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A hobbyist in Michigan starts a local Apple Computer
Club, to challenge other members to computer
games of skill and to trade programs.

Innovative folks everywhere
have discovered that the era of the
personal computer has already
O begun—with Apple.
1) ®) Educators and students use
[ Apple in the classroom. Business-
men trust Apple with the books.
Parents are making Apple the newest
¥ family pastime. And kids of all ages

. are finding how much fun computers can

be, and have no time for TV once they’ve discovered Apple.

Visit your local computer store
The excitement starts in your local computer store. It's a

ersonal compuYer

In California, a store owner charts sales on his Apple
Computer. On weekends though, he totes Apple home to help
plan family finances with his wife. And for the kids to expiore
the new world of personal computers.

friendly place, owned by one of your neighbors. He'll show 3
you exactly what you can use a personal computer for.

What to look for

Your local computer store has several different brands
to show you. So the salesman can recommend the one that
best meets your needs. Chances are, it will be an Apple
Computer. Apple is the one you can program yourself. So
there’s no limit to the things you can do. Most important,
Apple’s the one with more expansion capability. That
means a lot. Because the more you use your Apple, the
more uses you'll discover. So your best bet is a personal
computer that can grow with you as your skill and
involvement grow. Apple’s the one.

It’s your move

Grab a piece of the future for yourself. Visit your local
computer store. We'll give you the address of the Apple
dealer nearest you when you call our toll-free number.
Then drop by and sink your teeth into an Apple.
800-538-9696. In California, 800-662-9238.

CIRCLE NO.6 ONFREE INFORMATION CARD
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Treasure

TECHNCLOGY BREAKTHROUGH

Detector

A new computerized metal detector
that actually selects treasure from trash
may uncover America’s long lost relics an

precious metals.

There’s a lot of treasure right under our feet.
There's also a lot of garbage.

And the problem with most metal detectors
is that they're dumb. They can't tell treasure
from trash.

The new Techna metal detector is different.
it has both a sensing system and a brain that
can tell the difference between a foil gum
wrapper and a coin—between a bottle cap and
adiamond ring.

The new breakthrough was made possible
by the use of a “discriminator IC"—a com-
puter-type integrated circuit that can compare
the ferrous and non-ferrous relationships that
distinguish treasure from trash.

There are discriminator-type metal detec-
tors now on the market, but they cost between
$170 and $400. And no matter what price you
pay, the detector is usually difficult to operate.

The new Techna Discriminator represents
several breakthroughs. First, it is inexpen-
sive—only $69.95. Secondly, it uses a new
(patent pending) phase compensation system
of metal detection, whereas other discrimina-
tors use either the off-resonance or inverse
discrimination principle.

This system utilizes a microprocessor circuit
which replaces the conventional etectronics,
mode switch, and multiple tuners that added to
the cost and weight of a discriminator unit.

Finally, the Discriminator is very easy to
operate and understand. You simply set it to
sense treasure, trash, or both and it automati-
cally tunes itself and starts operating. When-
ever you scan treasure, a loud speaker will
emit a sound and you start digging.

DETECTORS ARE BIG BUSINESS
Metal detectors are big business. When we
investigated the field, we discovered an entire
new sport—treasure hunting. Treasure clubs
exist and conduct contests. There's a national
magazine and an association, and hundreds
of thousands of units are in use every day.
Treasure hunting doesn't just mean looking
for buried pirate chests. There's great interest
now in discovering articles of historical signifi-
cance such as old coins, military buttons, and
old pistols.
Long ago when people distrusted banks,
they buried their valuables somewhere on
their property. if they died suddenly or became

JULY 1979

V4

senile, their treasures were lost forever. Many
treasure hunters are now visiting ghost towns
or going through older sections of cities look-
ing for both historic and valuable articles.

WORLD WAR Il STARTED IT
Metal detectors first saw extensive use
during World War [l. Back then, they were
called mine detectors and were used to un-
cover enemy land mines. They were heavy,
often weighing hundreds of pounds, and had
to be carried on the backs of soldiers along

with separate and heavy power supplies.

The Techna Discriminator is light and easy to
operate with only two controls to adjust.

The new Techna Discriminator is light. It
weighs only 22 pounds and is powered by two
readily-available 9-volt batteries. As you glide
the sensing head over the ground, the unit
remains silent until it uncovers a precious
metal or whatever type metal you are search-
ing for. An electronic sound is emitted. Then
just dig in the area of the sound.

If you already own an expensive metal
detector, you know that most of your "dis-
coveries” turn out to be bottle caps or gum
wrappers. With the Techna, you discover just
what's worth digging up. While others are dig-
ging up bottle caps, you're covering more
ground faster and are more likely to discover
something worthwhile.

BREAKTHROUGH PRICE
The fully computerized Techna Discrimina-
tor is available from JS&A for only $69.95
complete with batteries and all components.
We suggest you order one just to try itout. Try
it in your back yard. Take it to a sandy beach

)’ 4

The new breakthrough in metal detectors
makes finding treasure much easier.

where many coins and jewelry are lost. See
how the system can tell the difference
between treasure and trash, and then after
you have discovered the fun of treasure hunt-
ing and how advanced this new product really
is, decide whether or not you wish to keep it.

If you feel the Techna Discriminator does
not meet all your expectations for any reason,
we will gladly accept the return of your unit
within our 30 day trial period and even refund
your $3.50 postage and handling. if you
decide to keep your unit, you will own the
world's most advanced metal detector. No
competitive model even comes close.

Techna is America’s largest manufacturer
of metal detectors in the United States, and
JS&A is America's largest single source of
space-age products—further assurance that
your modest investment is well protected.

Each Techna detector is backed by a solid
one-year parts and labor limited warranty. We
doubtf you'llever have a problem with the unit
because of its solid-state construction, but if
service is ever indeed required, Techna's ser-
vice-by-mail center will fix your unit and have it
back to you quickly.

To order your Techna Discriminator detec-
tor, send your check for $69.95 plus $3.50 for
postage and handling (I!linois residents please
add 5% sales tax) to the address shown below.
Credit card buyers may call our toll-free
number below. We will promptly send you your
Techna detector with batteries, 90-day limited
warranty, and instructions.

Why not join the legion of treasure hunters
worldwide with the world's most advanced
space-age metal detector. Order the Techna
Discriminator metal detector at no obligation,
today.

0 PRODUCTS
o THAT
® WTHINK:
DeptPE One JS&A Plaza
Northbrook, lll. 60062 (312) 564-7000
CallTOLL-FREE ........ 800 323-6400

Inlllinois Call ........... (312) 564-7000
©JS&A Group, Inc.,1979
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NEW! The world’s
only land, sea and
air scanner!

We have received thousands of requests to
have a scanner capable of monitoring aircraft,
marine and all public service frequencies. The
Bearcat 220 is one scanner which can monitor all
public service bands plus the exciting aircraft band
channels. In fact, the Bearcat 220 covers seven
bands, Low VHF, High VHF, UHF, UHF-T, 2-meter
and % meter amateur and Aircraft. Only the in-
credible, new, no-crystal Bearcat 220 Scanner
tunes in all the real excitement of the entire AM
aircraft band — plus every FM public service fre-
quency — with pushbutton ease. Only the Bearcat
220 has a dual detector to scan both AM and FM
transmissions in one scanner. Up to twenty chan-
nels may be scanned at once. Or frequencies can
be arranged into two banks of ten frequencies
each, allowing the listener to choose the bank of
most interest. You can mix and monitor any combi-
nation of aircraft, marine or public service chan-
nels at the same time.

Not only does the new Bearcat 220 feature normal
search operation, where frequency limits are set and the
scanner searches between your programmed parame-
ters, it also searches all marine or aircrait frequencies by
pressing a single button. These frequencies are already
stored in aread only memory (ROM) so no reprogramming
is required.

The new Bearcat 220 is a crystalless synthesized
scanner and features push button programming of de-
sired | A deci display all chan-
nels, frequencies and operations that you have program-
med into this computerized scanner. The lockout feature
lets the listener skip frequencies not of current interesl.
When the handy priority feature is activated, the fre-
quency on channel 1 is sampled every two seconds
regardless of other scanner functions. This means youcan
listen to "maydays” from ajet in distress at 30.000 feet on
121.5 MHz., while at the same time monitor for other
exciting transmissions. The listener can use a factory set
automatic squelch position for easier operation, or man-
ually tune the squelch 101 precision adjustment. In

th 0 ha: for external
antenna, external speakers, and both AC/DC power.
MANY IMPORTANT FEATURES
Other important Bearcat 220 features include: direct
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Bearcat® 220
Specifications
Frequency Reception Range
Low VHF Band 32-50 MH2
Aircraft Bend 118-136 MHz
2 meter amaleur band 144:-148 MHz
High VHF Band 148-174 MH2
% meter amateur band 420-450 MH2
UHF Band 450-470 MH2
UHF-T Band 470-512 MHz
s Di

channel access for going directly 10 a desired channel;
palenled selective scan delay so scanning on desired

ts is delay two after the end of a
transmission; and scan speed control which allows
scanning and searching at 11 or 4 channels per second.
Since the Bearcat 220 uses two AA size batteries to
maintain channel memory for one year, if you remove lhe
batteries, your scanner will “self-destruct™all programmed
channels when power is removed, in case your scanner
falls into enemy hands.

TEST A BEARCAT 220 FREE FOR 31 DAYS

Test any Bearcat brand from Com
Electronics™ for 31 days belore you decide to keep it.
Check out the and

27.0 cm Wide x 7.6 cm High x 19.4 cm Deep
(10%" Wide x 3" High x 7% Deep)
Scanner Welght
3.18 Kilograms
(7 pounds)
Power Requirements
117 V ac. 60 Hz, 20 Watts
13.8 Vdc, 9 Watts
Audio Output
At least 2.0 Watts rms, 8 ohms,
10% THO (maximum)

Antenna
Led) C.

quality of the Bearcal 220. It you decide !o keep it, you'll
own the most and technolog
scanner available. If tor any reason youare not

provided for external anl. 50-70 ohms
Scan/Search Speed

lora Is per second

satisfied, we insist that you return it in new ¢ with

all enclosed parts ln 31 days, for a courteous and prompl
refund (less shi ] ges and rebate di
COMPLETE NATIONAL SERVICE

With your Bearcat 220 scanner. we will send a complete

set of simple operating instructions and a one-year limited

warranty. If service is ever required on any Bearcat

from Com icatl Electronics,

just send you're receiver to one of our approved national

service centers. When you purchase your scanner from

Communications Electronics, you're buying from lhe

R.F. Sensitivity
0.4 microvolts 32-50 MHz.
0.4 microvolts 144-174 MHz.
0.8 microvolts 420-512 MHz.
{£5 KHz. devialion 12 dB SINAD)
1.0 microvolt for 10 dB S/N Aircraft
IF Selectivity
-55dB @ +25 KHz.
Front Panel
Volume (ON/OFF). D:splay Keyboard.,

world's leader in no-crystal, high

{Auto. S

We've sold more synthesized scanners than any olher
220

Rear Apron Connectors

company! A detailed service manual for the 8
should be available in October, 1979 for $15.00 postpaid.

MADE BY ELECTRA - QUALITY CHECKED BY CE
Since all 8 s sold b
Electronics™ are products of Electra Company, a Division
of Masco Corporation of Indiana, you can be assured of
the finest monitor radios available in the world. In addition,
our Quality Control Department further audits the quality
of every Bearcal model sold by us to insure the high
found in all B 8. CE has given the
Bearcat 220 our quality control rating #2, whichis a better
overall rating than the Bearcat 210 but not as good as the

world famous Bearcat 250.

$20.00 REBATE! — SAVE EVEN MORE
The suggested list price of the Bearcat 220 is $379.95.
Our normal price is $299.00. But...if you order before
August31,1979, youwlll earn a$20.00rebate. Aslong
as your order is placed before August 31, 1979, you will
qualify for our CE direct rebate even if delivery is after
August 31st. See “the small print” for further detaiis of our
Bearcat rebate offer.

THE SMALL PRINT
Al sales are subject 1o Pnces and are
subject 1o change without notice. No COD's please. Cashier's
checks may be processed immediatety and receive an order priority
number. Personal checks require 1three weeks bank clearance. All
orders will be shipped in the sequence received. The special rebate
oller on the Bearcal 220 s good only when purchased lrom
, Scanner D Center” be-
lween June 1 and August 31, 1978. Communications Eloc"onlc:
proof of ce rebate h
your order) must be postmuked w-lhm 20 days of our shrppmg dale
Offer good in US.A
withou! rebaie offer. V0|d where taxed or prohibited by law. Otter
limited to one rebate per scanner I returned for creditdunng our 31
day iree tnal. rebate and shipping costs will be deducied from
refund. Resellers. companies. clubs and organizations (profit and
non-prolit) are not elgible for rebates. Allow 4-6 weeks alter rebate
request for check.
INCREASED PERFORMANCE ANTENNAS
If you want the utmost in performance from your Bearcat
220, it is essential that you use an external antenna. We
have four base and mobile
to receive all seven bands on your Bearcat 220 scanner
Order #A60 is a magnet mount mobile antenna. Order

117 V ac and 12 V dc receptacles
Accessories

Vehicle mounting brackel and

hardware, AC & DC power cords
Specilications are typical and subjeci 10 change.

BUY WITH CONFIDENCE

The Bearcat 220 is an extraordinary scan-
ning instrument. It provides virtually any
scanning function that the most protession-
al monitor could require. From all the tense
tower talk, to monitoring the pulse of all
public service frequencies. To order the
world's only land, sea and air scanner and
getthe fastest dellvery, send or phone your
order directly to our Scanner Dlslrlbullon
Center” Mail orders to C

i——

Bearcat® 220 Features:

® 20 Channels/2 banks—Scan up to 20 frequencies at
the same time. Activate 10 channels at one keystroke.
7 Band Coverage—Includes Lowand High VHF bands,
UHF, UHF-T. the entire 2 meter and % meter amateur
bands in addition to the aircraft band. With special
this unit can

blished in factory

not

specmcahons

Automatic Search—Seetk and find new and exciting

frequencies.

e Ci | ons Electronics™—quality control
approval rating #2. Our second highest quallty grade
for FCC certified tech

On ly $279 -00 after rebate

This listis asample of the many radio
services that may be received on the
Bearcat® 220 scanner:

Aeronautical Fixed

Aeronautical Mobiles

Air Comvolleu

Air For

Aln:rlﬂ Tow.rl

m. ur Satellite
Approach Control

Bureau of Rectamation

monitoring equipment.

Self-Destruct—Since the Bearcar 220 uses two AA
size batteries to maintain channel memory, if you
remove the batteries, you: scanner will electronically
erase all programmed channels, in case your scanner
talls into enemy hands.

Scrambler/Tape Audio Output—Top secret crypto-
Qraphic messages may be received and decoded by
connecting the Bearcat 220's external speaker jack to
a correctly keyworded decrypting device, even if it
utitizes the National Bureau of Standards, Data
Encryption Standard.

Small Size—The Bearcat 220's small physical size
lends itself to government monitoring applications.
When used with a battery power supply and a laoe
recorder. the Bearcat 220 may be easily concealed in an

Citizens Band (Class A)
Civil Air Patrol
Coast Guard

ices

Customs

Department of Transportation
Domestic Public Land Mobile
Drug Enforcement Agencies
Earth Exploration Satellite
Energy Researc|

Environmental Drohcnon Agency
Executive Branc

Fi
Fishing Boats
ixed

attache case for unattended, unobtrusive sur

UL Listed/FCC Certifled—In addition to the #2 ranng
from Communicatlons Electronics; the UL listing
and FCC certification assutes you of quality design
and manufacture.

Fixed Stations

Flight Service Stations
Forest Product

Forest Service
Geodetic Sarvies
Govnmmem

Aircraft Search—Push one button to
search the entire aircraft tand.

?hway Maintenance
migration and Naturalization

Marine Search—Push one button to

search marine frequencies
Priority—Samples programmed priority fr y on

Land Mobile
Local Governmant

channel 1 every 2 seconds regardless of other scannev
operations—important for professionals who must
monitor a certain frequency.

Limit—Sets the upper and lower frequencies of the
user controlled search range.

Speed—Choice of either 11 or 4 channels per second
scan speed for closer monitoring of frequencies.

] tc Lockout—Locks out and “skips”
1requenc:es not of current interest.

Selective Scan Dalay—Adds a two-second delay on
desired
when“calls” and* answers are onthe same frequency.
Simple Programming—Simply punch in on the
keyboard the frequency you wish to monitor.

Electronics? Box 1002, Ann Arbor,
Michigan 48106 U.S.A. Send $299.00
plus $5.00 for U.P.S. U.S. shipping for each
Bearcat 220 scanner. Your $20.00 rebate
coupon will be packed with your scanner.
U.P.S. air shipping is even faster and is
$9.00 per scanner. Becuase this is the most
fantastic scanner that CE has offered and
due to the unprecedented demand for this
high quality scanner, be prepared to allow
between € to 12 weeks for delivery. If you
have a Master Charge or Visa card, you may
call anytime and place a credit card order.
Dial toll free 800-521-4414. International
orders are invited at slightly higher cost. If
you are outside the U.S. or in Michigan, dial
313-994-4444. If you order by credit card,
your account will be bilted about 15 days
before we are scheduled to ship your order.
Dealer inquirles Invited. All order lines at
CE are staffed 24 hours.

Since this is our most exciting scanner we
have ever offered, you must place your
order today at no obligation to assure a
prompt order confirmation and delivery.

When you follow the leader to real

#A61 is a gutter clip mobile antenna. Order #AB2 is a 9XCilament, your journey ends at
trunk-lip mobile anlenna and #A70 is an all band base COmMmMunications E"ﬁ"°"'°“ .

station are $25.00 id in the csm"‘ s«:an;.; Center™ and
continental Unlled Slales €1979 C ~
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Decimal Display—The large decimal display shows
and freq y as well as features selected.
PatemedTrackTunlng Receivefr

Marine Corps
Maritime Mobiles
Meterological Aids
Meterological Satellite
Mititary

Mobile tions

Mobile Telephone
Motion Picture

Motor Carrler

National Park Service
Natlonat Weather Service
Navy

NORAD

Ol and Energy Exploration
Paging

Detmleum

Police

Post Office Department
Power

Radio Common Carrier
Radiolocation

across
the full band without adjustment. Circuitry is
automatically aligned to each frequency monitored.
Crystalless—wuhoul ever buying a cryslal you can
select from all local fi by simply ga
few buttons.

Automatic Squelch—Factory-set squelch
automatically blocks out unwanted noise.

Relay Press
Rai

pecial Emergenc
pecial Industrial

Direct Channel Access—Move directly to i
channel without stepping through all channels.
Deluxe Keyboard—Makes frequency and feature
selection easy for simply pragramming.

Space Age Circuitry—Custom integrated circuits...
a Bearcat tradition in scanning radios.

Rolling Zeros—This Bearca! exclusive tells you which
channels your scanner is manitoring.

AC/DC—Operates at home, office or in your vehicle.

™

M COMMUNICATIONS
ELECTRONICS™

854 Phoenix 0 Box 1002 D Ann Arbor, Michigan 48106 U.S.A
Cah TOLL-FREE (800) $21-4414 or outside U.S.A. (313] 994-4444

CIRCLENO.1ONFREE INFORMATIONCARD
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Editorial

UNSUNG ELECTRONICS INVENTORS

Names of today’s innovative developers of electronic devices and prod-
ucts are hardly household words. Where are the modern Edison’s, Mar-
coni's, de Forest's, et al? Buried in corporate research laboratories,
where, in concert with teams of others and bolstered by many millions of
dollars, they work in virtual anonymity. Unlike electronics “stars” of the
past, they are not heads of our present-day corporations. Consequently,
the corporation generally takes credit for new, outstanding developments.
The only exception that comes quickly to mind is Bell Labs’ famous trio
which was credited with inventing the transistor—Bardeen, Brattain, and
Shockiey. These scientists earned a Nobel prize.

Isn’t this shameful? After all, money isn't everything. So let's have a big
“hurrah” for, say, Hans Camenzind. Hans who? Well, he’s the guy who in-
vented the ubiquitous 555 timer over at National Semiconductor. And how
about a “rah, rah” for Bob Widlar for the 708 and 741 chips out of Fairchild.
And a big hand for Texas Instruments’ Jack Kilby who, in 1959, devised
the idea of making component elements in one package by semiconductor
processes (the resuit was what we call an integrated circuit). And a round
of applause for Bob Noyce’s innovative spearheading of the planar semi-
conductor while at Fairchild (he’s now head of National Semi), which sepa-
rated and interconnected circuit elements electrically. (This technique was
patented by Kurt Lehovec at Sprague Electric.) Theo Staar of Belgium can
take a bow, too, as he developed the standard cassette jointly with Philips.

There are some inventors around who received a few semipublic ac-
colades, of course. Among them are John Kemeny, Dartmouth College's
prez, who co-developed the computer language, BASIC: Marvin Camras,
for his patent on binaural magnetic recording; and IBM’s Kenneth Iverson,
who developed APL—A Programming Language. (Note: Ray Dolby is
president of his own company, Dolby Laboratories, so we won’t count
such a rare bird.)

Must someone win a Nobel Prize to be accorded at least a semblance of
fame beyond that of his co-workers’ circle? I'd certainly like to hear from
readers who know of modern-day electronics developers who changed
the course of the electronics field, but whose contributions are virtually un-
recognized by electronics enthusiasts.

POPULAR ELECTRONICS




Don’t take our word forit.

“We can heartily recommend the Superboard Il computer system for the beginner who
wants to get into microcomputers with a minimum of cost. Moreover, this is a ‘real’ com-
puter with full expandability.”

Popular Electronics March, 1979

“(Their) new Challenger 1P weighs in at $279 and provides a remarkable amount of com-
puting for this incredible price.”
Kitobaud Microcomputing February, 1979

“Over the past four years we have taken delivery on over 25 computer systems. Only two
have worked totally glitch free and without adjustment as they came out of the carton:
The Tektronic 4051 (at $7,000 the most expensive computer we tested) and the Ohio
Scientific Superboard Il (at $279 the least expensive) . . . The Superboard Il and com-
panion C1P deserve your serious consideration.”

Creative Computing January, 1979

“The Superboard Il and its fully dressed companion the Challenger 1P series incorporate
all the fundamental necessities of a personal computer at a very attractive price. With
the expansion capabilities provided, this series becomes a very formidable competitor
in the home computer area.” ‘

Interface Age April, 1979

“The graphics available permit some really dramatic effects and are relatively simple to
program ... The fact that the system can be easily expanded to include a floppy means
that while you are starting out with a low-cost minimal system, you don’t have to throw it
away when you are ready to go on to more complex computer functions. Everything is
there that you need; you simply build on to what you already have. You don’t have to
worry about trading off existing equipment to get the system that will really do what you
want it to do. At $279, Superboard Il is a tough act to follow.”

Radio Electronics June, 1979

“The Superboard Il is an excellent choice for the personal computer enthusiast on a
budget.”

Byte May, 1979

o\ o SUPERBOARD I
\‘5{.. %‘{ "N © $279.00
- 3

The world's first

i t}?““ Vg m mputer
Thastits tygun  combiccerus

5 Ry including full
1) ﬁ‘a ““‘1 “‘u“ s keyboard, \?ideo

‘ﬂﬁ:f e ek display, audio

) fLL - cassette interface, 8K

gl BASIC-in-ROM and

% ‘ 4K RAM. Expandable.

Requires +5V at3
amp power supply.

C1P $349.00

Complete with enclosure and power
supply. All features of Superboard il. Easy to expand
to more memory and floppy disk.

C1P MF $995.00

The first floppy disk based computer

system the world has ever seen for under $1,000.

8K BASIC-in-ROM, 12K RAM. Expandable to 32K RAM.

OHI0 SCIENTIFIG

1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101 See your Ohio Scientitic dealer tor tull details. o
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Letters

MINIWAVE NOTES

{ thoroughly enjoyed “A Personal Microw ave Communications Sys-
tem: The Mini-Wave” (October and November 1978 and January
1979). A few interesting things came to mind as | read it. Ani-f of 100
MHz can be used if the experimenter is interested in just an audio link.
Therefore, an ordinary FM receiver can be teamed up with the Gunn-
plexer. It may be necessary toinsert a gain stage ahead of the FM re-
ceiver, however. It is also possible to use a 55.25- or 61.25-MHz i-f,
which corresponds to TV channels 2 and 3, respectively. Once again,
preamplification may have to precede the receiver. It might also be
necessary to introduce afc.

For flawless video, you should strive for a 48-dB S/N. When deal-
ing with an audio fink, a lower S/N can be tolerated. We can, of
course, reduce the bandwidth of the receiver and transmitter to im-
prove S/N. In some cases, line-of-sight communication may not be
possible. This problem can be circumvented by using buildings, water
towers, and other structures as reflectors. Like all electromagnetic
waves, microwaves can be made to bend when propagated through
different media. 10.0-GHz tropo anyone? It is also interesting to no-
tice the scattering effects microwaves exhibit under varying condi-
tions. Thanks for the great article. See you on 10.2-GHz simplex!
—Carlton Davis, Newark, DE.

i Exclusive Sheldahl

FLEXSWITCH® kits

With scissors, modify the .
030 thick, non-tactile panel !
into water/dust resistant '
switching module. Kit in- ‘

i

cludes design guidelines,
instructions, Sheldahl
membrane switching
panel, flexcircuit connec-
tor, press-on nomencla-
ture and RFQ checklist.
Production quantities cost
less. Pressure sensitive back.

9 key kit (1x9) 16 key kit (4x4)
$9.00 $10.00
r e e e e ﬂ|
|
| Please send me 16 key kit(s) O short to ground |
| at $10.00 each. [ crosspoint |
I Q key kit(s) O short to ground |
| at $9.00 each. O crosspoint i
| enclose a check or money order for my FLEXSWITCH kit order.

| |
| Name Title |
| Company |
| Address |
| City State Zip |
{ Mail to: |

) Sheldahl Electrical |
85 Sheldahl 5525 '
| P.O. Box 170, Northfield, MN 55057 |
I i

6

OF°F AND °C

The °F equivalents of the °C temperature rises (not the temperature
points) . in "The Importance of Power-Handling Capacity” (March
1979) are in error. A 20° C rise from, say, +20°C (+68°F)to + 40°C
(104° F), for example is a 36° F rise—not 68° F, as would be obtained
from a table of °C to °F equivalents. The extreme example of this
would be to consutlt a table for a 0° C (no change) rise and concluding
it is equal to a 32° F change. Therefore, the values of rise cited, 20°,
68°, 90°, 105°, and 155° C are equal to 36°, 122°, 162°, 189°, and 279°
F, respectively. This is just a nit, however, when balanced against the
high level of interest and information contained in the article. Keep up
the good work. —Lou Cortina, Pomona, CA.

SWL BOOSTER

Just a short note to tell you how much | enjoy POPULAR ELECTRON-
ics. As an SWL, | particularly like Glenn Hauser's column and all arti-
cles on shortwave listening. —Bob Lowe, Kingsburg, CA.

IRONING OUT LINEARITY

| built the ac converter circuit featured in "Build A Multiple-Choice
Digital Multimeter” (February 1979) to use as the front end of a dedi-
cated digital panel meter. Linearity was too poor for use with a 3%-
digit meter, however. After much experimenting, | came up with the re-
vised circuit shown.

AN,

INYIYE

sk 20 ouT
+1 VDG
. +] I YAC
NGTRF eqK Thowr I/oﬂr
+ s
10 CAL.

2.5k
10-TURN
The 47-uF capaditors are not critical, but they should be fairly large
and equal in value. The 1-uwF capacitor on the output can be consider-
ably reduced in value, especiaily at higher frequencies. This will help
the output to settle faster. The cAL potentiometer should be a 10-turn
precision device.
This circuit gives accurate ac conversions through a range of 10 mV
to 2.0 volts, correct to three decimal places, verified by a calibrated 5-
digit DMM. —Joe Sharp, Orange, VA.

NOTES ON CRUISEALERT OPERATION

The “Cruisealert” (February 1979) operates properly on an auto-
matic transmission at higher speeds, but the alarm will sound on each
shift with a manual transmission if one is shifting properly. The alarm
will also sound on an automatic transmission if the Cruisealert is set for
a low speed. For a manual transmission with overdrive, the project
would require constant adjustment, depending on the cruising gear
chosen. The way it is designed, the Cruisealert would be best used as
an RPM "red-line” alarm for manual transmissions. —Ken W. Pav-
licek, La Grange, IL.

The Cruisealert was primarily intended for automatic transmissions
(although it can certainly be used on manual transmissions), and for
the speeds normally encountered on highways. It can also be adjusted
to sound an alarm at the proper shift points for ma nual transmissions.

Out of Tune

“Automatic Garage Door Closer” (March 1979). On the schematic
diagram, C3 is shown as a 100-pF electrolytic capacitor, while in the
Parts List its value is specified at 15 uF. There is no absolutely “cor-
rect” value for this capacitor. Its value can be anywhere between 15
and 100 uF, since its sole purpose is to safely bleed off the back emf
from the relay’s coil.
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Solderless saves time like you
wouldn’t believe. Our Proto-Board®
solderless breadboards put every-

thing you need to get your circuit up
and running on an aluminum

backplane that lets you work at
frequencies from DC to half a Giga-  That's why we've become the
Hertz. Three Proto-Board® models  easiest-to-find solderless breaad-
feature built-in regulated power  baards in the world—available at
supplies—and one of them's a  more stores than anybody else in
build-it-yourself kit the business. Because people who

CSC solderless breadboards save know solderless best insist an CSC.
energy, too. Especially yours. Because  Save time and energy. Geta
circuit building becomes a simple  head start with CSC.
plug-and-chug process, straight
from an idea to a working circuit,

There are 9 Proto-Boards? in all,
manufacturer's suggested U.S. resale
prices from $45.95 to $124.95.

CONTINENTAL SPECIALTIES CORPORATION

— e —

70 Fulton Terrace, New Haven, CT 06509 (203) 624-3103, TWX 710-465-122 i
OTHER OFFICES: San Francisco: (415) 421-8872, TWX 910-372-7932 -
Europe: CSC UK LTD. Phone Saffron-Walden 0799-21682, TLX 817447 * Cuggested U.S. resale. Available atselected local dis rbutors.

Canada: Len Finkler Ltd., Ontario " Prices. specifications subjedt :acnznge withe s rotic2

1 _800_ 243—607 7 ! o . (] ColpJnght 1979 Continersal Spe_,l?;‘fc porat cw

Call toll-free for details

CIRCLE NO.12ONFREE INFORMATION CARD




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 Free Information Card

or write to the manufacturer at the
address given.

Heath Small-Engine
Tune-Up Meter

Heath’'s Model CM-2045 small-engine
tune-up meter is designed for use on gar-
den tractor, lawn mower, snow blower, mo-
torcycle, snowmobile, outboard motors

and car engines with four or fewer cylin-
ders. It can be used with all 2- and 4-cycle
engines, including those from Briggs and
Stratton. Test parameters include 0 to 20
volts dc, resistance to 100,000 ohms, en-
gine RPM to 3000 and 15,000 full-scale,
and dwell. The last is on four scales: 90° to
360° for one-cylinder engines, 40° to 180°
for two cylinders, 30° to 120° for three cyl-
inders, and 20° to 90° for four cylinders.
Color coding is used on the meter for easy
reading. A snap-on inductive pickup
makes connection to the engine's spark-
plug lead. Power is from three C cells (not
included). $44.95.

CIRCLE NO.90 ONFREE INFORMATION CARD

proof plastic swivel-ball mount allows in-
stallation on sloping decks or on the side of
a super-structure. It's supplied with all
mounting hardware and 6’ of coaxial cable
terminating in a PL-259 connector. $29.95.

CIRCLENO.B9ONFREE INFORMATION CARD

logic signals. Two inputs are opto-isolated.
Inputs and outputs of the Interfacer 2,
which plug directly into the 40-pin edge
connector on the rear of the TRS-80 inter-
face, are controlled by level Il Basic INP
and OUT statements. $88. Address: Alpha
Product Co., 85071 79th St., Woodhaven,
NY 11421,

Crown Digital
FM Tuner

The FM-1 tuner from Crown features a
quartz-crystal referenced LS| digital con-
troller, with numerical display of station fre-
quency. In addition an analog indicator
shows the approximate location of the sta-
tion in the band. Frequencies for as many
as five stations can be stored in memory,
where they are retained even after power
loss and can be called into active use at
the touch of a button. Tuning can be done
manually or by an automatic scanner that
gives a seven-second preview of each sta-
tion whose signal is sufficiently strong.
Mono stations can be excluded from the
search on command. Sensitivity for 50-dB
quieting is rated at 36 dBf in stereo, with
stereo THD 0.09% at 65 dBf, alternate
channel selectivity of 75 dB in mono, and
mono capture ratio of 2 dB.

CIRCLENO. 91 ONFREE INFORMATION CARD

Dual Semiautomatic
Turntable

The newly announced Dual 714Q single-
play, semiautomatic turntable features a
tonearm that has a specified effective
mass of only 8 grams when equipped with
the Ortofon ULM 60E cartridge designed
especially for it. (Other cartridges can be
used with the arm, but effective mass is

then higher.) The platter is directly coupled
to the motor, whose speed is controlled by
a quartz oscillator system that allows up to
11% variation in pitch on command. The
turntable also incorporates a front-panel,
solenoid-operated cue control, four-point
gimbal tonearm suspension, lead-in
groove sensing, and a spring-operated sty-
lus force mechanism. It is supplied with
base and dust cover, but without cartridge.
$480.

CIRCLENO.92 ONFREE INFORMATION CARD

Smali-Craft CB Antenna

A new marine CB antenna, designed espe-
cially for “bass boats” and other small
craft, is available from Antenna Specialists
Co. The 4' fiberglass whip is a hali-
wavelength design said to operate without
the necessity of a ground plane. A rust-

TRS-80 /0 Interface

Interfacer 2 from Alpha Product Co. is de-
signed to allow the Radio Shack TRS-80
microcomputer to control and sense a vari-
ety of external devices. Of the eight out-
puts provided, two are SPDT relays and
the others are TTL level. The eight inputs
accept either contact closure or TTL level

0TS | arrmiry

' Alpha Prociuct » il

President AM
Mobiie CB Rig

“Thomas J" is President's top-of-the-line
mobile AM CB transceiver. it features sep-
arate microphone-gain, r-f gain, tone, and
delta-tune controls; digital numeric chan-
nel display; PA, blanker/anl-override, dim-
mer, and instant channel-9 access

switches; and S/r-f/modulation/SWR me-
ter. Specifications include: 4 waltts r-f out-
put; 0.5-p.V or less sensitivity for 10 dB
(S + N)/N; 60-dB spurious and adjacent-
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INOUNCING

AMERICA'S ONLY
LAND, SEA AND AIR
SCANNER.

Only the incredible, new,
no-crystal Bearcat 220 Scanner
tunes in all the real excitement of
the entire AM aircraft band—plus
every FM public service

Tune in all the
real excitement of
the wild blue yonder, at
the touch of a button.

The new, no-crystal Bearcat 220
Scanner searches and tunes in the entire air-
craft band. Jets at 30,000 feet. All the tense tower
talk. Everything is pre-programmed in space-age
memory banks.

Only the 7-band Bearcat 220 Scanner also
brings home every public service frequency, too.
Pre-programmed Marine frequencies. Police ac-
tion. Fire calls. Weather warnings. You name it.

The new Bearcat 220 has all the features and
quality Bearcat Scanners are famous for. Track
tuning. Decimal display readout. Automatic Search.

' ®
Selective Scan Display. Automatic squelch and
lockout. Priority. And much, much more.
After all, Bearcat invented Scanning. And we'll

stop at nothing to bring you all the excitement—

of land, sea. and air. Follow the leader to real excitement.
Electry copyright 1979 Eiectra Company « Division of Masco Corp. of Indiana + 300 East Ceunty Line Road, Cumberland. Indiana 46229
CIRCLE NO. 20 ON FREE INFORMATION CARD
JULY 1979 ]



channel rejection; and -65-dB or better
spurious and harmonic suppression. The
noise blanker is described as a full r-f type
with manual override. Size is 8%"'D x
7%"W x 2%"H (22.2 x 18.6 x 7 cm) and
weight is 5 Ib (2.3 kg).
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MORSE-A-WORD

FHienaeralt

Mini-mike for
Pocket Recorder

Designed as an accessory for Pearlcorder
D series Microcassette Recorders, the
DM-1  Uni-Directional Microphone from
Olympus Optical Co., Ltd. is said to pro-
vide the directivity needed to record in
classrooms and theaters, for outdoor inter-
views, and at conferences. Like other units
in the D System, the DM-1 screws to the
base of the D Series recorder, which
makes all necessary mechanical and elec-
trical connections. In use, the telescopic
boom is extended as far as necessary and
the mike aimed at the desired source of
sound. A wind screen is provided for out-
door use. $79.95.
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duced by Microcraft. The unit accepts au-
dio CW signals from the headphone jack or
loudspeaker output of a communications
receiver and displays corresponding char-
acters sequentially in a moving chain. A
front-panel control adjusts for code speed
from 5 to 35 words per minute. Also includ-
ed are a built-in code practice oscillator
and monitor speaker. $250. Address: Mi-
crocraft Corporation, P.O. Box 513,
Thiensville, W1 53092.

B&K-Precision
Power Supply

A new lab power supply capable of func-
tioning as three separate power supplies
and featuring an automatic tracking circuit
has been introduced by B&K-Precision.

The Model 1650 supply offers a 5-volt dc at
5-ampere and two separate (A and B)
25-volt dc at 0.5-ampere outputs. The au-
tomatic tracking circuit allows the B output
to track voltage changes of the A supply.
Tracking is controlled by means of a pulse-
width-modulated proportional control sig-
nal. This design permits complete electri-
cal isolation of both supplies in the tracking
mode. Also featured are automatic current
limiting and short-circuit protection on all
ranges and outputs. All output connectors
are color-coded six-way heavy-duty bind-
ing posts. $275.
CIRCLE NO. 95 ON FREE INFORMATION CARO

Kenwood
Three-Way
Speaker System

The new Kenwood LS-408-B speaker sys-
tem, top of a new line of high-efficiency
speakers, has a 12" woofer, 43" mid-

range, and 134" cone tweeter. Power han-
dling capability is said to be 20 to 160
watts, and sensitivity is 92 dB with one watt
at one meter. Crossover frequencies are at
2000 and 5000 Hz; impedance is 8 ohms.
The system uses a ported bass reflex de-
sign. $300.
CIRCLE NO.96 ONFREE INFORMATIONCARD

direct outlet is intended as a convenience
in powering test instruments, a soldering
iron, etc. $44.95.
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Morse-A-Word
Code Reader

An eight-character Morse code reader for
SWL's and ham operators has been intro-

Lightweight
Isolation
Transformer

The latest member of the Isotap line of iso-
lation transformers from VIZ Manufactur-
ing Co. is the compact Porta-Isotap, which
weighs just 8 Ib. The unit is meant to be an
aid in servicing solid-state TV receivers de-
signed without power transformers. The
Porta-Isotap has two fused outlets, one
isolated and rated at 150 VA continuous,
the other direct and rated at 500 VA. The

Static Suppressor
for Records

Permostat, newly introduced to the U.S. by
Stanton Magnetics, is a liquid spray said to
permanently eliminate static from any pho-
nograph record to which it is applied, with
no loss of sound quality, frequency re-
sponse, or freedom from noise. Airborne
dust attracted to the surface of a disc by

static electricity contributes to wear of both
the stylus and the disc and adds surface

noise. Stanton reports that Permostat
causes less wear on a treated disc played
100 times at 3 grams vertical tracking force
with an elliptical stylus than on a similarly
played untreated record. Each kit is capa-
ble of protecting about 25 records. $19.95.

CIRCLE NO.98 ONFREE INFORMATIONCARD

Electro-Voice
Microphone Shock
Mount

The Model 313A shock-mount microphone
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(We need your opinion)

A system with
remote for less
than the other

people charge

for justa
telephone
answering

machine

This ad's a test. A kind of consumer survey.
With a special Free Offer. To see if the low price
of the new Call Jotter remote telephone an-
swering system can turn one of the biggest
selling business items into one that's success-
ful with consumers, too.

Ordinarily, information like this comes from a
consumer panel. Focus groups. But the man-
ufacturer wasn't about to commit for the enor-
mous sum required based on talk. He wanted
facts. And came to us, as one of the largest mail
merchandisers, for help. Because orders are
facts he could act on.

Quality Features

For our part, we tested the Call Jotter
thoroughly. And can tell you it's exceptionally
well made. (It has to be to get our guarantee.)
With solid state, microprocessor technology
and plug-in simplicity. It's E.C.C. approved. And
délivers the freedom and convenience you get
with systems selling for $299.95—which is the
going price, as you know, for remote telephone
answering machines.

One thing we did tell the manufacturer:
something extra should be given to those who
participate in this test. He agreed. So, you'l
receive with your order a FREE professionally
recorded tape that answers and records 30
messages . .. a FREE blank tape for recording
your own messages or for when you're using
the machine as a cassette recorder and player
... plus a FREE adapter for connecting the Call
Jotter to your telephone jack.

An Extraordinary Convenience

Now, we ask you, how much would it be
wotth to you, to your wife, even your teen-age
children to never miss or worry about a phone
call again? And to get your messages without
having to wait untif you get home—from any
phone, anywhere in the world. Resetting the
machine to take 30 more messages by touch-
ing a button on the Tele-Key remote control.

Of course, you'll use your Call Jotter to an-
swer the phone when you're working outside
and when you're in a part of the house where
there's no telephone.

How much would you spend for an answer-
ing machine when the phone rings and you're
up on a ladder painting the house? It's true—
isn't it—the phone always seems to ring at
exactly the wrong time. Like the critical moment
in your favorite show and whenever you're tak-
ing a nap.

JULY 1979
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Get your message from
any phone anywhere in
the world.

Think of the time you've spent just waiting for
someone who's promised to call. And what
value do you place on your privacy .. .on work-
ing without interruption?

Because your Call Jotter has a monitoring
system that lets you listen without answering,
you can go back to what you were doing the
instant you know it's a nuisance call or for
someone who's out of the house. Naturally, you
can take any call that's important.

Two For The Price of One

For additional value, Call Jotter works with a
single cassette, like a pocket recorder or dictat-
ing machine, so you'll use it to listen to your
favorite tapes and for recording your own
tapes, for dictating letters and memos to be
transcribed at the office.

Save $130.00!

You'll use your Calil Jotter, then, when you're
away—whether it's running to the corner store
or spending a month in Europe.

Still—we agree, you probably wouldn't want
to spend $2¢9.95 for something that isn't busi-
ness related. With Call Jotter, though, you save
$130.00! And that's a different story.

At $169.95 (plus $4.35 shipping and han-
dling) Call Jotter's the lowest priced remote
telephone answering machine you can get.
(Without the remote, it's even less, only $99.95
plus $4.35 shipping and handling.)

Now, we invite you to discover the conve-
nience and freedom it brings—especially if
you're an active family—without risking one
cent.
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You can order either model with any national
credit card simply by calling the toll free number
selow at any time. If you prefer, send your
check %o Douglas Dunhill at the address below.
(lllinois residents are required to add the sales

tax.)
Call 800-621-5554

llinois Residents Call 800-972-5858
In operation 24 hours, 7 days a week

Remember, the low, down-to-earth price in-
cludes the Tele-Key remote control and the two
FREE tapes plus the FREE adapter that fits
your teleEhone jack. (If you don’t have a phone
on a jack, the telephone company will install
one for a modest, one time charge when your
system arrives.)

You Must Be Satisfied

Use your Call Jotter for 30 days. If you're not
completely satisfied return it to us for a com-
plete refund, no questions asked. Simply use
the carton it comes in and follow the simple
procedure in the directions we send you.

If this test is successful, the manufacturer will
go inte full production and you'll be seeing the
unit in stores everywhere in six to nine months.
You'll have played a part in this success—for
which we thank you. Meanwhile, we'll be filling
orders while we can from the supply on hand.

o Apprcved for connection in accordance with tele-
phone company filed F.C.C. regulations

* Uses standard 60-minuie cassettes

¢ Plugs into any phone on a jack with adapter
supplied free

¢ Dynamic microphone, full fidelity speaker, push-
button tape controls, call light, recorder-player
operates on standard A.C. current

o Tele-Key complete with 9V battery for remote con-
trol from any phone anywhere in the world (2" x 3"
x1"—40z.)

o Hi-fi styling. Black and walnut color. Just 9%2" x
102" X 2%"

The convenience and freedomyouwant. .. At

the price you've been waiting for.

Lovglas Dunlill

FFORORBLE QU

Dept. 50-2377
Ten Douglas Dunhill Drive, Oak Forest, IL 60452
© Douglas Dunhill Inc. 1979
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THERE ARE A LOT OF WAYS
~ TO BUILD A RECEIVER
THAT SELLS FOR UNDER$400
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YOU CAN
LEAVE OUT
DUAL WATTAGE
METERS LIKE
MARANTZ DID.
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YOU CAN INSTALL ~ *tesitiee
AN INEXPENSIVE =«
PRESS BOARD BOTTOV. =
LIKE TECHNICS r'u:
INSTEAL: OF
A METAL ONE. ©

seor Ao A A

YOU CAN USE
A CONVENTIONAL
POWER AMPLIFIER
LIKE KENWOOD DID,
INSTEAD OF
AN ADVANCED
DC AMPLIFIER.

YOU
CAN USE
STANDARD
HIGH BAND
FILTERS LIKE
YAMAHA DID,
INSTEAD OF SPECIAL '
INTEGRATED CIRCUITS TO CANC EL
THE UNWANTED FM. PILOT SIGNAL.

©1978 U.S. PIONEER ELECTRONICS CORP, 85 Oxford Drive. Moonachie, N.J. 07074.



’JIONEER DID IT THE RIGHT WAY.

It seems that our competitors think they've
mastered the art of building a moderately priced high
fidelity receiver.

Unfortunately, most competitive receivers ap-
pear to be the work of cost reduction engineers, rather
than high fidelity engineers.

At Pioneer, our philosophy is somewhat ditferent.

We build a receiver that sells for under $400
with the same care givento a
receiver that sells for over
' $1000.

A perfect example is the
SX-780.

A STRONG CASE FOR
THE METAL BOTTOM.

If you turn over our
SX-780, you'll notice the bottom is made of heavy
gauge metal. Not flimsy press board. It's designed that
way to shield the tuning section from spurious noise
and CB interference.

Then there's our special ventilating system that
reduces FM drift due to overheated tuning elements
and increases the lite expectancy of the circuitry.

A DC AMPLIFIERWITH THE POWERTO
ELIMINATE DISTORTION.

The SX-780 teatures the same DC
power contiguration found in today’s most
expensive receiver.

It provides cleaner sound and richer,
more natural bass by eliminating feedback and
transient intermodulation. (A form of distor-
tion that keeps you from hearing the subtle
overtones in your music). Which is why those
receivers using a conventional power amplitier
could possibly match the specs of the SX-780,
but never the sound.

A PILOT SIGNAL CANCELING SYSTEM
THAT'SALL BUT UNHEARD OF IN
THIS PRICE RANGE.

All stereo FM stations in America broadcast their
music over a pilot signal of 19,000 hertz.
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Metal shields our SX-780
from spurious noise.

The DCpow er supply
tound on the
most expensive
receivers.

If not eliminated, this signal tends to create an
extremely high pitched sound thum) when combined
with lower audible frequencies.

But instead of using standard high band filters
like the others, Pioneer created a special integrated
circuit that eliminates this pilot signal without aftect-
ing the music. So that you're assured of hearing every-
thing the musicians had intended you to hear.
Nothing more. And nothing less.

Obviously, the $X-780 is the
only receiver in this price range that
ofters you this feature. The others ofter
you the noise.

WAT TAGE METERS THAT LET YOU

A pilot signal
canceling circuit
that lets you
hear only music
and nothing

SEE WHAT YOU'RE HEARING. mere

Warttage meters give you an accu-
rate picture of exactly how much power is going
through your speakers. So they not only help prevent
unnecessary damage due to overloading, but help you
make cleaner FM recordings.

You won't tind them on any other moderately
priced receiver.

Ot course, the SX-780 has another virtue that's
consplruously absent from our competitors’ models.

A built-in wood grain cabinet, which
others give you the “option” of paying extra for.

But what really separates Pioneer’s

SX-780 trom other receivers isn't a matter of
wood cabinets, wattage meters, metal
bottoms, DC power, or even price.

It's our commitment to giving you a
quality high fideiity receiver, no matter how
much, or how little you plan to spend.

So it you're planning to spend less than
$400, you couldn't ask for

more than the SX-780. @ pIONEER.
We bring it back alive.

POWER. 45 watis per channel min.  CAPTURE RATIO: 1.0 dBt

at 8ohms trom 20-20,000 hertz  POWER METERS: 2
with no more than .05% total
harmonic distartion.
FM SENSITIVITY: Stereo; 37.0 dBt
SIN RATIO: Stereo; 72 dBt

SPEAKERS: A, B, AB
TONECONTROI S Dual
TAPE MONITORS: 2

JONEER'S SX-780.
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clamp from Electro-Voice was designed to
hold a mike with an approximate 34" barrel
diameter. A hinged metal latch is provided
to hold the microphone in four replaceable

urethane bands for temporary shock
mounting. When used with a set screw, the
313A becomes a semipermanent shock
mount for applications that don't require
frequent mike changes. $23.
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Universal Designer for
Digital ICs

Paccom’s FTK 6100 Universal Designer is
offered as an aid to assembling experi-
mental circuits with digital ICs. It is capable
of plugging into breadboards from Conti-
nental Specialties, AP Products, or E & L

RA

Instruments. Powered by a 6-volt battery, it
contains two bounceless pushbuttons, two
readouts with BCD inputs, four switch out-
puts, eight LED monitors, two variable
clock generators, and two decade coun-
ters. $35, kit; $45, assembiled.
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“Powerless” Cassette
Tape Eraser

Operating independently of external power
or internal batteries, and without moving
parts, the Cassette Tape Eraser from
Trans Globe Trade Enterprises is said to
erase a recorded cassette in one second.
The device contains powerful built-in mag-
nets that are claimed to last practically in-
definitely and to be capable of restoring a
cassette to original tone quality while leav-
ing minimal tape hiss. $17.95. Address:
Trans Globe Trade Enterprises, P.O. Box
24797, Los Angeles, CA 90024.
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PTS ELECTRONICS TUNER CATALOG

The 1978-79 Tuner Replacement Guide &
Parts Directory from PTS Electronics con-
tains 182 pages of technical information and
diagrams for TV tuners and modules as well
as comprehensive descriptions of PTS prod-
ucts and services. Included in the catalog are
sections on module repair, a list of rebuilt and
exchanged modules, a module cross-refer-
ence guide, troubleshooting information, sec-
tionson PTS test instruments, tools and chem-
icals, and a list of tuner replacements by
manufacturer. Information about uhf and vhf
tuners for all major domestic and foreign
brands occupies 83 pages of the publication.
Sectio’is on replacement tuner parts, anten-
na coils, and tuner shafts, and price lists are
also included. Address: PTS Electronics,
Inc., P.O. Box 272, Bloomington, IN 47401.

B & K-PRECISION DMM SELECTION GUIDE

A six-page brochure from Dynascan Corpo-
ration describes the B & K-Precision line of
digital multimeters, detailing features, ap-
plications and specifications for all models.
Among the DMMs listed are Models 2830
and 2810 3%2 Digit DMMs, both with autoze-
roing, and Model 283 3'4 Digit Lab DMM with
high-intensity LED display for maximum
readability, plus the Model TP-28 Solid-State
Temperature Probe. Address: B & K-Preci-
sion, 6460 W. Cortland St., Chicago, IL
60635.

WANG IMAGE PRINTER BROCHURE

A six-page brochure from Wang describes
the Intelligent image Printer, an output device
for Wang office information and computer
systems said to be 50 times faster than an
electronic typewriter. Using fiber optics tech-
nology to fuse light into images, the Image
Printer produces collated, typewriter-quatity
pages at the rate of 18 per minute, and per-
mits the mixing of type faces within docu-
ments. Address: Wang Laboratories, Inc.,
One Industrial Avenue, Lowell, MA 01851.

TI BUBBLE MEMORY DATA BOOK

The 48-page LCC4430 data book from Texas
Instruments contains specifications on the
T1B0203 magnetic bubble memory and an 8-
page discussion of the fundamentals and ad-
vantages of magnetic bubble memories. Also
contained in the manual are specification
sheets for the interface integrated circuits de-
signed for use with the TIB0203, including the
SN74LS361 function timing generator, the
SN75281 sense amplifier, the SN75380 func-

tion driver, and the SN75382 coil driver. Data
sheets for standard devices which can be
used in bubble memory system design, such
as the TSP102 thermistor and the VSB53
Schottky-diode bridge, are included as well.
Address: Texas Instruments Incorporated, In-
quiry Answering Service, P.O. Box 225012,
MS-308 (Attn: LCC4430), Dallas, TX 75265.

MOUNTAIN WEST SECURITY SYSTEMS

This 72-page catalog contains more than
1200 security and alarm systems. Equipment
ranges from magnetic door switches, locks,
alarms, and bell systems to radar, ultrasonic
and infrared detectors. Product catagories in-
clude residential and commercial alarm con-
trols, fire systems, fire and intruder detectors,
remote controls, signaling devices, silent
phone connections, telephéne dialers, power
sources, locks, tools and books. The catalog
also includes information on system design,
alarm application, and installation procedures
with connection diagrams, as well as specifi-
cations. Address: Mountain West, 4215 N.
16th St., Box 10780, Phoenix, AZ 85064.

OHIO SCIENTIFIC FULL LINE CATALOG

The 1979 Full Line Catalog from Ohio Scien-
tific consists of a 310-page paperback hand-
book supplemented by a 16-page price list,
and tells “Everything you've always wanted
to know about personal and small business
computers.” The catalog contains a series of
technical reports, a review of available soft-
ware, and a description of personal and small
business computer applications, including
capability of upgrading systems for future ex-
pansion. Send $1.00 to: Ohio Scientific, Pub-
lications Dept., 1333 South Chillicothe Rd.,
Aurora, OH 44202.

GTE VOICE SECURITY TERMINAL

General Telephone & Electronics offers an
eight-page brochure describing the Mark IV
VST-6000, a voice security terminal that pro-
tects speech transmitted over standard tele-
phone lines while providing voice recognition.
With the aid of block diagrams, the brochure
explains how voice is encrypted and how se-
cure conference calls can be established. it
also provides operating modes, data rates
and dimensions of the equipment. Address:
Michael Thurk, GTE Sylvania inc., 77 “A” St.,
Needham Heights, MA 02194,

RADIO SYSTEMS TECHNOLOGY CATALOG
The 16-page 1979 catalog from Radio Sys-
tems Technology describes the company’'s
line of aircraft avionics and test equipment
kits. Products include transceivers, inter-
coms, microphones, headsets, antennas,
tools and other supplies of interest to general
aviation aircraft owners and pilots. The cata-
log features several new products including a
6-channel aircraft radio band transceiver kit
and two voice-actuated intercom kits. Ad-
dress: Radio Systems Technology, Inc.,
10985 Grass Valley Ave., Dept. P79, Grass
Valley, CA 95945,
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All that's new and unique in quality electronic kits you can build

SEE THEM IN
THE LATEST

HEATHKIT
CATALOG-

The world’s largest
selection of easy-to-
build, money-saving
electronic kits
for home, hobby
or business
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FINEST
ELECTRONIC
KITS-

ALL FULLY
DESCRIBED &
ILLUSTRATED
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Budget-priced Low-cost

digitai alarm clock professianal-grade
eng ne analyzer

DC-35 MHz dual-trace
‘delayed-sweep oscilloscope

Digital readout
AM/FM stereo recelver Precision Heathkit
weather computer

: L R SEND FOR YOURS
Microprocessor -~ -

self-instruction program - TODAY.’

—' Analk-in-one your key to computer knowiedge

computer system,complete

with bullt-in floppy disk storage HBETH /N N R haew N N D BN (NN AR NN N
H Heath Company, Dept. 010-550
PLUS...the latest line of electronic prod- Schiumberger Benton Harbor, Michigan 49022

ucts in easy-to-build money-saving kit form:
automotive ¢ marine ¢ home products e avi-
onics e clocks e security e color TV e weather e
tools e test instruments e books e amateur
radio e stereo HiFi e computer systems e self-
learning programs.

D YeS riease send me my FREE Heathkit Catalog.
| am not currently receiving your catalog.

Name

Mail coupon or card NOW

Heathkit products are displayed, sold and serviced at City State
Heathkit Electronic Centers coast to coast (Units of Schium-

burger Products Corporation). See the white pages of your

phone book. If coupon is missing, write Heath Company, CL-703 ZIP

Dept. 010-550, Benton Harbor, Michigan 48022.
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Learn to service 2-way radio, microwave systems, AM/FM transmitters,

Learn installation
and maintenance of
commercial, amateur
or CB communications
equipment.

There are more than 25
million CB sets out there, mil-
lions more two-way radios,
walkie-talkies, and other com-
munications apparatus in use
by business, industry, govern-
ment, police and fire depart-
ments, and individuals. That
means a lot of service and main-
tenance jobs...and NRI can
train you at home to fill one of
these openings. NRI's Complete
Communications Course covers
all types of two-way radio equip-
ment...AM and FM transmission

and reception, television broadcasting,

microwave systems, radar principles,
marine electronics, mobile communi-
cations, and aircraft electronics. And
NRI guarantees you will pass the exam
for the commercial FCC Radiotele-
phone License you need to perform
most servicing work, or vour tuition
will be refunded in full. This money-
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back agreement is good for six months
after completion of your course.

Learn on your own 2-meter,
digitally synthesized
VHF transceiver.

You'll learn to service all types
of communications equipment as you
assemble your own VHF transceiver.
NRI engineers have designed it, not
only as a commercial-quality, high-
performance unit, but as a unique
“power-on” training tool to give you
agtual bench experience with the prin-
ciples needed to service commercial,
CB, and amateur equipment.

Then we help you get your
FCC Amateur License so
you can go on the air.

The complete course includes
48 lessons, 9 special reference texts,

's Complete

and 10 training kits. Included are
your own electronics Discovery Lab®
antenna applications lab, CMOS
digital frequency counter, and 7-scale
AC/DC volt-ohm meter. You'll learn at
home, at your own convenience, get-
ting the training you need for your
FCC License and the communications
field of your choice.

CB specialist course
also offered.

If you prefer, you can concen-
trate on the big field of CB radio with
NRI's special course in CB servicing.
You get 37 lessons, 8 reference texts
and plenty of “hands-on” training
with your own 40-channel CB, AC
power supply, and multimeter. Also
included are 14 coaching units to
make it easy to get your commercial
Radiotelephone FCC License. ..required
for you to test and service communi-
cations equipment.

POPULAR ELECTRONICS



TV cameras, radar and more...

Communications Course.

Orgetinto
TVand uudlo servicing.

4 NRI instructor/engineers NRI can train you at home to

Each NRI student is assigned his
own course instructors, there to help
you over any rough spots, explain
problems, and give you the advice you
need as you progress toward your fu-
ture. And each one knows what he’s
talking about, because he was more
than likely involved in the design of
your course or some of the NRI equip-
ment you use. NRI instructors are
practical, experienced people who
really know their field and do their
best to pass their knowledge on to you.

You get more

for your money from NRI. .

NRI employs no salesman, pays
no commissions. We pass the savings
on to you in reduced tuition, top-
quality professional equipment, and
reliable testing instruments necessary
for a successful career. You can pay
hundreds of dollars more at other
schools, but you can't get better
training.

Free catalog...
No salesman will call.

Get your free catalog and dis-
cover why NRI is the leader in home
technical training. In 65 years of ser-
vice, we've helped over a million stu-
dents start to build new careers. Mail
the card today and get started on your
new future. If card has been removed,
write to:

NRI SCHOOLS
McGraw-Hill Continuing
Education Center

.‘ V‘ 3939 Wisconsin Avenue

Washington, D.C. 20016
Till"
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service TV equipment and audio sys-
tems. Choose from courses to meet
your needs and budget, with our com-
plete Master Course in TV/Audio/ Video
Systems Servicing covering the entire
field of electronic home entertainment.
You learn to install and repair stereo
systems, PA systems, car radios and
tape players, musical instrument ampli-
fiers, video tape and disc units, AM/FM
radios, black and white and color TV.
You get practical bench training as you
build your own 25" (diagonal) solid-
state color TV complete with computer
tuning that lets you program an entire
evening's entertainment. You also
assemble your own solid-state stereo
and professional test instruments.

It's the kind of training that’s al-

ready helped thousands of pros.
Send card for free catalog,

Learn computer electronics.

Now! Build your own

microcomputer as you train.

Train to become one of the new
breed of computer technicians...at
home with both the equipment hard-
ware and the programming software.
Over two years and one-half million
dollars in development, the new NRI
course in Microcomputers and Micro-
processors covers this exciting new
opportunity field thoroughly and

completely. As you learn, you get
“hands-on" experience, building test
instruments you use and keep, proving
theory in the unique NRI Discovery
Lab® and assembling the exclusive
NRI designed-for-learning micro-
computer. This unique “teaching”
machine demonstrates and clarifies
concepts from the very first stages of
construction. Finished, it's a com-
pletely functional dual-language unit,
ready to go to work as your personal
microcoraputer or basis for a com-
mercial system. It's all part of the most
- = up-to-date, complete
home study course
ever offered. Mail the
4 card for full facts.
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Many amps candeliver pure sound.
The Sansui AU-919delivers pure music.

Today’s audio engineering has reached the point
where you can select among a number of afforda-
ble high-power amplifiers that have virtually no “total
harmonic distortion.” That's good. But THD measure-

ments only indicate an amplifier’s response to a pure,

continuously repeating, steady-state test signal (be-
low, left). They don't tell you how the amp responds
to the never-repeating, rapidly-changing transient
waveforms of real music (below, right). And only an
amplifier designed to reproduce the demanding
dynamics of music signals can satisfy the critical
audiophile. An amp like the Sansui AU-919.
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SINE WAVE DYNAMIC MUSIC SIGNALS

Because low THD without low TIM is like
sound without music, the Sansui AU-919 is designed
to respond well to both simple sine-wave test signals
and aiso to handle the jagged, pulsive edges
required for realistic reproduction of music—
without imparting that harsh, metallic quality known
as “transient intermodulation distortion” (TIM).

The Sansui AU-919 sounds better than con-
ventional amps because Sansui developed a
unique {patent pending) circuit that is capable of
achieving both low THD and low TIM simultaneously.

CIRCLE NO.43 ON FREE INFORMATION CARD
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Our DD/DC (Diamond Differential/ DC)* circuitry
provides the extremely high drive current necessary
to use proper amounts of negative feedback to re-
duce conventionally-measured THD (no more than
0.008%, 5Hz-20,000Hz into 8 ohms at 110 watts,

min. RMS) without compromising our extraordinary
200V/uSec slew rate, ensuring vanishingly -low TIM,
as well. The power amplifier frequency response
extends from zero Hz to 500,000Hz.

Since ultimate tonal quality depends on more
than the power amplifier alone, Sansui also uses
its DD/ DC* circuitry in the phono equalizer section —
where current demands are also particularly high —
to prevent TIM. ICL (input capacitorless) FET circuits
are used throughout the AU-919, and a “jump switch”
is provided that will let you run pure DC from the Aux.
input to the output.

Visit your authorized Sansui dealer today.
and he’ll show you a lot more that the AU-919 has to
offer. Like twin-detector protection circuitry and our
Penta-Power Supply system. Two-deck monitor-
ing/recording/dubbing facilities. And a high-per-
formance ICL/FET pre-preamp for moving-coil
cartridges.

Then listen to the AU-919 with the most de-
manding music you can find. You'll hear the way the
music should sound. Like music. Noft just like sound.

*The Diamond Differential/DC. Sansui's (patent pending) totally symetrical doubla

ended circuitry with eight transistors, is named for its Diamaond-shaped schematic
representation.

SANSUI ELECTRONICS CORP.

Lyndhurst, New Jersey 07071 « Gardena, Ca. 90247
Sansui Electric Co., Lid., Tokyo, Jopan

Sansui Audio Europe S.A., Antwerp. Belgium

In Canada: Electronic Distributors




Stereo Scene

BEING RE-CREATED EQUAL

ROPONENTS of equalizers tend to

regard them collectively as the
greatest boon to come afong since efec-
trical recording, while skeptics take quite
another view of them. My own experi-
ence with equalizers—which dates back
to the Blonder-Tongue multi-band unit of
the 1950's—has been mixed. | started
out like a house afire, all but convinced
that the hitherto impossible dream of flat
frequency response from, say, 30 to
15,000 Hz lay literally at my fingertips,
only to founder time and again on obsta-
cles that, while little understood, were all
too perceptible in terms of their musical-
ly excruciating effects. Hindsight has
pinpointed misunderstanding as the
chief element in my failures; a recount-
ing of them may help others avoid the
same pitfalls.

How | Tuned My Loudspeakers.
Equipped with one of the first-generation
octave-band equalizers of the early 70's
and a pair of highly regarded but not-
quite-flat omnidirectional speaker sys-
tems, | set out some nine years ago to
make these speakers flat once and for
all. Beginning systematically, | first ac-
quired a sound-level meter on which a
calibration curve had been taken, and a
test record. :

A record spanning the audio range in
discrete one-third-octave bands is ap-
propriate for this application. | used the
record distributed by Altec, which is gen-
erally suitable except for its high level of
vertical rumble, which should be can-
celled by switching the amplifier to
mono. Soundcraftsmen and ADC,
among other equalizer manufacturers,
offer suitable records, but the Sound-
craftsmen record is meant to be used in
a by-ear test, and hence has built-in
loudness compensation, which will show
up on a meter in the form of accentuated
response at the extreme bass and tre-
ble. This is no problem for the midrange
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By Ralph Hodges

region, however. The Warble tones on
the Stereo Review test record, also
foudness compensated, can be useful
too, although meter fluctuation with the
warble should be expected.

Seated in my usual listening location,
the meter held out in front of my face, |
plotted the response from both speak-
ers, subtracted the meter’s calibration
curve, and (surprise!) the resulting re-
sponse curve was within a dB or two
(above about 500 Hz) of the curves
made by Hirsch-Houck Labs. (At lower
frequencies, predictably, room modes
caused wide variations in response, but
| could live with these if | could get the
midrange smoothed out.)

This was both encouraging and dis-
turbing: encouraging because it sug-
gested that measurements on loud-
speakers really could be carried out with
some hope of agreement between test-
ers; disturbing because the curves plot-
ted for the two speakers were very simi-
lar, whereas the speakers did not sound
very similar at all. Presumably, their dif-
ferent positions in the room, which were
far from acoustically symmetrical, gave
them different sonic characteristics. At
least it was true that when the right
speaker was substituted for the left, it
sounded very much as the original left
speaker had and produced (within the
bounds of instrumental and procedural
accuracy) identical measurements.

Ignoring this puzzle for the moment, |
decided to equalize the speakers to
what the meter said was flat response.
The appropriate corrections seemed to
involve tilting up the extreme high end,
filling in a sharp depression in the upper
midrange, and suppressing a bump in
the midbass that seemed to be a real
part of the speakers’ response, indepen-
dent of their placement in the room. Al-
though the midrange depression mea-
sured only a few dB beftow the reference
“zero” level, the full 12 dB of boost nom-

inally available from the equalizer was
not enough to iron it out, while adjacent
frequencies were highly exaggerated.
Finally, t struck the best compromise |
could and sat down to listen. After ex-
cerpts from about five recordings | could
no longer deny that the sound was hor-
rendous. Fine-tuning by ear did not help
much, except to demonstrate that the
closer | came to removing the equalizer
from the system altogether, the better
the sound. Even the midbass sounded
better with the bump feft in. (I kept it
equahzed out for several days just to
make sure | wasn't being seduced by
the corpulent richness it lent to the
sound.) Thus ended Experiment One.

How | Tuned My Room. At this
point, | thought | understood the flaw in
my equalization procedure so | devised
another approach. | set up a high-quality
omnidirectional microphone at my listen-
ing position and fed its output to a tape
recorder. Through the speakers | played
an organ recording with sustained
chords spanning a wide frequency
range. By recording a few minutes of
this and comparing the tape and the
original record, | was—in theory, at
feast—able to hear the effect of the lis-
tening-room acoustics on the repro-
duced sound. The idea was to adjust the
equalizer so that the tape with the equal-
izer in sounded exactly like the record
with the equalizer out. In that way | coutd
subtract the room’s contribution to the
sound heard at my listening position and
leave only the sound faid down by the
record producer.

That didn't work either. No matter
what | did f could not adjust the equalizer
to make the tape sound much like the
original disc recording. | did find, how-
ever, that the best adjustment my ear
could find gave a better sound than a
setting determined by instruments. This
tape-recording technique eventually
proved excellent for isolating certain
acoustic problems in the room (best cor-
rected by acoustic treatment of the
walls) that had escaped direct detection
but still nagged at me during normal lis-
tening—but that is another story. Mean-
time, | was still no happier with the
equalizer in the system than with it out.

How | Tuned My Records. Soon af-
terward, acquaintances began telting
me how useful their equalizers were in
taming certain problems on records. Be-
ing a lifelong enemy of ear-piercing sibi-
lance, bloated or absent bass, wiry vi-

21



olins, and overblown midrange, | found
this of great interest. | had pressed my
equalizer into combat against these un-
desirables before, and now did so again.
The result was the same. Octave-band
corrections were too broad to subdue
sibilance and harsh violins without los-
ing the bite of the brass and the sheen of
the cymbals. Treble above about 8,000
Hz (that's really only an octave, and itis
hence governed by only one control on
an octave-band equalizer) could be
helped out somewhat, and bass, span-
ning about four octaves, could be con-
toured quite satisfactorily for many re-
cordings. But most adjustments attempt-
ed in the midrange wound up sounding
unnatural.

At this point, a certain insight struck
me, and a few visits to my acquaint-
ances’ homes confirmed its accuracy.
They were all using their equalizers to
intfoduce broad, gradual lifts or de-
scents in system response at the fre-
quehcy extremes. In short, they were
duplicating the functions of a set of bass
and treble controls. No doubt their
equalizers afforded greater flexibility in
determining the precise contour of the
response slope being introduced, but |
suspect that simple tone controls with
variable turnover points would have
served the purpose just as well.

Conclusions. Astute readers will have
long ago spotted the errors in my experi-
ments. The moderate upper midrange
dip registered by my sound-level meter
in Experiment One was probably a deep
dip confined to a narrow range of fre-
quencies, resulting from an acoustic in-
teraction between loudspeaker drivers.
The third-octave-band test signal, by
averaging the spéaker's output over a
wider range of frequencies, made it
seem less pronounced than it was. But
trying to eliminate it with an octave-band
equalizer was hopeless. In fact, the dip's
effects were probably almost inaudible,
and it would have been best left alone.
Had 1| been totally unable to restrain
my native fussiness, a one-third octave
or, perhaps even better, a parametric
equalizer would have been the tool of
choice. With the former | could have
made some correction in the offending
one-third-octave band without side ef-
fects elsewhere; the latter could have
been tuned virtually to the exact fre-
quency that needed to be boosted. Oc-
tave bands are too coarse for some ap-
plications—but | didn’t know that then.
When | tried to adjust the equalizer so
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that the recording made in the listening
room sounded like the original organ re-
cording, | had hoped that my ears could
ignore the reverberation time added by
that same listening room. They
couldn’'t—and what is known of the ear-
brain mechanism suggests that they
never could.

In correcting for the frequency re-
sponse of a recording that offends, no
objective standard is possible. You
either like the audible result or you don't.
My belief is that the use of an equalizer
will give much more satisfaction to a
pop/rock listener than a classical-music
listener, simply because exaggeration is
very much a part of the pop/rock busi
ness to begin with, because the back-
ground instrumentation is probably very
basic in its harmonic structure, and be-
cause the recording studio often pro-
vides no acoustic environment to a re-
cording other than what is injected artifi-
cially by various signal processors. In
my opinion, when a recording contains a
good dose of the acoustic in which the
performance took place, the effects of
anything more than moderate post
equalization are all the more likely to
sound artificial.

I hasten to point out that my difficulties
in using equalizers with success is in no
way intended as an indictment. in many
applications—especially  professional
ones—they have proven almost indis-
pensable. And, although there are
sound systems that do not seem to
benefit much from equalization, there
are undoubtedly others that would if it
were applied correctly.

In the professional sphere, equalizers
are used widely for at least two pur-
poses: adjusting the response of moni-
tor speakers in recording-studio control
rooms and suppressing feedback in
sound-reinforcement systems. Studio
monitor speakers are likely to be fairly
directional, and the acoustics of the con-
trol room fairly dead. Under these cir-
cumstances, it is the sound that comes
directly from the speakers that really
counts; reflections from the room do not
get very much involved. It has proven
practical and effective to equalize moni-
tor speakers for whatever response is
desired right where the engineer will be
sitting during a session. In other seats,
the audible result may not be quite as fa-
vorable, and it is difficult to predict exact-
ly what would happen with speakers not
quite as directional. But in this applica-
tion, equalization can be a great boon.
Audiophiles who own fairly directional

speaker systems such as full-range
electrostatics also report that equaliza-
tion yields great satisfaction.

In  sound-reinforcement work, the
equalizer is used to keep the micro-
phone, which is inevitably picking up
sound from the speakers, from respond-
ing to resonances in the auditorium and
driving the system into acoustic feed-
back. Fortunately, the sound system
usually “takes off" at pretty specific fre-
quencies, which is why the squeal you
hear from a PA installation going into
feedback has a definite pitch.

The well-equipped engineer will use a
real-time spectrum analyzer and an
equalizer that offers control over very
narrow frequency bands—one-third oc-
tave or so. With the microphone on, and
with the system reproducing pink noise,
he will raise the gain until the system
breaks out into feedback. The analyzer
will immediately indicate the approxi-
mate frequency involved, ahd the equal-
izer is used to reduce the system’s out-
put at that frequency to the point where
feedback stops. Once more the gain is
raised until another frequency takes off
and another equalizer control is brought
into play. In the end, any further in-
crease causes feedback at almost all
frequencies. When that condition is
reached, system equalization is com-
plete. The result is a system that can
play much louder and usually sound
much better than a comparable une-
qualized system.

I've not yet had the opportunity or in-
strumentation to try this adjustment
technique in a home setting, but the ex-
periment would be worth trying, if only
for the knowledge gained. If you are will-
ing to spend hours rather than minutes,
the job could possibly be done withoyt a
real-time analyzer. This would limit your
necessary acquisitions to a high-quality
microphone; interstation noise from your
tuner will provide an adequate test sig-
nal, provided that you subtract 3 dB per
octave to aliow for the fact that it is qua-
si-white, not quasi-pink. By reducing any
feedback tendencies you discover in
your system, you'll presumably be com-
pensating for the room resonances that
give rise to them.

That is the sum total of advice 1 can of-
fer on the systematic use of equalizers.
The rest depends on you and on the
specific characteristics of your room and
sound system. If you really work at it,
there's a good possibility you'll come up
with some effective adjustment proce-
dures of your own. <
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Look howsoft you can have
it with a Compycolor II

personal
computer.

HANGMAN ("HA)

SAMPLER (*SA)

Biorbythms, Concentration, Hangman, Math Tucor,
One-Armed Bandit. 3 more. Two-To-Ten.
PIEIRSONAL TSI
IDATA 12A512 @@’—El@@;‘_
o &S [

MATH TUTOR (*MA)
Math Tucor. Checkbook,
Recipes, 2 more.

PERSONAL DATA BASE FORMATTED SOF-DISK
(PD) Personal Data Base. ("FD)

File and data managemcent 2-pack Sof-Disks for your
system. $29. own BAS!IC programs.

TEXT1I2XTOR

ar

ASSIZMIAIE?

EQUl ("EQ)

ASSEMBLER (AS) TEXT EDITOR (TE)
Assembler. Assembles 8080 Text Editor. Facilitates pro- Depreciation. Deletion,
Capitalized Cost.

Assembly Language programs. gram writing and correcting.
$24.95 $24.95

PERSONAL FINANCE,
VOL. 11 (*PIl)

OTHELLO (*OT)
Othello®. Math Dice, 2
more. "Othello™ is the regis-
tered trademark of CBS [nc.
for its strategy Jisc game.

When you have a Compucolor [l —the exciting color personal
computer with a built-in mini-disk drive — you really have it
soft. $19.95 is all you pay for most Compucolor Sof-Disk™ al-
bums.* They're formatted to run only on the Compucolor II,
and each contains at least three programs. That’s far better
value and variety than you get with programmed cassette tapes.
And the Sof-Disks you see here are just a sampling. New in-
troductions are added each month.

To start your collection of mind-blowing games and other use-
ful programs, visit your nearest computer store. Or, if there’s no
dealer in your area, clip the coupon and mail your order roday.

First things first! If you'd like
more information, simply check
the coupon for a free brochure
about the Compucolor I1.

PERSONAL FINANCE,
VOL.1(*PI)

Rate of Return. Interest
Conversions. 2 more.

ing Interest. Constant Ratio.

Compucolor
Corporation

Loans: Sinking Fund, Declin-

STAR TREK (*ST)
Star Trek, Lunar Lander,
b Shoot, and Tic-Tac-Toe.

BONDS & SECURITIES
(“BO)

Bond Price & Yield. Amorti-
=ation Schedule, 2 more.

SO TIC TAC 70
- ; !

BLACKJACK (*BL)
Blackjack. Roulette. Siut
Machine. 2 more.

CUBIC TIC-TAC-TOE (*CU}
Cubic Tic-Tac-Toe. Swarms, 2
more 16K programs

CHESS (*CH)
Chess. Acey-Deucey. Line
Five. Biorhythms.

P —— P ————
1o order your Sof-Disk albums, simply
enter the album(s) of your choice, by let-
ter(s), in the spaces provided. If you want
to order more than one copy, please enter the
number of copies desired beside the letter.

&y
S&H
Add $.50 for each album ordered to cover

> \e
4 costs of mailing and shipping. Georgia residents add
% sales tax. Mail with check or money order to address

below.
*See ad for varying prices on Assembler, Text Editor, and
Personal Data Base Sof-Disks.

Norcross, Georgia 30071 for delivery.
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Julian Hirsch Audio Reports

Sanyo Model TP1030

fully

automatic

direct-drive dc servo

turntable

= Sanyo's  Model
- TP1030 fully auto-
 matic, single-play
_ record player is
t operated by a di-
rect-drive brushless dc servo motor at
33V or 45 rpm. Its silver-colored mo-
torboard contrasts aftractively with a
walnut-veneer wooden base. A
hinged, clear plastic dust cover tops
the unit, which is supported on four
softly sprung feet to provide isolation
from conducted vibration.

Overall size, with cover lowered, is
18%"W x 15"D x 5%"H (47.3 x 38.1
X 14.9 cm), and weight is 14 Ib 2 oz
(6.4 kg). Suggested price is $170.

General Description. The record
player's principal operating controls
are four pushbuttons, two of which are
for adjusting the tonearm’s set-down
point for 7" or 12" records. When the
START/CUT button is pressed lightly,
the motor and tonearm are activated
and play begins. At end of play, the
tonearm returns to its rest and the mo-
tor shuts off. A second touch of the
START/CUT button at any time during
play initiates the shut-off cycle. The
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remaining button, labelled REPEAT,
latches in place when pressed and
causes the record to be repeated in-
definitely untit cancelled by the
START/CUT button.

The 12" aluminum-alloy plaiter has
four rows of stroboscope dots cast
into its rim, where they are illuminated
by a neon lamp. Two small buttons,
each with a thumbwheel vernier
speed control nearby, select the oper-
ating speed. A red LED near each
control indicates the speed in use at
that particular time.

The tonearm, an S-shaped alumi-
num tube, is fitted with the standard
Japanese four-pin plug-in head shell.
It is balanced by a threaded counter-
weight that also carries the stylus
force scale, calibrated from 0 to 3
grams at 0.25-gram intervals. A small
lateral balance counterweight extends
from the tonearm’s pivot support, at
right angles to the main axis of the
arm. Itis to be adjusted so that a front-
rear tilt of the record player does not
cause the tonearm to drift in either di-
rection. An antiskating dial and cueing
lever are on the motorboard near the
base of the arm.

Laboratory Measurements. We
installed a Shure M95ED cartridge in
the tonearm for our tests. Cartridge in-
stallation instructions state that stylus
overhang (beyond the center of the
turntable spindle) should be set to
19/32” (15.1 mm) for minimum track-
ing error. We found it impossible to do
this with the required accuracy by
purely visual means. We eventually
used an external stylus protractor to
check the tracking error as the posi-
tion of the cartridge in the shell was
varied. The final setting was with the
stylus 50 mm from the reference sur-
face where the headshell contacts the
arm. (This is a more or less standard
dimension in tonearms of this type
and is much easier to set up than us-
ing the method called for in Sanyo’s
instructions.)

When properly adjusted, the tone-
arm has a very low tracking error,
which did not exceed 0.5°/in. over the
playing surface of a 12" record and
was typically not more than 0.3°/in.
With the tonearm balanced according
to instructions, the calibrations of the
tracking-force scale on the counter-
weight were within 0.05 gram of the
actual force at all settings.

At the lowest normal tracking
forces, on the order of 1 gram, anti-
skating compensation was not suffi-
cient to give identical waveform clip-
ping in the two channels on heavily
modulated passages, even when set
to full scale. Increasing the tracking
force by 20% or so should solve the
problem, however. A second minor
nuisance is that the tonearm cueing
device allows the arm to drift exces-
sively when raised and lowered again.
With care, the error can be heldto 3 or
4 second’s worth of repeated music,
however, the cueing is but marginally
useful. In addition, since the rest does
not restrain the tonearm from lateral
motion unless the locking clip is in
place, it is possible to send the stylus
skidding across a disc or the empty
platter.

The effective mass of the tonearm,
less cartridge, was 20 grams, a typical
figure for this type of arm. Capaci-
tance to ground in each signal chan-
nel was about 120 pF and interchan-
nel capacitance was 5 pF. These fig-
ures indicate that the tonearm is well-
suited for use with almost any car-

POPULAR ELECTRONICS




WHY CUT ?
WHY STRIP ?
WHY SLIT?

WHY NOT...

\‘

FOREIGN
PATENTS

e AWG 30 Wire PENDING
¢ 025” Square Posts
e Daisy Chain or Point To Point
¢ No Stripping or Slitting Required
«..JUST WRAP m....

¢ Built In Cut Off *® o
¢ Easy Loading of Wire $ 9 5
¢ Available Wire Colors: , :

Blue, White, Red & Yellow

JUST WRAP TOOL WITH
=== ONE 50 FT. ROLL OF WIRE
COLOR PART NO. U.S. LIST PRICE
BLUE Jw-1-B $14.95
WHITE JW-1-W 14.95
YELLOW JW-1.Y 14.95
REC JW-1-R 14.95
REPLACEMENT ROLL OF
E WIRE 50 FT.
BLUE R-JW-B 2.98
WHITE R-JW.-W. 2.98
YEL.OW R-JW-Y 2.98
RED R-JW-R 2.98 N

DAISY CHAIN POINT TO POINT

@ MACHINE & TOOL CORPORATION 3455 CONNER ST., BRONX, N.Y. 10475 (212) 994-6600/ TELEX 125091

*MINIMUM BILLING $25.00 / AD SHIPPING CHARGE $2.00/ NEW YORK CITY/STATE RESIDENTS ADD APPLICABLE TAX. -
CIRCLE NO. 38 ON FREE INFORMATION CARD




Performance Specifications

Specification Rating Measured
Speed control range +4% +5.2% to —6.2% at 33%arpm
+4.2% to —4.8% at 45 rpm
Wow and flutter 0.03% wrms 0.06% wrms
+0.08% weighted peak
S/N ratio 60 dB
Rumble —70dB DIN “B” —34 dB unweighted NAB
—55dB ARLL
Tonearm tracking error +1.5deg Less than 0.5” /in.
Stylus pressure forcerange 0to3g Confirmed (error less
than 0.05 g)
Overhang 15 mm See text

tridge, since additional capacitance
can be supplied if required.

Turntable speeds could be adjusted
over a range of +5.2% to —6.2% at
33V rpm and from +4.2% to —4.8%
at 45 rpm. The speeds did not change
detectably with extreme line-voltage
shifts. Turntable rumble was —34 dB
(unweighted NAB) or —55 dB with

ARLL weighting. Weighted rms flutter
was 0.06% and weighted peak flutter
was 0.08%.

Operation of the record player was
smooth and quiet, and the automatic
cycling times were considerably short-
er than we have observed on many
automatic turntables. Time from
touching the START button to cartridge

set-down on the record’s surface, was
about 8 seconds, and automatic shut-
off time was 9 seconds.

Isolation afforded by the soft mount-
ing feet was about average for a di-
rect-drive turntable. Moderate trans-
mission resonances were found at 27,
64, and 190 Hz, but isolation was
complete above 300 Hz.

User Comment. The TP1030 of-
fers an impressive array of features
for a budget-priced turntable. These
include direct drive, vernier speed
control, automatic operation, repeat
operation, and a laterally balanced
tonearm. Its most apparent weak-
nesses, the inaccurate antiskating
compensation and cueing device, will
prove unimportant to many users and
have been encountered on much
more expensive record players as
well. its virtues, which include smooth,
convenient automatic operation and
very good overall performance, com-
bine with its strikingly low price to
make the TP1030 a fine value.
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Empire Model

EDR.9

extended dynamic
response phono cartridge

. y 3 Empire’'s new top-
mnsm« o i

of-the-line phono

- cartridge is the
3 e . “Extended  Dy-
" namic Response”
Model EDR.9. Although it is a varia-
ble-reluctance moving-iron cartridge
like others in Empire’s line, the EDR.9
features a new inertial stylus damping
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system and has been designed to be
relatively immune to capacitive load-
ing effects. In addition to its low-induc-
tance coils and “tuned-stylus” sys-
tem, the cartridge has a “Large Area
of Contact” (L.A.C.) stylus tip that is
Empire’s equivalent of Shibata-
derived styli originally developed for
playing CD-4 discs and is now used

by most manufacturers in their top
cartridges. This type of stylus offers
an attractive combination of outstand-
ing high-frequency tracking ability and
reduced record wear for stereo use.
The EDR.9 has a swing-away sty-
lus guard on its replaceable stylus as-
sembly. It is elaborately packaged
with a stylus brush, vial of stylus-
cleaning fluid, small screwdriver, and
mounting hardware in a handsome
clear-plastic cylindrical holder. The
whole is contained in a black leather
case. Suggested retail price is $200.

General Description. Like other
Empire cartridges, the EDR.9 has four
magnetically shielded coils embedded
in its plastic body. Three fixed mag-
nets channel flux through the pole
pieces of the coils. The rear portion of
the aluminum stylus cantilever’s tube
is attached to a low-mass hollow fer-
rous tube that fits between the four
pole pieces. As the stylus follows the
groove modulation, the iron armature
modulates the flux between the pole
pieces, inducing wvoltages in their
coils. The coils are connected in two
series pairs to form the stereo-chan-
nel electrical outputs.

A distinctive feature of the EDR.9 is
its low-inductance (about 250 mH)
coils that make its frequency re-
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YOU ASKED FOR IT
- YOU GOT IT

DSI QUIK-KIT®

S50 HZ — 550 MHZ COUNTER KIT

95% ASSEMBLED - 100% TESTED
Performance You Can Count On

FREQUENCY COUNTER APPLICATION:

e Ham Radio — Two Way Radio — CB

o Audio Amplifier & Receiver Repair

« Computer Maintenance & Construction
e A Must for TV — PLL & VTR Repair

$9995 includes built-in

MODEL 3550K Pre-Amp & Prescaler

s 3550 550,MHz - Frequency Counter

S0k~ 2O MH, %R S50 MK

NS ST AN B AP PP

DS! OFFERS THE BEST OF TWO WORLDS . ..

An unprecedented DSI VALUE. .. in ahigh guality, LSI Design, Every 3550 QUIK-KIT® PC board is
50 HZ to 550 MHZ frequency counter kit. And, because it's factory assembled and tested before shipment.
a DSI innovation, you know it obsoletes all competitive _ The problems of bad LED’s, IC’s, and
makes, both in price & performance. Capacitors are a thing of the past. No

manufacturer except DSI offers a 550 MHZ
frequency counter with . . . 8 digits, .5 in. LED’s,
TCXO, 1 HZ resolution and aone year warranty

With 95% of the assembly compieted by DSI, you are only
one hour away from solving all of those difficult bench

problems, from adjusting 60 HZ clock-time bases to setting on parts for under $100.00. We da ndt
the frequency of a 468 MHZ Mobile Radio. know how long we can hold this low, low price.
(800—854-2049) (800—542-6253)
Accuracy Number Size
Model Price Frequency Over @ @ @ of of Power Size
Range TYemperature 146MHz 220MHz 450MHz Readouts Readouts Requirements
3700 | $269.95 | 50Mz-700MHz | Progortional Oven | jomy | 1omv | somv 8 Sinch | GHISYACOL | 3HxeWx 6D
3600A | $199.95 | 50MZ-600MHz | o oo Qe oo | tTOMV | 1oMv | somv 8 Sinch | GUISVAC O, | 2%"H x 8'W x 5D
1155%\?(’ :132:32 50Hz - 550MHz | 1 oo SN0 o op | 28MV | 2smv | 7smv 8 Sinch | GBSO | 2w Hx e W x5D
1 HZ Resolution to 55 MHZ « 10 HZ Resolution to 550 MHZ « .1 and 1 Sec. Gate Time e Auto Zero Blanking
: E— —— ;
T L RS Sl $99.95 = O e 3550W Wired ............. $149.95
HEON0 ANt e 3e % 0 s P o 3.95 DSI INSTRUMENTS, INC. T-101 (lnCI) .................. NC
AC'g AC Adp R o S7EN ok (X 7-95 7924 Ronson Road, Dept G AC'g (lnCl) .................. NC
Shipping, Handling, Ins. ...... 10.00 San Diego, California 92111 Shipping (incl.) ............... NC

TYERMS: MC — VISA — AE — Check — M.O. — COD in U.S. Funds. Orders outside of USA and Canada, please add $20.00 additlonal to cover air shipment, California residents add 6% Sales Tax
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Composite response and crosstalk for left and right channels.

sponse relatively independent of load
capacitance. Most magnetic car-
tridges have 500 to 750 mH of induc-
tance, which inevitably resonates with
the capacitance of the interconnecting
cable and amplifier input to modify the
frequency response in the uppermost
audible octave. Cartridge designers
usually use this electrical resonance
to equalize the mechanical resonance
of the stylus system and obtain a rea-
sonably flat overall frequency re-
sponse. This results in a more or less
critical dependence on a specified
load capacitance, which is not always
under the control of the user, if one is
to obtain the rated frequency re-
sponse of the cartridge.

Another departure from convention-
al practice is the EDR.9's “tuned-
stylus” system. Mechanical reso-
nance of the stylus is unavoidable, oc-
curring as it does between the compli-
ance of the vinyl material of the record
and the effective mass of the stylus,
referred to the tip. If it is left unmodi-
fied, a response peak is produced at
some high frequency. This resonance
is normally damped by a rubber-like
elastomer that supports the stylus’
cantilever and often serves as its piv-
ot. However, if enough damping is
used to flatten out the response, tran-
sient performance of the cartridge
may be impaired. Another problem is
that the characteristics of these damp-
ing materials can change with time
and variations in temperature.

Empire has designed a miniature
inertial damper into the EDR.9's stylus
cantilever system. It is analagous to
the tonearm damping systems used
by many manufacturers where the
counterweight mass and support
compliance forms a resonant “trap”
that can greatly reduce the amplitude

of the low-frequency resonance of the
tonearm/cartridge system between
total system mass, referred to the sty-
lus tip, and the compliance of the sty-
lus cantilever system.

There is a miniature iron bar at the
rear of the cantilever. It is coupled to
the aluminum tube by a compliance
that permits it to resonate at a fre-
quency that reduces the amplitude of
the main cantilever’s resonance, with-
out employing excessive damping.
The damping characteristics of the
cantilever have been chosen to give
the desired flatness in overall re-
sponse without a critical dependence
on electrical circuit resonance. (Elec-
trical resonance should occur well
above the audio range because of the
cartridge’s low inductance.)

Finally, the stylus tip is shaped to
provide a large area of contact with
the side of the groove wall, while re-
taining a very small radius along the
direction of groove travel for good
high-frequency tracking ability. A
nude diamond is mounted to the hol-
low aluminum cantilever to minimize
the effective mass of the tip.

Laboratory Measurements. We
tested the cartridge in a tonearm
whose mass was 20 grams and
low-frequency resonance was be-
tween 7 and 8 Hz, with an amplitude
of about 5 dB. We used the 100-pF
load capacitance in parallel with
47,000 ohms of resistance on which
the cartridge’s performance specifica-
tions are based. We also measured
frequency response with a total capa-
citance of 335 pF, which is typical of
actual operating conditions in many
record-playing systems. The only ef-
fect of the higher capitance was to in-
crease the cartridge’s output by about

1T | 1 hf s CEHT T s 2 dB at frequencies above 10,000 Hz.

L2 f BN i N I = The response with the CBS

H £ . +i s B o STR100 test record confirmed Em-

® i ; i T e T S pire’s test data. There was a moder-
z R i ‘ NENK LT R ate, broad rise of about 2.5 dB in the
§ } I_ : = et ”—‘_: A nenEe==rw response curve, centered at 10,000
g - RN [EMerREEaRlD] SEEEN e Hz. Relative to the 1000-Hz level, the
FIREREE N B j Bt le |” HFf M. frequency response of the cartridge
INEI A I L EL b ;: was within =2 dB from 20 to 20,000

1 — JQ! - s : ’:\ T ) 7/ : Hz. Channel separation was very

1] T — Al TN /T good, measuring typically 25 to 30 dB

IR ; Al odogrl A~ i 1,,'Jf,"‘_ R or more in the midrange, 20 to 27 dB

AN A2 2 R IR RN TN =S B DSE NN I3 '1‘ = at 10,000 Hz, and about 15 dB at

20,000 Hz. Very similar frequency-
response measurements were ob-
tained using B&K 2009 and JVC 1007
test records. Since the EDR.9 is rated
to respond out to 35,000 Hz, we test-
ed its response with a JVC 1005 rec-
ord, which sweeps from 1,000 to
50,000 Hz. The output was flat within
=+ 2 dB up to about 40,000 Hz, where
separation was about 12 dB.

When the cartridge was operated at
its 1.25-gram maximum rated force, it
was able to track the 80-micron level
of the German Hi Fi Institute record as
well as 30-cm/s, 1000-Hz tones. Very
high-level, low-frequency tones could
be tracked at the 0.75-gram minimum
rated force. Measured with the CBS
STR160 record, the vertical stylus an-
gle was a relatively high 30°. The out-
put of the cartridge, using the 3.54-
cm/s standard-level bands of our
STR100 record, was 3.75 mV/chan-
nel with the channels balanced to
within 0.8 dB.

Tracking distortion was measured
with Shure’'s TTR102 and TTR103
test records. The TTR102 is an IM test
record, with frequencies of 400 and
4000 Hz. IM distortion measured a
low 2.2% at 6.7 cm/s, which is very
close to the residual on the record. It
increased Iineérly with velocity to 11%
at 27 cm/s. The TTR103 tests
high-frequency tracking ability with
specially shaped 10,800-Hz tone
bursts. The distortion was a low 0.7%
at 15 cm/s, which increased linearly
to 2.5% at 30 cm/s. Although it is dif-
ficult to correlate these distortion mea-
surements with audible effects, this
gradual increase in distortion is pref-
erable to the condition where it re-
mains low up to some critical velocity
where mistracking occurs and distor-
tion increases sharply. The EDR.9
never exhibited any severe mistrack-
ing in our tests.

Response to the 1000-Hz square
waves on the CBS STR112 record
was consistent with the measured fre-
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that professionals
computer I res eCto get excited about the Compucolor IL

It’s a totally-integrated 8080A system
Compucolor I with full color graphics display, built-in 51K
® mini-disk drive, and the best ccst performance

ratio available in a personal computer.

The complete system is only $1495* And that price includes 8K user RAM, RS-232C
compatibility and random access file capabilities.

Our 8 foreground and backgrourd colors will boost your comprehension, whi'e
introducing you to an exciting new dimension in BASIC programming. The vector graphics
have 16,484 individually-accessible plot blocks. And the 13" diagonal measure screen gives
you 32 lines of 64 ASCII characters. You also have the flexibility that comes with 16K
Extended Disk BASIC ROM.

Compucolor II offers a number o: other options and accessories, I:ke a second disk
drive and expanded keyboard, as well asexpandability te 32K of user RAM. Of course we also
have a whole library of low-cost Sof-Disk™ programs, including an assembler and text editor.
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the Compucolor IL — | Corporation
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*U.S. Domestic price
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Performance Specifications

Specification

Frequency response

Rating

20-35,000Hz =1.75dB

Measured

20-35,000 Hz =2 dB

Separation 20 dB at 20-500 Hz —
30dB at500-15,000Hz  Confirmed
20 dB at 15-20,000 Hz Confirmed (see graph)
Compliance 28 x 106 cm/dyne —
Tracking 38 cm/s at 1000 Hz Not checked
and 0.9 gm
Channel balance 0.75dB at 1000 Hz 0.8dB
Tracking angle 20° 30°(STR160)
Load impedance 47,000 ohms —
Load capacitance 100to 150 pF Confirmed
Output 0.9 uV/cm/s 1.06 pV/ecm/s
Inductance 250 mH —

quency response of the cartridge. Ex-
cept for a single cycle of ringing at a
relatively low frequency of about
10,000 Hz, the square wave was re-
produced perfectly. The high-frequen-
cy “ringing” that appears throughout
the entire square wave is a character-
istic of this record, and can only be
seen with a cartridge whose response
extends to 40,000 Hz.

User Comment. As we interpret
our frequency-response measure-
ments of the Empire EDR.9, the
tuned-stylus system has the expected

-effect of replacing the normal single

high-frequency cantilever resonance
by two lower amplitude peaks, above
and below the original resonance fre-
quency. The cartridge’s inductance
and load capacitance roll off the upper
peak, but the lower peak remains to
some degree and can be seen as the

rise inresponse at 10,000 Hz.

Because of the rather low ampiitude
(about 2.5 dB) of this rise, no signifi-
cant coloration of the sound is pro-
duced. We played the CBS STR140
Pink Noise test record with this car-
tridge and with another whose re-
sponse was virtually flat up to 20,000
Hz, and could not hear any differ-
ences in tonal balance or high-fre-
quency emphasis. The EDR.9 has the
smooth, effortless sound that is a hall-
mark of a flat-responding cartridge
with high tracking ability.

When we played Shure's “Audio
Obstacle Course” records, the EDR.S
had no difficulty at level 4 of each of
the sections of the ERA |l and ERA IV
discs. At the maximum 5 level of most
of the bands on both records, we be-
gan to hear traces of strain, indicating
the onset of mistracking, although the
bass drum of ERA lll and the flute and

harp solos of ERA IV were played at
level 5 without difficulty. This behavior
is consistent with our tracking distor-
tion measurements.

The cartridge does not suddenly
mistrack and distort at some high re-
corded level. Instead, its distortion in-
creases gradually and imperceptibly,
until one is finally aware of it only as a
strain rather than a harshness. Since
few, if any, music records have the ex-
treme velocities found on the test re-
cords, it is probably safe to say that
the EDR.9 will never be driven even
close to its limits by any commercial
music record.

In our opinion, the Empire EDR.9
sounded as good as, though not nec-
essarily better than, any other car-
tridge we have used. We made com-
parisons against several competitive
cartridges (in the same and higher
price range) without hearing any defi-
nite points of superiority or inferiority
from any of them.

If sound, per se, is not a deciding
factor, the EDR.9 still offers a distinct
advantage over most other moving-
iron cartridges. For all practical pur-
poses, it is not affected by changes in
load capacitance. One need have no
special concern with using low-
capacitance cables (most record play-
ers today are so equipped), nor is
there any need to add capacitance to
the phono inputs of an amplifier to flat-
ten out the cartridge’s response. The
EDR.9 cartridge should perform in
anyone's music system just as it does
on the test bench, and that is not an
insignificant feature.

CIRCLE NO. 1020N FREEINFORMATION CARD

Ace Audio
subsonic filter

Model 4000
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m Ace Audio has de-

~ veloped a simple

i active  subsonic
| N fiter that is avail-
able in both kit

form and factory wired. Called the
Model 4000, it is powered from its own
built-in ac power supply, which can be
connected for use on either 120- or
240-volt, 50- or 60-Hz power. It has
unity gain and very low distortion and
noise and is designed to be inserted
into an amplifier tape monitoring path
or between the preamplifier and pow-
er amplifier. The filter has a negligible
effect on response in the audible fre-
quency range of the system in which it
is installed. It attenuates frequencies
below 20 Hz at a rate of 18 dB/octave.
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The Model 4000 is housed in a met-
al box that measures 6'8"W x 434"D
x 2W"H (156 x 11.1 x 7.7 cm).
Prices are $59.25 for the kit and
$89.50 for the factory-wired versions.

The active filter circuits are built
around a dual operational-amplifier IC
(Texas instruments TL 072CP). A few
discrete passive components make
up the remainder of the circuitry. To
ensure the correct cutoff characteris-
tics, the capacitors in the filter circuit
have 5% tolerances and the metal film
resistors are 1% tolerance.

There are no controls to adjust on
the filter. The only external features of
the Model 4000 are the four phono
jacks for the inputs and outputs of
both channels and an ac receptacle
on one side of the chassis.

The filter we tested was built from
the kit. Assembly was simple and
straightforward, involving about 25
steps. Assembly took 1Y% hours.

Laboratory Measurements. The
filter easily met its specifications and
in most cases surpassed them by a
wide margin. Our tests were per-
formed with a standard IHF load on
the outputs (a 10,000-ohm resistor,
shunted by a 1000-pF capacitor). Al-
though we had no indication that the
fiter's specifications were derived
with this type of load, the load ap-
peared to have no effect on the
high-frequency response or other
characteristics.

Our frequency-response measure-
ment was limited to 5 Hz at the low
end. However, this was sufficient to
confirm the 18 dB/octave slope rating.
The response was down 15 dB in the
octave between 10 and 5 Hz and was
down only 2 dB at 20 Hz. it was flat
within +0.2 dB from 50 to 50,000 Hz
and dropped to —2 dB at 200,000 Hz.

The filter's gain was exactly 1.0, as
specified. At 1000 Hz, the input
impedance was 66,000 ohms (rated
at 47,000 ohms), shunted by 50 pF.
The unweighted hum and noise were
too low to measure, being less than
100 wV (—80 dBV) at the output.

The distortion of the filter at 20 Hz
was essentially that of our signal gen-
erator, or about 0.023% up to 5 volts
output. Only at the maximum rated
output of 8 volts could we measure
any increase, at which point it was
0.034%. The 1000-Hz distortion was
less than 0.008% up to 5 volts and
0.0088% at 8 volts. At 20,000 Hz, we
noted the first signs of a measurable
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ice chests
obsolete!

Your ice chest is a nuisance. You have
to buy ice every day (if you can find it.)
Throw away the spoiled, soggy food.
Drain repeatedly. Con-
ventional portable refri-
gerators, on the other
hand, are heavy, noisy,
drain your battery too
fast and need to be kept
level.

Now there's a dramatic =
advance in refrigeration "
for outdoor use that
outmodes all existing E
methods. |

USES AEROSPACE RE-
FRIGERATION MODULES

The Koolatron portable cools
electronically with miniature
thermoelectric modules no big-

ger than your watch. No coils, com-
pressors, motors — just a quiet fan to

dissipate the
ﬁq
o
/

heat. These
same powerful
solid-state
modules are
used to cool
critical space
satellite com-
ponents — be-
cause they're
absolutely reli-
able...with-
stand shaking,
jolting, tilting
...are small,
lightweight,
cause minimal
battery drain.

IDEAL FOR CARS, BOATS, VANS, RVS
Ideal for fishing and hunting — now bring
your catch back really fresh! Take the
unit on car trips, to drive-in movies, auto
races, grocery shopping, and more. With
an inexpensive battery charger, use it at
home or on vacation as a portable bar or
patio fridge. Many use it on the job —to
carry refrigerated samples, film, on
long-distance hauls, etc.

Koolatron is the ultimate in portable
refrigerators. Maintains the same 40°-
45°F. temperature as your home refri-

erator — even in torrid 95°F. weather.

of food. Plug it into the lighter socket

olds over 40 beverage cans or 40 |bs. .

Portable refrigeration
breakthrough makes

Koolatron
portable keeps
40 Ibs. of food
at household
refrigeration
temperature.
Only 21" x 16" x
16", weighs just
15 ibs. Adjust-
able thermostat
model F1A
shown.

in your vehicle or boat or operate it
from a 12-volt battery charger on 110 volt
AC power. Only draws about 2 amps
average at 70°F. — never more than
4 amps.

CHECK THESE QUALITY FEATURES:
Rugged ABS case, efficient foam in-
sulation. — Non-rusting hinge, latches,
fasteners. —9-foot cord to plug into
cigaret lighter.— Terminals for use with
battery charger on AC power.— Reverse
polarity warning light and buzzer. — Do-
it-yourself fan replacement — no other
service should ever be required.
Complete instructions...helpful hints.
1-YEAR GUARANTEE plus no-risk trial
offer.

KOOLATRON PORTABLE PAYS

FOR ITSELF

If you are regularly using ice, your
Koolatron portable will pay for itself
with the money you save on ice, spoil-
ed food and fish catches, restaurant
bills and gasoline used hunting for ice.
So don't waste another dollar on ice...

Phone your order in now collect to

(705) 737-0842

Or mail this order coupon today to
Koolatron Industries Limited,

56 Harvester Ave., Batavia, N.Y. 14020
In Canada: 230 Bayview Dr., Barrie, Ont.
L4N 4Y8.

§ Xoolatron
INDUSTRIES
BLMmiTED
56 Harvester Ave., Batavia, N.Y. 14020
(Canada: 230 Bayview Dr., Barrie, Ontario L4N 4Y8)

Dept 646

Send me ____ Koolatron fixed temp. model F1 @
B $159.00 (Canaca $179.00) + $7.00 each handling/
l delivery (N.Y. & Ont. residents add sales tax).

For an additional $10.00 you can order the
l Koolatron gortable with an adjustable thermostat

— order Model F1A.

0O | want model F1A and have added $10.00.

| understand | may return either item undamaged

within 21 days and get a full retund if | am not
l satisfied. | enclose my

O check O money order for $
Or, please charge my

0O Vvisa 0O Mastercharge O American Express.
Acct. No.
Expiry date [ Send brochure only
Signature
{necessary to ship merchandise)
Name
Address.
City
State Zip
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Infrasonic Filtering

Many people concerned with ‘“real
world” system aspects of high-fidelity
music reproduction recognize the prob-
lems created by record warps, which are
always present to some extent—they can
introduce huge infrasonic signal compo-
nents into the amplifier.

Aside from the effects on sound quality
of warps, the result being a function of
the tonearm and cartridge, infrasonic sig-
nals can easily overdrive a power amplifi-
er. Even if the amplifier can handle these
signals, the cone of a woofer can easily
be driven into its nonlinear operating re-
gion. In extreme cases, when a very
powerful amplifier is used, it is possible to
damage the speaker with this unwanted
energy. Similar effects can occur from
turntable rumble, tonearm and cartridge

resonance, or simply by dropping the
pickup onto a record with the amplifier's
gain turned up.

A practical approach to the problem re-
quires that the system response be limit-
ed to the audible range to avoid difficul-
ties. But don't be misled by a lowcut filter:
they're often mislabeled “subsonic.”
These filters usually have a slope of 6
dB/octave below cutoff. If such a filter is
to provide a worthwhile attenuation in the
frequency range below 10 Hz, where
most warp energy is concentrated, its 3-
dB-down response frequency must be
well up in the midbass region. As a mat-
ter of fact it is not uncommon for an am-
plifier's frequency response to be affect-
ed at frequencies as high as 150 or 200
Hz. This is clearly undesirable. Using

such a filter is akin to “throwing out the
baby with the bath water.”

Some of the more sophisticated filters
use more complex circuits that give
slopes of 12 or even 18 dB/octave. If
properly designed, such a filter can in-
deed be highly effective in removing the
effects of rumble or record warps with no
effect on audible rumble content.

In the Ace Audio Mode! 4000 active fil-
ter, each channel uses one half of a Tex-
as Instrument TL 072CP FET op amp. A
direct wire connection from output to in-
verting input establishes the circuit gain
at unity. The feedback network, using
precision capacitors and resistors, pro-
vides a true 18 dB/octave cut-off slope
with very low distortion and noise in the
audible band.

distortion level, which increased
smoothly from 0.01% at 1 volt to
0.075% at 8 volits. The measured in-
termodulation (iM) distortion was the
0.002% residual of our Crown IM
analyzer at most output levels. it rose
to 0.005% at the rated 8-volt output.
These measurements confirm that the
Model 4000 is a truly distortioniess
component with relationship to the
rest of the audio system.

User Comment. We connected the
Model 4000 into the tape-monitoring
loop of an ampilifier and used it for lis-
tening tests with a number of records.

During our listening tests, we noted
that the fiiter contributed absolutely no
audible noise to the system. There
was also no evidence of turn-on
thumps or other transients. To see as
well as hear the effects of the filter, we
removed the speaker grilles and
ptayed some heavily warped records,
which caused the woofer cones to
move in and out rather alarmingly. At
maximum listening volume, the am-
plifier's power meters indicated that
we were driving it to its full rated out-
put of 50 watts and sometimes
beyond. The sound was muddy and
occasionally broken up by the over-

Performance Specifications
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Specification

Gain Unity

Rating

Measured
1.0

Frequency response

Slope
Harmonic distortion

IM distortion

Siew rate

Input impedance
Output impedance
Output voltage
Output load

Hum & noise
Line voltage

Power consumption

—-2.5dB at20 Hz
—1.0dB at 100 kHz
18 dB/octave
0.025% at 2 V out,
20-20000 Hz (typ-
ically 0.02%)
0.025% at 2 V out
8 V/pus typical
47,000 ohms

150 ohms

8 V max.

2000 ohms min.

—90 dB (no reflevel)

120 or 240 volts,
50 or 60 Hz ac
3 watts

—2.0dB at 20 Hz
—0.6dB at 100 kHz
Confirmed
Confirmed

0.002% at 2 V out

Not measured

66,000 ohms, 50 pF

3 ohms

10.3V max.
Confirmed (very cons-

ervative)
Less than ~80dB
re 1 volt, unweighted

loaded amplifier. When we switched
in the filter, the visible cone movement
ceased and the sound cleaned up
dramatically. (There was no change in
listening level.) The power meter
readings also dropped from 50 watts
or more to less than 10 watts, a vivid
demonstration of how much amplifier
power was being wasted in amplifying
infrasonic noise.

In spite of its impressive effective-
ness in eliminating infrasonic noises,
the Model 4000 was of no value in
preventing acoustic feedback when
playing records. This is because such
feedback normally occurs only in the
audible range, where speaker sys-
tems can deliver enough acoustic
power to vibrate the record player. in
that range, the filter has no effect.

The Model 4000 Subsonic Filter is
one of the more useful accessories
one can add to a phono system if the
amplifier does not presently include a
sharp-cutoff iow-frequency filter (very
few do). It is the kind of device one
can plug in and forget. Even if no
switched outlet is available on the am-
plifier, the 3-watt consumption of the
Model 4000 makes it practica! to plug
itinto a powered outlet and leave iton.

If you have a number of warped re-
cords that are trackable by your car-
tridge, adding this fiiter to your hi-fi
system should give them a new lease
on life. Convince yourseif of its action
first by watching the speaker cones
(or amplifier power meters if your amp
has them) without the filter and ob-
serve the effect when it is switched in.
Then forget it and enjoy the music!
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To sell an
advanced

DMM for
under 370

we had to
cut corners.

And we sure did! First, we cut
off the dealer’s mark-up. Then
we shaved off the overhead costs
of national sales offices and
warehouses. Finally, as if that
wasn’t enough, we even cut out
the high labor costs of factory
assembly lines.

All in all, we cut over $100-
worth of corners! But not a
single one that affected the
quality and performance of our
new DMM.

Don’t let our low price fool you!

Because Sabtronics sells factory-direct —
without all the hidden charges a dealer would
track on — we can offer the superior 2010A
DMM kit for a surprisingly low $69.95.
Surprising because you get the accuracy,
features and performance you'd expect from the
high priced units.

The 2010A offers you the long-term accuracy
of a laser-trimmed resistor network, an ultra-
stable band-gap reference element and single
chip LSl circuitry — all in a compact, rugged,
human-engineered housing. With 31 ranges
and 6 functions, you can measure AC and DC
volts from 100 pV to 1000V; AC and DC
current from 0.1 pA to a surprisingly high 10A;
resistance from 0.1 to 20 M. Typical DCV
and Ohms accuracy is 0.1% +1 digit. And you
see these precise readings on a bright, 3%-digit

Briet Specifications

DC Volts: 100uV to 1000V in 5 ranges

AC Voits: 100uV to 1000V in 5 ranges

DC Current: 0.1pA to 10 A in 6 ranges

AC Current: 0.1pA to 10 A in 6 ranges

Reslstance: 0.1§1 to 20 M in 6 ranges

Diode Test Current: 0.1pA, 10pA, TMA

ACV Frequency Response: 40Hz to 40kHz

Input Impedance: 10 M2 on ACV and DCV

Overload Protection: 1200 VDC or RMS on all voltage
ranges except 250 VDC or RMS on 200mV and 2V AC
ranges. Fuse protected on ohms and mA ranges.
Power Requirement: 4.5 to 6.5 VDC (4 “C" cells)
optional NiCd batteries or AC adapter/charger
Display: 0.36" (9.2mm) Digits reading to + 1999

Size: 8""W x 6.5"D x 3"H (203 x 165 x 76 mm)

Weight: 1.5 Ibs. (0.68kg.) excl. battery

JULY 1979

LED display with automatic decimal placement
and large, 9Imm numerals.

Of course, that’s what you'd expect from a

quality DMM. But we've even added more

features for exira convenience, flexibility and

reduction of human error.

® Unique X10 Multiplier Switch — gives you
convenient push-button selection to the next
higher decade range. Hi-Lo Power Ohms
capability gives you three high-ohms ranges
that supply enough voltage to turn on a
silicon junction for diode and transistor
testing. For in-circuit resistance measurement
without turning on a semiconductar junction,
you use the three low-ohms ranges.

® Wide Frenquency Response — 40Hz to
40kHz bandwidth lets you measure audio
through ulrra-sonic AC signals.

® Touch and Hold Capability — with optional
probe, retains readings for as long as you
wish. You can make measurements in hard-

sabtronics
MODEL Z010A DIGITAL MULTIMETER

to-reach places without taking your eyes off
the probe tip or stopping to record data.

® Plus More — Auto Polarity, Auto Zero,
Overrange indication and fully overload
protected on all ranges.

And, although designed for benchtop use, the
sleek, compact 2010A is powered by 4 “C" cells
(not included), bringing wide-range lab
performance to the field when you need it.

You save either way.

Your 2010A DMM kit comes complete with
easy-to-follow assembly instructions, all parts
(including high-impact case), and test leads. You
can complete assembly in a single evening.
However, for a slight additional fee, Sabtronics
will ship your 2010A factory-assembled and
calibrated: at $99.50 it's still an incomparable
value!

Whether you're a professional or hobbyist, if
quality and accuracy are important — and
padded prices aren't — you should inspect the
2010A DMM for yourself. If you're not
completely satisfied, return it in its original
condition within 10 days for a prompt and
courteous refund of purchase price. Call us
with your MasterCharge or Visa order today,
or simply fill out the convenient order form.

Making Performance Affordable

sabtronics &;

INTERNATIONAL WINC.

13426 Floyd Circle M/S 24 - Dallas, Texas 75243
Telephone 214/783-0994

I'_To: Sabtronics international, inc. 13426 Floyd Circle M/S 24, Dallas, TX 75243 7
Please send me . . . |
Model 2010A Digital Multimeter kit(s) @$69.95 plus $4 001 shipping and handling each %
| Model 2010A Digital Multimeter Assembled @ $99.50 plus $4.00+ shipping and handling each $ |
# AC-115 AC adapler/charger(s) @$7.50 each . . . . $
1 NB-120 NiCd Battery sei(s) @$17.00/set $
| 2 THP-20 Touch and Hold Probe(s) @$18.00 each $ |
For delivery in Texas, add 5% Sales Tax PP ]
| enclose {J check [0 money order for - TOTAL $ |
or, please charge to my OVisa 0O MasterCharge: Code #
I Account No. Expiration Date: I
I Name I
Street Apt.
City Sate Zip I
l_?(:ontmentnlus onu(.Hl;l_PR 2 CaLaua:tG_so. FLe-gn 51_830 Aﬂll i _l
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hop around.

When you do,you’ll probably pick CIF.
You can’t afford to settle for
less when it comes to something like
clectronics training that could
affect your whole life.

POPULAR ELECTRONICS



When you shop around for

tires, you look for a bar-

gain. After all, if it's the same
brand, better price —why not
save money?

Education’s different.
There’s no such thing as “same
brand.” No two schools are
alike. And, once you've made
your choice, the training you
get stays with you for the rest
of your life.

So, shop around for your
training. Not for the bargain.
For the best. Thorough, profes-
sional training to help give you
pride and confidence.

k kXK
If you talked to some of our
raduates, chances are you'd
d a lot of them shopped

around for their training. They
pretty much knew what was
available. And they picked CIE
as number one.

Why you should
shop around yourself.

We hope you'll shop around.
Because, frankly, CIE isn’t for
everyone.

There are other options
for the hobbyist. If you're the
ambitious type —with serious
career goals in electronics —
take a close look at what
we’ve planned for you at CIE.

What you should look
for first.

Part of what makes elec-
tronics so interesting is it’s
based on scientific discoveries
—onideas! So the first thing to
look for is a program that starts
with ideas and builds on them!

That's what happens with
CIE’s Auto-Programmed®
Lessons. Each lesson takes one
or two principles and helps you
master them —before you
start using them!

How practical
is the training?

This is the next big impor-
tant question. After all, your
career will be built on what you
can do—and on how
well you do it.

ere are
ways some
of CIE's
trouble-
shooting
programs
help you get =
your “hands-on”
training. ..

With CIE’s
Experimental &Qf
Electronics /if
Laboratory... *
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you learn and review the basics —
perform dozens of experiments.
Plus, you use a 3-in-1 precision
Multimeter to learn testing,
checking, analyzing!

When you build your
own 5 MHz Triggered-
Sweep, Solid-State Oscil-
loscope you take your first
real professional step. You use
it as a doctor uses an X-ray
machine —to “read” waveform
patterns. . .lock themin. ..
study, understand and inter-

pret them!

When you get your
Zenith 19-inch Diagonal
Solid-State Color TV you

Pattern simulated.

apply your new skills to some
real on-the-job-type trouble-
shooting! You learn to trace
signal flow. . . locate malfunc-
tions. . . restore perfect operat-
ing standards —just as with any
sophisticated electronics
equipment! : T

When

vou work with a completely

Solid-State Color
Bar Generator—
actually a TV signal

up to ten different
patterns on your TV
screen. . . explore digi-
tal logic circuits. . . observe
the action of a crystal-con-
trolled oscillator!

Of course, CIE offers a
more advanced training pro-
gram, too. But the main point is

transmitter—you study

simply this:

All this training takes
effort. But you'll enjoy it. And
it's a real plus for a trouble-
shooting career!

Do you prepare for
your FCC License?

Avoid regrets later. Check
this out before you enroll in
any program.

For some troubleshootin
jobs, you must have your FC
License. For others, employers
often consider it a mark in your
favor. Either way, it's govern-
ment-certified proof of specific
knowledge and skills!

More than half of CIE’s
courses prepare you for the

overnment-administered FCC

icense exam. In continuin
surveys, nearly 4 out of 5 CI
graduates who take the exam
get their Licenses!

Shop around...but send
for CIE’s free school
catalog first?
Mail the card. If it’s gone,
cut out and mail the coupon. If
you prefer to write, men-
tion the name and date
of this magazine. We'll
send you a copy of CIE’s
FREE school catalog—
plus a complete pack-
age of independent
home study information!
For your convenience,
we'll try to have arepre-
sentative contact you to
answer your questions.
Mail the card or coupon —
or write: CIE, 1776 East
17th St., Cleveland,
OH 44114.

r I B I B I S . .-
Cleveland Institute

l CI of Elsctronics, Inc.

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

for the right kind of career training
in electronics troubleshooting —and
I CIE sounds well worth looking into.
Please send me my FREE CIE school
catalog —including details about
l troubleshooting courses — plus my

l 0 YES...'m shopping around

FREE package of home study

information! PE-93

Print Namc _

I Address Apt. _
City

I State Zip

l Age. _Phone

(area code)

l Check box for G.1. Bill information:
O Veteran [J Active Duty

l Mail today?

[ ]
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By Harold Wright

SPACE-AGE

ELECTRONIC

PROJECTS

FOR

BOATS part one

ODERN electronics can make op-

erating a power boat a safer, more
pleasurable experience. Various sen-
sors, distributed around your boat, per-
mit monitoring a number of things from a
single, strategically located display pan-
el. Among the things you can keep a
check on are engine rpm and tempera-
ture, fuel level and flow, battery and al-
ternator (or generator) status, stern-
drive/rudder position, gas and fume
build-up below decks, fluid levels, elc.

In this two-part article, we will be de-
scribing several projects particularly
suitable for marine monitoring tasks.
Each project is independent of the oth-
ers, which allows you to select the ar-
rangement that best suits your needs.
All projects utilize a conventional 10-volt
dc regulator to provide power from the
boat's 12-to-14-voit unregulated genera-
tor/alternator output.

Voltage Monitor. The circuit shown
in Fig. 1 employs 11 LEDs to display
battery and alternator/generator charg-
er voltage. The display indicates battery
failure, operating status of the genera-
tor/alternator charging system, and bat-

tery overcharge. (If undetected, an over-
charge condition can cause the battery
to “‘cook,” damaging the plates and pro-
ducing potentially explosive hydrogen
gas. Excessive voltage from the charg-
ing system can also damage other elec-
trical/electronic equipment connected to
the power line.)

The circuit is built around National
Semiconductor's LM3914 dot/bar driver
IC as a basic expanded-scale voltmeter.
It has a range of 4.4 to 5.6 volts. Adjust-
ment of R3 produces a displayed range
of from 11.35 to 14.5 volts on the 10
LEDs associated with /C1. Most manu-
facturers recommend a “normal” output
of 14.5 volts for a properly charging gen-
erator/alternator.

The overvoltage warning indicator
uses an 18-volt zener diode, D1, to trig-
ger Q1 into conduction if this potential is
exceeded on the unregulated power
line. When Q17 conducts, OVERVOLTAGE
LED11 comes on. ifdesired, LED11 can
be replaced by a flasher circuit such as
that shown in Fig. 2, or Q7 can be used
to drive a Sonalert No. SC628 or similar
audible alarm.

The unregulated dc voltage from the

A variety of electronic
indicators toimprove
safety and convenience
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boat's electrical system is-maintained at
10 volts by IC2. This potential was se-
lected so that regulation occurs whether
the boal's engine is running or stopped.
The regulator can be used as the 10-volt
source for all circuits described in this
article. A GE-MOV V27ZA60 or similar
suppressor can be installed between the
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Fig. 2. Overvoltage indicator
has a flash rate of 1.5 Hz.
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regulator’s input and ground for voltage-
spike protection.

A color-coding scheme should be
used for LED1 through LED10 to simpii-
fy interpreting the display. Therefore,
LED1, LED2, LED3, and LED11 shouid
be red to gain your immediate attention.
Since LED4, LED5, and LEDSG indicate
“‘caution” conditions, they should be yel-
low. Safe voltage levels are indicated by
LED7 through LED10; hence, these
LEDs should be green.

Circuit construction is neither critical
nor complicated. Except for the LEDs,
all components can be mounted on per-
forated board or on a printed-circuit
board of your own design. In either case,
it is a good idea to use sockets for the
ICs. The 11 LEDs should be mounted on
a separate panel, with each LED identi-
fied according to the voltage it repre-
sents. (LED11 should be identified by
the legend OVER or Ov for overvoltage.)
The display panel itself should be hood-
ed and faced with a neutral-density filter
to permit seeing it in daylight. Incidental-
ly, since IC1 can deliver up to 30 mA,
small incandescent lamps can replace
the LEDs for better visiblilty.

PARTS LIST (Fig. 1)
D1—18-V. 1-W zener (IN3026B or similar)
IC1—LM3914 dot/bar driver (National)
1IC2—10-V. 1-A posilive voltage regulator

(LM340T10 or similar)
LEDI. LED2. LED3. LED!!—Discrete red
. LED
LED4.LEDS LED6—Discrete yellow LED
LED7.LED8.LED9.LED10—Discrete green
LED
Q1—2N2222 transistor
R1—200-0hm. pc muititurn trimmer pot
R2—1200-0ohm. ¥2-W resistor
R3.R5—1000-0hm. pc multiturn trimmer pot
R4—3400-ohm, V2-W resistor
R6—470-ohm, Y2-W resistor
R7—100-0hm, ¥2-W resistor
R8-10.000-chm, ¥2-W resistor
Misc.—Perforated or printed-circuit board;
suitable enclosure; IC sockets (optional);
light hoad: red filter; etc.

PARTS LIST (Fig. 2)
Cl1—4.7-pF. 15-V clectrolytic
C2—0.01-pF disc capacitor
1C3—555 timer
R9—1000-ohm, ¥2-W resistor
R10—100.000-ohm. Y2-W resistor
R6.R7,.R8. DI. LEDI1. QI—Same as Fig. 1

PARTS LIST (Fig. 3)
C1—0.001-pF disc capacitor
C2—0.05-pF disc capacitor
IC1—LM 1830 fluid detector (National)
LEDI—Bright red LED
R1—470-ohm. ¥2-W resistor
Misc.—Suitable stainless probe; cable; 10-V

regulated de source; ete.

Lead dress is not critical, but to avoid
any possibility of oscillation, all-ground
leads should go to pin 2 of ICT.

Once the project is assembled, con-
nect a precision dc voltmeter between
pins 4 and 6 of IC1 and adjust R1 for a
reading of 1.20 volts. Then connect the
voltmeter between pin 5 and ground and
adjust R3 for a reading of 4.94 volts. Ad-
just RS until LED5 comes on.

Cl
LQO0{pF
| 7

14 +10v
REG.
Son
IC!
LMIB30

lI;E[)I \\“

METAL TANK

Fig. 3. Low-level detector flashes
LED when probe in tank is exposed.
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Now, using an adjustable dc power
supply, set its output voltage to 14.5
volts and make sure that IC2 is deliver-
ing 10 volts at its output. Adjust R3 until
LED10 (14.5 voits) comes on. As the in-
put to the project is varied from 11 to
14.5 volts, the LEDs should progressive-
ly light. Set the input to 18 volts and veri-
fy that LED11 (or optional flasher)
comes on or the audible alarm sounds.

Fluid-Level Indicator. Fluid level
monitoring is important in a boat. You
should always know, for example, the
water level in the expansion tank of the
engine's heat exchanger, the level inthe
galley’'s fresh-water tank and in the
bilges, etc. The circuit shown in Fig. 3 is
suitable for low-water-level monitoring.
The IC contains a voltage regulator, os-
cillator, detector, and an output transis-
tor capable of driving a LED, audible
alarm, or low-current relay.

Conventional water tanks are usually
metal-cased and grounded to the electri-
cal system, which simplifies the job of
sensing water levels. As shown in Fig. 3,
when the probe tip is immersed in the
water, the circuit is in a static state. How-
ever, when the water level drops and ex-
poses the probe tip, the probe-to-ground
circuit opens. This couples IC1's internal
oscillator signal to its internal detector
via C2, presenting an output at pin 12.
Frequency of oscillation is determined
by the value of C1, which with the value
shown is about 6000 Hz.

If the water tank is metal, only one
probe is required, since the metal tank
serves as the other element of the
probe. This circuit can be used with the
expansion tank of a closed system as il-
lustrated in Fig. 4. As long as the water
system is full, the output remains off. If
the water level drops below the probe
tip, the alarm turns on. (Note: glycol-type
coolant is not electrically conductive,
which preciudes the use of this device
where antifreeze is used.)

Four detectors can be used to keep
tabs on the level in the galley's fresh-
water tank as shown in Fig. 5. The probe
is fabricated from a length of plastic U
channel, with the probe elements them-
selves made from stainless-steel screws
that protrude through the channel at
suitable intervals. The wiring is laid flat
in the U channel and secured in place
with epoxy cement or silicone-rubber
adhesive.

The actual detector used for the multi-
ple probes is illustrated in Fig. 6. In this
circuit, when each probe tip is covered
by the water, its associated detector out-
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Fig. 4. Low-level warning device for closed system.
Washers and lug should be covered with silicone rubber.
Leakage here would produce a “full-tank” indication.

ALL
DETECTORS
SAME AS
FIG 6

oET Fuu.
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STAINLESS /
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SCREW
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EPOXY OR
SILICONE
RUBBER
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Fig. 5. Fresh water tank guage that displays
liquid level on a set of LED readouts.

put goes high and sends its transistor
into conduction to cause its LED to light.
Hence, with a full tank of water, all the
LEDs are lit. As the water level drops,
the probe tips are successively exposed
and extinguish each LED in turn. The
EMPTY LED is optional. Its probe should 1
be located in the plastic U channel so

.oo%';f;r\ 7:
13
PARTS LIST (Fig. 6) cz_L'
C1—0.002-wF disc capacitor O5uF 10
C2—0.05-pF disc capacitor
C3—10-pF, 15-V electrolytic PROBE | WATER
IC1—1.M 1830 fluid detector (Natinnal) N -

{.ED1—Bright red LED

Q1 —2N2222 transistor
R1—2200-ohm. “2-W resistor
R2—-470-0hm, Y2-W resistor
Misc.—10-V dc regulator; interconnecting ca- Fig. 6. High-wat-er detector

ble; etc. . forgrounded metal tank.
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Fig. 7. Full sewage holding tank warning system. Alarm
sounds when sewage touches stainless steel probes.
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Fig. 8. Rudder/stern drive position indicator uses same LED
readout as Fig. 1. LEDs are mounted in arc to indicate position.

———Dy \

PIVOT
(SLIDER)

POTENTIOMETER ROD

DISTANCE Dy MUST BE
LESS THAN DISTANCE Dy

+10v  MECHANICAL
REG. LINKAGE
TO RYDDER

N
N
") STARBOARD

Fig. 9. Diagram showing how to make mechanical
comnection between rudder arm and slide potentiometer.

PARTS LIST (Fig. 7)

Al—Sonalert Model SC268 (or similar) alarm

C1—0.002-pF, disc capacitor

C2—0.05-pF disc capacitor

C3—10-pF, 15-V electrolytic

IC1—LM1830 fluid detector (National)

R1—2200-ohm, ¥5-W resistor

Q1—2N2222 transistor

Misc.—Stainless probe tips; interconnecting
cable; 10-V regulated dc source; etc.

PARTSLIST (Fig. 8)

IC1—LM3914 dot/bar driver (National)
R1—5000-ohm, pc multiturn trimmer pot
R2—1000-ohm, pc multiturn trimmer pot
R3—1000-ohm, linear-taper, slider-type pot
Misc.—LEDs (see Fig. 1); 10-V regulated dc
source; three-conductor waterproof inter-

connecting cable; etc.

that the LED comes on when there is a
small safety reserve of water left.

The probes are designed to be remov-
able. This permits you to periodically re-
move built-up mineral deposits that can
produce a conductive path and lead to
false indications.

Sewage-Tank Indicator. If you do
your boating in an area where the law
requires a sewage holding tank, the cir-
cuit shown in Fig. 7 will prove to be a
handy liquid-level indicator. It employs
an audible alarm instead of a LED.

Rudder-Position Indicator. The
circuit in Fig. 8 can be a valuable asset
to any stern-drive or inboard-engine
boat. 1t allows the person at the wheel to
always know the angular position of the
rudder or stern drive. The LED display is
basically the same as that shown in Fig.
1, except that there is no LED connec-
tion to pin 10 of the IC. The LEDs are
best arranged in an arc, as shown in Fig.
8. The arc originates at the stern post of
the rudder/stern drive that is painted on
the enclosure.

The IC is wired as a basic 0-to-5-volt
meter and is calibrated by R 1. Before in-
stallation, R1 must be set so that there is
about 1300 ohms of resistance between
the terminal that connects to pin 7 of the
IC and the wiper, with the remaining
3700 ohms between wiper and ground.
The slide-type potentiometer used for
R3 is installed near the rudder and con-
nected to the IC via a length of water-
proof three-conductor cable. Its control
tab is mechanically connected to the
rudder through a short length of stiff rod,
as shown in Fig. 9. Because the rudder
arm moves in an arc, the rod must be
able to pivot slightly where it connects to
the rudder and potentiometer.

POPULAR ELECTRONICS




After assembling the electronics pack-
age, connect everything but pin 5 of the
IC. Connect a 12-to-14-volt dc source to
the unregulated input (before the regula-
tor IC in Fig. 1) and a 5-volt dc source
between pin 5 of the IC and ground, with
+5 volts going to pin 5. Carefully adjust
R1 until LEDY just lights. The brightness
of the LED will change slightly as this
adjustment is made because R1 con-
trols LED current. This is why R1 had to
be adjusted before applying power. An
incorrect setting could pump more than
30 mA into the LEDs, possibly damaging
them. Once R71 had been calibrated,
complete the connection from pin 5 of
the IC to R2 and temporarily connect R3
into the circuit. Set A3 to its center posi-
tion and adjust R2 until LED5 comes on.
This point represents dead center for the
rudder during final installation.

As the slider of R3 is moved to its pos-
itive end, LEDG6 through LED9 come on
progressively. Moving the slider toward
the grounded end of R3 causes the
LEDs to come on in descending order.

Referring to Fig. 9, the pivot point for
the drive rod must be carefully chosen.
When the rudder arm is hard right or
hard left, it must not place mechanical
stress on the potentiometer's slider. The
range of slider movement should be
slightly less than that of the pickup point
on the rudder arm.

Care must be taken to prevent the
slider of R3 from going all the way to its
stop at either end. If the arm pushed the
slider all the way to the ground end of
R3, LED1 would extinguish because a
small voltage is required to operate the
first comparator in /C1. This can be
accomplished by making distance Dy in
Fig. 9, traversed by the rudder arm pivot
point, slightly less than distance Dy. If
this is done, when the rudder arm tra-
verses the full swing from hard left to
hard right, R3's slider will move only dis-
tance D, which is the working range of
the potentiometer.

Distance D, can be found during cali-
bration. Move the slider toward the
ground end and note the point just be-
fore LED1 extinguishes. Repeat the
procedure to locate the point at which
LED9 just extinguishes at the other end
of R3. Some minor trimming might be re-
quired to produce a guard band at both
ends of the potentiometer.

Coming Up. This completes Part | of
this article. Next month, we will cover a
novel engine tachometer, a bilge-water
alarm, and protection for your equip-
ment from transient voltage spikes. <
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BY HARRY J. MILLER

ow to
DETERMINE

ANTENNA GAIN

Gain figures must have a common reference.

ONFUSION often arises when an-
tenna gain is being discussed. This
happens because gain is dependent on
a reference—a given antenna will have
varying amounts of gain, depending on
what it is being compared to. Normally,
the gain of an hf antenna is measured by
comparing it to a horizontal, half-wave
dipole. In vhf and uhf FM cemmunica-
tions, the reference for antenna gainis a
vertical half-wave dipole. However,
many manufacturers advertise gain fig-
ures for their products referenced to an
isotropic source (a theoretical antenna
that radiates equally well in ail direc-
tions). To add to the confusion, some
manufacturers rate their antennas refer-
enced to a quarter-wave ground plane.
The ground plane antenna comprises

tions. It has 1.2 dB of gain over a half-
wave dipole, 3.0 dB over a quarter-wave
ground plane, or 3.3 dB gain referenced
to an isotropic antenna.

Higher omnidirectional gain can be
obtained by using collinear arrays or a
group of stacked half-wave dipoles. For
example, four stacked vertical dipoles
will provide approximately 6 dB of gain
and an omnidirectional polar pattern.
The gain is referenced to isotropic.

When comparing two or more anten-
nas, be sure that all gain figures share a
common reference. This can be done by
adding or subtracting corrective factors.
For example, two antennas are being
considered for a fixed station. One has
4.0 dB gain referenced to an isotropic
source (sometimes denoted 4.0 dBi)

ANTENNA GAINS

Antenna Type Gain Over Gain Over Gain Over
Isotropic Ground Plane Dipole
Isotropic odB -0.3d8 -2.1d8B
Ground plane 0.3dB odB -1.8dB
Dipole 2.1dB 1.8dB odB
5 A /8 Vertical 3.3d8 3.0d8 1.2dB
4 Stacked A /2 6.0dB 5.7dB 3.9d8
dipoles
8 Stacked A /2 9.0dB 8.7dB 6.9dB
dipoles
2-Element Yagi 7.1dB 6.8dB 5.0dB
3-Element Yagi 10.1dB 9.8dB 8.0dB
4-Element Yagi 12.1dB 11.8dB 10.0dB
5-Element Yagi 14.1dB 13.8dB 12.0dB
2-Element quad 9.1dB 8.8dB 7.0dB
3-Element quad 12.1dB 11.8dB 10.0dB
4-Element quad 14.1dB 13.8dB 12.0dB

a quarter-wavelength vertical radiator
positioned over a metallic ground
plane—either solid sheet metal or an ar-
ray of radial wires. This antenna has 0.3
dB gain over an isotropic radiator. A
half-wave dipole has 2.1 dB of gain
referenced to an isotropic source, or 1.8
dB over a quarter-wave ground plane
antenna. The %&-wave vertical, which
also requires a metallic ground plane, is
commonly used in FM mobile installa-

and the other has 2.0 dB over a dipole
(sometimes denoted 2.0 dBd). Which
has more gain? Add 2.1 dB to the gain of
the antenna referenced to the dipole and
note the antenna has a gain of 4.1 dBi,
slightly better than that of the isotropic-
referenced antenna.

The accompaning table compares an-
tenna gains for some common antennas
referénced to isotropic, ground plane,
and dipole antennas. O
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a B Primer

BY JOHN C. BATTLE, N40OE

HE expression of voltage, current,

and power ratios in decibels (dBs)
is pervasive in literature about, and anal-
ysis of, electronic circuits. Therefore,
anyone intetested in electronics, from
audio through amateur radio, should
clearly understand the concept of deci-
bels. Here are decibel basics, using a
minimum of math.

Gain and Loss. The amount of output
power from a linear electronic network is
propoﬂfonal to the amount of power
present at its input. Thus, the power lost
or gained in such a network is propor-
tional to the amount of input power, as
shown in Fig. 1. When 10 watts of power
are applied to the network’s input (Fig.
1A), 9 watts are dissipated as heat and 1
watt appears at the output. When 1000
watts are applied to the same network
(Fig 1B), assuming that it can safely
handle this increased power level, 900
watts of heat will be produced with only
100 watts of output power.

The amount of power at the output of

9 WATTS HEAT

123980
| WATT

10 WATTS
T
!mpur A NETWORK

OUTPUT

()

500 WATTS HEAT

100 WATT:
NETWORK LOUOTVAU%

[tooowarTs
INPUT

(8)

Fig. 1. In linear electronic
networks, output power is
proportional to input power.
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How to work with decibels and convert them to their
electrical equivalent in various areas of
electronics—from communications to hi—fi

the attenuator, Pg, is related to the input
power P, by the equation Py = (K) (P))
with K = 1/10; where K is a ratio called
the gain factor. Of course, it is possible
to cascade two or more such networks
to obtain a cumulative effect, as shown
in Fig. 2. Here two attenuating networks
are used. Their total effect is identical to
that produced by a single attenuator with
a gain factor of 1/100: Po = (1/10)
(1/10) (P) = (1/100) Py).

Cascading linear electronic networks
results in the multiplication of their gain
factors. It might be well at this point to
mention that loss is treated as a fraction-
al gain. For example, the 10:1 attenua-
tors of Fig. 1 have gain factors of 0.1.
Contrast those with the gain factors of
most amplifiers, which are often appre-
ciably greater than unity.

Defining the dB. It would be very
convenient if we could express gain fac-
tors in such a way that they are additive
in nature. Then the cumulative effect of
cascaded gain or loss blocks could be
calculated simply by adding terms, not
multiplying them. The decibel allows us
to do exactly that.

A decibel expresses a ratio—specifi-
cally, 1.259:1—so the addition of decibel
gains is equivalent to the muttiplication
of ratios or gain factors. Power gain in
decibels is formally defined as: G(dB) =
10 log1g (Po/P)) = 10 log1g (K). Note

ATTENUATOR
=
Ki=1/10 ' WATT

that the logarithm of a positive number
less than one is negative. Thus, nega-
tive decibels represent fractional gain or
attenuation. Positive decibels signify
gains greater than one or amplification.
Applying the power formula to the at-
tenuators of Fig. 1, we see that G = 10
log10 (1/10) = 10 (—1) or —10 dB. Ta-
ble | summarizes common power ratios
and their gains in decibels.

Another Definition—dBm. Power
levels are also expressed in dBm, that
is, the number of decibels greater or less
than a reference level of one milliwatt.
Mathematically, this is defined as:
P(dBm) = 10 log1g (Pmw) or 30 + 10
log19 (Pw), where Py is the power in
milliwatts and Py is the power in watts.

For example, 10 watts is 10,000 mil-
liwatts, so P(dBm) = 10 logqg (10,000)
= 10 (4) or +40 dBm. Also, P(dBm) =
30 + 10 log1g (10) = 30 +10 or +40
dBm. One microwatt is 0.001 milliwatt,
so P(dBm) = 10 log1g (0.001) = 10
(—3) or —30 dBm. Tabie il lists common
values of power in watts and milliwatts,
and their counterparts in dBm.

Converting Back. One rarely needs
to convert dBm or dB back into watts or
power ratios; but for the sake of com-
pleteness, we will include the relevant
formulas. To convert dBw into watts, mil-
liwatts, or gain factors (power ratios),

ATTENUATOR e

LW
Ka=1/10 el ATT/

Fig. 2. This drawing shows the cumulative effect
of electronic attenuwators placed in series. :
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The Most Complete

MICROPROCESSOR

Self-Study COURSES
Available on Tape!

Now you or your company can hold self-study seminars
at home or in the office. Whenever it's most convenient.
Eliminate the need to, and cost of, sending

corporate personnel to periodic seminars.

Choose one or more of the 10 cassette courses from

the Sybex self-study library described below. Each course
consists of a set of cassette tapes packaged in a durable,
book-like case, and a guidebook for studying ease.

The lectures are completely coordinated to the pages

of the study books, and have been extensively used for
personal study with positive results.

The tapes can be played on any standard cassette player.

TIME-EFFICIENT WAY TO LEARN.

INTRODUCTORY — SHORT COURSES
(no technical background assumed)

Each course includes a special course book plus two
cassettes (total course length 2%z hours).

S1 - INTRODUCTION TO MICROPROCESSORS $29.85

This semlnar is intended for all non-specialists who wish 1o acquire a broad
understanding of the basic concepts and advantages of microprocessors. It explains how
microprocessors work and it stresses methods. costs. advantages and disadvantages for
the mos! important application areas of each type of microprocessor. What is needed to
Impiement a system; how to use it; the impact ol microprocessor-based systems, their
evolution. Topics covered Include: BASIC DEFINITIONS. SYSTEM COMPONENTS,
MICROPROCESSOR APPLICATIONS, WHAT TO LOOK FOR. and IMPACT AND
EVALUATION

S2 - PROGRAMMING MICROPROCESSORS $29.95
Tius seminar describes the internal operation of a microprocessor system including how
instructions are fetched and executed, how programs are written and executed in typical
cases {arithmetic and input-output) The goak of this course Is to provide an overall
understanding of the basic concepts of microprocessor programming. Requires an
understanding of the main concepts in the INTRODUCTION TO MICROPROCESSORS
SEMINAR. It is recommended that these two seminars be taken together

S3 - DESIGNING A MICROPROCESSOR SYSTEM $29.95
How to interconnect a standard nucroprocessor system. in detall the ROM. RAM. PO,
UART. MPU, clock. Trade-offs In addressing techniques Case studies (8080, BOBS. others}
You will learn In Just 2.5 hours how to interconnect a complete system. wire by wire
The techniques are applicable to all standard microprocessors

S$10 - INTRODUCTION TO PERSONAL

AND BUSINESS COMPUTING $21.95
Are you planning to buy Or use a microcomputer system? This seminar will make you
understand the choices and possibilities. A comprehensive descrption of whatis needed
and what is flable: business g: peripherals. selection. comparisons
costs. the future.

INTRODUCTORY — COMPREHENSIVE COURSES

Each course includes a 300-500 page seminar book
and 7 to 8 C-90 cassettes.

STUDY SPECIALIZED COURSES Each course includes

a 300-500 page workbook and 3 to 4 C-90 cassettes.
AT Level required: Basic understanding of microcomputers.

SB3 - MILITARY (SEVERE ENVIRONMENT)
HOME,

MICROPROCESSOR SYSTEMS (6 hours) $49.95

A complete study of constraints, technigues, and systems available for severe-

environment applications, ncluding the Hugues, Raytheon. Actron, and other systems.
0 F FIcE CONTENTS: Technical Introduction / LSI Technologres Militarlzed Microprocessor

Systems / Militarized Mieroprocessors / Standardization Buitding a Syslem
Applications / Retabiiity | Testing Summary and Perspective.

on IN SBS - BIT-SLICE (6 hours) $49.95

In one day, a complete system will be bullt with bit-shces, In detail first a fast CPU, then

logic. Other innovative applications of slices are also examined

Youn the complete control section, using a PLA. a sequencer, PROM's and miscellaneous

To follow this course, you must understand what a CPU is. In this course, you will learn

cAR how to build real systems. with careful performance optimization
(]

SB1 - MICROPROCESSORS (12 hours) $59.95

The basic hardware course. It does not require any previous computer knowledge. It wil
provide you with a comprehensive and effective understanding of all the imporsant
aspects of microprocessors and systems. In two hours. you will know in complete detall
how an MPU operates. In four hours. you will know alt the chips. In ten hours you will
know the complete Interconnect of a system. At the end of the course. you will know all
the essentials about Microprocessors

CONTENTS: Technical Introduction / LS/ Technologles « Internal Architecture of a
Microprocessor / System Coinponents The Microprocessor Famities =~ MicfOprocessor
Programming / Applications of Microprocessors ' Building a System Proouct
Development / Design Aids | Microprocessor Selection Evolulion and Perspectlives.

SB2 - MICROPROCESSOR PROGRAMMING (10 hours) $59.95
The basic software course !t does not require any previous computer or programming
knowledge. It will take you step by step through all the important aspects of microcomputer
programming. at the assembly language Jevet (with a survey of PL/M and BASIC)
The iq pres are i to all microp but the p

focus on the 8080 and the 6800 At the end of the course you will have understood
the theory and should be ready for actual practice

CONTENTS: Micr g g: Basic Concepts. Arthmetic. Subroutinas

input-Output: Pulses and Delays, Paraliel and Seriat Transfers. Peripheralis, Polting and Inter-
rupts [ Microprogrammung / Program Development: Procedure. Software. Equipment ' PL M
Costs and Summary.
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piT CARDS
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CONTENTS: Brie? History of CPU Design ' Bit Slice Principles Bii-Stice in Detait
Building with BIr-Slice Devices Survey of Bil-Siice Devices / Apphications Develop-
ment Aids /| Conclusions. -
SB6 - INDUSTRIAL MICROPROCESSOR SYSTEMS

(4'2 hours) $49.95
This course stresses actual ndustrial hardware and software techniques. the components,
the programs, the cost In particular D/A conversion. filtering, tests. fail-soft. hardware
replacement programs, industrial case studies
CONTENTS: Industrial Constraints | Ruggedization Input-Output / Digital-Anatog
Conversion | Industrial Components / Control Microprocessors / Industrial Case-Studies
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Fig. 3. Simple network illustrates voltage and power relationships.

use these relationships: Py, = 1001 Pldéw),
me P (103) 100.1 P(daw); K = 100,16;
where P(dBw) is the power in dBw, Py,
is the power in watts, Py, is the power
in milliwatts, G the gain in decibels, and
K the gain factor or power ratio. Similar-
ly, Pmw = 100! P@8M gng P — (10-9)
1027 P(Bm) where P(dBm) is the power in
dBm.

Moreover, it's also possible to use the
tables in reverse. Multiplication of ratios
can be accomplished by adding deci-
bels. For example, 80 dB = 40 dB + 40
dB, so Kgp dB = (K40 dB) (K40 dB) of
1/100,000,000 = (1/10,000) times
(1/10,000). Thus you can always break
down a given number of decibels into
several components that are listed in the
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tables. The same technique can be used
for power levels in dBm: +80 dBm =
+50dB + 30 dB, and Py, = (100 watts)
(1000) = 100,000 watts.

Decibels and Voltage Ratios. Ex-
pressing voltage ratios in decibels is
also commonly done. The following rela-
tionship is used to compute the decibels
of power gain of a voltage ratio—provid-
ing the network’s input and output im-
pedances are equal: G(dB) = 20 log 1g
(Vg/V)). where Vg and V, are the rms
output and input voltages, respectively.
Keep in mind that the input and output
impedances are assumed to be equal.
This is often a valid assumption in r-f
work because most circuit impedances

are standardized at 50 ohms. Jt's not al-
ways true, however, and a disparity be-
tween the impedances can lead to incor-
rect values of decibel gain and confu-
sion on the part of the person doing the
calculations. Unless the impedances are
known to be equal, it's probably better to
stick to power ratios.

Here's a simple problem worked out
both ways. What are the input and out-
put power, gain factor, and decibel gain
for the network shown in Fig. 3? First,
we calculate signal power using the
equation P E%/Z: P, = 12/50 =
1/50 = 0.02 watt and Pg = 10%/50 =
100/50 = 2.0 watts. Then K = Pg/P,

2.0/0.02 = 100 and G(dB) = 10
log1g (K) = 10 log1g (100) = 10 (2)
or 20 dB. In the alternative solution,
we use the voltage ratio expression:
G(dB) = 20 log1g (Vo/V)) = 20 logqg
(10/1) = 20 log1g (10) = (20) (1) = 20
dB. Table Il lists common voltage ratios
and their resulting power gains in deci-
bels—if input and output impedances
are equal.

Applications in Communica-
tions. As mentioned earlier, an impor-
tant property of decibels is their additive
nature. The following real-life situation
will ilustrate how decibels simplify the
solutions to fairly complex problems.

A radio amateur has a 2-meter trans-

Fig. 4. Plot of path loss
at 150 MHz for a 50-foot
transmitting antenna
and a receiving antenna
at a height of H,.

POPULAR ELECTRONICS
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POWER RATIOS

Gain (power ratio)
0.00001
0.00003
0.00010
0.00032
0.00100
0.00316
0.01000
0.01259
0.01585
0.01995
0.02512
0.03162
0.03981
0.05012
0.06310
0.07943
0.10000
0.12589
0.15849
0.19953
0.25119
0.31623
0.39811
0.50119
0.63096
0.79433
1.00000
1.25893
1.58489
1.99526
251189
3.16228
3.98107
5.01187
6.30957
7.94328

10.00000
12.58925
15.84893
19.95262
25.11886
31.62278
39.81072
50.11872
63.09573
79.43282
100.00000
316.22775
1000.00000
3162.27744
10000.00000
31622.77222
100000.00000

+4 dB 7.—_ —160 dB 7"'9dB
ANT. GAIN PATH LOSS ANT. GAIN

-6 d8
FEEDLINE
LOSS

TRANSMITTER

+50dBm

-20 dB
FEEDLINE
LOSS

REPEATER
RECEIVER

PR =-123 dBm

Fig. 5. Diagram showing the various gains
and losses encountered in a communications system.

ceiver with 100 watts of r-f output. it is
connected to a 5/8-wavelength antenna
mounted on a 50-foot (15.2-m) tower via
a 100-foot (30.5) length of RG-58A/U
coaxial cable. He wants to work a re-
peater 90 air miles away whose 9-dB
gain antenna is mounted on a 2000-foot
(610-m) peak. The repeater requires

113 dBm of signal power at the input
of its receiver for full quieting. The 2500-
foot (762-m) length of low-loss coax in-
terconnecting the repeater's antenna
and receiver exhibits 20 dB of attenua-
tion. Will his signal quiet the repeater? If
not, what can be done about it?

Figure 4 is a plot of path loss at 150
MHz for a 50-foot (15.2-m) transmitting
antenna and a receiving antenna at
height Hao. It is taken from the “Trans-

mission Loss Atlas for Select Aeronauti-
cal Service Bands from 0.125 to 15.5
GHz,” by Gierhart and Johnson, avail-
able from the Superintendent of Docu-
ments, U.S. Government Printing Office,
Washington, D.C. 20402, for $1.25. This
graph tells us that for a 2000-foot high
receiving antenna, a path length of 90
miles results in an antenna-to-antenna
loss of 160 dB. Of course, this is only a
nominal figure. The exact path loss will
depend on terrain, ground conductivity,
ground moisture, the weather, etc. Also,
the quoted 160-dB path loss does not
take antenna gain into account.
Referring to Table 1l, we see that 100
watts is +50 dBm. Also, we see from the
ARRL Handbook that losses for
RG-58A/U are approximately 6 dB per

+4 dB —160 dB +9 dB
ANT. GAIN PATH LOSS ANT. GAIN
-6 dB
FEEDLINE
LOSS [1000 WATTS
+60 dBm 20 a8
POWER FEEDLINE
AMPLIFIER
+10 dB GAIN LOsS
100 WATTS
+50dBm
100 WATT REPEATER
TRANSMITTER Pe =—113dBm RECEIVER
R SRS TRV B ~160 dB XI/+s ¢
a4 T LA PATH LOSS ANT. GAIN
+14 dB
ANT. GAIN
-6 dB -20 dB
FEEDL INE FEEDLINE
LOSS
100 WATT REPEATER
TRAMSMITTER Pr=—113 dBm RECEIVER

Fig. 6. To achieve full quieting, the transmitted power can be
increased (A) or a different type of antenna can be used (B).
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TABLE II-POWER IN dBm VS POWER IN WATTS AND

Power (dBm)
=50
—45
-40
-35
—30
-25
-20

19
18
=47

O ~N®OHAE WN=O

LS R e POROIP=S P, " i, S ST
SU’IOU!OU’IOOm\JG)U!bQN-‘OtD

MILLIWATTS

Power (milliwatts)
0.00001
0.00003
0.00010
0.00032
0.00100
0.00316
0.01000
0.01259
0.01585
0.01995
0.02512
0.03162
0.03981
0.05012
0.06310
0.07943
0.10000
0.12589
0.15849
0.19953
0.25119
0.31623
0.39811
0.50119
0.63096
0.79433
1.00000
1.25893
1.58489
1.99526
2.51189
3.16228
3.98107
5.01187
6.30957
7.94328

10.00000
12.58925
15.84893
19.95262
25.11886
31.62278
39.81072
50.11872
63.09573
79.43282
100.00000
316.22775
999.99993
3162.27744
10000.00000
31622.77222
100000.00000

Power (watts)
0.00000001
0.00000003
0.00000010
0.00000032
0.00000100
0.00000316
0.00001000
0.00001259
0.00001585
0.00001995
0.00002512
0.00003162
0.00003981
0.00005012
0.00006310
0.00007943
0.00010000
0.00012589
0.00015849
0.00019953
0.00025119
0.00031623
0.00039811
0.00050119
0.00063096
0.00079433
0.00100000
0.00125893
0.00158489
0.00199526
0.00251189
0.00316228
0.00398107
0.00501187
0.00630957
0.00794328
0.01000000
0.01258925
0.01584893
0.01995262
0.02511886
0.03162278
0.03981072
0.05011872
0.06309573
0.07943282
0.10000000
0.31622775
0.99999993
3.16227743

10.00000000
31.62277222
100.00000000

100 feet (30.5 m). Because signal
losses and gains are additive (see Fig.
5), we can quickly compute PR, the re-
ceived signal power: PR = +50 dBm -
6dB +4dB — 160dB + 9dB —20dBor
—123 dBm. The repeater requires a sig-
nal strength of —113 dBm, so we see
that we are 10 dB too low. Hence, the
signal at the output of the repeater will
be somewhat noisy.

Figure 6 illustrates two possible solu-
tions to the problem. The first and most
obvious is to increase the transmitted
signal power. Because the signal power
at the receiver is 10 dB too low, this
means that the transmitter output must
be increased from 100 to 1000 watts.
Adding a kilowatt amplifier to the trans-
mitting station, as shown in Fig. 6A, will
raise the signal power at the repeater’s
receiverto —113 dBm.

The second solution to the problem in-
volves replacing the 5/8-wavelength an-
tenna with a directional yagi beam (Fig.
6B). A 12-element beam with a 3.5-
wavelength boom will give about 14 dB
of gain. The additional 10 dB over the
5/8-wavelength antenna will result in
—113 dBm of signal power, and hence
full quieting of the repeater’s receiver.

Decibels in Audio. Anyone who
wants to be conversantin the field of au-
dio must be well versed in decibels. This
is so because many of the key operating
characteristics of the circuits and elec-
tromechanical transducers employed in
high-fidelity applications are expressed
in part or in whole using decibels. For
example, the frequency response of a
cartridge, speaker, or amplifier is speci-
fied as +X, —Y dB from (typically) 20 to
20,000 Hz. In the case of the cartridge,
the reference employed is a certain out-
put level in millivolts. For a speaker, the
reference is the sound pressure levelcor-
responding to the threshold of audibil-
ity (0dB = 2x 10 *dynes/cm2 2x 10*
microbars, or 107 '® watts/cm?.)

The power output of an amplifier is
commonly specified in dBw, where 1
dBw equals 1 watt. For example, an am-
plifier which can provide 100 watts of
continuous output power per channel
can be rated as having an output of 20
dBw. Program source components such
as turntables, tape decks and tuners
have several decibel-related specifica-
tions. Of prime interest to any prospec-
tive purchaser is the signal-to-noise ratio
(S/N) at the output of the program
source. This is typically rated by driving
the source to a reference output level,
removing the input signal, and measur-
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ing the residual noise at the output. The
decibel relationship between the refer-
ence output voltage and the residual
noise is the component’s S/N. For a pro-
gram source to be considered one of
high fidelity, it should have an S/N of 55
dB or more.

The relatively new I|HF FM tuner
standard specifies that signal strength in
sensitivity ratings is to be expressed in
dBf, where the reference is the fem-
towatt or 10~ 'S watt (0 dBf 1 fem-
towatt). This was done to base sensitiv-
ity measurements on signal power, thus
resolving the ambiguity caused by vary-
ing source impedances. For example,
the same tuner could have an “old” IHF
usable sensitivity of 2.0 wV into its 300-
ohm antenna input or 1.0 wV into its 75-
ohm input jack. Under the updated sys-
tem, the tuner has a sensitivity of 11.2
dBf no matter which input and source
impedance is used.

Decibels are so pervasive in the field
of audio that a full appreciation of them
is one mark of the true audio buff. Tape
recordists especially must be comfort-
able with decibels. For example, when
choosing a microphone, he must consid-
er its sensitivity—its relative efficiency of
converting acoustic energy into electri-
cal energy. There are several methods
of determining a microphone’s sensitiv-
ity, which is usually expressed in dB be-
low a specified reference level. The two
types of ratings commonly used are the
open-circuit voltage rating and the max-
imum power rating.

The opeh-circuit voltage technique
measures the unloaded output of the mi-
crophone when driven by a reference
SPL (for example, 1 microbar), com-
pares it to a reference voltage (1 volt),
and extracts the decibel relationship be-
tween the two. If an SPL of 1 microbar
causes a microphone to develop 1 voit
of output signal, its sensitivity is 0 dB.
Practical microphones deliver much
smaller output levels, with typical open-
circuit voltage sensitivities varying from
about —70 dB for dynamic moving-coil
microphones to —37 dB for capacitive
microphones with built-in preamplifiers.

The maximum power method involves
connecting the microphone to a load
equal to its internal (source) impedance,
driving it with a reference SPL, and mea-
suring the output power delivered to the
load. The reference output power level
is 1 milliwatt and the reference SPL is
usually 10 microbars. Therefore, if a mi-
crophone driven by 10 microbars deliv-
ers 0.001 microwatt (10~¢ milliwatt) into
its optimum load, its sensitivity would be
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TABLE Il DECIBELS VS

VOLTAGE RATIOS
Gain (dB) Voitage Ratio

=50 0.00316
~45 0.00562
~40 0.01000
-35 0.01778
—-30 0.03162
-25 0.05623
~20 0.10000
-19 0.11220
-18 0.12589
-17 0.14125
-16 0.15849
-15 0.17783
—14 0.19953
-13 0.22387
-12 0.25119
-11 0.28184
—-10 0.31623
-9 0.35481
—8 0.39811
=7 0.44668
-6 0.50119
-5 0.56234
-4 0.63096
-3 0.70795
-2 0.79433
-1 0.89125
(¢} 1.00000

1 1.12202

2 1.25893

8 1.41254

4 1.58489

5 1.77828

6 1.99526

7 2.23872

8 251189

9 2.81838
10 3.16228
11 3.54813
12 398107
13 4.46684
14 5.01187
15 5.62341
16 6.30957
17 7.07946
18 7.94328
19 8.91251
20 10.00000
25 17.78279
30 31.62278
35 56.23413
40 100.00000
45 177 82793
50 316.22775

-60 dB referenced to 1 milliwatt or —60
dBm.

Volume Units. Many tape decks’ rec-
ord level meters are calibrated in “VU”
as opposed to dB. Others have meters
calibrated in dB. This may lead some to
conclude that VUs are different from
dBs. That, however, is untrue. Electrical-
ly speaking, a change in signal level of 1
VU is equivalent to a level change of 1
decibel.

A VU meter, however, has carefully
contrclled ballistic characteristics gov-
erning how the meter deflects upward
from —20 to 0 VU and how much mo-
mentary overshoot will occur. It also has
a specified input impedance (3900
ohms), is to be used with a 3600-ohm
series resistor, has a defined scale (—20
to +3 VU), employs a particular type of
rectifier, and is an average-responding
meter. All of these characteristics have
been chosen so that every true VU me-
ter will respond to complex speech and
musical waveforms in a consistent man-
ner.

Few of the lgvel meters found in con-
sumer tape decks are true VU meters,
even though most are average-respond-
ing level indicators and have a scale ca-
librated in “VU.” As Julian Hirsch's Au-
dio Reports usually indicate, these me-
ters do not have the ballistic response of
a true VU meter. Even so, they are use-
ful level indicators.

A dB meter, on the other hand, need
not have true VU dynamic characteris-
tics. In fact, it is customary to mark the
scale in decibels if the meter is a peak-
responding indicator. The German
standards organization, DIN, has estab-
lished equally well-defined characteris-
tics for peak-reading meters, but in con-
sumer decks these, too, are often ig-
nored by manufacturers.

Summary. Decibels are used to ex-
press power ratios. Voltage ratios can
be related to power ratios if input and
output impedances are known. There-
fore, it's possible to express voltage
ratios in decibels based on their equiva-
lent voltage ratios. Power levels are
commonly specified in decibels relative
to a standard reference—usually one
milliwatt, resulting in the unit dBm, or
one watt, resulting in the unit dBw. Be-
cause decibels are the logarithms of
ratios, they can be added to determine
the cumulative effect of series connec-
tions of gain or loss blocks. In short, de-
cibels are indispensible tools in electron-
ic circuit and system analysis. <o
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UNIVERSAL
CHARGER
FOR
SEALED
RECHARGEABLE

- BATTERIES

Versatile charger operates as a
constant-current source and
offers a choice of 12 charging currents

ECHARGEABLE cells, despite

their higher initial cost, are gaining
broad acceptance among users of bat-
tery-powered electronic  equipment.
These cells are actually economical to
use if long operating lifetimes can be
achieved. However, long lives can be
expected only if the manufacturers’
maximum recommended charge and
discharge rates are not exceeded. This
is more easily said than done, consider-
ing the different types of batteries (NiCd,
Gel-Cell, lead-acid, etc.), each having
different recommended rates. Moreover,
little effort has been expended to stan-

dardize charge rates, even of cells with
the same size and type (see Table [).
There are two solutions to this prob-
lem, one economical, the other un-
economical. The latter involves purchas-
ing a charger for each battery size and
charge rate required by cells on hand.
The economical solution is to assemble
this project, a Universal Charger for
sealed rechargeabile cells. It can be built
for less than $15 and can be used to
properly slow-charge most (if not all) of
the small rechargeable batteries pres-
ently on the market. Constant-current
charging-—the mode recommended by

BY DON SCHNEIDER




many battery manufacturers—is em-
ployed, and up to twelve 1.2-volt cells
can be charged in series at any one
time.

About the Circuit. The Universal
Charger is shown schematically in Fig.
1. When power switch S7 is closed,
transformer T1 steps down ac voltage
from the power line. Modular bridge rec-
tifier RECT1 converts the ac into pulsat-
ing dc which is filtered by C1. Light-emit-
ting diode LED1 acts as a pilot light for
the project. Zener diode D1, Darlington
transistor Q1, and resistors R2 through
R14 form a constant-current source
which charges the depleted cells.

Most manufacturers recommend that
their cells be slowly recharged at a rate
equal to one-tenth of the maximum dis-
charge rate. To accommodate a wide
variety of cells, rotary switch S2 offers a
choice of 12 values of charging current.
The switch grounds the emitter of Q7 by
way of one of 12 fixed resistors (A3
through R14) whose resistance deter-
mines the magnitude of the charging
current. Table Il lists the current values
selected by the author and the corre-
sponding resistances of fixed resistors
R3 through R714. These resistances
were determined experimentally, and
are dependent on the zener voltage of
D1 and the dc beta of the Darlington.

Construction. The circuit of the Uni-
versal Charger is relatively simple, so
point-to-point wiring techniques are rec-
ommended. Be sure to observe the po-
larities of all semiconductors and that of
C1. Assemble the project in a utility box,
mounting Q17 either on a heat sink at-
tached to the outside of the box or on the
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Fig. 1. Schematic shows how zener D1, Darlington Q1, and resistors R3
through R14 form constant-current source which regulates battery charging.

PARTS LIST
C1—2200-pF. 35-volt electrolytic R9-—44 ohms
D1—6.8-volt, 1-watt (or greater) zener diode R10—35 ohms
(see text) R11-—24.5ohms. | watt
Fl—1-ampere [ast-blow fusé R12—14 ohms. 2 watls
LLED1—Light-emitting diode R13—12.5 ohms. 2 watts
Q1—120-watt (or greater) npn Darlingion Ri14—10ohms, 3 watts

transistor (Radio Shack
276-2042—see text)

The Tollowing are Y2-watt, 5% tolerance fixed
resistors unless otherwise noted. Also, see
texl with reference to R3 through R 14,

R1.R2—1000 ohms

R3—600 ohms

R4—460 ohms

R5—170 ohms

R6—91 ohms

R7—70 ohms

R8—54 ohms

RS-2042

RECT1—1.4-ampere. 50-PIV modular bridge
rectifier

S1—Spst toggle switch

S2—1-pole. 12-position rotary switch

Ti—12.6-volt, 1.2-ampere stepdown trans-
former

Misc.—Suitable enclosure. terminal strips.
color-coded alligator clips. knob for S2.
heat sink, mica washer, shoulder washers.
silicone thermal compound. hook-up wire.
line cord. strain reliel. fuseholder. machine
hardware. solder. etc.

TABLE |

Manu- Battery Recommended

facturer’'s Size Maximum
Type Charge Rate

Number (mA)
CH1.2/D D 120
N3500D, GC3 D 350
CcD10 D 400
CH1.2/C C 120
GC2 C 150
N1650C C 165
CcD4 AA 22.5
N450AA AA 45
CH500, GC1 AA 50
N88 8.4-V transistor 9
CcD100 8.4-V transistor i5
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box’s outer surface itself if it can dissi-
pate the heat generated by G7 without
the aid of a heat sink. Use an insulating
mica washer, shoulder washers, and sil-
icone thermal compound when mount-

_ing Q1. Be consistent when wiring S2,

taking care to avoid inadvertent shorts.
Some variation from the values given
for R3 through R14 will probably be re-
quired if the currents listed in Table |l are
to be obtained. (Of course, you can
choose different charging currents to
suit your own particular applications.)
This variation will be due to the exact dc
beta of the Darlington transistor and the
zener voltage of the zener diode used.
Although the parts list specifies a par-
ticular Darlington and diode, substitu-

tions can be freely made. The zener
voltage can be as low as three volts or
as high as 12 volts. (A lower zener voit-
age will allow a greater number of cells
to be charged in series than is possible
with a higher-voltage diode.) Parame-
ters of the Darlington transistor are not
critical, but it is recommended that the
device used have a power dissipation
equal to or greater than that of the com-
ponentin the parts list (120 watts).

The best way to determine the values
required for fixed resistors A3 through
R14 is to temporarily ground the emitter
of Q1 through a 1000-ohm potentiome-
ter before connecting any components
to the emitter or to S2. The potentiome-
ter should be connected to the emitter of
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For Frank Hoffman electronics is one
of the “great pleasures” in life. Even
when it’s strictly business.

Frank is a Telecommunications
Engineer from Haddonfield, New Jer-
sey. He designs peripherals for 8080
microprocessor controlled equipment.
Supervises the making of prototypes;
the drafting. Everything from start to
finish.

But his enthusiasm for electronics
hardly ends there.

Frank operates a ham radio.

Spends time listening to good music
(a new stereo octave band equalizer
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Popular Electronics

has piqued his interest in audio). And
just recently he bought a digital com-
puter that has videographics capabili-
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security system.
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Q1 and to ground via leads terminated
with alligator clips. Adjust the potentio-
meter for maximum resistance between
the emitter of Q1 and ground.

Next, connect a milliammeter be-
tween the collector of Q1 (negative me-
ter terminal) and the positive side of C1
(positive meter terminal). Adjust the po-
tentiometer so that the milliammeter in-
dicates the lowest charging current de-
sired. Then remove the potentiometer
from the circuit and measure its re-
sistance with an chmmeter. Make a no-
tation of the miltiammeter and ohmmeter
readings.

Insert the potentiometer back into the
circuit and adjust it for the second de-
sired (next largest) charging current. As
before, disconnect the potentiometer,
measure its resistance, and make a no-
tation of the two meter readings. Repeat
this procedure ten times until a total of
12 charging currents and resistance val-
ues have been determined. The re-
quired power rating for each resistor can
be calculated using the familiar expres-
sion P = I2R, where 2 is the square of
the charging current in amperes (pay

close attention to decimal points!) and R
is the measured potentiometer re-
sistance inohms.

Once the required resistance values
have been determined, you can connect
appropriate fixed resistors between the
emitter of Q7 and the lugs of S2. It's very
possible that you will not be able to find
resistors with the exact values that are
needed. If you don't want to synthesize
the required resistances by series or
parallel (or both) combinations of stan-
dard resistor vaiues, you can use trim-
mer potentiometers in place of fixed re-
sistors. Be sure to choose trimmer po-
tentiometers with adequate heat dissi-
pation ratings if this approach is taken. A
very definite advantage of using trim-
mers is that charge rates can be easily
changed at some future time to accom-
modate newly acquired cells calling for
charging currents different from those of
the batteries presently on hand.

Interconnection between the charger
and depleted cells is largely a matter of
personal preference. The schematic
suggests the use of color-coded alligator
clips. This is perhaps the most conven-

TABLE 1l

Position of S2

Selected Resistance

Charging Current (mA)

1 R3, 600 ochms 9
2 R4, 460 ochms 12.5
3 RS, 170 ohms 28
4 R6, 91 ohms 50
5 R7,70 ohms 64
6 R8, 54 ohms 80
7 R9, 44 ohms 90
8 R10, 35 ohms 118
9 R11, 24.5 ohms 167
10 R12, 14 ohms 350
11 R13, 12.5 ohms 400
12 R14, 10 ohms 550
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Photo of author’s
prototype shows
components mounted
on top of enclosure
with elip leads

used to connect
hattery to charger.

ient method when battery packs are to
be charged. There are many other ways
to do this, however. For example, the
charger output points can be color-cod-
ed binding posts or banana jacks. If
standard-package (AA, C, D, etc.) cells
are to be recharged, suitable battery
holders which connect the cells in series
can be soldered to leads terminated with
color-coded banana plugs. These plugs
can then be inserted in the correspond-
ing jacks when cells of that type are to
be charged.

Use. After the batteries have beencon-
nected to the charger and S2 placed in
the appropriate position, apply line pow-
er by closing S71. The cells will now re-
ceive charging current. Most manufac-
turers recommend that NiCd cells be
charged at one-tenth the maximum dis-
charge rate for 14 hours. This is so be-
cause 40 percent more energy must be
put into the cell than can be taken out.
Simitar recommendations are often
made for Gel-Cell batteries. Once fully
charged, some cells can withstand fur-
ther application of charging current at
the same rate and can be left connected
to the charger indefinitely. Others must
be disconnected from the charger circuit
after they have been fully charged.

In any event, follow the manufactur-
er’s instructions with respect to charging
current and duration of charge. The ftex-
ibility inherent in the Universal Charger
makes it certain that the project can be
used with practically any battery that an
electronics hobbyist would have occa-
sion to use. Charging currents up to the
rating of the power transformer can be
obtained without overheating Q7 be-
cause the transistor can dissipate 120
watts of heat. Also, a short circuit at the
charger output will not damage the pro-
ject because the transistor limits the
short-circuit current to the value select-
ed by switch S2. (o]
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HE 1aper of a potentiometer can be
easily changed to suit a particular ap-
plication by the simple addition of one or
more resistors. The new curve is easily

predictable if you carefully observe the lo-
cations of the output terminals and which
parts of a centertapped potentiometers
are shunted by fixed resistors.

BY ROBERT P. BALIN

See if you can match the pot circuits
(1-10) with their corresponding output
voltage curves (A-J) produced when the
wiper arm is moved from point 1 to point
2 in the circuit in each case.

Assume that all resistors and linear pots,
some of which are centar-tapped, have the
same total resistance values.

fAnswers on page 85)
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BY DOUG FARRAR

CMOS logic allows more effective control of time and prevents track-change tr.terruntions

8-Track Timer
Simplifies Recording

E 8-Track Timer (8TT) described here is the per-
fect companion to an 8-track tape deck. Its primary
feature is a digital elapsed-time indicator that eliminates
guesswork—and track changes in the middle of a song.
In essence, the 8TT provides a visual indication of the
amouni of time used to record on one track and than tells
you how much of that time you have used as youcontin-
ue to r=cord on each succeeding track. Thus, you'll al-
ways know exactly how much time remains be‘ore an
end-ofdrack or end-of-tape occurs, and will be able to
plan ycur recording sessions accordingly.
The droject also offers the following:
® a PAJSE control;
e actomatic shutoff after four “tracks” (that is, track
pairs) have played;
® a CLEAR TAPE function that shuts the deck off after
any change-of-track.
The last-mentioned function prepares the cartr dge in-
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serted in the deck for a recording sessicn. ¥f you con't
want the 8TT to control the tape deck, simply remove
line power from the project. Normal aperatien can then
be resumed.

About the Circuit. The block diagram o the 8TT is
shown in Fig. 1 and its schematic diagram in Fig. 2. A
glance at the block diagram reveals five rrajoer “unctional
sections: a 1-Hz pulse-train generator; an s apsed-iime
counter and display; a track coumter: a. motcr flip-flop
and controller; and a “logic” circuit.

The --Hz generator accepts a low-l2valsignal derived
from the ac power line and divides #s frequercy by e ther
50 or 6J. The position of a jumper onthe groject’s main
printed circuit board determines whidh divisor is se-ect-
ed. This choice is of course governzd by -h2 line fre-
quency of the commercial power soLfc2 (50 or €0 Hz).
The resulting train of 1-Hz pulses is enployed as a t me-

FuncTioN
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Eight-Track Timer cont'd
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base for the elapsed-time counter.
CMOS up- and down-counter IC's PARTS LIST
perform the actual timing of the 8-track CI through C12—0. | -1 F disc ceramic R1.R2.R3—1000 ohms
cartridge. The up-counter is enabled C13-—500-uF. 25-volt electrolytic R4 through  R7. R9 through R12.
during the interval that track 1 is being D1 through DS—1N400| R48-—10.000 ohms
d it es double-duty by counti Fl—l-ampere [ast-blow lusc R8.R13 RI14.R15—100.000 ohms
Bl ML .S (3U e-duty Dy counting DIS| through DIS4—FND70 or similar com- R16—1 megohm
the tape cartridge’s start-of-track to end- mon-cathode LED display R 17—330.000 ohms
of-track playing (or recording) time and IC1.1C3.1C14—4518 dual decade counter R18—3.3 inegohms
by acting as a latch, storing this informa- 1C2—4019 quad 2-input multiplexer R 19 through R46—220 ohms
tion for the rest of the recording session. 1C4.IC13.1C18—4001 guad 2-input NOR gate R47-150 ohms N .
ICS through IC8—4510 decade counter Sl—I-pole. S-position nonshorting rotury
The outputs of the up-counter are IC9 ihrough IC12—4511 BCD-to-seven-seg- switch
connected to the parailel-load inputs of ment decoder/driver S2 - Spst loggle switch
the down-counter. When the down- IC15-—555 timer T1—12.6-volt, I-ampere transformer.
counter is placed in its asynchronous, 1C16—4072 dual 4-input OR gate Misc.—Suitable enclosure. display bezel.
llel-load de’ itsloutbutsiollow the 1C17—4002 dual 4-input NOR gate 4-conductor chassis-mount female connec-
para N —.oa teel 5 pu s foflo ) 1IC19—4017 decade counter/divider with 10 tors, 4-conductor male connectors, printed
information presented to its parallel in- decoded outputs circuit board ., standofls, line cord, etc.
puts. Removing the parallel-load com- 1C20—7805 5-volt regulator
mand causes the counter to commence K1—I12-volt relay with 250-ohm coil and Note—An etched, drilled and silk-screencd
. : J-ampere spdt contacts printed circuit board is available for $15
{ ryn = . . . 2
oLl dgwn from the last bina SR LEDI .LED2—Light emitting diode postpaid (in U.S.) from Noveltronics. Box
hich th ts followed th . . it
ber to which the outputs followe e OC1—-MCT-2 optoelectronic coupler 4044, Mountain View, CA 94022 Califor-
parallel inputs. The down-counter can QI-—MPSA13 npn Darlington nia residents add sales tax. Forcign orders:
thus be ordered to either pass the binary The following are Y4-watt, 5% tolerance car- write for prices. Allow 2 weeks for checks
number generated by the up-counter di- bon-composition fixed resistors. to clear.

rectly to the display decoder/driver or e e ———
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Fig. 1. Five major functional sections of the 8TT
are shown in block diagram. The motor
flip-flop is actually two cross-coupled NOR gates.

briefly sample the up-converter’'s output
lines and then count down.

The first operation is performed during
the time track 1 is being used and the
second during the intervals associated
with tracks 2, 3, and 4. The binary infor-
mation present at the output of the
down-counter is applied to a BCD-to-
seven-segment decoder/driver network
for the common-cathode LED displays.

The display’'s colon driver is a 555
astable multivibrator (IC15) that oscil-
lates at a 2-Hz rate. The astable can be
gated off by grounding its RESET input
(pin 4). This happens whenever the
deck is running normally and causes the
display’s colon to glow steadily. When
the motor is shut off, the 555 indicates
that fact by puising the display colon.

Every B8-track cartridge contains a
short section of metallic tape. This tape
trips a solenoid to move the deck's tape
head through its four track positions.
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The voltage pulse generated when the
solenoid is activated is sensed via op-
toisolator OC1 and applied to the track
counter's cLock input. in this way, the
deck's mechanical track position is
sensed by the 8TT.

Track counter IC19 controls the oper-
ation of the up- and down-counters. Dur-
ing the track 1 interval, IC19 enables the
up-counter and places the down-counter
in its parallel-load mode by way of OR
gate IC16B. At the end of track 1, the
track counter prevents the up-counter
from incrementing further and enables
the down-counter. At the start of tracks 3
and 4, a pulse generated by either RIC5
or R10C6, respectively, is applied to the
down-counter by way of IC16B. This
loads the up-counter’s latched value into
the down-counter which then decre-
ments toward zero.

Because each track should take an
equal amount of playing time, the dis-

play will read 0:00 (or close to it) at the
ends of tracks 2, 3, and 4. At the end of
track 4, the track counter inhibits further
timing and sets the motor flip-flop, stop-
ping the deck motor.

The motor flip-flop is controlied by the
logic section. Setting the flip-flop dis-
ables the 1-Hz generator, allows the dis-
play colon driver to oscillate, and ener-
gizes relay K1, which is mounted inside
the tape deck. The relay's normally
closed contacts are wired in series with
one of the deck motor's power leads, so
that setting the flip-flop removes power
from the deck’'s motor.

The position of rotary switch S1 deter-
mines the 8TT's operating mode. Set-
ting it to its CLEAR TIMER position resets
the up-counter and the track counter,
and sets the motor flip-flop. This readies
the 8TT for the start of a recording ses-
sion. Placing S1 in the PAUSE position
sets the motor flip-flop, but switching it to
the RUN position resets the motor flip-
flop. With the switch in the RUN position,
recording proceeds as previously de-
scnbed. Placing S7 in its CLEAR TAPE
position initially resets the motor flip-flop
and allows the tape to run. At the first
change of tracks, the 8TT sets the flip-
flop. This stops the deck, leaving the
cartridge “cleared” for recording.

Readily available CMOS IC's com-
prise aimost all of the 8TT circuit. A reg-
ulated 5-volt and unregulated 12-volt
supply is used as the power source. The
12-volt ac waveform developed across
the transformer secondary is condi-
tioned to a level compatible with the
CMOS logic circuit before being applied
to the input of the 1-Hz generator.

Caonstruction. Aimost all of the 87T
circuit fits on a single pc board whose
etching and drilling and parts placement
guides are shown in Figs. 3 and 4. An
unusual feature of the board is the “wire-
less™ connection between the logic and
display sections. After the board has
been fabricated as a single unit, it is cut
along the indicated line. The two sec-
tions are then soldered together along
the cut line to form a right angle. The re-
sulting structure is rigid. The logic board
is mounted parallel to the bottom of the
project enclosure using spacers as
shown in Fig. 5. This automatically posi-
tions the display board vertically.

Before soldering the two boards
together at a right angle, mount and sol-
der all components and jumpers on
each board. Note that C13, the elec-
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trolytic filter capacitor in the power sup-
ply, is located on the display board, but
is mounted on the foil side. This allows
the vertical display board to fit flush with
the front panel of the project enclosure.
If the line frequency of the available
power source is 60 Hz, use a jumper to
connect pin 12 of IC14B to pin 6 of
IC13B. \f a 50-Hz ac source is used, the
jumper should interconnect pin 11 of
IC14B and pin6 of IC138

Mount the logic board on spacers at
least 2" high so that power transformer
T1 can be mounted directly beneath it.
The regulator IC (/C20) should be
mounted directly to the project enclo-
sure to provide heat sinking. Be sure to
add a thin layer of silicone heat-sink
compound to improve thermal transfer
between the IC package and project en-

Fig. 3. Actual-size
foil pattern for
the 8TT’s single
pe board.

JULY 1979

closure. A 1" x 214" (2.5- x 6.4-cm) rec-
tangular hole should be cut into the proj-
ect enclosure's front panel for the digital
display. To increase the legibility of the
display, affix a red filter to the back side
of the front panel using epoxy or similar
adhesive.

The tape deck to be controlled must
be slightly altered (see Fig. 6). Mount re-
lay K1 inside the deck enclosure at a
convenient location. Cut one of the pow-
er leads running to the motor. Connect
one end of the severed lead to the nor-
mally closed contacts of the relay and
connect the other end to the relay’s pole.
The coil leads will be connected to a jack
to be described shortly.

Now locate the track-changing sole-
noid. When a track change occurs, dc
voltage will be momentarily applied

cut

across the solenoid. The polarity of this
applied voltage must be determined
This is most easily accomplished by
means of an oscilloscope or voltmeter.
Witk the meter or scope probes con-
nected across the solenoid, depress the
deck’s program or track change push-
button and note the meter's (or scope
trace’s) deflection. Compare this with
the polarity of the probes and determine
which side of the solenoid becomes pos-
itive with respect to the other. Mark this
lead with a small flag of vinyl tape.

Make a hole on the tape deck’s rear
apron large enough to accommodate a
chassis-mount, 4-conductor female con-
nector. Install this connector and solder
the leads from the track-changing sole-
noid and relay coil to the connector lugs.
An identical connector should be in-
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Eight-Track Timer contd

stalled on the rear apron of the 8TT en-
closure and appropriate leads from the
pc board soldered to it. Be sure that the
connections to this second jack match
those made to the first. The circled-letter
markers on the schematic correspond to
the designated foil pads on the project’s
printed circuit board.

For convenience, protective diodes
D4 and D5 can be soldered to the lugs of
one of the female connectors—either
the one mounted on the rear apron of
the project enclosure or that installed on
the rear apron of the 8-track tape deck.
Prepare a 4-conductor cable of a length
sufficient to interconnect the project and
tape deck. Solder the cable conductors
to the fugs of male connectors compat-
ible with the rear-apron female connec-
tors. Take care to solder each conductor
to the identically corresponding lug on
each connector.

Flexible hook-up wire should be used

to interconnect the main circuit board
and rotary switch S7, the rear-apron
connector, and the off-board power sup-
ply components. Rotary switch S7
should be wired so that there are two ad-
jacent PAUSE positions between the RUN
and CLEAR TIMER positions. This mini-
mizes the possibility of inadvertently en-
tering the CLEAR TIMER mode (which
would erase the information stored in
the 8TT latch) when a switch to the RUN
position was actually intended.

Testing and Use. Interconnect the
8TT and tape deck with the 4-conductor
cable that you have prepared. Insert a
tape cartridge into the deck and apply
power to both the 8TT and the deck.
Then place rotary switch S1 in its CLEAR
TIMER position. If all is well, the deck mo-
tor will stop turning, the display will read
0:00 and the display colon will blink on
and off at a 2-Hz rate. Switching to the
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Fig. 4. Component placement guide for the 8-Track Timer.

62

PAUSE position will cause no change.
Placing the 8TT in its RUN mode, how-
ever, will cause the deck motor to start
running and the display to function as an
elapsed-time indicator. The display
colon will glow steadily.

After approximately one minute of
running time, make a mental note of the
interval indicated by the display and de-
press the tape deck's track change
pushbutton switch. The elapsed time in-
dicated by the display will begin to dec-
rement toward 0:00. Depressing the
track-change pushbutton twice more will
initiate the same count-down sequence,
starting each time at the first track's run-
ning interval.

If you find that track counter IC19 has
trouble following the track state, de-
crease the value of R48. This will allow
more current to flow through the LED in
optoelectronic coupler OC1 and provide
stronger pulsing of the internal photo-
transistor. |f the problem persists, dou-
blecheck the wiring associated with the
optocoupler and the solenoid to ensure
that the voltage applied across the LED
is of the correct polarity.

Depress the track-change pushbutton
switch one more time. The 8TT will inter-
pret this to mean that the tape has end-
ed and will turn off the deck motor,
cease timing, and cause the display
colon to blink on and off. Any further
depression of the track-change pushbut-
ton will be ignored by the 8TT.

Once these operations have been
verified, place rotary switch S1 in its
CLEAR TAPE position. The deck motor
will then begin to run but will be shut off
at the first change of tracks. Place S1 in
its CLEAR TIMER position and then in its
PAUSE position. Prepare the cartridge for
recording as required by your deck and
you're ready to go.

Employ the 8TT's PAUSE mode when
you want to stop recording momentarily.
By keeping an eye on the 8TT's display,
you will be able to interleave the pro-
gram material neatly between the track-
change interruptions.

If you want to use your tape deck with-
out the assistance of the 8TT, simply re-
move power from the project by opening
toggle switch S2. Although the déck has
been modified in that the 4-conductor fe-
male connector and relay K1 have been
installed inside it, the deck is unaitered
electrically. This means that the deck
will function normalty with the 4-conduc-
tor umbilical cable disconnected. Practi-
cally speaking, you can even leave the

POPULAR ELECTRONICS l




Fig. 5. Interior view of author’s prototype reveals

printéd circuit board mounting details.

Fig. 6. View of tupe deck shows how relay and
connector were monnted on deck’s rear apron.

cable connected to both units. As long
as the 8TT’s power switch is in its OFF
position, the deck will behave as if the
8TT were not connected to it. Also, be-
cause the interface between the deck
and timer consists of a relay and opto-
electronic coupler, there is no possibility
that hum will be introduced into the deck
by the 8TT.
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One word of warning: fluctuations in
tape speed, caused either by worn com-
ponents in the deck's transport or by a
binding tape cartridge will make the indi-
cations given by the 8TT misleading (if
not useless). For best results, make
sure your tape deck is in good working
order and that the cartridges you use are
in good concition. <
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Build the
Poor Mans

Servant

ID YOU know that with the expendi-

ture of just a few dollars and about
an hour's work, you can have a servant
for your home that will turn electrical ap-
pliances on and off at just the clap of
your hands? The “Poor Man's Servant”
does just that—allowing you, among
other things, to turn your television or ra-
dio on and off without moving from your
chair or bed.

As shown in the schematic, the heart
of the circuit is a small, preassembled,
sound-activated switch module that can
be purchased for as little as 88 cents
from dealers who advertise in the Elec-
tronics Market Place section of this mag-

+ 5V REGULATED

from as far away as 20 feet (6.1 m),
even though a television or radio is play-
ing in the same room.

There are three leads on the module.
The red lead is connected to the positive
side of the power supply. The black lead
is grounded, and the remaining (green)
lead is used to trigger IC1, a 74121 mo-
nostable muitivibrator. Clapping your
hands causes the module to trigger the
one-shot, which in turn toggles flip-flop
IC2. The Q output of the flip-flop then
goes high, providing gate current for re-
lay driver Q1. This transistor turns on
and energizes the coil of relay K1,
whose contacts can be used to apply

ES
39“5'

atl ™ i DI
|OpF I} IN4OOI
I 10 2 5
i 3 2N2222
4 Ki
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Schematic diagram of the Poor Man’s Servant.
Module responds to sound and toggles flip-flop
which keys relay K1 via driver transistor Q1.

azine. The module contains a small ce-
ramic microphone element which pro-
vides gate drive for an SCR. lt also has a
sensitivity adjustment so that the user
can set the sound level at which the
SCR will begin to conduct.

To call the module a true VOX (voice-
operated switch) is somewhat mislead-
ing. It will respond to a voice, but only if
the speaker is close by and talking di-
rectly at the module in a loud voice.
However, it is much more sensitive to
certain sounds. For example, the SCR
can be triggered by a clap of the hands
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line power to an appliance. Another clap .

of the hands causes the flip-flop to tog-
gle again, forcing its Q output low and
depriving Q1 of base drive. The relay
then deenergizes and removes power
from the appliance.

The relay specified in the parts list has
a 6-volt coil and dpdt contacts rated at 5
amperes. However, a different relay with
more sets of contacts can be substituted
for it if more complex switching functions
are required. No matter what relay is
used, be sure to connect diode D7
across its coil as shown in the schemat-

Note:

BY HAL LEFKOWITZ, WB2DEX

An inexpensive project which
activates or deactivates appli-
ances at the clap ofyour hands.

ic. This diode protects relay driver Q1
from inductive spikes generated when
the relay is keyed.

Construction. The Poor Man’s Serv-
ant is a relatively simple circuit and can
be duplicated using printed circuit,
wrapped wire, or point-to-point wiring
techniques. It requires +5 volts at
approximately 100 mA. Any suitable
power supply can be used, and both the
project and the supply can be housed in
a small enclosure.

Be sure to observe the polarities of
electrolytic capacitors and diodes as
well as the pin basing of IC's and tran-

PARTSLIST

C1—10-pF, 16-volt electrolytic

D1—1N4001 rectifier

IC1—74121 monostable multivibrator
IC2—7470 J-K flip-flop

K1—6-volt relay with dpdt, 5-A contacts
Q1—2N2222 npn switching transistor
R1—39,000-ohm, Y4-W 10% resistor
R2—220-ohm, Y4-W 10% resistor

Misc.— Vox module, 5-volt regulated power

supply, printed circuit or perforated board,
IC sockets or Molex Soldercons, hookup
wire, suitable enclosure, hardware, etc.

The following are available from EDI,
4900 Elston Avenue, Chicago, IL 60630:
Vox module, Part No. $-45, for $0.88; 6-
volt relay with S-ampere dpdt contacts, Part
No. G-296, for $0.99. Illinois residents,
add sales tax.

sistors. Use the minimum amount of
heat and solder consistent with the for-
mation of good connections and, if de-
sired, employ IC sockets or Molex Sol-
dercons to simplify assembly.

Use. The Poor Man’s Servant can be
placed in a convenient spot and pow-
ered continuously. It will then be your
faithful attendant, ready at all times to
obey your command. Just clap your
hands and it will perform the task as-
signed to it. Clap your hands again and it
will instantaneously retire. o
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ERHAPS the most important sound

characteristic a musical instrument .
produces is its amplitude envelope. A Can be used to vary attack, sustain, and
percussion or a stringed instrument, for decay of any electronic instrument
example, has a sound with a steep at-
tack and a slow decay time. A wind in-

strument, on the other hand, has longer BU “_D AN

attack and shorter decay times. While E|

|

electronic music synthesizers generally
permit the player to exercise full control

over the attack, decay, and (usually) M
sustain of every note played, electric in-
struments (guitars, pianos, etc.) do not U

offer this flexibility. The Envelope Modifi-
cation Unit, or EMU, described here can
give the electric musical instrument
much the same flexibility.

The EMU interfaces with most electri-
fied instruments and can be used to
modify the attack, sustain, and decay
times to produce many interesting
sound effects. It does not lengthen the
intrinsic amplitude envelope, but it can
shorten the envelope to produce the
sound of a guitar being played while a
hand damps the strings—without elimi-
nating the harmonics, as would occur if
a hand were actually used. it can also be !
used to alter the envelope to produce
the “whooping” effect one hears when a
magnetic tape is played backwards.

The electrical demands of the EMU
are so low that a pair of 9-volt batteries
can be used to power it. Of course, if you

prefer, you can use an appropriate line- BY
operated power supply. Also, if you JAMES J.
wish, you can add a foot switch to permit BARBARELLO

|

you to bypass the EMU to obtain an un-
modified sound envelope.

About the Circuit. As shown in Fig. 1,
the audio signal from the musical instru-
ment is applied to the EMU via J1. Itis
then coupled to the inverting inputs of
IC1A and IC1B. The IC1A circuit is oper-
ated as a unity-gain inverting amplifier
that buffers the input signal to drive
transconductance amplifier IC2.

The output from /C2 is generated
across R4 and buffered by IC3A. From
here, it is delivered to output jack J2.
Buffering of both the input and the out-
put of /IC2 eliminates any possible load-
ing and overloading problems usually
encountered when using a transconduc-
tance amplifier. -

The input signal is amplified by IC1B_—"
and then rectified and filtered by D1#H7,
and C1. The amplitude of the-négative-
going signal generated across R7is pro-
portional to the amplitude of the input \5&
signal. This signal voltage is then used
to toggle Schmitt trigger /C3B, whose
reference at pin 2 is set to —0.8 volt by
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divider network R8/R9. With no input,
the output of the trigger is high and ap-
plies about +0.8 volt to noninverting in-
put pin 3 of IC3B.

When the detected potential goes be-
low the —0.8-volt reference, the output
of IC3B goes low. Resistors R7 and R10
set the quiescent input level of IC3B and
provide some hysteresis. The negative-
going step voltage produced when the
output potential goes low is differentiat-
ed and level shifted by C2, R11, and
R12 to trigger conventional timer IC4,
which is operated as a one-shot mono-
stable multivibrator.

When the detected potential drops to
zero, the output of IC3B returns to high.
The resulting positive pulse has no ef-

fect on IC4. (This IC is not wired in the
conventional manner. Instead, it is ar-
ranged to operate between —9 volts and
ground, to provide signal compatibility
for transconductance amplifier IC2.)
When IC4 is triggered, its output at pin 3
rises from its negative voltage toward
ground. This allows C3 to charge
through D2 and R14. The rise time is de-
termined by the values of C3 and R14.
Capacitor C5 eliminates the turn-on
spike that could be transmitted through
the circuit and be heard as a “pop.”
When the timing cycle of IC4 is com-
pleted, pin 3 returns to —9 volts and the
potential across C3 decays through
R15, D3, and pin 3 of IC4. The time con-
stant here is determined by the values of

C3 and R15. The voltage across C3 pro-
vides the programming current for IC2
via R13, whose value determines the
maximum gain.

When the ground connection to R16
and R17 is broken via J3, C4 cannot
charge. This keeps IC4 on indefinitely
and results in a constant gain through
the system. When the ground is re-
stored, normal operation resumes.

Construction. Although any method of
construction can be used to assemble
the EMU, a printed-circuit board is rec-
ommended. The actual-size etching and
drilling and the components-placement
guides for such a board are shown in
Fig. 2. When completed, the pc assem-

CA3080

v+ V=

7 R16
500K J3

R17
470N

- ca
T~ 10uF

———— - V—

Fig. 1. Transconductance amplifier IC2 has its input and output buffered by IC1A and IC3A respectively.
Gain of IC2 is varied by circuit containing IC4, which is triggered by IC3B and IC1B.

B1. B2—9.volt battery

Cl—1-uF. 25-volt electrolytic
C2—0.001-pF disc capacitor
C3.C4—10-pF, 25-volt electrolytic
CS—0.01-pF disc capacitor
D1.D2.D3—1IN914 or similar switching diode
1IC1.1C3—S558 or MC1458 dual op amip
IC2—CA3080 transconductance amplifier
IC4—555 timer

The following are Y4-watt, 10% tolerance:
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PARTS LIST

R1.,R2.R4 RS .R7.R9—10.000 ohms

R3—100 ohms

R6—330,000 ohms

RE.RIO.R1T.R12,R13—100.000 ohms

R10—100 ohms

R17—470 ohms

R14 R15.R16—500.000-0ohm linear-taper po-
tentiometer

J1.J2—Phono jack

J3—Closed-cireuit jack

Misc.—Suitable enclosure; battery holders
(2); control knobs (3); machine hardware;
hookup wire; solder; etc.

Note: The following items are available from
BNB Kits, RD#1. Box 241H. Tennent Rd. .
Englishtown, NJ 07726: Complete kit of
parts. not including case. No. EMU-E for
$21.50; printed-circuit board No. EMU-PC
for $6.50. Postage and handling included
for U.S. und Canada only. New Jersey resi-
dents, please add 5% sales tax.
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bly can be mounted inside any conven-
ient case that can accommodate it, the
batteries and their holders, and the jacks
and controls.

Using the EMU. The proper attack, sus-
tain, and decay settings for each differ-
ent sound effect must be arrived at by
experimenting with the EMU.

The susTAIN control sets the time
from the onset of the attack to the onset
of the decay. Accordingly, if the sustain
time is set too short, it will override the
ATTACK setting. For example, when set-
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ting a short stacatto envelope, the sus-
tain may be shorter than the attack. This
would result in no output from the EMU
because IC4 will not be on long enough
to allow C3 to charge. If this occurs, in-
crease the SUSTAIN setting enough to
obtain an output.

In another situation, if the controls are
set for a short-duration envelope, a high-
level input may cause muitiple trigger-
ing. If this occurs, decrease the input
signal level until the multiple triggering
just ceases.

if at any time distortion appears in the

oN
PWR
OFF

Fig. 2. The actual-
size etching and
drilling guide for

a suitable pc

board is shown

at left below.
Component placement
guide is at top.

RED

Bl
cLip

output, decrease the level of the input
signal until it disappears.

Jack J3 (see Fig. 1) is provided for
plugging in an optional footswitch. When
the footswitch is open, the EMU is effec-
tively cancelled and the input signal
passes through IC1A, IC2, and IC3A
pass through without modification.
(These three stages operate as a simple
unity-gain ampilifier in this case.) Closing
the footswitch completes the circuit from
R16 and ground to allow timer IC4 to op-
erate, placing the sound-modifier cir-
cuits into the system. o
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