.00* 

Meet the first Scientific Programmable calculator that lets you 
take a breather midway through your solution without having to start 
all over again when you get back. The reason: Its memory and 
storage registers stay ON even when you shut it OFFt-during a phone 
call, a meeting or a weekend. 

It's called the HP -25C. (Incidentally, the "C" stands for 
{`Continuous Memory C-MOS" technology.) zeiztupee4. ne?, 

Here's what Continuous Memory does for you: 

1. It lets you key in your favorite program-debug it-and retain 
it in memory for repeated use. So you gain accuracy as well as time. 

2. You can add additional functions not on the keyboard 
(hyperbolics, octal/decimal conversions, etc.), simply by writing 
programs and storing them permanently in memory. 

3. It enables you to gather data one place (such as at a survey 
jobsite) and retain your results until you get back to work with them 
later (just think of the time you'll save and the accuracy you'll gain 
because you won't have to re-enter information). 

4. You don't lose data when you lose battery power. Here's why: 
when all the decimal points display- 
indicating a low battery-your data and 
program will not be lost provided the 
calculator is turned OFF and the recharger 
is promptly connected. The HP -25C will 

even retain your data and program for at 
least 5 seconds-without any battery at all- 
while you are replacing a discharged 
battery with a charged one. 

But there's more. Aside from Continuous Memory, the HP -25C 
is identical to our popular HP -25. Both give you a total of 72 
pre-programmed functions and operations; complete keystroke 
programmability; branching and conditional test capability and 
fixed decimal, scientific and engineering (exponent in 

*Suggested retail price. excluding applicable state and local taxes -Continental U.S., Alaska & Hawaii. 
tThe HP-25C's C-MOS memory chips consume only 1/80.000 of the calculator's normal operating power. Thus, a fully charged bartery pock Fan hold your programs and data for a least I1/2 months with the HP -25C turned off. 
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fir, . - multiples of ±3) notations. 
r E You also get our RPN logic system 

with 4 -register stack and 8 storage registers. 
And every program written for the HP -25 will work 

without modification for the HP -25C. 

The HP -25C. There's never been a Scientific Programmable 
Calculator like it before. 

Best of all, the HP-25C's got HP's name on it. And you know 
what that means. Design, performance and a back-up support system 
you just can't get anyplace else. 

Why nor "tent touch" one for yourself? Or, if Continuous Memory 
is not important ro your particular application, try our standard 
HP -25, $145.00:' For complete HF-25C specs and the name of your 
nearest dealer, call toll-frée 800-538-7922 (in Calif: 800.662.9862). 

THE HP -25C AT A GLANCE 
Program memory and storage registers stay ON at all times. 

72 functions and operations. 
Keystroke programmability. 
Full editing capability. 
Branching and conditional test capability. 

8 addressable memories. 
Fixed decimal and scientific notation - 
plus engineering natation. 
RPN logic system with 4 -memory stack. 

$200.70* 

HEWLETT 1hñ PACKARD 

Sales and s. rv,ce from 172 offices in 65 countries. 
Dept./54D. 1930 Pruneridge Avenue, Cupertino, CA 95014. 
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"My father built this 
Schober Organ 

for me!" 

I 

u 

i 

/4",,:i DI., 
You'd be proud to buy her an organ this 

good ...but how would you feel if you'd also built 
it? It's a special kind of satisfaction. The gift of a 
lifetime of magnificent music, crafted with your 
own hands! 

And you can do it! You need no prior elec- 
tronic or mechanical abilities. Just the capacity to 
follow instructions. Every step is clearly detailed, 
every component is supplied. You'll find the as- 
sembly process as enjoyable as the music which 
follows! 

And what music! For this is a truly fine instru- 
ment you will build. Far superior to most "ready- 
made" organs...easily comparable to others at 
twice the price. Kit costs range from $650 to $2850 
for all basic components, and you can purchase it 
in sections to spread costs out...or have Iwo -year 
time payments. 

Just send the coupon for the fascinating 
Schober color catalog (or enclose $1 for a record 
that lets you hear as well as see the quality of 
Schober). 

The Vc/w Organ,CorP.. Dept. PE -67 ' 43 West 61st Street, New York, N.Y. 10023 
Please send me Schober Organ Catalog. 
Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 

NAME 

ADDRESS 
1 

STATE ZIP CITY 
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With Rechargeable 
Batteries & Charger Unit. 

ET E 

LM -4 

MODEL LM4 

,VACVDCK/MS 1001 MD 

OFF 

$227 
Features Include: 

Rugged - ideal for field service use. Full 
four digits. 13 ranges: 4 vdc, 4 vac & 5 ohms. 

Automatic zeroing & polarity. Small size: 1.9" 
H x 2.7" W x 3.9" D. Fully protected input. 

Also a 1%, 3 -digit LM -3(q $125 and a 0.05%, 3 -1/2 - 
digit LM -3.5 (?i $147. 

See your local distributor! 
Distributor inquiries invited. 

Non -Linear Systems, Inc. 
Originator of the digital voltmeter. 
Box N, Del Mar, California 92014 

Telephone 714) 755-1134 TWX 910-322-1132 
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Fig. 4. Recent work at JCV includes this visual analysis of 
loudspeaker wavefront propogation. Here hard -dome (top) 
and soft -dome tweeters are compared. 

Japanese enthusiast I spoke to has 
KLH speakers, Dynaco amplifiers, an 
AR turntable, and a Shure cartridge, 
and this is not an unusual combina- 
tion. Above that level there are large 
loudspeaker systems-big JBL's and 
Bozaks, Tannoys, Klipschorns, and 
the most expensive Electro-Voices- 
together with prestige amplifiers of 
U.S. or European make. You'll notice a 

dearth of Japanese goods in this 
lineup, which is one of the peculiari- 
ties of the Japanese market on their 
own home ground. 

The Potential Japanese Market. 
It seems to me that what the Japanese 
have lacked up to now is a succession 
of products-or even just one prod- 
uct-that is universally recognized as 
being the best available. True, their 
tape decks are highly regarded, but in 
the final analysis the real Japanese en- 
thusiast would prefer a professional 
Ampex, 3M, or Studer machine. Japan 
is the world's undisputed leader in 
direct -drive phono turntables, but 
there seems to be a lingering suspi- 
cion that the belt -drive units from 
western Europe and England might be 
better. Phono cartridges are manufac- 
tured under numerous brand names in 
Japan, many of which have attracted 
enthusiasts overseas. But the clear- 

cut distinction of superiority has 
eluded all Japanese manufacturers, 
and those who have striven for it have 
suffered. 

Paradoxically, as Japan struggles to 
get out of the world-wide recession 
precipitated by events in the West and 
Middle East, it may meet the recogni- 
tion it has long sought, waiting just 
around the next bend in the road. The 
moving -coil phono cartridges of 
Denon (Nippon Columbia), originally 
designed to fulfill NHK requirements 
for FM broadcasting in Japan, are be- 
latedly being hailed as superbly qual- 
ified contestants for the title of best 
phono cartridge in the world. (Denon 
retreated from its first entrance into 
the U.S. market several. years ago, but 
it is scheduled to return in December.) 
Nakamichi Research has fully estab- 
lished itself as a manufacturer of "ul- 
timate" cassette decks over a period 
of several years, so international rec- 
ognition cannot be far behind. 
Nakamichi now has a phono cartridge, 
a preamplifier, and (by the time you 
read this) a super -power amplifier, all 
intended to qualify as "best" in the 
international sweepstakes. 

Japan's Resources. Throughout its 
relatively brief history as a technologi- 
cal giant in audio, Japan has strenu- 
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Will other CB's catch up 
with Royce's Wireless? 

y wait? 
Other CB makers might have a 

Wireless Module chassis by 1978. 
You can have it now! 

Let's talk straight about CB today. 
Right now you're probably con- 

fused. You see dozens of ads on TV 
and in magazines. Every CB maker 
claims superiority. New names are 
entering the field. 

You ask yourself - is there a dif- 
ference between different brands of 
CB's? 
Answer: There is a big difference 
between Royce and all other CB 
makers! Because only Royce has the 
Wireless Module concept! 

And, it is the biggest CB technol- 
ogical breakthrough since transis- 
tors replaced tubes. 

Royce has brought computer tech- 
nology to CB. With wireless modules. 
Automated-not hand -soldering. Pre- 
cision assembly. Higher quality com- 
ponents. Computer tuning and 
testing. 

Model 1-655 
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Royce 
Follow the new leader! 

CIRCLE NO. 51 ON FREE INFORMATION CARD 

It all adds up to reliability never 
before dreamed possible! Long CB 
life! Peak power! Maximum trans- 
mitting and receiving range! 

So, now you have an easy way to 
decide which CB to buy! And your 
Royce dealer can show and tell you 
more about the amazing new Wiire- 
less Module CB's and the entire 
Royce line. Stop by and see him soon! 
Royce Electronics Corp., 1746 Levee 
Road, North Kansas City, Mo. 64116. 

Royce Wireless Model 1-655. 23 -channel mo- 
bile CB has Amplified Automatic Gain Con- 
trol circuit (AAGC) to amplify weak signals, 
reduce nearby overload. Phase Lock Loop 
(PLL I tuning adds greater reliability. Large 
S/RF meter. Pushbutton ANL switch mini- 
mizes noise, static. Pushbutton PA/CB switch 
activates pcwerful P.A. Pushbutton RF gain 
Control prevents overload from nearby stations. 
Royce Wireless Model 1-658. 23 -channel mo- 
bile CB Vol -U -Mike allows receiver volume 
adjustment from mike or front panel. Phase 
Lock Loop (PLL) provides reliable 23 -channel 
operation with only 3 crystals. Large, read- 
able S; RF meter. Pushbutton PA/CB switch 
activates powerful P.A. Continuous RF Gain 
Control prevents overload from nearby stations. 

Royce Electronics Corporation 
1746 Levee Road 
North Kansas City, Mo. 64116 
Call: (816) 842-7505 Telex: 426-145 

Model 1-658 
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The 3P+S module 
from Processor Technology 
is the most versatile input- 
output card for your Sol, 

IMSAI, or Altair system. It has 
two 8 -bit parallel I/O ports, 
with full handshaking logic, 
and a serial I/O port. All on 
a single card. 

Check this spiffy set 
up. Run a keyboard and a 
paper tape reader into your 
8080 system; then, output a 
TV terminal and a tape 
punch, all via the 3P+S. 
And, you can still simul- 
taneously run a modem 
(Telephone Coupler) in and 
out. We could write pages 
about the 3P+S' talents. We 
did, in fact. You can get our 
59 -page 3P+S Owner's 
Manual (with schematics 
and applications) for $4.95. 
If, then, you do buy our 
3P -I S, we'll refund the $4.95. 

3P+S I/O Module, 
Kit Price 

with premium grade, 
low -profile sockets for 

every IC, $149 

Write Us about all 
our Sol/IMSAI/Altair 
compatible plug-in 

modules. 

ka, -. 
62004 Hollis Street 
Emeryville, CA 94608 

ously sought and won a commanding 
position in the very center of its over- 
seas markets. But recently (at least in 
the U.S.) the center has been shifting 
somewhat, and now tends to favor 
high power and, to a certain extent, 
separate components instead of the 
all -in -one receiver. The Japanese are 
prepared to follow this and other 
trends wherever they may lead. Unfor- 
tunately, such a policy once again 
threatens to cast them in the role of 
follower rather than leader-an unen- 
viable position in an industry where 
innovation and "breakthroughs" 
command so much respect. 

Too little appreciation, I think, is 

given to the Japanese audio industry, 
both as an innovator and a stabilizer in 
new audio developments. Over the 
past decade, the Japanese have done 
some remarkable research and 
created some superb devices. The 
Denon phono cartridges are one obvi- 
ous example; another is the Pioneer 
PT -R7 tweeter (Fig. 1), a ribbon design 
with a frequency response that is 
down barely 10 dB at 100,000 Hz and 
an almost impeccable transient re- 
sponse. This separate, raw tweeter, 
alas, is not part of Pioneer's overseas 
marketing program, and was there- 
fore almost unknown outside of Japan 
until recently, when a few hardy West- 
erners began visiting Nihon to ferret 
out some of its more obscure trea- 
sures. 

There are, in fact, a number of 
Japanese manufacturers who retain 
some very novel and interesting prod- 
ucts as domestic sales items only. 
There are good marketing reasons for 
doing so. However, Japanese con- 
sumers meanwhile await confirmation 
of these products' excellence from 
abroad; when none is forthcoming, 
they lose interest themselves. 

Highlights. I have high hopes that 
the image of Japan throughout the 
audio world will change for the better, 
and fairly soon. These were boosted 
considerably by field excursions I was 
able to make to the headquarters of 
Nakamichi Research and the research 
labs of JVC. 

E. Nakamichi, for example, is em- 
barking on the construction of his own 
personal concert hall, which he glee- 
fully anticipates will serve both as a 

refined development tool for future 
audio products and the fulfillment of a 

long-standing personal dream. 
Nakamichi seems to relish competi- 
tion, insists on iconoclasm, and does 

not shrink from controversy. This is 
hardly the image of the Japanese 
manufacturer we're accustomed to. 

JVC, on the other hand, probably 
seems rather doctrinaire to most U.S. 
consumers, although the company's 
espousal of the ANRS noise -reduction 
system and CD -4, both of which are 
JVC developments, sets it somewhat 
apart. How apart I hadn't realized until 
I visited the JVC research center. 

First of all, the facilities are remark- 
able for an establishment of this kind. 
The anechoic room (Fig. 2) is one of 
the largest in the world, reportedly ef- 
fective down to about 50 Hz. There is 
also a large reverberant room with a 

reverberation time (at mid frequen- 
cies) of almost 10 seconds. But one of 
the biggest showpieces is a 1,277 - 
cubic -meter theater (Fig. 3) that can 
be drastically altered in acoustical 
characteristics via a central control 
console. The slats visible at the left of 
the photograph, highly reflective as 
seen, can be rotated along their long 
axes to expose absorbent glass -fiber 
backings. Finally, the wall and ceiling 
panels can be retracted entirely, leav- 
ing behind deep glass -wool surfaces 
that soak up sound like an open field 
on a windless day. 

The mere existence of these 
facilities wouldn't be at all exciting un- 
less they were being put to good use. 
Evidently they are. JVC is apparently 
engaged in deep study of sound -field 
propagation -researches which led to 
the stunning video representations of 
loudspeaker wavefront propagation 
as presented to the Audio Engineering 
Society in New York last October (Fig. 
4). There has also been some related 
work on binaural recording, which is 
intended to be heard exclusively 
through headphones. On my visit I was 
treated to a test pressing of a binaural 
disc that was irresistible in its near - 
perfect realism. I have heard many 
binaural recordings and have been 
impressed by them all, but this was 
something beyond my previous ex- 
perience. 

In short, Japan has much to offer the 
worldwide audio community that 
we're yet to become aware of. We can, 
I hope, look forward to a remission 
of the receiver -for -any -amount -of - 
money -you -have -in -your -wallet syn- 
drom and an assertion of the concept 
of basic, hard-working research in the 
interest of better sound. This is an area 
in which the Japanese shine. All of us 
would profit from basking in their 
glow. Q 
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SBE.Th 
or sihgléesinsideband. 

e t name a 
If you take the professional apCroach to CB 

you'l end up with SBE Single Sideband-be it mobile o -be it:base. 
SIDEBANDER II and CONSOLE II are two cutstanding reasons why. 

SIDEBANDER II is noted for having the biggest 
"talk power punch" in mobile CB. It reaches -those 
46 SSB channels crisply and clearly with a full 
power of 25 wa:ts in. And because it's synthesized, 
it achieves more p-ecise frequency and better stabil- 
ity. Exceptional features include: noise blanker, RF 
and AF gain controls, clarifier, and sct_elch. 

in+Mrm. 

f' ILL .liE 

CONSOLE II brines freqúency syntiesization to 
home base. It's a true -le-nonsense professional 
with performance that gets your message througl- 
and brings in signals to d and clear. Superb fea- 
tures incluce "on tha air" indicator, triple-furction 
meter, automatic load ard gain controls. 

Two classic exanoles why SBE has the arswers SSB user like. 
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JONSOLE.I I (SBE *CE) 
SSB/Avl Base 

SIDEBAVDER II (SBE-12CFi) 
- ESB/AM Mobile 

sB E Better Communications through Crest .e Technology 

For informaticn write: SBE, Inc., 220 Airport SIvd../Vatsonville CA 95076 

INTERNATIONAL DFFICES: E.S. Gould Marketing Co. Ltd.. Quebec. Carada / Linear Syst--ts.S A. Geneva 1. Swit;erla.d 
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71irner mikes turn 
ordinary CB sets 
into heavyweights 

Check the channels. You hear 
Turner mentioned a lot on CB. 
Most longtime CBers have a 
Turner mike. They often sound 
stronger and reach farther. It's 

easy to un- 
derstand why: 
Even a weak 
carrier signal 
can do the job 
if it has good 
mike input, 
while on the 

other hand a strong signal with 
poor modulation can be hard to 
copy. Demonstrate this to 
yourself by opening up your re- 
ceiver squelch and listening to a 
distant station, a signal which 
barely swings the S -meter. Even 
though signal power hardly 
moves the needle, can you still 
copy through the noise? If so, 
that's good modulation. And 
you're probably listening to a 
Turner mike. 

o 

Many Turner 
models have a 
built-in pre- 
amplifier with 
volume control 
on the mike. 

Mike volume control lets you 
adjust mike input, which allows 
the radio to put out a signal 
with all the voice modulation or 
"talk power" the set is designed 
to deliver. 
A Turner mike can also add to 
your set's effective range by 
keeping input consistently high. 
The Turner M+3 and Road 
King 60 include a speech 
compression circuit to 
assure constant -level 
input, regardless of 
mouth -to -mike dis- 
tances or natural 
rising and falling 
of the voice. 
Or to get rid of 
cab rumble, 
traffic and 

other interfering 
background noises 
that reduce effective 
range, consider the 
Road King 70, a rugged 
CB mike that adds noise can- 
celling to the other Turner 
features. 
Ask a Turner dealer to help you 
get full performance out of your 
base or mobile CB. Or start by 
asking for a communications 
catalog from Turner, 716 
Oakland Road N.E., Cedar 
Rapids, Iowa 52402. 

TURNER 
MICROPHONES 
ANTENNAS 

CONRAC 
CORPORATION 
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Get up to 
50',0o 
on your choice of these 
outstanding publications. 
Take a good look at these popular 
magazines. Then take a look at the prices 
below. Bonanza! You may select as 
many as four of these titles at our special 
introductory rates-up to 50% off! Use the 
attached card to order or write to: 
Magazines at Discount, P.O. Box 2703, 
Boulder, Colorado 80302. 

HERE'S WHAT YOU SAVE: 

BOATING -1 YEAR. YOU PAY ONLY $4.50 
(Regular rate: $9.00) 

CAR & DRIVER - 1 YEAR. YOU PAY ONLY $3.99 
(Regular rate: $7.98) 

CYCLE - 1 YEAR. YOU PAY ONLY $3.99 
(Regular rate: $7.98) 

FAMILY HANDYMAN - 1 YR. (9 ISS.)YOU PAY ONLY $6.98 
(Regular rate: $8.55) - 

imueueimr,: AM 
241 

Pagilat 
.1111/551111 ROLL pe 

ILYI 

FLYING - 1 YEAR. YOU PAY ONLY $6.99 
(Regular rate: $9.98) 

MECHANIX ILLUSTRATED - 15 ISSUES. YOU PAY ONLY $4.97 
(Regular rate: $7.44) 

MONEYSWORTH - 1 YEAR (26 ISSUES). YOU PAY ONLY $3.88 
(Regular rate: $5.00) 

PLAYBOY- 1 YEAR. YOU PAY ONLY $12.00 
(Newsstand rate: $19.00) 

POPULAR ELECTRONICS - 1 YEAR. YOU PAY ONLY $6.99 
(Regular rate: $9.98) 

POPULAR PHOTOGRAPHY - 1 YEAR. YOU PAY ONLY $4.49 
(Regular rate: $8.98) 

PSYCHOLOGY TODAY - 1 YEAR. YOU PAY ONLY $7.00 
(Regular rate: $12.00) 

SKIING - 1 YEAR (7 ISSUES). YOU PAY ONLY $3.49 
(Regular rate: $6.98) 

SPORTS ILLUSTRATED - 26 ISSUES. YOU PAY ONLY $7.97 
(Newsstand rate: $26.00) 

STEREO REVIEW - 1 YEAR. YOU PAY ONLY $3.99 
(Regular rate: $7.98) 

TIME - 25 ISSUES. YOU PAY ONLY $12.50 
(Newsstand rate: $25.00) 

TV GUIDE - 32 ISSUES. YOU PAY ONLY $7.39 
(Lowest available rate) 
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Hobby Scene/ , 

"SUPERHOT" CRYSTAL SET 

Q. I built a crystal set using a ferrite 
bar antenna, AM tuning capacitor, 
silicon diode, ceramic caps and crys- 
tal earphone. It works, but I can only 
pick up very close stations. Is there a 
way to increase the set's sensitivity? 

-Clane Linn, New Orleans, LA 

A. The crystal set isn't very sensitive 
because you used a silicon -diode de- 
tector. For the diode to conduct, you 
have to exceed the barrier potential 
(0.7 V)-which only a very hefty signal 
could do. Germanium, with a barrier 
potential of 0.2 V, is a better choice. 
The circuit shown, though, is a rather 
unique crystal set using a silicon 
diode. Tuning is accomplished by var- 

EARTH GROUND 

ying capacitor C. The ferrite loopstick, 
L, has a low -impedance tap. The 
1-megohm potentiometer applies a 
bias voltage across the diode, ranging 
from 0 to 0.75 volt. Thus, the pot acts 
as a sensitivity control. At maximum 
sensitivity (0.7 V forward bias), very 
weak signals will be able to ride 
through the diode. When connected 
to a good antenna (a longwire or 
rotatable loop), this little set will de- 
liver suprising performance. In opera- 
tion, you will notice a point where ad- 
vancing the sensitivity control causes 
the signal to drop out completely. This 
happens when the diode turns fully 
on. Back down slightly for best sen- 
sitivity. Use high -impedance crystal 
headphones or earphónes, and an AA 
or C cell voltage source. The battery 
will last for a long, long time. 

By John McVeigh 

ELECTRIC MUSIC BOOKS 

Q. Thanks for the recent electronic 
music series. Do you know of any 
books on the subject that I can do 
more research with? 

-R.M., Rye, New Hampshire 

A. There are many books out on elec- 
tronic music and music synthesis. 
Here are some: Electronic Music Cir- 
cuit Guidebook by Brice Ward (TAB), 
Experimenting with Electronic Music 
by Brown and Olsen (TAB), and The 
New World of Electronic Music by Wal- 
ter Sear (Alfred Publishing). 

HAUNTED TV RECEIVER 

Q. My TV receiver is connected to a 
master antenna system (75 -ohm ca- 
ble) supplied by the apartment com- 
plex in which I live. The signal levels 
are more than sufficient, but the 
ghosts are terrible. Is there some sort 
of broadband network I can use to 
eliminate these ghosts? I'm using a 
75-ohm/300-ohm transformer-balun. 

-Larry Moore, FPO San Francisco 

A. The ghosts are being produced by 
one of two circumstances. First, there 
might be a building nearby reflecting 
the signal. Since the reflection arrives 
later than the direct signal, a ghost 
appears. To cure this, the master an- 
tenna would have to be pointed so that 
there is a null in the direction from 
which the ghost is coming. Note that 
even if this means pointing the beam 
somewhat away from the direct path, 
the beam and distribution amplifier's 
gain will probably make up for the re- 
duced signal level. Second, there 
might be an improper termination in 
one of the apartments. If the termina- 
tion impedance is not 75 ohms, re- 
flected waves can travel up and down 
the line, causing a series of closely 
spaced ghosts. The real cure for that is 
to correct the termination impedance. 

As for a broadband ghost exorcist, 
the only thing that I can think of is a 

resistive pad (attenuator) of 75 or 300 
ohms impedance, placed before or 
after the balun, respectively. This 

would lower the overall signal level, 
and if the ghosts are much weaker 
than the desired signal, you could at- 
tenuate them into oblivion while re- 
taining a sufficient desired signal 
strength. 
BROADCAST STATION GUIDE 

Q. Can you provide me with the title 
of a book that provides the call let- 
ters, frequencies, and addresses of 
commercial broadcasting stations? 

-Harry Lee Smith, Luray, Virginia 

A. Howard W. Sams & Co. (4300 W. 62 
St., Indianapolis, IN 46206) publishes a 
useful book entitled "North American 
Radio -TV Station Guide," written by 
Vane A. Jones. It covers AM, FM and 
television broadcasting, and lists 
(among other things) frequencies, 
power output, call letters, and ad- 
dresses under several listing formats. 
Canadian, United States, Mexican, 
and Central American stations are in- 
cluded. 

AMATEUR CODE REQUIREMENTS 

Q. I've heard a rumor that The FCC 
will either reduce the General Class 
code requirement to 5 wpm or elimi- 
nate it completely? Is this true? 

-Bruce Levine, Brooklyn, NY 

A. I haven't heard that specific rumor, 
but there are some changes being 
contemplated for code tests in gener- 
al. First, the FCC is considering the 
establishment of a "Communicator 
Class" Amateur license. It would be a 
no -code ticket carrying telephony 
(voice) privileges in the vhf region of 
the spectrum. Second, the FCC has 
announced that it will conduct a 
different type of code test at a few field 
examination points on an experimen- 
tal basis. The new test will consist of 
five minutes of recorded text, and a 
series of true -false or multiple choice 
questions based on the transmitted in- 
formation. However, for the time be- 
ing, both tests (the new and old 
"one -minute of solid, written copy) 
will be given. If the results from the two 
show a high degree of correlation, a 
new format for the receiving portion of 
the code test will be adopted. Al- 
though there have been many peti- 
tions asking for a reduction of the 
General code test from 13 to 10 wpm, 
the FCC has not shown much of a 
reaction. 

Have a problem or question 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. 
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Paces, The best-selling CB in Hoe world. 

More people buy Pace thar any other 
CB, based on estimates by athcom Inc. 
Maybe it's because: 
We wanted to be #1 - and vie put our 
money & determination on the line to 
make the kind of radios that would make 
us the leader. 
The warranty we offer- just ask 
anybcdy about it; 
Our qua' ity control - which means we 
don't ust test an occasional sample off - 
the lire, we vibrate -test alrrest every 
mobile radio we make. 

Our 2C models - the largest CB line ii 
the would with sugcestei prices from 
$50 to $5C0. Which makes it easier .o 
choose the right radio. 
is Pace for you? We think Number Ore 
deserves.#1. 
Write t_s- Pathcon Inc_, (Los Angeles), 
Harbor City, CA. 9071 J 

PACE CB 
Men you've got afee, 

,jou've got the woad I4 the ears. 

PACE TWC-WAY RADIOS, PFICDUCT3OF PATHCOM INC. 
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One of the most important components in an electronic 
circuit is the fuse, which protects the entire system from 
current overload. Circuit designers, technicians, and 
hobbyists should be acquainted with the various types of 
fuses and how to use them. 

To test your knowledge of fusing circuits, see how many 
of the following problems you can solve. For each of the 
circuits shown below, determine the order in which the 
fuses will blow as resistance R is slowly decreased to zero. 
Assume that the battery can deliver any required amount 
of current, and that each fuse has an internal resistance of 
one ohm, regardless of its current rating. 

32 POPULAR ELECTRONICS 



If you thought a rugged, 
professional yet affordable 
computer didn't exist, 

nk 
SAI 

8080. 
Sure there are other commercial, 
high -quality computers that can 
perform like the 8080. But their 
prices are 5 times as high. There is 
a rugged, reliable, industrial com- 
puter, with high commercial -type 
performance. The IMSAI 8080. 
Fully assembled, it's $931. 
Unassembled, it's $599. And ours 
is available now. 

In our case, you can tell 
a computer by its cabinet. The 
IMSAI 8080 is made for commer- 
cial users. And it looks it. Inside 
and out! The cabinet is attractive, 
heavy -gauge aluminum. The 
heavy-duty lucite front panel has 
an extra 8 program controlled 
LED's. It plugs directly into the 
Mother Board without a wire 
harness. And rugged commercial 
grade paddle switches that are 
backed up by reliable debouncing 
circuits: But higher aesthetics on 
the outside is only the beginning. 
The guts of the IMSAI 8080 is 
where its true beauty lies. 

The 8080 is optionally 
expandable to a substantial system 
with 22 card slots in a single 
printed circuit board. And the 
durable card cage is made of 
commercial -grade anodized 
aluminum. 

The IMSAI 8080 power 

supply produces a true 28 amp 
current, enough to power a full 
system. 

You can expand to 
powerful system with 64K of 
memory, plus a floppy disk con- 
troller, with its own. on -board 
8080-and a DOS. A floppy disk 
drive, an audio tape cassette input 
device, a printer, plus a video 
terminal and a teleprinter. These 
peripherals will function with an 
8 -level priority interrupt system. 
IMSAI BASIC software is avail- 
able in 4K, that you can get in 
PROM. And a new $139 4K 
RAM board with software 

IMSAI 8080 

memory protect. For the ultimate 
in flexibility, you can design the 
system for low-cost multiprocessor, 
shared memory capability. 

Find out more about the 
computer you thought didn't 
exist. Get a complete illustrated 
brochure describing the IMSAI 
8080, options, peripherals, soft- 
ware, prices and specifications. 
Send one dollar to cover handling. 

Call us for the name of the 
IMSAI dealer nearest you. 

Dealer inquiries invited. 

MS Associates, Inc. 
14860 Wicks Boulevard 
San Leandro, CA 94577 
(415) 483-2093 
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HIGHLIGHTS 
CB Rip -Offs 
\Vith CB radio thefts on a meteoric rise, the new Na- 
tional CB Theft & Recovery Bureau is making an effort 
to reduce thefts and aid law -enforcement agencies in 
returning recovered CB rigs to their rightful owners. 
For a modest fee, a CB radio owner can have his name 
and address and the serial number of his rig entered 
into the Bureau's computers. "Rip -Off Strip -Off' 
identification decals go on his CB radio, antenna, and 
vehicle windshield. The decals warn potential thieves 
that the rig is registered and carry a reward offer to 
$250 for information leading to the arrest and convic- 
tion of thieves. To help police identify owners of reco- 
vered CB rigs, the Bureau maintains a 24 -hour toll -free 
"hot line" that is said to be available to every law - 
enforcement agency and insurance company in the 
country. 

European Quadraphonic Broadcast 
The first commercial quadraphonic broadcast in 
Europe was made over Radio Picadilli/, Manchester, 
England, on last April 2. Using a Sansui ()SE -5B 
broadcasting encoder, the station played discrete 
4 -channel tapes and QS 4 -channel records for two days. 
It is estimated that 2 million homes in the UK are 
equipped for stereo reception, while perhaps '/2 million 
have 4 -channel capabilities. 

New Amateur Regulations 
Effective July 23, 1976, the Federal Communications 
Commission has modified Part 97, Rules and Regula- 
tions for the Amateur Radio Service. Novice Class 
operators will be allowed to run up to 250 watts of input 
power, a healthy increase over the old 75 -watt limit. A 
Novice reaching the end of his two-year license term 
need no longer wait one year from the expiration date 
for reexamination, but can apply for a new Novice exam 
immediately. All licensees using Novice segments of 
the bands will be limited to 250 watts input power. 
Technicians will receive full Novice hf privileges. The 
Novice exam will be the only one administered by mail, 
unless the applicant can produce a physician's note cer- 
tifying disability. Then the exam will be administered 
by a Commission -approved volunteer examiner. Full 
credit will be granted to examination elements adminis- 
tered in the past by mail. So, Conditionals are "grand - 
fathered" to General Class licenses, Technicians C to 
Technicians. The number of distinct license classes is 
reduced to five by this action. 

Hughes Is Alternate Source 
for RCA Microprocessor 
Hughes Aircraft Company has signed an agreement 
with RCA Corp. to be a nonexclusive alternate source 
for the RCA CDP (802 CMOS 8 -bit microprocessor and 
related support circuits. RCA will supply Hughes with 
process outlines, artwork, and tooling. The agreement 
also includes an option on future -generation CMOS mi- 
croprocessors, including silicon -on -sapphire versions. 

Engineering Technician Salaries Higher 
The Engineers Joint Council, as a result of its biennial 
survey, says the salaries of engineering technicians in- 
creased on t:ie average by 13.6% between 1973 and 
1975. The figures were obtained from 630 employers 
and covered over 61,500 technicians. According to the 
results, the "average" engineering technician has had 
about fourteen and a half years of experience since leav- 
ing school, is about 34 years old, and is earning $12,200 
a year. Graduates of two-year junior college and techni- 
cal institute orograms start out with average salaries 
about $1700 per year more than nongraduates of the 
same age. 

Flick -of -the -Wrist Time 
"Flick -it" is a new digital wristwatch introduced by 
Gruen. It displays the hours and minutes on its LED 
readout with a flick of the wrist. The seconds, month 
and day can De displayed by touching the Time Com- 
mand Button The mechanism which energizes the 
display with a flick of the wrist is set so that normal 
movement of :he arm will not activate it. Gruen designs 
and makes it: own watch modules. 

New Audio Recording System 
Elcaset is the name given to a new audio recording 
system introduced by Sony, Matsushita, and Teac. The 
Elcaset is intruded to realize the convenience of the 
Compact Cassette and the sound quality of open -reel 
tape. It has a :ape width of 1/4" and tape speed of 3% ips 
(9.5 cm/s). The tape is pulled out of the cassette shell 
for transport on heads, so that the preciseness of shell 
construction cannot affect the running of the tape. 
Extra holes in the shell provide for automatic code 
selection of proper bias and equalizer. 

Valor Interrational CB Jamboree 
In connection with the Pepsi -Cola Syracuse Gold Cup 
motorcycle race on Sept. 12 at the New York State Fair- 
grounds, Valor Enterprises will sponsor a 3 -day CB 
jamboree at the site. It will include 250 exhibits by 
leading manufacturers of CB equipment, motorcycles, 
snowmobiles, RV's and vans. 

Personal Use Radio 
Advisory Committee Formed 
An Advisory Committee to furnish advice and rec- 
ommendations on potential means of alleviating the in- 
terference and enforcement problems currently being 
experienced in the Citizens radio service has been 
created by the FCC. It is expected that the Personal Use 
Radio Advisor' Committee will consist of approximately 
15 to 25 non -Commission members, obtained from a 
cross-section of the Citizens Band industry (manufac- 
turers, importers, dealers), as well as equipment users 
and the general public. 
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ALTAIFI 6B 

Measuring just 11" wide x 11" deep x 5" high, and weighing a 

mere 7 pounds, the Altair TM 680h is a complete, general-purpose 
computer. 

The secret to this revolutionary, small computer is its CPU 

board. This double -sided hoard fits along the bottom of the Altair 
case and plugs directly into the front panel board. It contains 
the new 6800 microprocessor, 1,024 bytes of RAM memory, a 256 

byte PROM monitor, provisions for 768 bytes of additional PROM 

or ROM, and a single Interface port with a Motorola ACIA serial 
interface adapter which can be configured either RS -232 or TTY. 

A five level Baudot interface option is also available. 
The Altair 680b can he programmed from front panel switches, 

or it can he interfaced to a video display terminal, or teletype- 
writer. Three additional circuit boards can be plugged inside the 
Altair 6806 for further memory and interface expansion. The first 
of these boards is a 16K static RAM memory board. 

Software already developed includes Altair 680 BASIC with 
all the features of the 8K BASIC previously developed for the 
Altair 8800. These include Boolean operators, the ability to read 

or write a byte from any I/O port or memory location, multiple 
statements per line, and the ability to interrupt program execution 
and then continue after the examination of variable values. This 
software takes only 6.8K bytes of memory space and a copy is 

included free with the purchase of the Altair 680 16K memory 
board. 

Other software includes a resident two pass assembler. The 
Altair 6801) is also compatible with Motorola 6800 software. 

The Altair 6806 is ideal for hobbyists who want a powerful 
computer system at an economic price. Altair 6806 owners qualify 

II 

- Id 
for membership in the Altair Users Group, and like other Altair 
owners, they receive a complimentary subscription to Computer 
Notes and complete factory support. 

PRICES: 
Altair 680b kit with complete, easy -to -understand assembly man- 
ual, operator's manual, and programming manual $466 
Assembled Altair 680b. $625 
Altair 680h Turnkey model kit 395 
Expander Card 680MB (required to expand 680)...... $ 24 
Altair 68013SM 16K static RAM board kit with 680 BASIC.. $685 
Altair 680 BASIC when purchased separately $200 
Baudot option $ 42 

MAIL THIS COUPON TODAY 

Enclosed Is a check for 8 

BankAme'icard a or Master Charge # 

Altair 680b 0 Kit Assembled Other (specify) 
enclose SO for postage and handling 
Please send free information package. 

NAME 

ADDRESS 

i CITY STATE & ZIP 

2450 Alamo SE/Albuquerque, NM 87106, 505-243-7821 

NOTE: Altair is a trademark of MITS, Inc. 

SEPTEMBER 1976 

Price, specifications subiect to change. Please allow up to 60 days for delivery. 
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"This year, lots of folks are 
takin' to the road for trips 
and adventures of all 
kinds. They're getting more 
fun out of every mile with = a 

the automatic CE from 
Johnson. And y'all know its 
right handy if you're in a 
heap of trouble, too." 

That's right, Sheriff: ° 

r 

Johnson's built-in, 
automatic controls make - 

operation easier and safer; 
performance better. : 

Exclusive voice tailored 
audio circuitry auto- 
matically drops off signals 
outside voice frequencies 
to give you great reception. 

National Safety Sheriff 

IOHN 

. 
Our automatic noise limiter 
keeps reception clean and 
built-in gain control pre- - 

vents blasting and fading . 

Johnson's unique ° 

electronic speech mpres= 
sion automaticall 
selects and compresses, 

M 

voiké frequencie to 

rt' poprjo. 

prodiíée uniform; high-level 
modu;'.ation, maximum 
range. All automatically. 

When you hit the road; 
go with Johnson CB. We 
back every Johnson with a 
full year párts and labor 
warranty and walk-in 
service at more than 850° 
locations. See a Johnson CB 
dealer and take off on the 
great American adventure. 

=JOHNSON 
E. F. JOHNSON -EON 

n Canada; k. C. SIm o 

WASECA, MINT 5E093 
Sans, Ltd. 

N EB. THE GRE T AMERICAN ADVENTURE. 

. 
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LAST MONTH, we discussed the 
construction of the low-cost Elf 

microcomputer/trainer and gave 
some examples of simple program- 
ming. This month, we will describe 
hardware and how to make a low-cost 
LED replacement for the relatively ex- 
pensive hex display and add a simple 
8 -bit I/O port. Then we'll add a 16 - 

switch monitor that, among other 
things, will allow you to use a hex 
keyboard. We'll finish up the hardware 
section by showing how to use a 9 -volt 
battery as power for a RAM circuit to 
hold a program for as long as six 
months. 

When we're finished with the hard- 
ware details, it's back to the software, 
continuing with our 'programming 
discussion. 

The Hardware. The hex displays 
called for in the original Elf project can 
be replaced with a discrete LED circuit 
as shown in Fig. 1. You will need a 

CD4508 eight -bit register, eight low - 
current LED's, two 4049 hex inverters, 
and eight 470 -ohm, 1 -watt resistors. 
When the LED circuit is substituted for 
the hex displays, current consump- 
tion will be reduced by about 150 mA. 
The input comes from the data bus, 
which formerly went to hex displays 
1C4 and 105. 

When you use the LED display, you 
must count the LED's to arrive at the 
hex number displayed. The upper four 
LED's form the first digit, the lower 
four the second digit. 

You can mount the LED's on the 
front panel. Be sure you carefully iden- 
tify each. Also, when making the con- 
version, don't forget to modify the RUN 

switch circuit as shown. 
You can connect an inexpensive 

cadmium -sulfide (CdS) cell between 
the EF1 line and ground. Be sure to 
use a photocell that has a dark resist- 
ance in excess of 200,000 ohms and a 

light resistance of less than 10,000 
ohms. If you use any other photocell, 
you may have to increase the value of 
the resistor to pull up the EF1 line of 
the 1802 microprocessor. The high 
input impedance of the CMOS logic 
eliminates the need for photocell 
amplification. Also, several photocell 
inputs can be used, each connected to 
a different flag (EF) line. 

Using a photocell input, you can 
program the computer to start count- 
ing when an object moves past one 
photocell and stop counting when the 
object passes a second cell. This 
technique allows you to determine the 

SEPTEMBER 1976 

speed of a moving object. It can also 
be used to count people, monitor 
motor speed, provide targets in a 

computer -controlled light gun or 
"eyes" for a computer -controlled 
robot, etc. 

Magnetic reed switches, simple 
make/break switches, or similar de- 
vices can be connected to the compu- 
ter via the flag -line inputs. 

Several inexpensive methods of ex- 
panding the number of input and out- 
put lines can be used with this compu- 

ter. One example is shown in Fig. 2. 

Here, a CD4058 IC is used in both the 
input and the output positions, while 
other IC's provide the necessary gat- 
ing.. A 69 instruction will store the val- 
ues of the eight input lines in memory 
as a single byte. 

In the output port section, a 61 in- 
struction sets a memory byte into this 
port. The output port can control up to 
eigf t output lines, but you will have to 
add CD4050/CD4049 buffers if you 
wish to drive TTL loads. You can use 

BUILD THE 

A LOW-COST 

EXPERIMENTER'S MICROCOMPUTER 

PART 2 
Some hardware improvements and 

more programming details. 

BY JOSEPH WEISBECKER 
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DATA 
BUS 

FROM 
IC4, PIN 15 +5V 

2,14 24 

3,12 

NOTE: .3.15 

CHANGE ORIGINAL 
IC4,IC5 TO 
CD4049 

+5V 

ON 11 

OFF 
RUN 

Fig. 1. Circuit for a 
discrete LED display. 

-RUN 

these output lines to drive suitable 
transistors to control relays, lamps or 
LED's, or battery -powered motors, 
you can have the computer sequence 
lights, control animated displays or 
robots, or control a slide projector in 
response to tones from an audio tape. 
You can use the existing Q line output 
in the same manner for a single opera- 
tion. 

A simple method of controlling up to 
16 output lines or monitoring the 
states of 16 switches is shown in Fig. 3. 
A 62 instruction will set the low -order 
digit of a memory byte into the 4 -bit 

2 

INPUT 
LINES 4 

6 

+5V 

24 12 

22 

4 

20 

6 

18 CD4508 

16 

10 

2,19 1,13 
INPUT 

CLOCK 
(OPTIONAL) 

47K 

+5V 

20 

DATA 
BUS 

16 

10 

1,13 2(4 

CD4508 

23 

5 

21 

7 

9 DATA 
4 T BUS 

9 

17 -6 
II 

8 -BIT 
INPUT PORT 

CD4515 register. The output line cor- 
responding to this digit will go low, 
while the other 15 remain high. To 
make things more interesting, the 
computer can determine whether the 
switch attached to the selected output 
line is closed or not by testing EF2 with 
a branch instruction. 

The following program continu- 
ously examines all 16 switches in 
sequence and stops with the number 
of any closed switch from 0 to F in the 
low -order digit of R3.0: 

Step M Bytes Comment 
1 0000 F8 FF A2 FF-+R2.0 

(memory 
pointer) 

2 0003 13 52 E2 R3 + 1, R3.0-s 
M2, 2->X 

3 0006 62 22 MX->CD4515 
(select switch) 

4 0008 3D 03 Repeat step 2 if 

switch is open 
5 000A 30 OA Stop with R3.0 

= closed 
switch number 

The diodes can be omitted if only 
one switch at a time will be closed. 
This circuit and an appropriate pro- 
gram could permit data and instruc- 
tion bytes to be loaded into memory a 
digit at a time from a hex keyboard 
instead of toggle switches. Switch de - 
bouncing could be performed with a 

programmed delay following each key 
depression. A 64 -character keyboard 
could be used by treating it as four 
groups of 16 keys each, with the com- 
mon side of each key group con- 
nected to a different flag line. In fact, a 

program to generate the Morse code 
equivalent of each key could be writ- 
ten using the Q line as the output. 

This circuit can also be used to 
select one of 16 external devices or I/O 
ports if desired. Using the latter 
technique would permit up to 128 I/O 
lines. Cascading CD4515's would 

3,15 
4011 1111 

2 
51 
21 

73 
12-4 9 
17 

6 -7 
291 112,3,15 

+5V _ 

4 011 

4011 

OUTPUT 
LINES 

RUN 

402 

8 -BIT 
OUTPUT PORT 

4011 

BREAD 

NO 

TPB 

Fig. 2. A way to expand 
the number of input and 
output lines using two 
CD4508 integrated circuits. 

TP8 
NI 

MREAD 

permit even larger numbers of I/O 
lines to be handled. 

A low-cost video terminal can be 
made using the "Scopewriter" (PoPu- 
LAR ELECTRONICS, August 1974), or , 

you can interface your computer with 
a cassette data interchange system. 

We have only scratched the surface 
of I/O circuits for the Elf. The real fun 
(and program training) starts when 
you think of new things to attach to the 
output lines and start writing pro- 
grams to activate them. 

The major drawback with a RAM, or 
memory, system is that data stored in 
it is erased when the main power 
source is shut down. (Of course, if you 
could use a ROM, this wouldn't be a 
problem. However, ROM's must be 
preprogrammed with the memory 
data you wish to save, a costly and 
time-consuming approach.) Adding a 

cassette interface doesn't entirely 
eliminate the problem because a 

"bootstrap" is still required to be 
stored in memory to run the cassette. 

The use of low -power COSMOS 
RAM IC's and a 9 -volt mercury battery, 
as shown in Fig. 4, will allow you to 
save programs in memory for up to six 
months even with the main power to 
the computer turned off. The 1822 
RAM's shown are pin -compatible with 
the 2101's specified for the original 
project, but some of the RAM's must 
be rewired as shown. 

With the COSMOS RAM's installed, 
you can turn off power to the compu- 
ter at any time. The mercury battery 
will supply the required standby 
power to the memory system so that 
the program will be ready to run im- 
mediately when the computer is again 
powered up. The newly added 
STANDBY switch should be turned on 
(+5 volts) only after power is turned 
on. It should be off to hold pin 17 of 
the RAM's at ground potential before 
removing power from the system. 

(0 
BUS, 

1 2 
12 

3 

+5V 

4 

SI 

CD4 515 
4 TO 16 
LATCH 

AND 
DECODE 

IN914 

Fig. 3. A method of 
controlling up to 16 outputs. 
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Periodically check the battery's out- 
put; if it should fall too low, the mem- 
ory system won't be able to hold data. 

The last piece of hardware we will 
discuss here is the simple output 
driver shown schematically in Fig. 5. 

This is a conventional driver for almost 
anything that doesn't require more 
current than the transistor is capable 
of safely handling. The diode in the 
relay circuit removes the reverse 
transient spike that might otherwise 
damage the transistor. You can substi- 
tute a LED or even a load resistor for 
driving a power stage. 

More Programming. The single - 
line output program shown below is a 

simple program that will flash the Q 

LED at a preset rate. It also provides a 

programmable square wave on the Q 

line. 

Step M Bytes Comment 
1 0000 7A 0->Q 

2 0001 F8 10 B1 10-R1.1 
3 0004 21 R1-1 
4 0005 91 R1.1->D 
5 0006 3A 04 Repeat step 3 if 

D = 00 
6 0008 31 00 Go to step 1 if 

Q = 1 

7 000A 7B 1->Q 
8 000B 30 01 Go to step 2 

When you run this program, the 
square -wave frequency depends on 
the settings of the input switches. You 
can change frequency at any time. For 
higher frequencies, change B1 at 
M(0006) to Al and 91 at M(0008) to '81. 

You can now select any of 256 dif- 
ferent frequencies by altering the set- 
tings of the switches. 

To modify the program to sweep the 
audio frequency range, use the follow- 
ing program: 

Step M Bytes Comment 
1 0000 F8 FF A2 
2 0003 7A 0-> Q 

3 0004 82 Al R2.0-BD; 
D-BR1.0 

4 0006 21 81 R1-1; R1.0-YD 
5 0008 3A 06 Repeat step 4 if 

D = 00 
6 000A 31 03 Go to step 2 if 

Q = 1 

7 000C 7B 22 82 1->Q; R2-1; 
R2.0->D 

8 000F 32 00 Go to step 1 if D 

= 00 
9 0011 30 04 Go to step 3 

This program can be used in audio test 
applications. Note that R2 is used as a 

second counter that causes the 

square -wave frequency to change 
after each cycle. You can hear what 
this sounds like by using the circuit 
shown in Fig. 5. 

Very low frequency square waves, 
or long -interval timing, can be pro- 
grammed by cascading counters as il- 
lustrated in the following flow chart: 

FF-R3.I 

FF-R4.I 

FF--o-R5.1 

YES 

R4 -I 00? 
YES 

R3-1= 00? 
NO 

YES 

1-0 

The Q line can then be used to activate 
a relay (as in Fig. 5), which can control 
house lights, motors, etc. 

Suppose you wish to program a 

variable -pulse generator instead of 
square -wave generator. Use separate 
counts for the pulse off and on times 
as illustrated in the following flow 
chart: 

H 
0~o 

OFF COUNT -s -RI 

RI -1 = 00? 

YES 

N 

I --O 
ON COUNT --RI 

YES 
RI -I. 093y N0 

This program will flash the Q LED and 
pút a square wave on the Q line at a 

rate determined by the contents of 
memory M (0002) from a 10 to some 
other number. By referring back to the 
Instruction Subset Table in last 
month's article, you should be able to 
interpret the above program. 

Note in the program that R1 is used 
as a 16 -bit decrementing counter 
(steps 3, 4, and 5). When the high - 
order eight bits of this counter 
reaches 00, the Q line goes to its op- 
posite stage. Changing steps 2 and 4 

to use the low -order byte of R1 in- 
creases the Q line's output frequency 
by a factor of 256. 

If you use a 1 -MHz crystal in the 
clock, the above program can gener- 
áte square waves at frequencies be- 
tween 0.3 and 80 Hz, depending on the 
byte in M(0002). By changing the B1 

instruction at M(0003) to Al and the 91 

instruction at M(0005) to 81, square 
waves between 80 and 20,000 Hz can 
be generated. In this manner, your 
basic computer becomes a pre- 
settable square -wave generator. 

We can rewrite the program so that 
the square wave's frequency becomes 
a function of the settings of the toggle 
switches as follows: 

Step M Bytes Comments 
1 0000 F8 FF A2 FF->R2.0 
2 0003 E2 2->X 

3 0004 7A 0-.Q 
4 0005 6C B1 Switch byte 

MX, D:D->R1.1 
5 0007 21 91 R1-1; R1.1-BD 
6 0009 3A 07 Repeat step 5 if 

D = 00 
7 900B 31 04 Go to step 3 if 

Q = 1 

8 GOOD 7B 30 05 1->Q; Go to 
step 4 

27K` 
5.6-6V 
ZENERL 

1 

1111+ 

9V 
114914 

_L 
IN 914 

FROM 
L5V 
LINE +5V MREAD 

MP Íll) +5Vy STANDBY O 

MWR- 2D1I812219 171 B, 20118122 
(NEW SWITCH) 

17 

7 

6 
6A6 6 

45 

CDPI622 A4 4 CDPI622 
256X4 

RAM 33-221 

A3 3 256%4 
RAM 

A2 

Al 2 

Q-1 A 

I 

161141121 101 161141121 101 

DATA LINES 

Fig. 4. Using a low -power COSMOS RAM and a 9 -volt 
battery permits saving programs in memory. 
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INPUT 
10K 

47K 

. +5V 

VDC 
RELAY 

2N2222 
SIMR 

ILAR 

SR SPKR 

Fig. :. Circuit to provide 
outputs used for testing. 

In a similar manner, you can program 
bursts of pulses, 'variable -interval, 
pulse trains, etc. You can even write a 
program where a list of bytes specifies 
a sequence of different tones to make 
a programmable music box. 

The following two programs are 
"games" that demonstrate how the 
COSMAC instructions can be used. No 
added I/O circuits are required to run 
these programs. 

Load the following sequence: 

Step M Bytes Comment 
1 0000 El 1->X 
2 0001 F8 OF Al OF -+R1.0 
3 0004 64 MX-odisplay; X 

+1 
4 0005 3F 05 Wait for INPUT 

switch to be 
depressed 

5 0007 6C Switch byte -> 
MX,D 

6 0008 F8 OA F7 OA-*D; 
D -MX ->D 

7 000B 51 64 D ->M1; MX -> 
display; X + 1 

8 000D 30 OD 00 Stop; 00 

Set both the LOAD and MP switches to 
off and then flip RUN to on. Have 
someone select any digit between 1 

and 9 multiply by 10, add the original 
digit. Then multiply the sum by 9. Have 
the person who selected the digit tell 
you the result - but not the original 
digit. Set the binary code for the 
least -significant digit of the final ans- 
wer into switches 3, 2, 1, and 0, and 
place the other input switches in the 
down position. When you depress the 
INPUT switch, the computer will dis- 
play the unknown digit. 

This program illustrates how to set a 
memory byte into the output display 
with a 6C instruction. Note the use of 
R1 as a memory pointer and the use of 
the binary subtract instruction in step 
6. 

The following program makes the 
computer "think" of a byte, which you 
must guess in no more than seven 
tries: 

Step M Bytes Comment 
1 0000 8A AB RA, 0-oRB.0 = 

secret byte 
2 0002 F8 AA A3 AA -+R3.0 = 

memory 
pointer 

3 0005 53 E3 D -->M3; 3-->X 
4 0007 F8 07 A4 07-oR4.0 = 

number of 
turns 

5 000A 64 23 M3 ->display, 3 

+1; 3 - 1 

6 000C 2A 3F OC RA + 1 until 
INPUT is 

depressed 
7 000F 37 OF Wait for 

INPUT to be re- 
leased 

8 0011 6C 8B Switch 
byte ->M3; 
R B.O- D 

9 0013 F5 33 1A M3 -D -->D; Go to 
step 12 if M3 
RB.O 

10 0016 F8 01 01->D 
11 0018 30 22 Go to step 16 

(show D) 
12 001A 3A 20 Go to step 15 if 

D = 00 
13 001C 53 64 D-oM3; M3 -- 

display; 3 + 1 

14 001E 30 1E Stop loop 
15 0020 F810 10-+D 
16 0022 53 64 23 D ->M3 ->display; 

3+1;3-1 
17 0025 24 84 R4-1, R4.0-D 

(turn counter) 
18 0027 3A OC Go to step 6 it D 

= 00 
19 0029 8B 7B RB.O->D; 1-oQ 
20 002B 30 1C Go to step 13 

(show D and 
stop) 

Place both the MP and LOAD switches 
in the off position after toggling the 
program. When you start the program 
by operating RUN; AA is displayed. 
Now, try to guess what byte the com- 
puter has selected by setting the eight 
INPUT switches and depressing the 
main INPUT switch. If 00 is displayed, 
you guessed correctly; if 01 is dis- 
played, your guess is too low; if 10 is 
displayed, your guess is too high. You 
lose after seven wrong tries, at which 
point, the computer turns on its Q LED 
and the displays indicate the hidden 
byte. To try again, set RUN to off and 
then on. 

The subtract instruction in step 9 

HEX NUMBER SYSTEM 
Decimal Binary Hex 

0 0000 0 

1 0001 1 

2 0010 2 

3 0011 3 

4 0100 4 

5 0101 5 

6 0110 6 

7 0111 7 

8 1000 8 

9 1001 9 

10 1010 A 
11 1011 B 

12 1100 C 
13 1101 D 

14 1110 E 

15 1111 F 

sets an arithmetic overflow flag (DF) if 
MX is equal to or greater than D. The 
COSMAC instruction manual covers a 

detailed explanation of the use of this 
overflow flag in arithmetic and shift 
operations. 

In Closing. Now that you have some 
familiarity with programming for the 
Elf, look through your back issues of 
POPULAR ELECTRONICS for some chal- 
lenging programs to write. Try the 
"Logidex" game in the November 
1973 issue, "Tug -of -War" game in 
February 1975, "Electronic Dice" in 
July 1975, and the "Executive Digital 
Temper Countdowner" in December 
1975. These are just a few of the many 
electronic games you can program in- 
stead of building. O 

º= x`Atóy 

A'-7-62 

Az+f3r3 
(9:1 AX'- éyi-i'_ 

-(1 )=caSw 
U3(&'1rAl+c'L` 

"Uh... About this loaner you 
sent us while our 

computer is being repaired..." 
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If you can see a difference, 
imagine what you'll hear. 

Uin With .: : 

Sound Guard 

Magnified, you can see record vinyl wearing away. With same magnification, record vinyl shows no wear. 

You're looking at the 
solution to one of the oldest 
problems in audio-how 
to protect records from wear, 
while at the same time pre- 
serving full fidelity. 

It's called Sound. Guard, 
and it's remarkable. 

Independent tests show 
that discs treated with Sound 

éI 

.O 
Sound 

Guard, 

-r 

Fiecord 
Preservative 

r.: 

cies and the same absence 
of surface noise and harmonic 
distortion as "mint condition" 
discs played once. 

A by-product of dry lubri- 
cants developed for aerospace 
applications, Sound Guard 
preservative is so smooth it re- 
duces friction, yet so thin 

(less than 0.000003" ) it 
leaves even the most 

, fragile groove 
modulations un- 
affected. 

Audio 
Magazine 
has dubbed 

- °- 

Sound 
-Guard 

Record 
Preservation 
Kit 

Guard preservative played 
100 times display the same 
full amplitude at all frequen- 

- 

Sound Guard preservative 
"the best thing for records 
since vinyl:" Len Feldman in 

Radio Electronics reports 
"At last! The long awaited re- 
cord -care product has arrived. 
It preserves frequency 
response while reducing dis- 
tortion and surface noise:' 

ea 
; i IT , - 

_ ,_ 
1 

our was. 
I 

Surface noise after 100 plays 

It's effective and safe for 
all discs, from precious 
old 78's to the newest LP's. 

Sound Guard preserva- 
tive, in a kit complete with 
non -aerosol pump sprayer 
and velvet buffing pad, is 
available in better audio stores 
and record departments. 

Sound Guard keeps your good sounds sounding good. 
Sound Guard is Ball Corporation's trademark for its record preservative. Copyright O Ball Corporation, 1976. 
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11,10 

DIGI L 

31 DOM 
Linear readout 

uses 7 -segment LED's. 

HOW accurate is your car's speed- 
ometer? Chances are it has some 

nonlinearities in the upper range 
due to increasing tension on the nee- 
dle return spring. To overcome 
this irregularity and keep within the 
speed limit, you will want to build this 
digital speedometer. Besides, it will 
enable you to see what your exact 

speed is at a glance. The speedometer 
simply converts the standard 1000 rev- 
olutions per mile of your speedome- 
ter cable to an electrical signal to drive 
a two -digit readout. 

How It Works. The key component in 
the circuit (Fig. 1) is OC1, an optoelec- 
tronic device consisting of a gallium- 

MpH 

BY RICHARD B. FERMOYLE 

FOR YOUR CAZ 

arsenide LED and a photosensitive 
silicon transistor. The two are in an 
enclosure but are separated by an 
open space. When the LED is on, and 
the light (which is not visible) hits the 
transistor, it turns on. A slotted metal 
disc attached to the speedometer 
cable is used to interrupt the light 
beam activating the transistor. 
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The voltage across the LED in OC1 
is regulated by R1 and D2 and D3. The 
load for the phototransistor is R2 and 
its output is applied to IC1, which is 
connected as a monostable (one-shot) 
multivibrator. Each time the photo - 
transistor conducts, the output (pin 6) 
of IC1 changes states (going from 
high to low) fora period determined by 
C4 and R10. At the end of the period 
(about 1 ms), the output of IC1 returns 
to its high state. The pulse rate is de- 
termined by the rotation of the disc 
interrupting the light beam in op- 
toisolator, OC1. 

The pulses from IC1 are then 

counted in a conventional decade 
counter (with latch) consisting of IC2, 
IC4, IC6 and seven -segment readout 
DIS1. The overflow from the counter is 
totalled by a second decade counter 
consisting of IC3, IC5, /C7 and DIS2. 

To prevent readout flicker, each de- 
cade counter has a latch (IC4, IC5). 
The outputs of the counters.(/C2, IC3) 
are stored in the latches. When the 
latches are strobed, the digital value is 
passed to the readouts through the 
drivers (/C6, /C7). Thus, the readouts 
do not "run" as the counters cycle, but 
flash on with a set of digits each time 
the latches are strobed. 

To understand the counting proce- 
dure, assume that your car is going 10 
mph. Since the speedometer cable ro- 
tates 1000 rev/mile, it will be going 
10,000 rev/hour or 2.77 rev/s. The 
metal disc used with OC1 has eight 
slots cut in its edge so 22 pulses per 
second are generated. For the read- 
outs to display the proper information, 
decade counters IC2 and IC3 are al- 
lowed to count for only slightly more 
thar 450 ms before they are reset by a 
positive pulse at their common zero - 
reset pins (2). The reset pulse is gen- 
erated by IC8, which is triggered by 
the latch circuits in /C9. 

R3 
I00K 

R4 
4706 

DI 1TI 

CI 
2.28F 

2 

ICI 6 I I 14 
IC2 
7490 

MC8601 

A G 

R5 R7 
IM 1.8K 

PARTS LIST 

6 IC3 
7490 

3 4 14 

R9 8 
22K 

C3 
II .15yF 

2 

C I -2.2-4F tantalum capacitor 
C2,C3,C4-0.15-µF Mylar capacitor 
C5 -0.22-µF Mylar capacitor 
DI to D4-Silicon diode (IN9I4 or similar) 
DI SI ,DI S2-Seven-segment LED readout 

(Litronix DL707, MAN I. or similar) 
F1-I-A fuse and holder 
ICI ,1C8,IC9-MC8601 P 

IC2,1C3-7490 
IC4,1C5-7475 

RIE-R24 
13 15011 A 

12 B 13 

C 10 

D 8 

9 E 7 

115 F 2 

14 II 

RII -R17 
13 15_I,` 
IJvMMM B 13 

I -MANNA C 10 

IC7 I ' DIS 2 
? TENS 7447 DL707 

15 .^.VJvV,_2 . 

'--14 G II' 
, --1h MM^ - 

DL707 UNITS 

MC8601 6 

IC4 IC6 10 

12 81 

4 MC8601 

IC6.1C7-7447 
IC 10-SD309K 
OC I-Optoelectroniccoupler(GE H 13A I) 
QI-DI3TI programmable unijunction 

transistor 
RI- 100 -ohm. ''/4-W, 5% resistor 
R2 -4700 -ohm, %-W, 5% resistor 
R3 -100,000 -ohm, pc -type trimmer poten- 

tiometer 
R4 -470,000 -ohm, 1/4-W, 5% resistor 
R5-1-megohm, ''%-W, 5% resistor 
R6 -2700 -ohm, 1/4-W, 5% resistor 
R7 -1800 -ohm, %-W. 5% resistor 

D4 

FI 
IA 

C5 
.229F 

+ 
'12V 

R8,R9,RI0-22,000-ohm, %-W, 5% resis- 
tor 

RII to R24 -150 -ohm, 1/4-W, 5% resistor 
Misc.-Mechanical speedometer, dual 

drive adapter, length of speedometer ca- 
ble, suitable chassis (2), epoxy cement, 
heat sink and socket for IC 10. plastic for 
readout window, metal for interrupter 
disc, mounting hardward, etc. 

Note-Dual drive adapter is available from 
S. S. White, 151 Old New Brunswick 
Rd., Piscataway, NJ 08854. Ask for Bul- 
letin 7205. 

Fig. I. As the interrupter disc passes through the slot on OCI, it causes ICI to inject 
u count into the decade counters. Circuit made up of Ql, IC9 and IC8 determines the timing. 
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TENS 
FROM 

ICS A- 

..r 

IC7. 

C 

B D 

A Fig. 2. Circuit is assembled on Jour small pc boards. 
Etching and drilling guides are shown above. Optoelecfronic board (A) 
is.fitted to the speedometer chassis. Display 
board (B) is mounted on .front panel of display 
chassis with other two boards (C&D) inside the display chassis. Component 
layouts are shown below. Solid lines between solder pads are jumpers. 

GND +5V 

GND 
RESET FROM IC8 - eroormYIInM--.- 

TENS 
TO B--- - 
1C7 A.-- 

C =-- 
D --- 

UNITS 
TO A --- IC6 

STROBE 
FROM 

IC9 
PULSE 

IN 
FROM 

IC 1 

D 

A 

D 

UNITS 
IC FROM 

IC4 

B 

RESET 

STROBE TO IC4;IC5 TO IC2;IC3 . . MOM.. 

E 

GND 

w 

i -C1 
: cl 

A 

GND 
D ' 1' --PULSE OUT TO IC2 

D3 Gil'v K +5V 

s i -R10-'-R2= 

C 

5V 

4111.~..mmoot.... 
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Fig. 3. This photo .shows ulterior 
of the display chassis. Cable at 
left ,roes to poner supply unit. 

The timing for these pulses is pro- 
vided by a pulse generator consisting 
of programmable unijunction transis- 
tor Q1 and timing elements R3, R4, 
and Cl. Each time Q1 fires (deter- 
mined by the circuit time constant), a 

negative -going pulse is generated at 
the junction of R6 and R7 and passed 
to IC9, which is wired as a monostable 

CENTER HOLE DRILLED 
TO SAME DIAMETER 

AS HOLE ON POINTER 
THAT IS REMOVED 

FROM SPEEDOMETER 

C5 

I-1/2" DIA-18 GA. ALUMINUM 

multivibrator. The output of IC9 is a 

one -millisecond pulse applied to IC4 
and IC5. When IC9 times out, pin 6 

returns high and triggers IC8, also 
wired as a one-shot, which generates 
the reset pulses for IC2 and IC3. 

Operating power is provided by 
/C/O, a 5 -volt regulator, with D4 used 
as protection against accidental input 
voltage reversal. 

Construction. The circuit is assem- 
bled on four small pc boards as shown 
in Fig. 2. Other than the optoelectronic 
board and the power supply compo- 
nents, two circuit boards and the dis- 
play board are mounted in a small 
metal enclosure as shown in Fig. 3. A 

window for the display must be cut in 
the front panel with a piece of plastic 
cemented over the window. The two 
pc boards are mounted on spacers 
with the strobe -reset board on top (to 
provide access to R3). 

Drill a small hole in the back of the 
enclosure for a two -conductor 
shielded cable. The cable carries the 

ONE NOTCH 
EVERY 45° 

1 , EACH 
1/4 NOTCH 

IDENTICAL 

Fig. 4. Use this diagram to snake interrupter disc. 

ELECTRICAL 
CABLE 

CONNECTOR 

SPEEDOMETER 
CABLE 

FITTING 

I MAGNETIC 
/CLUTCH 
(DISABLED) 

Y 
DI 

ICIO 
SOCKET 

OPTO ELECTRONIC 
PC BOARD EPDXY 

INTERRUPTER 
DISC 

Fig. 5. Assembly of the speedometer and optoelectronic unit. 

+5 -volt supply, pulses from IC1, with 
the shield acting as a ground. 

Coupling the vehicle speedometer 
cable to the interrupter disc requires a 

mechanical fitting that will accept the 
male fitting presently connected to the 
cable. These fittings vary with the 
make of the car so it is necessary to get 
another speedometer that is a dupli- 
cate of the one you now have-either 
from an auto parts dealer or a junk 
yard. Disassemble the speedometer 
you obtain to remove the indicating 
pointer, the miles -per -hour scale, and 
the odometer components, as they 
will not be needed. 

Fabricate the interrupter disc as 
shown in Fig. 4. Cement the disc in 

exactly the same place as occupied by 
the old indicating pointer. If your 
speedometer uses magnetic coupling, 
it must be defeated to allow the cable 
rotation to be coupled directly to the 
disc. In most cases, this can be done 
by applying a little epoxy between the 
magnet and its associated drum. 

Select a two-part metal chassis to 
hold the modified speedometer and 
IC/ G. on a heat sink as shown in Fig. 5. 

Mount the optoelectronic pc board 
under the interrupter disc so that the 
slotted edge of the disc passes 
through the slot in OC1. Then firmly 
secure the board in place. Wire the 
5 -volt supply to the cable connector 
and the optoelectronic pc board (us- 
ing the metal chassis as common 
ground). Then wire the three leads 
from the optoelectronic board to the 
cable connector. Fit the two halves of 
the enclosure together and secure 
with appropriate hardware. 

So that you don't lose the use of 
your old speedometer (you'll want to 
compare the two) and the odometer 
(which is generally required by law), 
obtain a dual drive adapter and an 
extra takeoff cable for the digital 
speedometer. The adapter, similar to 
those used in taxicabs for meter 
takeoff, can be found in auto parts 
stores, or see the Parts List. 

Adjustment. The only adjustment 
necessary is calibration of R3. This is 

done by using an oscilloscope to get 
the pulses at pin 1 of lC9 450 mil- 
liseconds apart. If a scope is not avail- 
able, it is also possible to make the 
adjustment by driving the car on a 
measured mile for one minute and set- 
ting R3 so the meter reads 60 mph. To 
be sure the adjustment does not 
change due to vibration, secure the 
rotor of R3 with a drop of epoxy. O 
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Some spe ers pound fantastic on 

One of today's best speakers is famous for its highs. Another 
has been said to deliver the best bass, and a third is loved for its mid -range 

performance. - 

Each "best" speaker is This one terrific in its own particular area 
sounds fantastic because it's engineered that way. 

To please people who are hung up 
on all ofit. on a particular kind of sound. 

The new HPM-1O0 speaker 
system is different. It produces 

= í --- superlative sound across the whole 
spectrum. 

That is not an accident. 
Originally it was a challenge 

to our engineers: specialize in 
., : t e perfecting everything. Their 

, I r response was to create a whole new 
4_ universe of loudspeaker 

technology. - 
51 For the superhigh frequency 
, range, to begin with, they gave 

_ ` ' ' 
^ ' 

1 + 

_ e 

the HPM-1O0 a radicaly new kind 
L 

of sniper -tweeter; made with a 
newly developed substance called 
High Polymer Molecular film. 
This HPM film is used to convert 

HPM-100 
The all-around great speaker. 



part'oftbé thwië. 

electrical energy inter sound . It - 

does so with a degree of 
accuracy that was ú: 
previously only .a theory.,, 

That's a 11_át to claim, t1 

but these speakers really 
are that different from 
everything that has gone 
before. They work with- 
out any magnets, voice coils 
or domes. In fact. without any 
moving parts at all. 

The tweeter mid -range driver and woofer ®i 

all depart just as radically from conventional 
speaker technology. The key innovation in all of them 
is a process that turns out speaker cones heavily impregnated with carbon 
fibers. They are rigid and tough, but still thin and light. As a result. each of 
them can move easily like a well-oiled piston. to produce high and middle 
and low frequencies that are clearer, more natural and far more trans- 
parent than anything you'd expect to hear from a four-way speaker system. 

Talk to your high-fidelity dealer about the HPM-1U0. 
Take along a favorite recording and listen to it alternately through 

HPM-10(Y s and some comparaoly priced speakers. Especially speakers 
that sound fantastic on the high frequencies. or the low ones. or the 
middle range. 

If there's something you like about each of today's best speakers. this 
is the one that can give it all to you. 

U.S. Pioneer Electronics Corp., 75 Oxford Drive. Moonachie, 
New Jersey 07074. 

M PIONEEIi° 
Ou.S.viOREER ELECTRONICS CONTR.. 1976. 
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THE INTRODUCTION 
of SCR's and 

triacs into light -dimmer 
design 

advanced 
the state of the art from the 

dark ages of the giant rheostat 
to the 

compact 
home devices 

of today. The 

Dynadim 
II project 

described 
in this 

article represents 
the next logical step 

in dimmer 
development. 

It performs 

all the functions 
of standard 

light 

dimmers 
and also provides 

automatic 

dimming 
of room lighting 

at adjusta- 

ble rates. 
As a mood setter at parties, 

the 

Dynadim 
II can dim lighting 

from full 

on down to any preset holding 
level or 

all the way off at dim rates ranging 

from a few seconds 
to an impercepti- 

bly slow 40 minutes. 
The same slow 

dimming 
can serve as a sleep inducer 

by helping 
you to relax. It's especially 

handy to have around 
when the kids 

insist that the lights be left on after 

they are put to bed. 

Shorter 
timing 

cycles 
can be 

applied 
to applications 

like providing 

a professional 
touch to the presenta- 

tion of home movies 
and slides by 

bringing 
down the "house" 

lights 

while you attend 
to the projector. 

How It Works. The Dynadim 
II circuit 

shown in Fig. 1 is designed 
to work in 

series with the ac power source and 

the load via the ac input terminals. 
The 

power to the load is regulated 
by triac 

L.?3 that acts as an ac switch that closes 

at some point during each alternation 

of the input power and opens automat- 

ically each time the voltage 
passes 

through 
the zero point. The point in 

the alternation 
where Q3 is triggered 

into conduction 
determines 

how 

much power is supplied 
to the load. If 

triggering 
occurs 

early in the cycle, 

the controlled 
light glows at a higher 

average 
intensity 

than if triggering 
oc- 

curs later. 

BY RUSSELL 
J. B1K 

DELUXE 
HOME - 

LIGHTING 
CONTROL 

Featuring 
an automatic 

dim -to -off 

mode from a few seconds 
to a slow 

40 minutes, 
as well as conventional 

preset -level dimming. 
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Fig. 1. Unlike a conventional light dimmer, the triac (Q3) is gated 
later and later in the power -line cycle as CI discharges. 
Dimming time is controlled by varying discharge time to C1 

CI-I00-µF, 15 -volt electrolytic capacitor 
C2 -0.01-µF, 50 -volt capacitor 
C3 -0.01-µF. 200 -volt capacitor 
DI through D4 -1 -ampere, 200 -Ply recti- 

fier diode 
D5 -12 -volt zener diode (1N4742 or simi- 

lar) 
D6,D7-1N914 diode 
LI-Line filter inductor approximately 100 

µH at 4 -amperes) 
Q1 -2N4860 field-effect transistor 
02-2N4871 uni¡unction transistor 
Q3 -200 -volt, 6 -ampere triac ECC Q2006L4 
RI-6800-ohm.'1-watt, 10% resistor 
R2.R 11 -470 -ohm, 'h -watt. 10% resistor 

PARTS LIST 

R3-5-megohm slide potentiometer 
R4.R6,R8-10.000-ohm, 'h -watt, 10% re- 

sistor 
R5.R 12.R 13-15-megohm, 'h -watt, 10% 

resistor 
R7 -50,000 -ohm slide potentiometer 
R9 -470,000 -ohm, 'h -watt, 10% resistor 

(see text) 
R I0-I-megohm. 'h -watt, 10% resistor 
Sl.S2-Spst slide switch 
TI-Pulse transformer with I:I ratio 

(Sprague No. I IZl2) 
Misc.-Printed circuit board: suitable 

chassis box with cover: insulator (goes 
between pc board and box); felt strips: 

MTI 

knobs for slide pots; bus wire; machine 
hardware; solder: etc. 

(The following items required only for 
portable table version of dimmer: 12' 
"remote -control" extension cord; 
right-angle strain relief: four rubber 
feet.) 

Note: The following items are available 
from Celltronix, 1239 Old Bayshore 
Hwy., San Jose, CA 95112: Etched and 
drilled pc board for $5.50; complete kit 
of parts. including chassis box, in 
wall -mount version for $24.95 and in 
table version for $26.95. California resi- 
dents, please add sales tax. 

To send Q3 into conduction, a trig- 
ger pulse is applied to the gate of the 
triac by the discharge of C2 through 
Q2 and the primary of T1. The time 
constant of C2 and its resistors is 
rather long compared to the period of 
a single ac alternation. The values 
given in Fig. 1 were selected so that 
the potential across C2 just barely at- 
tains an amplitude sufficient to drive 
Q2 into conduction when the voltage 
across Cl is zero and R7 is set for 
minimum bias on Q1. 

Closing Si causes Cl to charge 
through R2 and D6, thereby increas- 
ing the bias on Q1 and allowing C2 to 
charge more quickly with each alter- 
nation of the ac power cycle. As a re- 
sult, the Q2 oscillator circuit produces 
the triggering pulses for the triac ear- 
lier in the cycles, and the controlled 
lights brighten. 

An earlier triggering can also be ob- 
tained by adjusting the R6 -R7 voltage 
divider. The effect on the bias of Q1 is 

the same as raising the potential 
across Cl, except that a stalic control 
over lighting intensity is obtained to 
set threshold levels. 

The automatic dimming feature is 

obtained by opening S1 and allowing 
Cl to slowly discharge through R3 and 
R4. This causes the lighting to di- 
minish gradually as the triggering 
pulses to the triac are produced later 
and later in each cycle. 

The high resistance required to pre- 
vent the voltage from being too rapidly 
shunted away from Cl is provided by 
using a field-effect transistor as Q1 

and a very high resistance in its gate 
circuit. 

The rectified power applied to the 
timing circuit by the diode bridge 

made up of D1 through D4 is main- 
tained at a constant 12 volts, regard- 
less of load, by zener diode D5. The 
filtering network made up of C3 and L1 

reduces interference to the AM broad- 
cast band caused by triac switching 
transients. 

Construction. To keep the dimmer 
as slim and compact as possible, it is 
recommended that you build it on a 

printed circuit board. An actual -size 
etching and drilling guide and com- 
ponent placement diagram are shown 
in Fig. 2. Note that the entire circuit, 
including controls and switches, 
mount directly on the pc board. To 
avoid lead breakage from vibration, it 
is best to epoxy T1 to the board. It is 

also advisable to mount R1 about 1/4" 

(6.4 mm) above the surface of the 
board to assure good heat transfer. 
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Fig. 3. Exploded view of assembly drawing shows how to attach the 
Dynadim to conventional junction box. 
Remove all power be/ore installation. 

Fig. 2. Actual -size etching and 
drilling guide is shown above 
left, with component layout 
guide above right. 
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The triac (Q3) specified in the Parts 
List has an electrically isolated heat - 
sink tab that can be bolted to the metal 
cover to provide good heat sinking. If 

you use any other type of triac, an in- 
sulating mounting kit will be required. 

After wiring the board, check it over 
for possible solder bridges between 
foil traces and to ascertain that all 
components are properly installed 
and polarized. To avoid leakage prob- 
lems in the high -impedance circuit 
around the two transistors, remove all 
rosin and clean the board thoroughly 
with alcohol. 

It is important that the leakage of Cl 
be minimized and that Q1 be properly 
biased to obtain the full 40 -minute 
time delay. The leakage through an 
electrolytic capacitor is inversely 
proportional to the number of hours it 
is charged. This process is cumulative 
over the life of the capacitor. A dramat- 
ic reduction in leakage will occur dur- 
ing the first few hours of operation; 
improvement continues into the 
thousands of hours. (Note: The 
capacitors supplied with the kit listed 
in the Note under the Parts List come 
burned in. If you buy new capacitors 
locally, you can burn them in once 
they are mounted in the project simply 
by leaving the dimmer turned on in the 
standby mode.) 

The value of R9 was selected to pro- 
vide optimum bias for the nominal 
specifications of Q1. However, differ- 
ences in individual transistors may 
have to be compensated for by chang- 
ing R9's value. Raising the resistance 
increases the apparent length of the 
timing cycle until a point is reached 
where the controlled light will not turn 
off even if Cl is discharged. The ideal 
value for R9 is just below the point at 
which this begins to occur. 

You can mount the dimmer in a 

permanent wall mounting (at a light - 
switch junction box) or in a separate 
box for portable table use. The as- 
sembly details for the junction -box 
approach is shown in Fig. 3. Note that 
the dimmer is connected in series with 
the load. Make sure that all electrical 
power is removed from the junction 
box before attempting to install the 
dimmer. 

Mount the pc board assembly inside 
a form -fitting enclosure, with a thin 
insulator between the bottom of the 
board and the metal rear section of the 
box. The metal cover should have cut- 
outs for the slide shafts of the poten- 
tiometers and switch toggles. Short 
lengths of felt fabric can be used be - 
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tween the inside of the front panel and 
the tops of the slide pots to keep out 
dust and other foreign material. Ce- 
ment these strips in place so that they 
just touch each other in the two slider 
hole locations. 

When you make the hookup to the 
ac line in the junction -box installation, 
be sure to use wire nuts for the con- 
nections. 

Drill the rear wall of the dimmer's 
box so that it can be mounted directly 
on the junction box via the latter's 
switch mounting screws. (The original 
junction -box switch will no longer be 
needed.) In this manner, the complete 
dimmer can be affixed to the wall to 
eliminate the crowding that would 
exist if the entire circuit were to be 
"squeezed" into the junction box. 

If you prefer to make your dimmer a 

table model, the same four screws that 
mount the circuit board to the box can 
be used to secure rubber feet to the 
bottom of the box in which the project 
is housed. In this configuration, a 12' 
(about 4-m) long "remote -control" ex- 
tension line cord should be used to 
allow maximum flexibility. The lamp to 
be dimmed then plugs directly into the 
cord, which also plugs into the ac re- 
ceptacle. 

Using the Dimmer. For conven- 
tional control of lighting, it is recom- 
mended that the dimmer control be 
left in the full BRIGHT position and that 
the lights be controlled with the 
ON/OFF switch. When the dimmer is left 
on for long periods of time, a slight 
warming of the chassis will be noted. 
This is normal and should cause no 
apprehensions. 

For dimming action, if you wish the 
lights to be full on and extinguish au- 
tomatically to a very dim glow over a 

period of, say, 10 minutes, the proce- 
dure would be: First set the timing and 
dimming controls to DIM and RAPID 

and the STANDBY/ENABLE Switch to EN- 

ABLE. The lights will extinguish quick- 
ly. Adjust the dimmer control to the 
position that gives the desired 
minimum illumination. Set the timing 
control to a position about four divi- 
sions above RAPID, SI to STANDBY, and 
(when ready to initiate the dimming 
action) switch to ENABLE. The lights 
will begin slowly to dim to the preset 
level. 

Although the Dynadim II itself draws 
very little power (about as much as an 
electric clock), it is advisable to turn it 
off when convenient. This will ensure 
maximum component life. 

IMSAI 
announces 
a unique 
4K '' 
board 
for just 
$139. 
Nobody has a 4K RAM board 
that gives you so much for your 
money. It's fully compatible with 
the Altair 8800. 

Through the front panel 
or under software control, you 
can write protect or unprotect 
any ILK group of RAM's. Also 
under software control you can 
check the status of any 4K RAM 
board in 1K blocks to determine 
whether it's protected or not. The 
board has LED's that clearly show 
you the memory protect status 
of each 1K block and which 
block is active. And there's a 
circuit provided that will let you 
prevent the loss of data in the 
memory if there's a power failure. 
This low power board has a 
guaranteed 450 ns cycle time - 
no wait cycle required. There's 
nothing like the IMSAI 4K RAM 
board around. 

Dealer inquiries invited. 

IMS Associates, Inc. 

IMS Associates, Inc. 
14860 Wicks Boulevard 
San Leandro, CA 94577 
(415) 483-2093 

PE -71 

Order Your IMSAI 4K RAM Board For 
Only $139. Use BankAmericard, 
Master Charge, personal check or 
money order. 

o Send 4K RAM boards today. 
o Charge to my credit card. 
o BAC No. 
o MC No 

I Signature 

Name 

Address 

I 

City/State/Zip 

JI 
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The SC -1 stylus cleaner by Discwasher safely removes 
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Here is a group of audio -focused articles that 
touches all the interest bases of PE readers- 
buying tips, kit building, experimentüng & applications. 
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$130 stereo kit features modular 
design,. artificial inductors, 
and 10 -octave control. 

THE Delta -Graph ten -octave -band equalizer described 
here can solve a number of sound problems for home 

and professional audio systems. In the home, it can be 
used to compensate for poor listening -room acoustics and 
the differences in the responses of phono cartridges, 
amplifiers, and speaker systems. For serious tape 'recor- 
dists or for professional applications, it can be used to 
emphasize or de-emphasize one or more instruments dur- 
ing a mix -down session and to modify the input signals to 
create special sound effects. 

Among the equalizer's features are low cost, modular 
design, the use of op amp gain'stages and artificial induc- 
tors, flexible interfacing with a variety of audio devices, 
and very -low noise figures. (See Specifications box.) Uni- 
versal input/output circuitry with high-level drive capability 
provides balanced low -impedance inputs as well as stan- 
dard single -ended outputs for maximum flexibility. The 
equalizer's ten slide potentiometers, one for each musical 
octave, are arranged in a horizontal line to provide, a 

graphic display of the adjustments made to the sound 
system. The controls provide a boost/cut range of 15 dB in 
each direction for a total of 30 dB of control in each octave. 
The equalizer can be built for a monophonic, a stereo- 
phonic, or a 4 -channel system with costs starting at $56 
(less power supply) for a one -channel kit. 

BUILD THE 

"DELTA - 
GRAPH" 

OCTAVE -BAND 
'EQUALIZER 

BY BRYAN T. MORRISON 

About the Circuit. Many active equalizers offer a limited 
number of control "bands" (usually five), which means 
that each control must cover two or more octaves. Al- 
though this is better than no control at all, this approach 
does not permit separate adjustments of all octaves in the 
audio range. A better approach is to divide the audio band 
into ten octaves, as is done in the Delta -Graph. Now, each 
octave can be individually adjusted with high precision. 

The control circuits usually found in active equalizers 
employ expensive and bulky physical inductors to achieve 
discrete -band control. The .Delta -Graph, however, uses 
special "gyrator" circuits that electronically simulate in- 
ductors to keep down cost and size and to obtain precise, 
predictable band control. By using gyrators in all but the 
highest -octave band, the equalizer is highly immune to 
electromagnetic fields, has accurately predictable satura- 
tion levels, and can simulate a wide range of inductances 
without changes in size or appreciable price variations. 

The schematic diagram of the basic monophonic 
equalizer module is shown in Fig. 1. Note that the first nine 
bands use the gyrator circuits, while the tenth uses a minia- 
ture'inductor. (Hum pickup and saturation are not impor- 
tant factors in the highest frequency band.) 

Additional active stages in the circuit provide the bal- 
anced inputs and outputs that are so often used in profes- 
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Fig. 1. Schematic of one modular equalizer 
channel. Two such circuits are required 
for stereo; four for quadraphonic systems. 
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The following are 50 -volt, 20% tantalum 
capacitors: 

C1-2.2 µF 
C2-1 µF 
C3,C25, C26-0.47 µF 
The following are 50 -volt, 10% Mylar 

capacitors: 
C4-0.27 µF 
C5,C11-0.12 µF 
C6,C 12-0.068 µF 
C7,C 13-0.033 µF 
C8,C 14-0.015 µF 
C9,C 15-0.0082 µF 
C I O,C 16-0.0039 µF 
C 17-0.0022 µF 
C18-0.001 µF 
The following are 50 -volt, 20% disc 

capacitors: 
C19-470 pF 
C20,C2 I ,C23,C24-56 pF 
C22 -22-µF, 16 -volt upright aluminum 

electrolytic capacitor 
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EQUALIZER MODULE 
PARTS LIST 
(per channel) 

or equiválent) 
IC I ,1C2,1C3-4136PC quad operational 

amplifier IC 
JI through J4-Phono jack (optional) 
LI=25-mH toroidal inductor 
The following are 54- or 1/2 -watt, 10% resis- 

tors 
RI through R10-1000 ohms 
RI1,RI3,R14,R15,R18,R19=100,000 

ohms 
R12,R16,R17-91,000 ohms 
.R20 through R23-34,000 ohms 
R24,R25,R27-6200 ohms 
R26,R28-12,000 ohms 
R29,R30-300 ohms 
R3I,R32-33 ohms 
R43-470,000 ohms 
R33 through R42 -50,000 -ohm W -taper 

slide -type potentiometer 'with silicone 
damping and center detent 

Misc.-Suitable enclosure; 'printed circuit 
board; eight -contact barrier block 
(Kulka Electric No. 670A-3100-8 or 

sional recording and PA applicátions. Resistors R20 
through R23 make up a precision -balanced input stage for 
true differential, high common -mode rejection in 
balanced -line systems. When an unbalanced input is de- 
sired, as in home audio systems, the module's inverting (-) 
input can be grounded and the signal applied to the nonin- 
verting (+) input. 

Capacitors C21, C24, C25, and C26 stabilize operation of 

R29 
300.1 

R30 
300f1 

J3 

OUTPUT 

J4 
OUTPUT 

(-11 (J) 

8 
50K 

42 
50K 

,CIO 
.015pF _00829F .0039 

pF 

C18 
1.001pF 

RIO 
11( 

similar); knobs for slide pots; VI6" thick 
aluminum stock for rear panel, pot 
brace,.and power supply bracket;'plas- 
tic standoffs (4); shielded audio cable; 
hookup wire; machine hardware; sol- 
der; etc. 

Note: The following items are available 
from Delta -Graph Electronics Co:, Box 
741, Pasco, WA 99301: Complete mono 
kit of equalizer module parts, including 
pc board, tested IC's, finished case, rear 
panel, but less power supply, No. 
EQ10M, for $56.00; Stereo version of 
No. EQIOM, No. EQIOSP, including 
power supply, for $130.00; Power sup- 
ply kit for up to four equalizer modules, 
No. PS -4, for $20.00; Walnut veneer 
cabinet that accommodates two 
equalizer modules and power supply, 
No. EQ1OWC, for $20.00; 25-mH torio - 
dal inductor, No. EQL1, for $1.50. 
Washington residents, please add 5% 

. sales tax. 

the op amps. Capacitors C20, C22, and C23 provide a 
gentle frequency -response r.olloff in the range beyond the 
top end of the audio spectrum to limit noise and r -f inter- 
ference. Resistor R43 ground references the IC1B equaliz- 
ing op amp at its + input. 

The output of the equalizer is fixed at 600 ohms balanced 
or 300 ohms single -ended by R29 and R30, which also 
provide short-circuit protection. Even though the 4136 op 
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amps have built-in overload protection, this' is an added 
safety factor. (The op amps were also chosen for their high 
slew rates and superior noise ratings.) The output stage 
will effortlessly supply enough voltage and current to drive 
a dozen typical power amplifiers into clipping, even if the 
amplifiers are connected in parallel with each. other. 
Furthermore, it will drive the amplifiers without an increase 
in THD or IM and without any loss in the bass register. 

Resistors R26, R27, and R28 and ICIC form an output 
that is shifted 180° from the + input. In single -ended appli- 
cations, an output can be taken from one point while the 
other point is left open. Both outputs can be used in appli- 
cations requiring "bridge" driven amplifiers. 

Zener diode D1 protects the op amps from overvoltages 
and power supply transients and permits operation from 
high -voltage supplies, with the addition of external 
current -limiting resistors. Internal current -limiting resis- 
tors R31 and R32 are optimized for operation with the 
power supply shown in Fig. 2, while providing extra power 
supply noise and ripple isolation. 

The Fig. 2 power supply is designed to deliver±18 volts 
at up to 200 mA. Since the nominal current demand of each 
equalizer module is 50 mA, the supply will accommodate 
up to four modules for quadraphonic system equalization. 

Construction. The equalizer modules and power supply 
are best assembled on printed circuit boards, the actual - 
size etching and drilling guides and components - 
placement diagrams for which are shown in Fig. 3. Use a 

low -wattage soldering iron and fine solder. 
Start by assembling the equalizer module. First install 

the resistors and capacitors, followed by the diode and 
toroidal coil (clip off unused leads), then the IC's, and, 
finally, the slide potentiometers. Be sure to orient all com- 
ponents properly. 

The pots should be mechanically tied together to pre- 
vent them from shifting, as the sliders are operated, with an 
83/4" (22.2 -cm) length of 3/9" x 1/16" (9.53 x 1.6 -mm) 
aluminum. Drill 1/e" (3.16 -mm) holes 3/4" (19 mm) apart, start- 
ing 3/8" (9.5 mm) from one end of the strip. 

Strip both ends of a 11/2" (3.8 -cm) length of hookup wire; 
solder to one end a No. 6 solder lug; and solder the other 
end to the "ground pot support" pad on the pc board. 
Place the aluminum strip over the top sections of the slide 
pots and align the holes in the strip with the threaded holes 
in the pots. Place a No. 4 washer over a 4-40 x 1/4" machine 
screw, and drive this screw down in the hole of the second 
pot. Secure the strip to the other nine pots with 4-40 x 1/4" 

screws. 
Cut a piece of aluminum plate to 8" x 43/4" (20.3 x 

12.1 cm) and drill 3/16" (4.8 -mm) holes along one of the short 
ends, locating and spacing them to exactly line up with the 
input/output and power pads on the pc board. Mount the 
barrier block so that its solder terminals pass through the 
holes and do not touch the metal plate. Then drill the holes 
for the spacers that will be used between the board and 
rear plate. Use 1/2" (12.4 -mm) spacers and self -tapping 6-32 
x 1/4" machine screws to fasten the spacers in place. Solder 
the lugs of the barrier block to the pads on the pc board. 

Assemble the power supply board, carefully following 
the guide for it shown in Fig. 3. Be sure you properly orient 
the electrolytic capacitors, rectifier diodes, and transis- 
tors. Fasten down the small barrier block with No. 6 

machine hardware. Note that the transformer, fuse and 

I DI-D4=IN40C1 
RED 

YEL 

6LK, 

SOI 

DI D3 

C2 D4 

500W MAX 

01" 
D40DI 

RI 
750n 05 
+ CI. 

OVF 02 
255369 
2N5373 

+ 04 
C3 R4 
470 75011 
yF 

03 
04101 

SI (OPTIONAL) POWER SUPPLY PARTS LIST 

117VAC-60H2 CI,C3-470-µF, 25 -volt upright electroly- 
- tic capacitor 
C2,C4-100-µF, 25 -volt upright electroly:, 

tic capacitor 
Dl through D4-IN4001 rectifier diode 
FI-I-ampere fuse 
QI-D43C1 npn silicon transistor (Gen- 

eral Electric) 
Q2 -2N5369 npn silicon transistor 
Q3-D42CI npn silicon transistor (Gen- 

eral Electric) 
Q4 -2N5373 pnp silicon transistor 
RI,R4-750-ohm, 1/2 -watt resistor 
R2,R5-18,000-ohm, I1 -watt resistor 
R3,R6-680-ohm, 1/2 -watt resistor 
S I-Spst switch (optional) 
SOl-Chassis-mounting ac receptacle 
TI -28 -volt center -tapped, 200-mA trans- 

former 
Misc.-Mounting panel; barrier block 

(Kulka Electric No. 600Y-3); machine 
hardware; hookup wire; solder; etc. 

Fig. 2. Power supply accommodates 
up to four equalizer modules. 

CLAIMED SPECIFICATIONS 

Frequency response: 20 to 20,000 Hz 

±0.5 dB. 
Dynamic range: Output noise greater 

tharr 105dB below maximum output 
from 20 to 20,000 Hz. 

S/N ratio: Better than 90 dB referenced 
to 2 -volt rns rated output from.20 to 
20,000 Hz. 

Band centers: 31.25, 62.5, 125, 250, 500, 
100C, 2000, 4000, 8000, 16,000 Hz nom- 
inal. 

Adjustment range: ±15 dB maximum 
(30 -dB total range). 

THD: Less than 0.1% at rated output 
from 20 to 20,000 Hz. 

IM distortion: Less than 0.01% at rated 
output 60/7000,Hz mixed 4:1; typically 
less than 0.003%. 

Rated output: 2.0 volts rms into 10,000 
ohms. 

Clipping output: 10.0 volts rms into 
10,000 ohms single ended, 20.0 volts 
rms into 10,000 ohms balanced. 

Input impedance: 68,000 ohms single 
ended; externally set with terminating 
resistor for balanced inputs between 
600 and 100,000 ohms. 

Output irrpedánce: 300 ohms single 
ended, 600 oh ins balanced. 

Note: All controls at 0 dB. 
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Fig. 3. Actual -size etching and drilling 
guides (above and right) and component 
placement diagrams (below) for 
equalizer module and power supply. 
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holder, and accessory ac receptacle mount off the board. 
Again, you will need a 1/16" thick aluminum backplate. Cut 
the plate to 61/2" x 23/4' (16.5 x 7 cm) and bend the plate 
along the short dimension 11/4' (3.2 cm) in from the edge at 
a right angle. Machine the short upright section of the 
bracket for the line cord strain relief, accessory ac recep- 
tacle, and fuse holder. Then drill the mounting holes for the 
transformer and power supply board. Mount the'recepta- 
cle, fuse holder, and transformer in their respective loca- 
tions. Referring to Fig. 2, wire the primary circuit of Ti as 
shown, connecting the ends of the line cord directly across 
the receptacle if you are not using a power switch. If you 

o 

plan to use Si, modify the circuit as shown and plan to 
mount the switch on the front panel of the case in which 
you house the equalizer. Snap a plastic strain relief over 
the line cord and secure it in its hole in the bracket. 

Set the power supply board near the secondary side of 
the transformer and connect and solder the latter's leads 
to the appropriate pads on the board. Then use 1/4" spacers 
to mount the board to the bracket. 

With the equalizer module(s) and power supply subsec- 
tion fully wired, you can set them side by side and 4em- 

porarily interconnect them, following the diagram shown 
in Fig. 4 to check out their operation. (Note that the dia- 
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gram illustrates the wiring scheme for a home stereo sys- 
tem. If you plan to build only a monophonic version, simply 
disregard everything to the left of the Channel'A barrier 
block. Alternatively, if you are planning to build a quad- 
raphonic equalizer, Channels C and D are added exactly in 

the same manner as Channel B is shown connected to 
Channel A.) 

During tests (and in actual operation), the equalizer can 
be installed between the preamplifier and power amplifier 
in your sound system. Use shielded audio cable when 
making the signal -line hookups between the equalizer and 
your sound system. It can also be connected into the sys- 
tem via the tape monitor circuits, which will allow the 
equalizer to be switched in and out of the system with the 
TAPE MONITOR switch of your receiver or preamplifier. 

Final Assembly. Once you are satisfied that your 
equalizer is operating properly, disconnect it from your 
sound system. Then mount the module(s) and power sup- 
ply in a suitable enclosure. (Do not forget to mount the 
power switch, if you chose to use one, in a convenient 
location on the front panel of the enclosure.) 

HERE ARE the highlights of audio electronics, circa 
1976-77. A number of advances have been made, as 

you shall see. 

Receivers. With the growing interest in the marketplace 
on "separates" (high -power basic amplifiers, sophisti- 
cated preamp-control units and top-notch tuners), many 
manufacturers who depend on receiver sales for the bulk 
of their component, business have attempted to cover all 
bases this year. It is more than two years since the "100 - 
watt -per -channel" barrier was broken by a few daring 
manufacturers. Now, a new power output level around 160 
watts per channel seems to be the plateau for which more 
and more receiver makers are aiming. 

New receiver designs are not concerned with increased 
power alone, however. Many of them offer increasingly 
sophisticated tone -control circuits-the type previously 
found only on separate preamplifiers or the more expen- 
sive integrated amplifiers. The appearance of a third tone including class D amplifiers. 
control, which operates in the mid -frequencies (called a 

"presence" control in early hi-fi days) has found its way to 
the front panels of medium -,and high-priced receivers. So BY LEONARD FELDMAN 
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POWER SUPPLY 
CONNECTOR 

Fig. 4. Wiring scheme for home 
audio system is shown here with 
stereo setup. For mono, eliminate 
channel B; ,for 4 -channel add 
channels C and D in same manner 
as shown for channel B to channel A. 

As the circuit is designed, the equalizer's audio and 
chassis (case) grounds are separate and brought out to 
terminals on the rear panel via the barrier block. If you use 
a nonconducting enclosure (such as a wood cabinet, plas- 
tic box, etc.), simply tie each module's case ground to its 
input ground. When you mount the modules in a metal 
enclosure and the module cases are physically grounded 
to the enclosure, it is wise to leave the case ground termi- 
nals floating so that the audio ground path is connected to 
the enclosure at only one point in the entire system. This 
will prevent ground loops. 

In Conclusion. As you use the equalizer in your sound 
system, you will discover that there is a certain amount of 
interaction among the controls. This is a normal condition. 
You will also find that, to obtain the best possible equalized 
sound from your system, you will have to do considerable 
experimenting with the settings of the various slide con- 
trols. However, once you get your system properly 
equalized, you need never again 'touch the controls- 
unless you change speaker systems, amplifier, or car- 
tridge, or you move your system to a different area. 

The State 
of Audio 
Electronics 
Today Latest 

developments, 



have selectable turnover frequencies for bass and treble 
controls, which increase a receiver's versatility and permit 
the tailoripg of the frequency response at the extremes 
without adversely affecting mid -band response. In defer- 
ence to audio purists who frown on the use of tone controls 
entirely, receivers equipped with more versatile tone con- 
trol systems also include switches which permit bypassing 
those tone controls entirely. 

Historically, the more useful "add-on" electrical/ 
electronic accessories designed for use with hi-fi compo- 
nents are eventually incorporated into the córnponents. A 
good example is the low-cut or high -cut filter, which 
started out as a little "black box" accessory and is now 
,standard on nearly every front panel of modern receivers. 

This year's newest adoption of an add-on is the graphic 
equalizer-that ne plus ultra of tonal compensation de- 
vices. It divides the audio spectrum into many (5 to 24) 
segments for fine control of overall system frequency re- 
sponse. One manufacturer has incorporated a graphic 
equalizer with five slide, controls into at least three of his 
popularly priced receivers, thereby eliminating the tradi- 
tional rotary bass and treble control knobs. 

Also borrowing from the advanced features found in 
"separates," some manufacturers have augmented the 
usual pair of tuning meters found on most receivers with a 
second pair whose sole function is to monitor average or 
instantaneous power delivered to connected loudspeak- 
ers. Power meters on receivers are anything but another 
"gimmick," as they permit visual adjustment of channel, 
balance and even provide a measure .of security against 
overdriving of speaker systems whose maximum power 
input capability may not be as great as the output capabil- 
ity of the receiver to which they are connected. 

Nor are all the new receiver features externally visible. 
Phase -locked -loop circuitry for more stable operation of 
stereo multiplex systems in receivers and tuners has be- 
come almost standard in all but the very lowest priced 
units. The use of PLL has given rise to separation specifica- 
tions of 40 dB or more. These performance figures remain 
true, by the way, even after years of use of the product 
since the PLL circuits have no adjustment coils or 
capacitors to drift out of alignment with time. 

The use of completely independent power supplies for 
each of the two stereo amplification channels is another 
innovation in stereo receivers that may not be physically 
apparent from the outside of the receiver. The proponents 
of this technique credit it with reducing interchannel mod- 
ulation effects and low -frequency IM and harmonic distor- 
tion. The twin power approach may take the form of two 
completely separate power transformers or may utilize 
separate secondary windings on a single transformer, 
each of which is connected to its own rectifier and filter 
circuits for providing power to one of the two channels. 
Toroidally wound power transformers are also being used 
increasingly in high -power receivers because of their more 
efficient use of space in the chassis and their superior 
regulation qualities. 

Tuning meters have multiple functions in some new re- 
ceivers. Panel switches alter the purpose of some signal - 
strength meters so that they display FM deviation (a handy 
metering technique that is particularly helpful in setting up 
associated recording equipment when transcribing FM or 
stereo FM programs on tape). More and more of these 
meters are also being,used as multi -path indicators, which 
permit optimum orientation of external FM antennas for 

(-; 
least interference caused by delayed, reflected signals. 
One manufacturer has reversed the direction of meter 
needle deflection and repositioned meter circuitry so that 
it indicates best signal-to-noise ratio (FM quieting) rather 
than just greatest signal strength. (The two tuning points 
may not coincide.) 

Tuners. The growing number of FM stations which crowd 
the dial in most major metropolitan areas have created a 
dilemma for many r -f circuit designers. Ideally, wide - 
bandwidth response in the r -f and i -f sections of a tuner (as 
well as in the FM detector Circuits) is needed if recovered 
audio signals are to be as low in distortion as possible. But 
built-in wide -band response means lower adjacent- and 
alternate -channel selectivity, defeating the need to sepa- 
rate closely spaced stations on the dial. 

A recent tabulation of FM stations lists 67 of them serv- 
ing a.tri-state area. Of this number, no fewer than 18 are 
only an FM channel width (200 kHz) apart. As many as 24 
low -power stations in the area are actually assigned to the 
same frequency, pointing up the need for excellent cap- 
ture ratio even though such "paired" stations may be in 
opposite geographical areas. 

A very logical solution to this problem has been incorpo- 
rated in some better tuners by a few manufacturers. In- 
stead 'of effecting a compromise between the circuit re- 
quirements for good selectivity and low, distortion they 
have designed products which offer selectable bandwidth. 
If.you live-in any area which is not plagued with stations 
that are practically "on top of each other," you can choose 
the wideband i -f position of the switch and enjoy low dis- 
tortion figures when listening .to stations that transmit 
good signals. Alternatively, when confronted with a por- 
tion of the dial that is overflowing with closely spaced (in 
frequency) stations, you simply flip a switch to the narrow 
position and, while distortion -becomes somewhat higher, 
at least you are able to tune to the station of your choice 
without interference from adjacent- or alternate -channel 
signals. 

Several tuner manufacturers have adopted the most ac- 
curate tuning method of all-phase-locked-loop digital 
circuits. Local oscillator frequencies are divided and com- 
pared (in the equivalent of a high -frequency PLL circuit) 
with a crystal -controlled reference frequency built into the 
tuner. Since tuning accuracy is then simply a function of 
crystal frequency accuracy, such tuners may be sáid to be 
as accurate in their frequency pin -pointing as the station 
transmitters themselves. In some variations, frequency is 
read by means of LED or other numeric readouts. 

Since this "super afc" method invariably involves tuning 
by means of a dc voltage and varactor diodes (which re- 
place the conventional mechanical multi -ganged tuning 
capacitor), the tuners lend themselves tó pre -selection or 
pre-programming of favorite stations. Long-term "mem- 
ory" of selected stations is often accomplished by includ- 
ing a low -voltage, long -life battery to supply power to the 
memory even when the tuner is turned off. Tuning meters 
are not required with synthesized tuners,' of course, but 
even some of the more conventional tuners have elimi- 
nated all meters from front panels, substituting instead 
LED signal -strength indicators and even pairs of LED'S 
which must glow equally to indicate 'correct center -of - 
channel tuning. This latter ''technique has also been 
applied to all -in -one receivers in budget -priced categories 
in the last few months. 
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Amplifiers and Preamps. Not to be outdone by man- 
ufacturers of all -in -one receivers, makers of separate 
amplifiers also have new circuit innovations to offer. 

The prematurely announced Class D or switching 
amplifier, first exhibited nearly three years ago, is still 
awaited by audio fans who have been tantalized by the 
promise of a more efficient, cool -running, high -power, 
solid-state circuit that requires a minimum of heat -sinking 
and operates by "sampling" audio waveforms at a high - 
frequency (500 kHz) rate. Class B amplifiers, long the 
mainstay óf solid-state audio electronics, are fairly effi- 
cient converters óf dc energy when delivering maximum 
power. However, they are relatively inefficient at typical 
(music) listening levels. When delivering rated power, a 

properly designed Class D amplifier can.attain efficiency 
figures of 80% or higher. 

In a Class D amplifier, the audio input signal 'is used to 
vary the pulse width of a 500 -kHz pulse train (Fig. 1). The 
reduced duty cycle of the amplifier section results in 

higher efficiency than with Class B operation. An integrat- 
ing network "reads" the average width of pulses and re- 

constitutes the audio signal waveshape. The high - 
frequency "sawtooth" edges of the restored waveform are 
inaudible. 

But Class D amplifiers are not the only ones that promise 
increased efficiency, reduced weight, and compact con- 
struction. Another manufacturer has developed what he 

calls a "Series E" circuit (also referred to as a Class G 

amplifier) which, while not as radical a departure as Class 
D, is also capable of greatly improving the efficiency of 
audio power amplifiers. 

The Series E circuit utilizes two pairs of output transis- 
tors for each channel. The first pair, powered by a low dc 
supply voltage, handles low-level signal waveforms or the 
ascending first portion of high-level waveforms. When an 

audio waveform exceeds a predetermined amplitude, the 
second pair of output devices, powered by a much higher 
voltage supply, "takes over" in a smooth transition. Since 

DEMODULATOR 
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INPUT 
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Fig. 1. With the class 
D switching power 
amplifier shown above, 
signal (A) at left 
modulates pulse (B) 
to give pulses of 
varying width (C). 
These are then 
integrated to create 
replica of the 
original signal (D). 
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this latter pair of devices is normally "turned off" when not 
needed, the result of the "pass -along" technique is greater 
efficiency over each pair of devices' operating range. First 
examples of the circuit are expected to appear in the form 
of a receiver. 

Still another amplifier manufacturer has introduced a 

"current dumping" 100-W/channel power amplifier.' It's 
actually a Class A amplifier with current dumping circuitry 
that's called upon when current demands are high. It uses 
error -correction circuits. r 

In addition to average -power -reading meters, some 
basic power amplifiers now include a series of LED indi- 
cators, each calibrated to fire at 3 -dB intervals. The combi- 
nation of meters plus LED indicators permits users to visu- 
ally monitor the difference between "average" power de- 
livered by their stereo amplifiers and musical transient 
peaks which are often 10 to 20 dB higher in amplitude. The 
latter might overload an amplifier for short periods without 
being detected by the listener. 

Recognizing the wide disparity between average power 
levels and peak power inherent in today's wide dynamic 
music program sources, at least one manufacturer has 
produced a novel power -monitoring circuit that compares 
instantaneous output signal distortion with the distortion - 
free input signal. When that comparison discloses a sig- 
nificant difference in waveform between the two signals, 
the amplifier instantly "limits" power output so that nomi- 
nally low distortion levels are maintained at all times. An 
indicator light accómpanies the limiting action so the user 
can back off on the volume setting to restore full dynamic 
range. As for preamplifier control units and control sec- 
tions of integrated amplifiers, two divergent trends seem to 
be evident. For the first, some manufacturers are offering 
more and more control and switching features on these 
separates. The popularity of such outboard accessories as 
graphic equalizers, noise -reduction devices, and dynamic 
range expanders has given rise to the need for more tape 
monitor circuits through which these devices can be con- 
nected to the audio chain. Thus, while most receivers now 
boast at least two monitor circuits, preamplifiers and in- 
tegrated amplifiers often include three or more such 
circuit -interruption points. Multiple phono inputs are also 
popular; some of the new preamps make provision for 
connection of low -voltage -output moving -coil phono car- 
tridges. 

The other trend in preamplifiers seems to be away from 
controls, switches and knobs. A variety of control chassis 
is now available offering just "'basic" preamplification and 
program selection. These most separate of separates con- 
centrate on super -low distortion, high -input signal - 
handling capability and ruler -flat frequency response, 
leaving the control frills to less esoteric products. There 
are even expensive pre -preamplifiers made by a few 'small 
firms. These do nothing but provide straight voltage gain 
(at super -low noise levels) for moving -coil cartridges. In- 
deed, with the increasing number of separate equalizers 
available, a basic preamplifier (equipped, perhaps, with 
some fixed cut=off filter positions, but little else. in the way 
of tone controls) begins to make a lot of sense to the audio 
perfectionist who can add such separate tone -control de- 
vices without introducing system redundancies. 

As for phono preamp circuits themselves, there is in- 
creased use of high -voltage devices in the front ends of 
preamps, many operating from .dual -polarity supplies to 
provide the wide,dynamic signal -handling capability now 
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demanded by knowing purchasers of these control units. 
There are some preamplifiers which claim a signal - 
handling capability of 500 millivolts and more. This figure 
is more than 46 dB greater than the nominal 2.5 -mV input 
sensitivities which those same preamp circuits require to 
deliver full rated output. Add to that the signal-to-noise 
ratio of around 60dB (from nominal input to residual noise 
and hum level) and we have preamplifier circuits with 
100 -dB capability-far more than the dynamic range capa- 
bility of any phonograph record ever pressed. 

Accessories. As the little black boxes of yesterday find 
their way into the complete component of today, other 
add-on devices take their places. Two distinct areas of 
audio research seem to be occupying engineers at this 
time. The first has to do with increased dynamic range and 
improved S/N. In this area we already have a host of prod- 
ucts available, such as dynamic expanders, single -ended 
noise reduction devices (that do not require anything to be 
done to the program source when first recorded, as op- 
posed to two-sided noise -reduction systems such as Dol- 
by, dbx andANRS) and dynamic noise filters. The second 
category of add-on device is relatively new and involves an 
attempt tó simulate the acoustics of live concert halls in 
one's own listening room. Quadraphonic sound's initial 
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premise of accomplishing this may be challenged by 
purely electronic time delay systems which can be ad- 
justed by the user to vary time delay and decay parameters. 
Physical placement of speakers is far less critical than with 
4 -channel arrays. 

Two approaches to this goal are already represented by 
products on the marketplace. One employs a wholly 
analog system known as "bucket brigade" chips, operat- 
ing at a delay rate determined by a digital clock. The sec- 
ond approach involves analog -to -digital conversion of the 
incoming audio signals, followed by application of the 
digitally encoded pulses to shift registers and, finally,' re- 
conversion to'delayed audio signals by a digital -to -analog 
converter. Once in digital form, the signals can by delayed 
by the amount desired. 

We know of serious experiments in which the "space" of 
the living room is divided into as many as 16 sectors. 
Computer programs which contain information regarding 
a particular concert hallare fed into the system and delay 
times for each sector (as well as other identifying qualities 
of the signal "reflected" from that sector) are punched up 
on the 16 -channel reproducing system. The system is now 
used for acoustic studies, but if past history is any indi- 
cator, we might find this elegant concert -hall simulator 
reduced in size and cost sufficiently to become next year's 
"add on" accessory. 

aUDIOPHILES continue to rely on the phonograph disc 
as their principal program source. Because of this, 

they are very caréful to check the phono ratings of com- 
mercial preamplifiers. In this article, we will take a look at 
the almost universally used RIAA equalization system, and 
how it affects the design of phono preamps. Also included 
are representative phono preamp circuits employing low- 
boise IC's, as well as design information for those who like 
to "roll their own." 

Phono preamplifiers differ from other preamplifiers only 
in their frequency response, which is specially tailored to 
compensate for (equalize) the recording characteristic. If a 

.fixed -amplitude signal is recorded on a phonograph disc 
while its frequency is varied from 20 to 20,000' Hz, the result 
will have a playback response curve similar to that in Fig. 1. 

This plot of phono cartridge output (amplitude) versus 
frequency indicates a dramatic alteration of the fixed 
amplitude input signal. Playback equalization, which is 
performed by the phono preamplifier, corrects this altera- 
tion and recreates the applied flat -amplitude signal. To 
understand why we must go through this procedure, a 

consideration of the recording process is necessary. 

Recording and RIAA.The grooves in a stereo disc are 
cut by a chisel -shaped stylus, which is driven by two vibrat- 
ing transducers mounted at right angles to each other (Fig. 
2). The cutting stylus vibrates from side to side in step with 
the variations in the signal impressed on the cutter coils. 
This is called a "lateral cut," as opposed to the older 
"vertical cut" method. The resulting displacement of the 
groove back and forth about its center is known as groove 
modulation. The amplitude of this modulation cannot ex- 
ceed a certain amount, or "cutover" will occur. That is, the 
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cutting system will break through the wall óf one groove 
into the wall of the preceeding groove. The ratio of the 
maximum groove amplitude possible before cutover to the 
minimum amplitude that will provide an acceptable S/N 

ratio (generally 58 dB) determines the dynamic range of a 

recording. This has been found to be typically 32 to 40 dB. 
The signal -to noise ratio (S/N) is governed mainly by the 

quality of the vinyl from which a disc is made. The grainy 
characteristic of the disc surface acts as a noise generator. 
In the recording process, the cutting stylus is heated to 
smooth out the graininess, and thus minimize on -disc 
noise. Of course, if high -quality vinyl (with small grains) is 

used, the overall noise level will decrease. Interestingly, 
the level of noise generated by the vinyl tends to be ten 
times greater than that generated by the preamp. It is not 
uncommon for wideband (white) noise levels due to sur- 
face irregularities to rise to 10 V. 

On the,disc, an audio signal's amplitude is deposited in 

the form of groove modulation amplitude, and its fre- 
quency appears as the rate of change of groove modula- 
tion. This sounds simple enough, but why isn't the graph of 
Fig. 1 a straight horizontal line centered on 0 dB? After all, 
we are applying a signal of fixed amplitude. 

The variation results from certain peculiarities of the 
recording head. Due to its physical construction, the veloc- 
ity frequency response of the head (that is, how fast the 
-cutting stylus moves in cm/sec when driven by a given 
input signal) exhibits a resonant peak at about 700 Hz. To 

counteract this undesirable effect and produce a velocity 
output independent of frequency, negative feedback coils 
are added. Therefore, the cutting head is known as a con- 
stant velocity device. ' 

Figure 1 shows the pre -equalization of signals to be 
applied to the cutting head. The equalization curve has this 
particular shape for two reasons. First, low frequencies are 
attenuated to prevent cutover. Second, boosting the high - 
frequency content improves the S/N ratio. Because the 
driving coils of the cutting head are primarily inductive 
loads, their impedances are frequency dependent: If a 

fixed input signal causes a constant voltage to be applied 
across the coils, the resulting current, and thus magnetic 
field and rate of change of vibration, become frequency 
dependent. This is called constant amplitude recording. 

Conversely, if a fixed input signal causes a fixed .current 
to be applied to the driving coils, the resulting voltage and 
cutting amplitude becomes frequency dependent. This is 

called constant velocity recording. With respect ,to fre- 
quency, for a given input signal amplitude, the cutting 
head has only one degree of freedom - either vibrating 
rate (constant velocity from current drive) or vibrating dis- 
tance (constant amplitude from voltage drive). 

The terms constant velocity and constant amplitude 
tend to create confusion. But the key idea is that they have 
meaning only for a fixed amplitude input signal, and are 
used to describe the resultinc behavior of the cutting head 
as a function of frequency. Changing the input level results 
in an amplitude change for constant amplitude recording, 
and a velocity change for constant velocity recording. 
These changes are independent of the input signal fre- 
quency. For example, if an input level of 10 mV results in a 

0.1 -mil (1 mil = 1/1000th of an inch) amplitude change for 
constant amplitude recording, and a velocity of 5 cm/sec 
for constant velocity recording, then a change of the input 
level to 20 mV would result in an amplitude of 0.2 mil and a 

velocity of 10 cm/sec - independent of frequency. 
61 


