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We're looking o the musoiginal e
of an Apple since Adam.

What in the name of Adam do people do with
Apple Computers?

You tell us.

In a thousand words or less.

If your story is original and intriguing enough,
you could win a one-week all-expense paid trip for
two to Hawaii. Which is the closest we could
ccme to paradise.

Win fabulous prizes for
creative writing.

To enter, drop by your nearest Apple dealer and
pick up an entry blank. Fill it out. Then write an
article, in 1000 words or less, describing the unusual
or interesting use you've found for your Apple.

A jury of independent judges will cast the
deciding vote for the grand prize: a week for two,
airfare included, in Hawaii.

The judges will also choose 16 additional
winners, two each from eight categories:

graphics/music, entertainment, home, business,
education, scientific, professional, and industrial.
And each winner will choose from a long list of
longed-after Apple peripherals—from Apple
Disk II's to Graphics Tablets to printers.

Or you can take a $250 credit towards the
purchase of any Apple product.

The contest ends March 31,1980. All winners
will be notified by May 15.

Entry forms are available at your participating
Apple dealer. Call 800-538-9696, (800-662-9238
in California), for the one nearest you.

Mail the entry blank, your article and any
photos to: Apple Computer, “What in the name
of Adam” contest, 10260 Bandley Drive,
Cupertino, CA 95014. ‘ ‘

And may the juiciest \ﬂ!/
application win.
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NEW PRODUCT

Sports

Radar

Here’s how an exciting new micro-electronic

breakthrough will make your children heros
and improve your tennis game.

When Roger started pitching for his little
league team, he was just another player. And
his arm was no better than anybody elses.

Two months later a small miracle took place.
Roger was the best pitcher on the team and
had a fast ball that was the most powerful in his
league—and all thanks to his father.

Roger’s success came from a radar gun—
the same type device used by police to catch
speeding motorists.

SCRAMBLED EGGS

The minute Roger’s father was able to clock
his son’s pitching speed, Roger was subcon-
sciously given a daily challenge of pitching
harder and faster to beat his previous speed.
The more he practiced, the better he got.

Roger’s father paid $2,000 for the radar gun.
Bat in his upper class neighborhood, it wasn't
too unusual for a father to spend that kind of
money to help his son.

SPEEDING CITATION

A large manufacturer of radar-type security
devices saw what Roger’s father had done and
felt that there was a definite need to produce a
low cost radar unit designed exclusively for the
sports market.

The company, Solfan Systems, developed
the Sports Radar gun—a major breakthrough
in projectile speed detection as well as elec-
tronic radar circuitry.

Using the doppler effect of radar and
phased-lock-loop circuits, Solfan has devel-
oped the Sports Radar gun that compares to
even the most sophisticated of police radar
units that cost $2,000.

OVERLAND EXPRESS

The Sports Radar gun is held in your hand
and pointed toward the pitcher. You turn it on,
press the ready button, and point the gun. The
gun will ignore the moving arm of the pitcher
but will lock in on the moving ball. The radar
unit would then follow the ball for approxi-
mately ten milliseconds and the built in compu-
ter measures and computes the speed and
flashes the reading on the display. The gun
registers the speed to the exact mileage within
one-half miles per hour.

JANUARY 1980

Just point the gun and read the results.

The gun can be mounted on a tripod so that
the person taking the measurements can also
catch the ball.

In tennis, the speed of the serve can be
measured by aiming the gun at the person
serving. You can also use the unit by yourself
by setting the unit on a tripod and measuring
the speed from behind.

WORKING AND PLAYING

Aside from its extreme accuracy and
advanced electronics, the unit is priced to
meet the budget of every sports-minded
athlete or parent. It's only $149.95 complete.

You can measure the speed of baseballs,
soccer balls, tennis balls, golf bails, hockey
pucks, downhill skiers, radio controlled model
airplanes or anything that moves—even auto-
mobiles.

The speed is flashed on the large LED display
and is shown in miles per hour.

The unit accepts two commercially available
6-volt lantern batteries which you can pur-
chase locally or from JS&A for only $2 each.
The batteries will last for weeks with normal
use.

SUCCESS AND. GOOD THINGS
The unit comes in a sports blue color and
weighs 38.4 ounces, exclusive of batteries. It's
rugged, well built and designed to endure the
typical use and abuse it would normally
receive.

WWW_ akmerieaniadiahistary com
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We urge you to test this exciting new
product during our 30-day free trial. Order the
Sports Radar gun. When you receive i,
measure your child's pitching speed. Test it on
your own tennis serve. See how knowing your
speed will actually improve it as you try to out
perform your previous record fast pitch or
serve. Then decide if the Sports Radar gun
doesn’t make a very exciting addition to your
sports equipment.

ONE FOR THE MONEY

If you are not convinced that the Sports
Radar gun is something that you'll use con-
stantly to help improve your game, return it for
a prompt and courteous refund, inctuding your
$3.50 postage and handling. You can't lose—
and chances are your son will at least have the
most popular new product in the neigh-
borhood.

To order one for your test, simply send your
check for $149.95 plus $3.50 for postage and
handling to JS&A Group, Inc., at the address
shown below. (lllinois residents please add
5% sales tax.) Credit card buyers may call our
toll-free number below. If you wish to buy a set
of two six-volt batteries, simply add $4.00 to
your order.

We'll then send your unit, the batteries (if
you order them from us), a 90-day limited
warranty and complete easy-to-understand
instructions.

Radar electronics for the sports enthusiast
is now a reality. Watch your game improve by
ordering your Sports Radar gun at no obliga-
tion, today.

o) PRODUCTS
o THAT
© WTHINKe

Dept.PE  One JS&A Plaza
Northbrook, lll. 60062 (312) 564-7000
Call TOLL-FREE ........ 800 323-6400
In Hlinois Call .......... (312) 564-7000

© JS&A Group,inc.,1979
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The World’s biggest

SALE of

Bearcat®
scanners!

Communications Electronics;, the
world's largest distributor of radio scan-
ners, celebrates the Electra introduction
of four new Bearcat brand monitors with
the world’'s largest scanner sale. From
now, until January 31, 1980, you can
save hundreds of dollars during the world's
largest scanner sale!

Even the new Bearcat models 300, 220 and
Eight Track scanners are on sale. If you've
previously purchased a Bearcat scanner, then
you already know you're getting all thereal, live
excitement that a television program or news-
paper can't provide. If you don't have at least
one Bearcat scanner, the time to buy is now!

Since CE distributes more scanners world-
wide than anyone else, we can give you rock
bottom prices. Our warehouse facilities are
equipped to process over 1,000 Bearcat scan-
ner orders per week and our order lines are
always staffed 24 hours. We also export Bearcat
scanners to more than 300 countries and mili-
tary installations. AlImost all items are in stock
forimmediate shipment, sosave now and get
a Bearcat scanner during the world’s largest
scanner sale!

NEW! Bearcat® 300

Available February - March, 1980

List price $499.95/CE price $329.00

7-Band, 50 Channel ® Service Search ® No-
crystal scanner ® AM Aircraft and Public
Service bands. ® Priority Channel ¢ AC/DC
Bands: 32-50, 118-136 AM, 144-174,421-512 MHz.
The new Bearcat 300 is the most advanced auto-
matic scanning radio that has ever been offered to
the public. Since the Bearcat 300 has over 2,100
active frequencies in memory, you can touch one
button and search any of many preprogrammed
services such as police, fire, marine and govern-
ment. Of course, you still can program your own
frequenciesand monitorupto 50 channelsatonce.
Since the Bearcat 300 uses a bright green fluores-
cent digital display, it's ideal for mobile applications.
The Bearcat 300 now has these added features:
Service Search, Display Intensity Control, Hold
Search and Resume Search keys, Separate Band
keystopermit lock-in/lock-out of any band for more
efficient service search. Reserve your Bearcat 300
now for February -March, 1980 delivery.

Bearcat® 250

List price $399.95/CE price $259.00

50 Channels ® Crystalless ® Searches
Stores ® Recalls ® Self-Destruct ® Priority
channel ® 50 Channel ¢ 6-Band.

Frequency range 32-50, 146-174, 420-512 MHz.
The Bearcat 250 performs any scanning function you
could possibly want. With push button ease you can
program up to 50 channels for automatic monitoring.
Push another button and search for new frequencies.
There are no crystals to limit what you want to hear. A
special search feature of the Bearcat 250 actually
stores 64 frequencies, and recalls them, one at a time,
at your convenience. Automatic “count” remembers
how often frequencies are activated by transmission-
s0 you know where the action is. Decimal display shows
the channel, frequency and other programmed fea-
tures. The priority feature samples your programmed
frequency every two seconds. Plus, a digital clock
shows the time at the touch of a button. The Bearcat
250. Scanning like you've never seen or heard before.

NEW! 50-Channel Bearcat 300
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NEW! Aircraft Bearcat 220

A:rcraft Bearcat®220

List price $399.95/CE price $259.00

Aircraft and public service monitor. Frequency
range 32-50, 118-136 AM, 144-174, 420-512 MHz.
The Bearcat 220 is one scanner which can monitor alt
public service bands plus the exciting AM aircraft band
channels. Up to twenty frequencies may be scanned at
the same time.

Notonlydoesthis new scannerfeature normal search
operation, where frequency limits are set and the
scanner searches between your programmed parame-
ters, it also searches marine or aircraft frequencies by
pressing asingle button. These frequencies are already
stored in memory so noreprogramming isrequired. The
Bearcat 220 also features a Priority channel, Dual scan-
ning speeds, Patented track tuning and Direct channel
access and AC/DC operation.

NEW! Bearcat® 211

List price $339.95/CE price $229.00

Frequency range: 32-50, 146-174, 420-512 MHz

The Bearcat 211. It's an evolutionary explosion of
features and function. 18-channel monitoring. With no-
crystal six-band coverage. Dual scan speeds. Color-
coded keyboard. Even a digital clock. All at a modest
price. More scanning excitement than you bargained for.

Bearcat® 210

List price $299.95/CE price $199.00

10 Channels ® 5 Bands ® Crystalless
Frequency range: 30-50, 146-174, 420-512 MHz
Usethesimple keyboard toselectthe 10 channelstobe
scanned. Automatic search finds new frequencies. The
210 features patented selectable scan delay, push
button lockout, single antenna, patented track tuning,
AC/DC operation. With no crystals to buy. Ever!

NEW! Bearcat® 8 Track

List price $99.95/CE price $79.00

4 Channels ® 2 Bands e Plays off any AC or DC
Powered 8 Track Tape Player.

Frequency range: 36-44, 152-162 MHz.

The Bearcat 8 Track Scanner. It converts any 8 track
tape player into a live-action scanning radio.

This incredibily compact 4-channel/2-band crystal
scanner plugs into the tape player where an 8 track
cartridge normally goes. Police, fire, emergency calls—
as-it-happens scanning excitement—from an existing
home entertainment center, in-car/in-boat system or
portable 8 track tape player. The Bearcat 8 Track
Scanner plugs live-action into any 8 track player. Any-
where. Crystal certificates # A-135cc are $4.00 each.

® ]
Bearcat® Four-Six

List price $169.95/CE price $109.00

The first 4 Band, 6 Channel, Hand-Held Scanner.
Frequency range: 33-47, 152-164, 450-512 MHz.

The Bearcat Four-Six offers “hip pocket” access to
police, fire, weather and special interest public service
broadcasts. Lightweight. Extremely compact. The Bear-
cat Four-Six—with its popular “rubber ducky” antenna
andbeltclip— provides “go anywhere/hands-off’ scanning.

NEW! Aircraft and UHF
Bearcat® ThinScan™

' List price $149.95/CE price $99.00

World's smallest scanner!

The Bearcat ThinScan High-performance scanning
has never been this portable. There are now three
models available. The BC 2-4 L/H receives 33-44 and
152-164 MHz. The BC 2-4 H/U receives 152-164 and
450-508 MHz. The new high-performance Aircraft
ThinScan model BC 2-4 AC receives 118-136 and 450-
470 MHz. Go ahead, size it up. The Bearcat ThinScan™
measures 2% " across. Just 1” deep. And 5% high.
Four crystal-controlied channels are scanned every %
second providing immediate access to police, fire,
weather and other special-interest broadcasts.

CIRCLE NO.1ONFREEINFORMATIONCARD
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NEW! Bearcat 8 Track scanner

INCREASED PERFORMANCE ANTENNAS
Ifyouwantthe utmostin performance from your Bearcat
scanner, itis essentialthat you usean externalantenna.
We have six base and mobile antennas specifically
designed for receiving all bands. Order #A60 is a
magnet mount mobile antenna. Order #A61 is a gutter
clip mobile antenna. Order #A62 is a trunk-lip mobile
antenna. Order #A63 is a % inch hole mount. Order
#A64isa¥%inchsnap-inmount,and #A70isanallband
base station antenna. All antennas are $25.00 and
$3.00 for UPS shipping in the continental United States.

OTHER BEARCAT ACCESSORIES
SP50 AC Adapter
SPS51 Battery Charger ............
SPSS Carrying Case for Four-Six ...
SP57 Carrying Case for ThinScan ....
SM210 Service manual for Bearcat 210
SM220 Service manual for Bearcat 220
SM250 Service manual for Bearcat 250 .
B-31.2 V AA Ni-Cad's for Four-Six (Pack of }..

B-41.2 V AAA Ni-Cad's for ThinScan (Pack of 4). ...$15.00
B-5Replacement memory battery for Bearcat210....$5.00
A-135cc Crystal certificate.......................... $4.00
Add $3.00 shipping for all accessories ordered atthe same time.

TESTABEARCAT SCANNER FREE
Test any Bearcat brand scanner purchased from Communi-
cations Electronics™ for 31 days before you decide to keep
it. If for any reason you are not complétely satisfied, return it
in new condition with all parts in 31 days, foracourteousand
prompt refund (less shipping and handling charges).

MADE BY ELECTRA

Since all Bearcat scanners 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.
With your Bearcat scanner, you will receive acomplete set of
simple operating instructions and a one-year limited war-
ranty from Electra. If service is ever required forany Bearcat
scanner just send your receiver to an Electra national
service center.

BUY WITH CONFIDENCE

All Bearcat scanners are extraordinary scanning instru-
ments. They provide virtually any scanningfunction that
the most professional monitor could require. Toget the
fastest delivery from CE of any Bearcat scanner,
send or phone your order directly to our Scanner
Distribution Center” Be sure to calculate your price
using the CE prices in this ad. Michigan residents
please add 4% sales tax. Written purchase orders are
accepted from approved government agencies and
most well rated firms at a 10% surcharge for net 30
billing. All sales are subject to availability. All sales on
accessories are final. Prices and specifications are
subject to change without notice. Out of stock items will
be placed on backorder automatically untess CE is
instructed differently. International orders are invited
with a $10.00 surcharge for special handling in addition
to shipping charges. All shipmentsare F.O.8. Ann Arbor,
Michigan. No COD’s please. Cashier's checks will be
processed immediately and receive an order priority
number. Personal checks require three weeks bank
clearance.

Mail orders to: Communications Electronics; Box
1002, Ann Arbor, Michigan 48106 U.S.A. Add $5.00 per
scanner for U.P.8. ground shipping, $9.00 for faster
U.P.S. air shipping or $30.00 for overnight delivery to
most major U.S.cities via Federal Express or Airborne
Air Freight. If you have a Master Charge or Visa card, you
may call anytime and place a credit card order. Order
toll free 800-521-4414. If you are outside the U.S. orin
Michigan, dial 313-994-4444. You may also order via
TWX 810-223-2400. Dealer inquiries Invited. Allorder
lines at Communications Electronics™ are staffed 24
hours.

Since this multi-million dollar scanner
saleisthe world's largest, please ordertodayat
no obligation to assure a prompt order confir-
mation and delivery.

When you foll the leader to real I t,
your journey ends at C icati Electroni
Autoprogramming,” Scanner Distribution Center™ and
CE logos are trademarks of Communications Electronics.”
*Bearcat is a federally registered trademark of Electra
Company, a Division of Masco Corporation of Indiana.
Copyright®1979 Communications Electronics™

et

™

M COMMUNICATIONS
ELECTRONICS™

854 Phoenix O Box 1002 O Ann Arbor, Michigan 48106 U.S.A.
Call TOLL-FREE (800)521-44140routeide U.S.A.(313)994-4444

We’'re first
with the best.’

POPULAR ELECTRONICS
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Editorial

ELECTRONIC SAFETY

Fatalities due to electric shock are rather rare. Nonetheless, one should
not lightly dismiss the hazards of working with and around electronic
equipment. It makes sense to minimize any risk, you'll agree, regardless
of how small it is. Accordingly, here’s a partial list of personal safety
rules that I’ve practiced in recent years.

(1) Hire someone to erect your ham, CB or TV roof antenna. Seems that
every few months someone doing it himself hits an electric power
line...and poof!

(2) If you're working on electronic equipment, be sure the ac plug is
pulled out of the wall socket; don’t ever depend on an on-off switch to
do the job.

(3) Beware of transformerless sets; they might have a ‘‘hot’’ chassis.
(Use an isolation transformer to play safe.)

(4) Don't use a wet finger to check signal paths.

(5) Replace frayed ac line cords or extension cords as soon as you no-
tice them.

(8) If your electric drill cannot be grounded, be sure to use one that has
double insulation.

(7) Check your communication gear for proper lightning protection.

(8) Discharge electrolytic capacitors before starting work on equipment.

There are other, even more remote, hazards that are somewhat related to
electronics. These include laser light, microwave energy, and ionizing ra-
diation (medical/dental X rays, nuclear radiation, etc.).

The biological effects of the last can be insidious, of course, since there
is no proven bottom threshold for genetic damage. Not to worry, though,
say all the journals I've read. Irradiation from natural and man-made
sources are said to be well within *‘acceptable” limits. Typical whole
body annual doses are reported to be 0.102 rem for natural radiation,
0.072 rem for medical radiation, and 0.0026 from TV and other consumer
electronic products, for a total of about 0.176 rem. The long-term max-
imum yearly "safe’’ dose is said to be 0.500 rem, so there appears to be
plenty of leeway.

Nonetheless, some people worry about radiation exposure, especially
when a nuclear accident occurs. Under normal circumstances, radiation
from nuclear reactors, fallout, etc., accounts for less than 0.005 rem/
year, which is a tiny addition to anyone’s radiation burden. To place this
in its proper perspective, terrestrial radiation in Denver, Colorado is
about 0.058 rem higher than in Florida. So one can substantially reduce a
dose rate simply by moving to a coastal plain area. Should anyone be ter-
ribly concerned about nuclear power plant leakage, radioactive waste de-
posits, or what-have-you, the radiation monitor described in this issue
may give you some reassurance.

WWW amernaaaradiohisetary com
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ccnvertar for mlec anc voice
output.

HUMAN INPUT EXPANSION

— B8 axis joystick inierfaces
2—1C key pad interfaces

HOME INTER=ACE

1 —AC-12 AC rempte contral interface

DISPLAY

32 z 64 with uppe” and lower case
2048 Characters.

25€ x 512 effectiva Graghic Points
16 Cofors

SOFTWARE

O=o Scientific offers. a cacmprehensive
Iibrary of bath systems end
apglications saftware for th2 C4P,

"The CaP is an outstanding gremium

computer — years ahead of the
market. We know because there's
nothing quit2 .ike it for the price.
anywhere. Anz probably wen'tbe for a
very long time

CIRCLENO. 4% CN FREE INFCRMATION CARD

T e

C4P*698

8K BASIC-in-ROM 8K of stetic RAM
and audio cassette interfaca, Can be
directly expanded to 32K static RAM
and two mini-floppy disks.

C4P MF$1685

All the features cf the C4P plus real
time clock, home security svstem
interface, modem interface. printer
interface, 16 paraliel lines and an
accessory BUS. The C4P MF starts
with 24K RAM and a single mini-flcppy
and can be directly expanded to 48K
and two mini-floppies. Over 45 diskettes
now available including games,
personal, business, educational and
home control app||cat|ons programs as
well as a real time operaung system,
word processor and a data base
management system.

Compulers come wilh keyboards and floppres where specilied.
Other aquipment shown is opticnal.

For literature and the name of your local
dealer, CALL 1-800-321-6850 TOLL FREE.

OHI0 SCIENTIRC

1333 SOUTH CHILLICOTHE ROAO
AURORA, OH 44202 » [216]562-3101
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printhead. The vast majority of impact print-
heads are only one column wide and print the
character one column at a time, with four or

. five columns per character. | don’t think any-
one making a microcomputer printer wastes
° the hardware to have the 35 solenoids that
/ would be required for the device you pic-
i/ ture.—Mike Firth, Dallas. TX.
Sorry if the illustration was misleading. It
etters was meant only to demonstrate how various
pins can be fired to generate a character in
print. You are correct that most printers form
each character a column at a time. —Ed.

COMMENTS ON PRINTER ARTICLE We read with disappointment your remarks

Your otherwise excellent ''How to Buy a on electrosensitive printers in “‘How to Buy a
Computer Printer” article (November 1979) Computer Printer.’”" Electrosensitive paper
unfortunately mlsrepresented the dot-matrix for our Comprint 912 is not "‘very fragile' and

ACE 200-K with 728 solder- ACE 204-K (shown here)
less plug-in tie points, two with 1032 solderless plpg-ln
5-way binding posts. Capa-  tie points, two 5-way bind-
city, up to eight 16-pin DIPs. ing posts. Capacity, up to
twelve 14-pin DIPs.

$24.95

A P All-Circuit Evaluator kits give
you the best...for less.

Assembie your A P “ACE" yourself (easy with our instructions) and you
save money.

Then you save time—time after time—because there’s no faster or
easier way to prototype.

You figure out your circuit, plug it in for testing. You decide to improve
your layout, and you make your moves as quickly as you think them
up. It's super-fast breadboarding —with the electronic integrity you
expect from A P Products. Our solderess plug-in tie points are a special
noncorroding alloy. Use them over and over again. They continue to
grip hard, make excellent contact.

Where to buy? Phone (toll-free) 800-321-9668 for the name of your
local A P Distributor. And ask for our complete A P catalog, The Faster
and Easier Book.

abo‘“'

AP PRODUCTS

INCORPORATED
1359 W. Jackson St.

Painesville. Ohio 44077

Tel. 216/354-2101

TWX: 810-425-2250

CIRCLENO.2ONFREEINFORMATION CARD
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does not require handling with "“‘utmost care
to prevent wrinkling and soiling."” And elec-
trosensitive paper is not “‘impossible to pho-
tocopy.’ Finally, this paper costs about half
that of plain paper and reusable ribbons. —
Harlan E. Dybdahl, Computer Printers Intl.,
Inc., Mountain View, CA.

The drawbacks noted about electrosensi-
tive printers, after noting their important ad-
vantages, are largely true. Your company's
printer is, in part, an exception to the rule,
since it uses a paper that is, indeed, not
fragile and does produce good photoco-
pies. —Ed.

ADDRESS CORRECTION
For our “Tunable FM Antenna Amp'' de-
- scribed on page 12, September 1979, note
that our correct address is Andover House,
247 N. Main St., Andover, MA 01810.—
Roland M. von Sacken.

MASSAGING THE PROGRAMS
The “‘Simple TRS-80 Programs Solve Elec-

| tronics Calculations™ article (August 1979)
contains a few errors. Level |, for example,
cannot differentiate between two letters as
being equal unless the letters are assigned
numerical values. These appear in Table 1 on
lines 60, 62, 65, and 67 and in Table 2 on
lines 370, 380, and 390. Corrections are as
follows:

TABLE 1

10R=1.C=2:V=3:P=4

30 P."SELECT DESIRED FUNCTION"
| 500N AG. 70, 110, 145, 180

(delete lines 60, 62, 65, and 67)

TABLE 2

1Q=1.F=2B=3
When running a 4K machine, one usually con-
serves as much memory as possible. For this
reason, for example, lines 100 through 150 in
Table 2 could be put on one line. —David
Street, Pottstown, PA

. In the Ohm’s Law program, line 40
asks for a numerical input (A), but the com-
puter tells the user to enter letter R, C, V, or
P. When a letter is entered at a request for
numerical information, the input variable is
assigned to the value currently associated
with that letter. Since R, C, V, and P are not
referenced earlier in the program, A is set to
approximately 1.90432E-6. The statement
"IF A=R G. 70" asks if A is numerically equal
| to R, not if A contains the letter R. Changes

should be as follows:
40 IN. "RESISTANCE®R, CURRENT=C,
A8
| 60 IF A$="R" G. 70
| 62 IF A$="C" G. 110
65 IF A$="V" G. 145
[ 67 IF A$="P" G. 180
A% is read as A-string, where a string vari-
able may contain a letter or a string thereof.
| This error is made again on lines 360 through
390. — William C. Crowder, Winnetka, IL.

Out of Tune

In “Vehicle Low-Fuel Indicator’ (August
1979), in Fig. 3, component placement guide,
change the labelling of Q2 to SCR7Y and Q3
to Q2.

POPULAR ELECTRONICS


www.americanradiohistory.com

1067-192 p.—All Abouts
Telephones ($7.95)

COUNTS AS ONE BOOK—
o 604/882508 p.—Using Elec-
tronic Testers tor Automotive:
Tune-Ur & Transistor Igni-|
tion Systems ($16.90)

take
any

An Extraordinary Offer to introduce you to the benefits of Membership iin

ELEGTRONICS BOOK CLUB

(up to 9 books) of these 24
unique electronics selections
(values to $111%) for only

with a Trial Membership in the Book Club that guarantees fo
save you 25% to 75% on a wide selection of electronics books

for
ALL
SIX

$l9

1241-238 p.—How to Bulld Your
Own Seli-Programming Robot
(512.95)

i

FUN WITH
BLECTRONIOS B

1120-128

Sctclllt«n

COUNTS AS ONE BOOK—
861/905-546 p.—Display [
Electronics & Build-it Book
of Digital Electronic Time-
_pne_ufs ($18.90)

COUNTS A% ONE BOCK 837/628-
396 p.—Fua With Elestrenics &
Basic Elsctricity & 3eginning

Electronics($5.90)

1147210 p.—The Laser Eu-
perimenter’s Handbook {59.95)
v P

1085-266 m—24 Tested,
Ready-To-Bun Ga e Pm-

grams in BASIC {$..95) The Amat

»($3.95)

714-252 p. Bacio Astranomy For

$52-378 p.—Microprocessor Pro-
gramming For Computer Hobbyists

(512.95) 1176-352 p.-

730-258p.—Eftective “rou-
bleshosting Witk EYM &

Scope 8 35)

1¥19-532 p.—Color TV Teoe -
ble Factboos—Problems &

Solutiens—=th Edition ($12.95)

cts About Club Membership

@®The 6 introductory book selections of your choice Carry pub-
lisher's retail prices of up to $111.55. They are yours for only
$1.99 for all 6 (plus postage/handling) with your Trial Member-
ship.

® You will receive the Club News, describing the zurrent Selec-
tions, Alternates, and other bocks, every 4 weeks {13x a yeat),
@ If you want the Selectian, do nothing, it will be sent to yau
automatically. tf you do not wish to receive the Selertian. or if you
want to order one of the many Alternates offered, you simply give
instructions on the reply form (and in the enveiope} provided,
and return it 0 us by the date specified. This date aliows you at
least 10 days in which to return the form. If, because cf late mail
delivery, you do not have 10 days to make a deeision and so
receive an uswanted Selection. you may return it at Club ex-
pense.

@To complete your Trial Membership, you need Buy only four
additional monthly Selections ar Alternates during the next 12
months. You may cancel your Membership any time after ynu
purchase these four books.

@ All books — including the Introductory Offer — are fully return-
able after 10 days if you're not completely satisfied.

@All books are offered at low Member prices. plus a small
postage and handling charge.
@ Continuing Benus. If you continue after this Trial Membership,
you will earn 4 Dividend Certificate for every bool you purchase.
Three Certificates plus payment of the nominal sum of $1.99 will
entitle you to a valuable Baok Dividend of your chowce which yiu
may choose from a list provided Members.

JANUARY 1980

678-276 p.—Modern Com-
munications Switching Sys-

t $17.95]
2l ) )] Cookbook ($9.95)

A

M ay we send you your choice of 6 ef these practi-
cal time-and-money-saving book selections as
part of an unusual offer of a Trial Membership in
Electronics Book Club?

Here are quality hardbound volumes, each spe-
cially designed to help you increase your know-how,
earning power, and enjoyment of electronics. What-
ever your interest in electronics, you'll find Elec-
tronics Book Club offers practical, quality books that
you can put to immediate use and benefit.

This extraordinary offer is intended to prove to
you through your own experience, that these very
real advantages can be yours...that it is possible to
keep up with the literature published in your areas of
interest, and to save substantially while so doing. As
part of your Trial Membership. you need purchase as
few as four books during the coming 12 months. You
would probably buy at least this many anyway, with
out the substantial savings offered through Club
Membership.

To start your Membership on these attractive
terms, simply fill out and mail the coupon today. You
will receive the 6 selections (up to 9 books) of your
choice for 10-day inspection. YOU NEED SEND NO
MONEY. If you're not delighted, return the books
within 10 days and your Trial Membership will be
cancelled without cost or obligation.

ELECTRONICS BOOK CLUB, Blue Ridge Summit, Pa. 17214
CIRCLE NO. 23 ON FREE INFORMATION CARD

WWW amerncaantadiohigatary com

A

1101-546 p.—How to Design
& Build Your.Own Custom
TV Games ($14.95]

1053-266 p.-—Microprocessns

p.—OSCAR: The
Ham Radio Satellites ($8.95)

oscaR Radio

1169-504 p.—The GIANT "
Handbook of Comguter Pro-
jects ($15.95)

6277-292 p.—TWQ BOOKS INKONE
BINDING—Practical Troable
shootg With the Modern Oscil-
loscope & Practical Trouslessoot-
ing. Wth Modern Electrenic Test
Instruments {$25.90)

' THE COMPLETE
<+ MICROCOMPUTER
_ SYSTEMS HANDBBOK

1201-322 p.—The Comulete
Microcomputer Systems
Handbook {$15.95)
1174-256 p.—Model Rad-a pi——
Control—3rd Edition (S

| S |

-The Master
Handbook of AltHome Heat-
ing Systems—Tuneup, Re-
pair, inst. & Maint. ($12.95)

1168-182 p.—How o Hepair
Clacks (59.95)

u--\r"—:

115‘ 266 p.—Antenna Dats Rafer-
enca Manual—includ ng Jimen-
sior tables (512 95)

NG B

‘b\\““ S Gu“"

’/

1138-224 p.—Buyes's Guitls

to Everything Elect onic Far

the Home ($9 95) 1128-252 p.—How it Moke
Home Electriclty Brom Wind. |

— Water and Sunshene 89 95)

———

o e

e
Ny b

ELECTRONICS BOOK CLUB

Blue Ridge Summit, Pa. 17214
Please open my Trial Membership in ELECTRONICS
BOOK CLUB and send me the 6 selections circled
below. | understand the cost of the books | have
selected is only $1.99 for all 6, plus a small shipping
charge. If not delighted, | may return the books within
10 days and owe nothing, and have my Trial Member-
ship cancelled. | agree to purchase at least four
additional books during the mext 12 months, after
which | may cancel my memhership at any time.

604/882 637/628 678 714 730
861/905 952 1053 1085 1097 110t
1119 1123 1120 1128 1138 1152
1168 1169 1174 1176 1201 1241 8277
Name Phone
Address = =
City . _ - IS
State Zip
{Valid for new Membess only. Foreign and Canada add 15%.) PE-180

7
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New Products

Additional information on new products

covered in this section is available from

the manutuctrers. Either circle the item'’s

code number on the Free Information

Card or write to the manutucturer at the
add ress given.

"

handling; accepts tan-fold forms from 4.5
to 9.5” wide; up to 10 tabs; skip-over per-
foration capability. Size is 7.3” X 17.7" X
14.8" (185 X 450 X375 mm). $835 serial
RS-232 version.

CIRCLE NO. 91 ONFREE INFORMATION CARD

Budget FM Tuner

NAD's Model 4020 is an FM tuner whose
no-frills design uses a conventional dial-
type station readout and eschews meters
in favor of tuning and signal strength in-

dicators using LEDs. According to the
unit's specs, an input of 38 dBf is suffi-
cient to give 50-dB quieting in stereo.
High-level (65 dBf) S/N is 70 dB, with
channel separation of at least 32 dB,
30-15,000 Hz. Stereo THD is rated at 0.4%
at 100% modulation; alternate channel se-
lectivity is said to be 62 dB. $175.
CIRCLENO.89 ONFREE INFORMATION CARD'

Edmund ‘‘Heat Sleuth”

Edmund Scientific’'s '‘Heat Sleuth” is a
compact electronic device that helps
track down costly heated-air leaks quickly
and easily. Its heat wand traces small cur-
rents of air from shrunken caulking, inef-

fective weatherstripping, cracks in siding,
etc. It can also be used to check the ef-
fectivensss of refrigerator door seals, air-
conditioning losses, and excessive heat
accumulation around furnaces and water
heaters. The solid-state Sleuth features a
meter that indicates temperature varia-
tions as low as 0.2° over a 35° to 95° F
range, but is most effective when used on
cold and/or windy days. Operates on a
standard 9-volt battery. $39.95.

CIRCLE NO.92 ON FREE INFORMATION CARD

22° Fibergiass
Whip ~———.

180° Angle
Adjustment

on-glass design developed by Avanti
makes mounting of the antenna base on
the outside of a vehicle window and the
coaxial cable on the inside simple and
convenient. A coinductive coupler estab-
lishes a tuned circuit to transmit and re-
ceive signals directly through the glass.
The antenna can be quickly removed for
storage, car washing, and theft protection.
CIRCLE NO.94 ON FREE INFORMATION CARD

Microtek
Bidirectional Printer

Microtek's MT-80 series bidirectional im-
pact printer features 80- and 120-column
printing at a rate of 125 characters per
second. It has the full 96 upper- and lower-
case ASCIl character set in three soft-
ware-selectable fonts (5, 10, and 15 char-

acters/inch) on original plus three copies.
The 10-cpi font uses a 7 X 9 dot matrix.

Microprocessor controlled, the printer
contains a 240-character buffer and can
accommodate up to 4K of optional data
buffers in 1K increments. A comprehensive
self-diagnostic program is automatically
run on power up. Features pin-feed paper

Hitachi 5-inch
Dual-Trace Scope

Hitachi's Model V-152 5" oscilloscope
provides a dc-to-15-MHz (—3-dB) band-
width and dual-trace operation. Among its
features are a built-in sync separator for
video, X-Y operation, Z-axis input for in-
tensity modulation, a trace rotator, X10
sweep-time magnifier, and 5" (127-mm)
CRT with 8 X 10 divisions. Display modes
include CH1, CHZ2, DUAL, ADD, and DIFF.
Specifications: 5 mV to 5 V/div. 5% sen-
sitivity dc to 15 MHz; 0.2ps to 0.2 s/div.
+ 5% sweep time in 19 steps; 100 ns/div.
maximum sweep rate; 24 ns rise time;
more than 4 div. at 15 MHz nondistorted
maximum amplitude; 1-megohm shunted
by 30 pF input impedance; dc to 500 kHz,
5 mV to 5 V/div. X-Y operation with 3°
phase difference from dc to 10 kHz.

CIRCLE NO.93ONFREE INFORMATION CARD

CB Glass-Mounted
Antenna

Astro-Fantom from Avanti is a new half-
wave omnidirectional CB mobile antenna
that measures only 22" (560 mm) tall and
can be mounted on glass without tools in a
matter of minutes. No ground plane is re-
quired nor are there any holes to drill. An

Hypercardioid
Microphone

Beyer Dynamic's new M-69 hypercardioid
dynamic microphone is designed for live
performance and recording applications.
Its frequency response, rated at 50 to
16,000 Hz, is said to be almost ruler flat

above 150 Hz, with a smooth rolloff that
eliminates rumble without excessive loss
of low bass. In addition, its sharp direc-
tionality suppresses feedback and audi-
ence noise. With a rated output of —51
dBm and 200-ohm impedance, the M-69 is
said to minimize noise problems of preamp
input stages and tolerate well the long ca-
ble runs often necessary in live recording.
The mic is supplied with a standard Can-
non-type 3-pin connector. $150.

CIRCLE NO.95ONFREE INFORMATION CARD

i

Electronic
Ruler Computer

Chafitz, inc., has announced that it will be
the exclusive distributor of an advanced

WWW amercaaradiohigtary com
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NEW PRODUCTS

The Protectors

The two products shown below are the latest in Space-Age Electronic
Home Security. Do you know which one is right for you?

The GE Zonar Burglar Alarm is a Superior
Fail-Safe unit that has an invisible ultra-

soni= beam to detect intruders.

The two new products shown in this ad are
the latest in space-age electronics. The Zcnar
Burglar Alarm compares with similar burglar a-
larms selling for $200 or more. The Micro FM
Wireless Mike, the worlds smallest wireless mi-
crophone, represents new technology in the
field of FM Radio-Electronics.

We bought both of these products from
the manufacturers and tested them under every
possible condition. The foliowing are the results
of our experiments with both the Zonar Burglar
Alarm and the Micro FM Wireless Mike. Please
read on. The results may surprise you!'

THE GE ZONAR BURGLAR ALARM

The new GE Zonar Burglar Alarm sounds a
loud (85db) alarm — so loud that it can cause
pain — and scare away intruders that cross the
invisible uitrasonic beam.

The Zonar Burglar Alarm requires no instal-
lation and it is portable, so you can place it any-
where in your home. Operating the Zonar is as
easy as turning on your television. To arm the
unit, you simply press the On instant or On De-
lay button. You now have 35 seconds to leave
your home. When you return, you enter and ycu
have 10 seconds to press in your secret code
numbers. This will disarm your unit. The person-
alyzed code numbers for alarm shut-off means
that only you or your family knows the cods= to
disarm the alarm.

The Zonar Burglar Alarm looks like a hand-
some piece of furniture and its small unobtruy-
sive design helps to make it less noticable. It
measures only 77 X 4" X 3" and weighs less
than two pounds. To help protect your home or
office, it comes with warning decals for windows
or doors that state, ‘‘WARNING Protected by
Electronic Surveillance Equipment’’, to heip
deter potential burglars.

The GE Zonar Burglar Alarm is battery oper-
ated, so even if a burglar cuts off your power,
the unit will still be operational to alert you and
your neighbors.

The GE Zonar Burglar Alarm comes with

JANUARY 1980

complete instructions and a One-Year limited
warranty backed by General Electric. Should
your unit ever malfunction, you may drop it off
at any authorized General Electric Dealer or you
may use GE's convenient service-by-mail center

To order your unit for a 30-day test, simp-
ly send your check for $69.95 plus $2 50 post-
age and handling to Chandler's. One Chandler
Plaza, Chantilly, Virginia 22021 (Virginia res-
idents please add 4% sales tax.) Credit Card
Buyers may call our 24-hour Toll-Free number
below

THE MICRO FM WIRELESS MIKE

The micro FM Wireless Mike is a miniature
microphone that picks up your voice and trans-
mits it through any standard FM radio

The new Micro FM Wireless Mike measures
only 1%" X %" and weighs less than one ounce.
We found that the superior electronic compo-
nents put into the microphone surpass anything
else on the market. It has a transmitting range of
over 300 feet (the length of a football field) and
its exceptional fidelity gives you clear reception
with practically no interference. Unlike citizen
band radios, which operate in the 27 to 29
Megahertz range, the Micro FM Wireless Mike
uses the 88 to 108 Megahertz range, giving
you the freedom to operate from your car radio,
portable radio or home stereo

BUT WAIT. THERE'S MUCH MORE. The
Micro FM Wireless Mike is capable of more than
just being a remote mike. It can be used as an
intercom in both your home and office. For ex-
ample, if you are in the garage and your wife or
children are in the upstairs bedroom, you can
turn on the mike and use it just like an intercom.
Secondly, itis small and can be clipped to your
jacket while in meetings or during a speech in
your conference room or office. The Micro FM
Wireless Mike is FCC approved for use in homes,
apartments, offices or factories

Finally, it's inexpensive — only $29.95
complete with 27" flexible antenna, carrying
case, operating instructions and a fresh 1.3 volt

CIRCLE NO. 14 ON FREE INFORMATION CARD
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MICRO
WIRELESS

MCRGPHONE
Medel WH 18)

MLl ind.

o0 18 eThoet
-

The Micro FM Wireless Mike has a range of
over 300 ft. and transmits through any
standard FM Radio

mercury battery (which can be replaced atany
hearing aid or radio-electronics store).

Your Micro Mike comes with a 90 day limited
warranty backed by two substantial companies.
Should a malfunction ever occur, there's a com-
plete service-by-mail center as close as your
postman

The Micro FM Wireless Mike can be ordered
by calling our 24-hour toll-free number below or
by sending your check for $29.95 for one or
$58.00 for two. Please add $1.25 each for post-
age and handling and Virginia residents add 4%
sales tax

OUR OPINION

We are convinced that both of these new
products are superior in vaiue and quality

The Micro FM Wireless Mike and the GE
Zonar Burglar Alarm are backed by two substan-
tial American companies. MLI Industries and Gen-
eral Electric both have years of experience in
manufacturing and design leadership. Chand-
ler's is one of America’s innovative companies
specializing in bringing the American public new
and unique products — additional assurance
that your prudent investment is well secured.

With any Chandler’s product, you may re-
turn it within 30 days for a full. courteous and
prompt refund with positively no questions asked
and we even refund our postage and handling
charge. There's no risk when you can own the
best. Order one or both of our remarkable new
products, at no obligation today

Chandler’s

Innovative Products
Dept. PE One Chandler Plaza, Box 137
Chantilly, Virginia 22021 (703) 631-2024
CALL TOLL-FREE....800-638-1287
In Maryland Call.....800-492-1275

ASK FOR OPERATOR #109F
Chandiers, Inc.. 1979
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Advance Dual Time
Alarm Chronograph

With new 9.5 mm thin
styling. 24 hour alarm. full
24 hour precision
stopwatch. and much,
much more.

Featuring:

o Famous Quartz Accuracy
to -~ 5 sec/mo
e Built-in Electronic
Calendar
o Dual Time Zones
o Day of the Week Indicator
o Continuously Shown
/I_\ﬂugj Crystal Display
. . ] M Indicator
Thinnest Dual Time Alarm . w .
Chronograph Availabie © Easily Adjusted “Snap
For Under $100 Bracelet

o Night Light For Evening
539 95 Viewing

Quartz quality. new ultra-thin design and fantastic features are the
best words to describe this exciting new chronograph  The thin
design ol case and bracelet s a perfect match for the multitude of
uses that make this world timer the best watch value on the
market today anywhere

See what you get for only $39.95

© 24 Hour Alarm— Pleasant but etfective alarm can be preset for
any minute of the day or night Constantly read indicator lets
you know when the alarm 15 set

© Snooze Feature— At the push of a button. you can snooze for
5 more minutes before the alarm resounds

© Dual Time-— Set this world timer for your home time and the
time of any other city inthe world  at the touch of a button
An easily read indicator lets you know which time you re
viewing Shows hour. minute. and running seconds in both
time zones

— o - _ _ | ®Fful 24 Hour Chronograph
() (o) ) (-t With 710 sec precision
)™ Tte 4 -'-'| addtmeand jap ime Add
Cd - time ets you time everything
from a telephone cail to a trip
—up 1024 full hours Lap
time lets you time each com
ponent within an event
Continuously Shows: ——a  — ..

24 hours. 59 min.. 59 9 sec

® Hours. minutes. seconds (e = T
o Day of the week ndicator b (s —l |- [
® AM PM indicator (s _1_

e Alarm indicator

[ ® Monlh And Date at
{ the push of a button

( _
(g g

CITZCT T T L] | Tuesday. December 25

® COMPARE THINNESS — Tninnest Dual Time Alarm Chrono-
graph available for this low price

Seiko [ s250 [ 10.5mm |
Citizen 5255 # 11.0mm |
Texas Instruments | $125 | 12.0mm |

Advance Dual Time | $ 3995 9 5mm |

® Handsome Styling — Crafted. quality stainless steel back and
bracelet Optional goldtone model now available with 3 micron
quality gold plating at $44 95

® Unconditionally Guaranteed— For one full year against defec-

tive parts and workmanship 15 day return option if not com-

pletely satistied Return tor prompt refund

Easy To Drder. Just call our toll free number befow or fill in the

convenient order torm Comes in attractive gift box Order
yours today’

MEDIA RMARKETING, INC.
10155-9 Plano Road, Dallas. TX 75238

Yes' Please send me Dual Time Alarm
Chronograph(s) with unconditional guarantee at $39 95. pius
$2.50 postage. insurance and handling. Texas res:dents add 5%
sales tax

Silvertone Goldtone $44.95
Name ~
Address -
City e
State Zip i

] Check or money order enclosed
For even faster service, charge to:
[ Master Charge/Visa Expires
Account # _

Signature

ORDER TOLL FREE 1-800-527-7066
In Texas Call 1-214-349-3120 “uw

979

| NEW PRODUCTS continued

Ruler/Computer developed by Panasonic
Co. The “Ruler That Thinks'' employs a
small displacement measuring wheel to di-
rectly measure lengths, distances, areas,
volumes, etc., in linear, square, or cubic
units in any scale from any document. A
multifunction calculator is integrated into
the ruler to permit measured data to be
used automatically in computations. Inter-
mediate measurements can be stored in
the calculator's memory. The computer
displays values directly in millimeters,
centimeters, or meters and converts to
either inches or feet simply by pressing a
function key. Additional features include
addressable memory; metric and area
conversion; percent, add-on, and discount
computation; square-root and pi keys;
floating decimal arithmetic; mixed calcula-
tions; etc. $99.95.
CIARCLE NO. 96 ON FREE INFORMATION CARD

Heath Microprocessor
Trainer Accessory

Now you can upgrade Heathkit's Model
ET-3400 microprocessor trainer to full per-
sonal-computer status with the ETA-3400
accessory. Providing 1K of additional

RAM (up to 4K optionally), the accessory
features a new monitor in ROM, tiny-BASIC
interpreter in ROM, an audio cassette in-
terface, and a serial interface for a video
terminal. Connects to the trainer with a 40-
conductor ribbon cable (supplied). $150
kit; $47 for optional 3K RAM chip set.
CIRCLE NO. 90 ON FREE INFORMATION CARD

PE-]

AR Vertical
Speaker System

The Model AR92 occupies the economy
end of Acoustic Research’s line of vertical
speaker systems. The three-way, floor-
standing system features a specialiy de-
signed 10" (254-mm) acoustic-suspension
woofer, 1%" (38-mm) liquid-cooled dome

midrange semihorn driver, and %" (19-mm)
liquid-cooled dome tweeter. Crossovers
are at 700 Hz and 7.5 kHz, and system
response is down 3 dB at 44 Hz. Three-
position switches provide level control for
the midrange driver and tweeter. System
impedance is nominally 4 ohms (3.2 ohms
minimum), and sensitivity is 87 dB SPL
(on-axis at 1 meter) when driven by 1 watt
of power. Dimensions are 31%” X 14" X
117/168" D (797 X 356 X 291 mm). $300.

CIRCLE NO. 97 ON FREE INFORMATION CARD

Head-Maintenance Kit

Designed to fit easily into a standard com-
pact cassette box, which in turn will fit into
any cassette storage cabinet, the TDK
HC-05 head-maintenance kit contains a

selection of items necessary for proper
care of tape heads. Included are a non-
toxic head-cleaning fluid, a mirror, a
brush, felt probes, and a probe applicator.
$5.99.

CIRCLE NO.98 ON FREE INFORMATION CARD

Microcomputer
Intrusion Alarm

The MassaSonic Ultrasonic Intrusion
Alarm uses a microcomputer system said
to distinguish real targets from moving air
and thus eliminate false alarms. The unit
plugs into any normal ac outlet and is rat-

10CIRCLE NO.60 ONFREE INFORMATION CARD
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Start Computing For Just $129.95 With An
8085-Based Professional Computer Kit—

Exploreri85

100% compatible with all 8080A and
8085 software & development tools!

No matter what your future computing plans may
be, Level “‘A’'—at $129.95—is your starting point.

Starting at just $129.95 for a Level **A"’ operating system,
you can now build the exact computer you want. Explorer 85
can be your beginner’s system, OEM controller, or IBM-
formatted 8" disk small business system...yet you're never
JSorced to spend a penny for a component or feature you dan't
wan! and you can expand in small, affordable steps!

Now, for just $129.95, you can own the first level of a fully
expandable computer with professional capabilities—a com-
puter which features the advanced Intel 8085 cpu, thereby
giving you immediate access to all software and development
tools that exist for both the 8085 and its 80804 predecessor
(they are 100% software compatible)—a computer which
features onboard S-100 bus expansion—plus instant conver-
sion to mass storage disk memory with either 5-1/4'" diskettes
or standard IBM-formatted 8" disks.

For just $129.95 (plus the cost of a power supply, keyboard/
terminal and RF modulator, if you don't have them already),
Explorer/85 lets you begin computing on a significant level. .
applying the principles discussed in leading computer maga-
zines. . .developing *‘state of the art’’ computer solutions for
both the industrial and leisure environment.

Level “A” Specitications

Explorer/85's Level A" system features the advanced Intel
8085 cpu, an 8355 ROM with 2k deluxe monitor/operating
system, and an 8155 ROM-1/0~—all on a single motherboard
with room for RAM/ROM/PROM/EPROM and S-100 ex-
pansion, plus generous prototyping space.

{Level **‘A’" makes a pcrlecl OEM controller for industrial
applications nnd |s available in a special Hex Version which

r can be programmed using
the Netronics
Display.)

PC Board: glass epoxy, plated
through holes with solder mask
e 1/0: provisions for 25-pin
{DB25) connector for termiinal
serial 1/0, which can also sup-
port a paper lape reader

..provision for 24-pin DIP

Hex Keypad/

Level "A” at $129.95 is a
complete operating sysiem,
perfect for beginners, hob-

biests, or industrial con- socket for hex keyboardfqis-
troller use. play. . .cassette tape recorder in-
put.. .cassette tape recorder output...cassette tape control

output. . .speaker output... LED output indicator on SOD
(serial output) line. . . printer interface (less drivers). . .total of
four 8-bit plus one 6-bit 1/0 ports *Crystal Frequency: 6 144
MHz * Control Switches: reset and user (RST 7.%)
lnterrupl .additional provisions for RST 5.5, 6.5 and TRAP
interrupts onboard ® Counter/Timer: programmable F4-bit
binary * System RAM: 256 bytes located at F809, ideal for
smaller systems and for use as an isolated stack area in
expanded systems. . .RAM expandable to 64k via 5-100 bus or
4K on motherboard.

System Monitor (Terminal Version): 2k bytes of deluxe
system monitor ROM located at FO3@ leaving 008 free for user
RAM/ROM. Fealures include tape load with labeling . . .tape
dump with labeling. ..examine/change contents of memory

..insert data...warm start...examine and change all
registers. . .single step with register display at each break pwint,
a debugging/training feajure...go to execution address...
move blocks of memory from one location to another. . . fill
blocks of memory with a constant. . .display blocks of memory
.. .automatic baud rate selection . . .variable display line length
control (1-255 characters/line). . .channelized 1/0 monmitor
routine with 8-bit paralle! output for high speed printer. ..
serial console in and console out channel so that moniton can
communicate with 1/0 ports.

System Monitor (Hex Version): Tape load with labeling. ..
tape dump with labeling . . .examine/change contents of mem-
ory...insert data...warm start...examine and change all

P etonics RAD L10;, DOPLPE T oo

333 Litchfleld Road. New Milford, 06776
Please send the items checked below— plus $2 p&i.
O Explorer/85 Level **A” Kit (ASCII

.single step with register display at each break point
Level ""A'' in the Hex Version
makes a perfect controller for industrial applications and can
be programmed using the Netronics Hex Keypad/Display.

registers. .
.. g0 to execution address.

== Hex Keypad/Display
! Specifications
Calculator type keypad with 24
system defined and 16 user
defined keys. 6 digit calculator
type display which displays full
b address plus data as well as
Hex Kf)’pad/D!SP/H)’ register and status information.

Level “B” Specifications

Level**B”" provides the S-100 signals plus buffers/drivers to
support up to six S-100 bus boards and includes: address
decoding for onboard 4k RAM expansion select-able in
4k blocks. . .address decoding for onboard 8k EPROM expan-
sion selectable in 8k blocks. . .address and data bus drivers for
onboard expansion. . . wait state generator {jumper selectable),
to allow the use of slower memories...two separate 5 volt
regulators.

ST

Level “C” Specifications
Level **C*’ expands Explorer’s
motherboard with a card cage,
allowing you to plug up to six
S-100 cards directly into the
» motherboard. Both cage and
Explorer/85 with L <l cards are neatly contained inside
C* card cage. Explorer’s deluxe steel cabinet.
Level **C”" includes a sheet metal superstructure, a $-card gold
plated S-100 extension PC board which plugs into the mother-
board. Just add required number of S-100 connectors

Levei “D” Specifications

Level “D'" provides 4k or RAM, power supply regulation,
filtering decoupling components and sockets to expand your
Explorer/85 memory to 4k (plus the original 256 bytes located
in the 8155A). The static RAM can be located anywhere from
9000 to EFFF in 4k blocks.

Level “E” Specifications

Level *'E” adds sockets for 8k of EPROM to use the popular
Intel 2716 or the T1 2516. It includes all sockets, power supply
regulator, heat sink, filtering and decoupling components.
Sockets may also be used for soon to be available RAM 1C’s
(allowing for up to 12k of onboard RAM).

Order A Coordinated

Explorer/85 Applications Pak!

Experimenter’s Pak (SAVE $12.50)—Buy Level *‘A™ and Hex
Keypad/Display for $199.90 and get FREE Intel 8085 user's
manual plus FREE postage & handling!

Student Pak (SAVE $24.45)—Buy Level "A,” ASCIl Key-
board/Computer Terminal, and Power Supply for $319.85 and
get FREE RF Modulator plus FREE Intel 8085 user’s manual
plus FREE postage & handling!

Engineering Pak (SAVE $41.000—Buy Levels A, *'B,”
“C,” “D,” and “E’’ with Power Supply, ASCI1l Keyboard/
Compuler Terminal, and six S-100 Bus Connectors for $514.75
and get 10 FREE computer grade cassette tapes plus FREE
8085 user’s manual plus FREE postage & handling!

Business Pak (SAVE $89.95)—Buy Explorer/85 Levels “*A,""
“B," and 'C’’ (with cabinet), Power Supply, ASCI1 Key-
board/Computer Terminal (with cabinet), 16k RAM, 12'*
Video Monitor, North Star 5-1/4"" Disk Drive (includes North
Star BASIC) with power supply and cabinet, all for just
$1599.40 and get 10 FREE 5-1/4"" minidiskettes ($49.95 value)
plus FREE 8085 user’s manual plus FREE postage & handling!

Continental U.S.A. Credit Card Buyers Qutside Connecticut

CALL TOLL FREE 800-243-7428

To Order From Connecticut Or For Technical
Assistance, Etc. Call (203) 354-9375

sonalized disk operating system—just
plug it in and you're up and running!),l

Version), $129.95 pius $3 p&h.

O Explorer/85 Level “A*" Kit (Hex

Version), $129.95 plus $3 p&h.

O 8k Microsoft BASIC on cassette

tape, $64.95 postpaid.

O 8k Microsoft BASIC in ROM Kit

(requires Levels “'B,”” **D,”’ and *'E’"),

$99.95 plus $2 p&h.

O Level “*B" (S-100) Kit, $49.95 plus

$2 p&h.

O Level ’C" (S-100 6-card expander)

Kit, $39.95 plus $2 p&h.

O Level “D’* (4k RAM) Kit, $69.95

plus $2 p&h.

O Level “E (EPROM/ROM) Kit,

$5.95 plus 50¢ p&h

OO Deluxe Steel Cabinet for Explorer/

85, $49.95 plus 33 p&h.

O ASCIl Keyboard/Computer Ter-

minal Kit (features a full 128 character

set, upper & lower case, full cursor con-

trol, 75 ohm video output convertible

to baudot output, selectable baud rate,

RS232-C or 20 ma, 1/0, 32 or 64 char-

acter by 16 line formats, and can be

used with either a CRT monitorora TV

set (if you have an RF modulator),

$149.95 plus $2.50 p&h.

0 Hex Keypad/Display Kit,
— S S S e

$69.95

O Deluxe Steel Cabinet for ASCll
Keyboard/Terminal, $19.95 plus $2.50
p&h.

O Power Supply Kit (+8V @ S amps)
in deluxe steel cabinet, $39.95 plus $2

O Gold Plated S-100 Bus Connectors,
$4.85 each, postpaid.

O RF Modulator Kit (allows you to
use your TV set as a monitor), $8.95
postpaid

[ 16k RAM KIt (S-100 Board expands
11:64k), $199.95 plus $2 p&h

[} 32k RAM Kit, $329.95 plus $2 p&h
1 48K RAM Kit, $459.95 plus $2 p&h
7 64k RAM Kit$589.95 plus $2 p&h.
O 16k RAM Expansion Kit (to expand
any of the above up to 64k), $139.95
plus $2 p&h wach

" Intel 8085 cpu User's Manual, $7.50
postpaid

[ Special Computer Grade Cassette
Tapes, $1.90 each or 3 for $5, postpaid.
O 12" Video Monitor (10 MHz band-
width), $139.95 plus $5 p&h

0 North Star Double Density Floppy
Disk Kit (One Drive) for Explorer/
85 (includes 3 drive S-100 controller
DOS, and extended BASIC with per-

- S S AN S S S em e amm s mm [ Send Me Information em

$699.95 plus $5 p&h.
OPower Supply Kit for North Slarl
Disk Drive, $39.95 plus $2 p&h.

O Deluxe Case for North Star Dlskl
Drive, $39.95 plus $2 p&h.

O Experimenter’s Pak (see above).l
$199.90 postpaid.

O Student Pak (see above),
postpaid.

O Engineering Pak (see above)
$514.75 postpaid

s319.85]

O Business Pak (see above), 51599.44)'
postpaid
Total Enclosed $ I
{Conn. res. add sales tax) By— I
O Personal Check [0 M.O./Cashier's
Check O Visa O Master Charge I
(Bank#__ |
Acct #
Signature __ Ixp. Date I
Print
Name I
Address I
City l
State_________Zip J

CIRCLE NO, 38 ON FREE INFORMATION CARD
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By Netronics

ASCII/BAUDOT,
STAND ALONE

computer FORONLY . . .
Terminal ‘149

The Netronics ASCI1I/BAUDOT Computer Terminal Kitisa
microprocessor-controlled, stand alone keyboard/terminal
requring no computer memory or software. It allows the use of
either a 64, or 32 character by 16 line professional display for-
mat with selectable baud rate, RS232-C or 20 ma. output, full
cursor control and 75 ohm composite video output.

The keyboard follows the standard typewriter configuration
and generates the entire 128 character ASCII upper/lower case
set with 96 printable characters. Features include onboard
regulators, selectable parity, shift lock key, alpha lock jumper,
a drive capability of one TTY load, and the ability to mate
directly with almost any computer, including the new Ex-
plorer/85 and ELF products by Netronics.

The Computer Terminal requires no 1/0 mapping and
includes 1k of memory, character generator, 2 key rollover,
processor controlled cursor control, parallel ASCHI/BAUDOT
to serial conversion and serial to video processing—fully
crystal controlled for superb accuracy. PC boards are the
highest quality glass epoxy for the ultimate in reliability and
long life.

VIDEO DISPLAY SPECIFICATIONS

The heart of the Netronics Computer Terminal is the micro-
processor-controlled Netronics Video Display Board (VID)
which allows the terminal to utilize either a parallel ASCIl or
BAUDOT signal source. The VID converts the parallel data to
serial data which is then formatted to either RS232-C or 20 ma.
current loop output, which can be connected to the serial 1/0
on your computer or other interface, i.e., Modem.

When connected 10 a computer, the computer must echo the
character received. This data is received by the VID which
processes the information, convert ing to data to video suitable
to be displayed on a TV set (using an RF modulator) or on a
video monitor. The VID generates the cursor, horizontal and
vertical sync pulses and performs the housekeeping relative to
which character and where it is to be displayed on the screen.
Video Qutput: /.5 P/Pinto 75 ohm (ElA RS-170) * Baud Rate:
110 and 300 ASCI » Outputs: RS232-C or 20 ma. current loop
* ASCII Character Set: /28 printable characters—

afTeBunpvilibo 93225 fl 004
LA Ont, -, /0123456789 (=7

BABCOEFGHI JKLMNOPQRSTUNRYZ (N1

* abedefghi jkln nuﬂrstuwx!u{ H

HAUDAIT { haracter ‘w,l ARCDEFG
RSTUVWXYZ-2:*35#(). 90/4’57 2/68'
Cursor Modes: Home, Backspace. Horizontal Tab, Line Feed,
Vertical Tab, Carriage Return. Two special cursor sequences
are provided for absolute and relative X-Y cursor addressing ®
Cursor Control: Erase, End of Line, Erase of Screen, Form
Feed, Delete ®* Monitor Operation: 50 or 60Hz (jumper
selectable.

Continental U.S.A. Credit Card Buyers Outside Connecticut

CALL TOLL FREE 800-243-7428

To Order From Connecticut Or For Technical

™™ assistance, Etc. Call (203) 354-9375 =~ 1
Netronics R&D Ltd., Dept. PE-1 I
333 Litchfield Road, New Milford, CT 06776

Please send the items checked below—

O Netronics Stand Alone ASCII Keyboard/Computer
Terminal Kit, $149.95 plus $3.00 postage & handling.
O Deluxe Steel Cabinet for Netronics Keyboard/Termi-
nal In Blue/Black Finish, $19.95 plus $2.50 postage I
and handling.

O Video Display Board Kit alone (less keyboard), $89.95 I
plus $3 postage & handling.

O 12" Video Monitor (10 MHz bandwidth) fully assem- I
bled and tested, $139.95 plus $5 postage and handling.

O

O

COMPLETE

RF Modulator Kit (1o use your TV set for a monitor), ‘
$8.95 postpaid

5 amp Power Supply Kit In Deluxe Steel Cabinet I
(£8VDC @ 5 amps, plus 6-8 VAC), $39.95 plus 32
postage & handling l
Total Enclosed {Conn. res. add sales tax) $ I

By—
O Personal Check
O vVisa

Acct, #

O Cashiers Check/Money Order
O Master Charge(Bank # __ |

Signature ____kxp. Date

Pnint l

Name

Address
City

State Zip I
L mas mam (] Send Me More Informution s s J
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In recent years over 500,000 music
lovers chose a Realistic receiver over

Kenwood’, Pioneer and Technics'...

Why?

We make it easy for you. Radio Shack is a retailer
as well as a manufacturer. When the store is also
the factory, you're apt to get less fiction and more
fact. Also, Radio Shack has more company-owned
and operated service stations than almost anyone
we know of in the audio business (54 to be
specific).

We've stood the test of time. Could it be we sell so
much Realistic because we've been around since
1921 —long before those othar brands were even a
twinkle in daddy's eye? Although hi-fi is typically a
younger person’s product, maybe the kids prefer to
bet their hard-earned bucks on the outfit with the
grayest hair.

We have the edge on technology. Then there's this
to consider: The same company that puts Realistic
out front also builds and markets the world's most
popular personal computer, the TRS-80™ |t seems
to us that a company smart enough to design

equipment as innovative and complex as a
computer is a logical one to choose to build your
stereo receiver!

We’'re close to you. Need another good reason to
buy Realistic? Let's take availability. Instead of tens
or hundreds of places to find it, we offer over 7,300
— wherever you go in the USA or Canada—and a
surprising number of overseas locations as well.
Being more available doesn't necessarily make us
more lovable. But it goes a long way towards
assuring you of being able to get in touch with us
when you need advice on adding a tape deck or
replacing a lost instruction manual,

We've challenged the rest and won your trust.
Incidentally, we're not picking on Kenwood, Pioneer
and Technics. The same half-million-plus folks who
chose Realistic also probably had a crack at buying
Sansui,® Marantz® and Fisher.® The important thing
is ... they didn’t!

n ®
' A DIVISION OF TANDY CORPORATION
FORT WORTH, TEXAS 76102

The Nationwide Supermarket of Sound®

POPULAR ELECTRONICS

WWW ameracaaradiohietary com
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NEW PRODUCTS continued

ed at 120° of coverage in any room up to
1,000 sq. ft. Control is via a touch key-
board through which one of more than
1700 three-digit codes can be entered to
disarm the unit. When tripped, the system
sounds a siren rated at 105 dB SPL at 1 ft
for four minutes and rearms automatically.
An optional battery/siren unit provides up
to 48 hours of continuous emergency pow-
er. $270. Address: Massa Products Corp.,
280 Lincoln St., Hingham, MA 02043.

Motorola
All-Electronic Car Radio

Motorola’s in-dash Model 830SX AM/FM-
stereo radio with cassette player has
electronic station scan and search, 5-sta-
tion memory for each band, Dolby ncise

reduction, a mute switch, and a CrOp tape
switch. Station frequencies and time are
displayed with numeric LEDs. The radio
produces up to 20 watts rms power at 1%

THD (DIA method). The muting switch op-
erates on both AM and FM, and the Dolby
system can be used on both FM and tape.
Other controls include front-to-rear fader,
left-right balance, bass and treble, and a
loudness contour switch. The cassette
deck features automatic tape reversing,
locking fast forward and rewind, tape-
direction indicator, and automatic eject
when radio or ignition is turned off. Specifi-
cations: 65-dB FM selectivity at 400 kHz;
62-dB S/N at 100 microvolts; 0.105% max
wow and flutter; 40-dB separation. $450.

CIRCLE NO.99ON FREE INFORMATION CARD

response reported to extend from 10 to
36,000 Hz. Designed to work into a load of
47 kilohms in parallel with 275 pF, the
pickup has a rated separation of 35dB at
1 kHz. Styli for monophonic LPs and 78-
rpm discs are available at extra cost.
$160.

CIRCLE NO. 100 ON FREE INFORMATION CARD

Stereohedron
Pickup

Newly added to the line of Pickering car-
tridges using the Stereohedron stylus
geometry is the XSV-4000, designed for
tracking ability equal to the demands of
direct-to-disc and digitally mastered rec-
ords. Equipped, like other Pickering car-
tridges, with a brush said to provide
low-frequency damping and also remove
dust from the record grooves, the new
model operates with an effective stylus
force of 1 gram +0.25 gram. Qutput is rat-
ed at 0.7 mV/cm/s + 2 dB, with frequency

Transtronics
Continuity Checker

The "Electronic Workmate'' is a new lead-

less continuity checker from Transtronics.
It needs no hookup leads because the cir-

cuit is completed through the hands and
body of the user. It can be used to trouble-
shoot circuits and components, trace wir-
ing, and simplify cable and harness as-
sembly. $15.95. Transtronics Co., 13101
N.E. Hwy. 99, Vancouver, WA 98665.

This chip
changed

. how.
And why.

This book
tells you

[ LCW8161 Basic Electricity and DC Circuits

[0 LCB3361 Understanding Solid-State Electronics

[JLCB3311 Understanding Digital Electronics

[ LCB4023 Understanding Microprocessors

[ LCB3321 Understanding Calculator Math

Understanding Microprocessors.
From the Texas Instruments
Learning Center. 288 pages. $4.95.

Learn quickly and easily about the explosive impact microprocessors have
had on electronics technology.

How the “miracle chip” works to make those things you use everyday —
calculators, appliances, microwave ovens, stereos, tv, automobiles— even
toys and games —do the remarkable things they do.

Understanding Microprocessors is the latest addition to the Texas Instru-
ments Understanding Series™

All TI Understanding Series books are ideal for those who want to learn
about today’s technology — without having to devote years to the study.

Written iIn bright, clear, down-to-earth language, and fully 1llustrated
you’ll find these books to be invaluable tools for your personal entry into the
microelectronics revolution. See coupon for all details.

© 1979 Texas Instruments Incorporated

JANUARY 1980

80109

Add sales tax, except AK,
Mail check or money order to Texas Instruments, P.0. Box 3640,
M/S 84, Dallas. Texas 75285

Orders in Continental U.S. shipped prepaid. Foreign orders: Pre-
paid in U.S. dollars only. Include shipping costs
Prices subject to change without notice

Name
Address

City

TEXAS INSTRUMENTS

$19.95
1026 pages. Building blocks for a

thorough working knowledge of

DC circuits.

$3.95
270 pages— New 3rd edition.

Individualized approach for learning
microelectronic basics.

$3.95
265 pages. The springboard for a fook

into the fascinating world of today's

electronic logic devices, circuits and

systems.

$4.95
288 pages. For the newcomer to

microprocessors. What they are, what

they do and how they work.

$3.95
224 pages. Unlocks the real power of

your handheld calculator— loaded with

practical applications

DE, MT, NH, OR

PEL180

State Zip

INCORPORATED

WWW amercaaradiohietary com
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New Literature

VIDEOEQUIPMENT REFERENCE BOOK

In addition to information on major video
equipment brands (Sony, JVC, Panasonic,
etc.), a new 64-page catalog from Adwar
has listings and rates of video equipment
rentals, film-to-tape transfer and duplica-
tion, and modifications for video cameras,
recorders, and monitors. Several new mo-
difications applicable to the up-grading of
home videocassette equipment are given.
Address: Adwar Video Corp., 100 Fifth
Ave., New York, NY 10011.

PC BOARD GRAPHICS BULLETIN

A new electronic circuit packaging, repair,
and prototyping system called Quik-Cir-
cuit!™ from Bishop Graphics is described
in Technical Bulletin No. QC-102. The
Quik-Circuit system is for use in building
printed circuit boards and prototypes
quickly and making on-the-spot pc board
repairs. It uses pressure-sensitive copper
component mounting configurations, donut
pads, tape and copper sheets and is par-
ticularly intended for low-voltage applica-

tions such as TTL, ECL, and CMOS. Ad-
dress: Bishop Graphics, Inc., 5388 Ster-
ling Center Dr., Box 5007, Westlake Vil-
lage, CA 91359.

RELAY SPECIALTIES CATALOG

The most recent segment of a planned
four-volume master source book of relays,
timers, and other control components, is a
144-page catalog illustrating and describ-
ing relays of approximately 20 U.S. manu-
facturers, stocked by Relay Specialties.

Manufacturers include Potter-Brumfield,
Struthers-Dunn, C.P. Clare, and others.
Address: Relay Specialties, Inc., 13-00

Plaza Rd., Fair Lawn, NJ 07410.

OSBORNE MICROCOMPUTER BOOKS

A brochure from Osborne & Assoc. lists
new additions to its catalog of books on
microcomputers, -as well as software
material and consulting and design serv-
ices available. Also included is information
on upcoming publications such as hand-
books for 8086 and PET users. Programs
in BASIC for the PET computer are avail-
able on cassette. Address: Osborne/
McGraw-Hill Inc., 630 Bancroft Wway,
Berkeley, CA 94710.

KEYBOARD CATALOG AND

APPLICATION GUIDE

A 36-page catalog (No. KB79-1) de-
scribes the Cherry line of both hard-con-
tact (gold crosspoint) and solid-state {ca-
pacitive) keyboards as well as switches,
and keycaps. A five-page introductory

section gives step-by-step procedures for
solving keyboard problems with any type
of board. Particular details are given on
the new solid-state keyboards. Address:
Cherry Electrical Products Corp., 3600
Sunset Ave., Waukegan, IL 60085.

CONCEALED MOBILE ANTENNA BROCHURE
Antenna Specialists’ new six-page bro-
chure (SD-726) features its ASP-1000
“'no-profile” totally concealed uht anten-
na. It also contains information and specs
on the complete line of high- and low-band
vhf and uhf professional disguise anten-
nas, including universal and replacement
models. Address: The Antenna Specialists
Co., 12435 Euclid Ave., Cleveland, OH
44106.

SEMICONDUCTOR CROSS-REFERENCE

The new Workman Semiconductor Catalog
and Cross Reference (X79) contains over
150,000 WEP references to numbers of simi-
lar units from other sources. Specifications
and outlines are given. Address: Workman
Electronic Products, inc., Box 3828, Saraso-
ta, FL 33578.

DIP HANDLING SYSTEMS

A new 20-page catalog covers DIP insertion,
extraction and handling systems and special
tools—all tor use with MOS ICs. Special
items include a Mini Drill series, a plated-
through hole inspection prism, 'Heat-a-Dip”
stations, etc. Address: Micro Electronic Sys-
tems Inc., 159 Main St., Danbury, CT 06810.
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BEST

BUY

TOP QUALITY AND POWER COMBINE
7O GIVE YOU THE FIRST AIR FRESHENING/
IONIZING SYSTEM THAT EVEN SAVES YOU MONEY

The Air Energizer shown above is the least
expensive negative ion generator on the
market, selling for only $74.95. That's $5
cheaper than our nearest competitor. It is also
the best. If you are comparing units you
need to know the facts. With the UTP Air
Energizer you even get more for your $5
/ess. We can charge less and give you a
higher quality unit because we are a com-
mon ownership company. And we are In
business to serve you and your environmen-
tal needs. Our major competitor is a mail
order house that promotes dozens of pro-
ducts every year, but the UTP lon Research
Centeris a branch of an educational publish-
ing company. For the past several years we
have researched and developed one special
electronic product: negative ion generators.
This specialization enables us toc be the
industry’s frontrunners. And the System Five
Air Energizer is our latest breakthrough in Air
lonization.

WHAT DO IONS DO FOR YOU?

Frankly, as marketing director | was pretty
skeptical of our lon Research team’'s work
until one day two years ago when | was
walking to work. The season’s first thunder-
storm had just ended. The air was sparkling
clean and almost magically alive. | took a
deep breath. The new energy in the fresh air
made my head tingle. But as | walked into
the office building where | work | immediately
felt a drop in energy. The air was dull and
lifeless—"'stuffy feeling”.

Was | experiencing what our lon Research-
ers had been telling me all along for the |ast
four years? | decided to testit. | puta UTP Air
Energizer on my desk. Skepticism gave way
to enthusiasm. | felt great. | still have that
unit on my desk.

WHAT MADE THE DIFFERENCE

Have you ever wondered what makes this
kind of difference in the air? Itisn’t just our
attitude when we're out in Nature versus
being in a crowded city. It isn’t that it's a
weekend and not a workday.

The difference lies in the electrical balance
of the air or the quantity of “ions” present.

WHAT ARE IONS?

lons are electrically charged atoms in the
air with either a positive or negative charge.
The sun and cosmic rays as well as lightning
and fast-moving water (like waterfalls, surf)
generate trillions of negative ions every day.
The more negatively ionized the air, the
fresher and more alive it is. Air pollution,
artificially controlled climates (with air
conditioning and heating) and electranic
equipment all produce excess positive ians,
depriving the air of these small negative air
ions and creating dead "stuffy” air

JANUARY 1980

WHAT' S THE SOLUTION?

Our rapid-growth technology, which some-
times takes its toll on the quality of our air,
has also come up with the solution. Follow-
ing Nature’s model of the thunderstorm
which uses a high electrical charge to purify,
revitalize and stimulate the air, the UTP Air
Energizer has been developed imitating this
process. Both the thunderstorm and the Air
Energizer fill the air with negative ions,
restoring the natural electrical balance to
the polluted, energy-depleted air. But the Air
Energizer can be used indoors in the home,
office, work-shop,laboratory, etc., keeping a
fresh supply of ionized oxygen flowing from
its emitters night and day. This new break-
through in fresh air control is not a cover-up
which masks or deodorizes, but the unit
actually removes the dust, smoke, bacteria
and pollen particles from the air by attaching
jons to them and causing them to sink to the
earth where they can be vacuumed up rather
than inhaled. At the same time ions electric-
ally stimulate the energy-stripped air.

MORE FOR LESS

Why do we say you get more for less
money? A typical marketing technigue is to
take your weakness and assert that it is one
of your strengths. This is exactly what our
competitor has done. Their ads proclaim the
wonders of “miracle fuzz”, the bronze fuzz
ball emitter on their unit. But using bronze
fuzz and calling it a new invention is really
old hat. It was first introduced in England
many years ago. In fact we ourselves brought
out a bronze fuzz unit called System Three
over a year ago because it's cheaper than
needles. But we are discontinuing it because
we want to maintain our reputation for the
highest quality, and stainless steel emitter
needles are so much better. A single, large
fuzz ball emitter is difficult, if not impossible,
to clean. It quickly gets so dirty that its
efficiency is reduced. We are the only manu-
facturer we know of that uses self-cleaning
stainless steel emitter needles.

YOUR CHOICE
OF TWO TOP-QUALITY UNITS!

There’'s only one unit that's better than
System Five. That's our own System Four. It
sells for $159. It has an even higher 1on
output. Plus! Our special Dial-An-lon allows
you to adjust the ion output anywhere from
low to high. Not everyone knows that the
need for ions varies. A large smoky room will
require higher output than a small room. And
some people want fewer ions while sleeping
than while working. The new System Four is
our answer to this need for output flexibility.
And we're the first and only ones to offer this
special feature at this price. If System Four is
better why did we bring out System Five?

CIRCLENO. 64 ON FREE INFORMATION CARD
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SYSTEM FIVE

Not everybody is willing to pay $159 foran
air ionizing unit, no matter how good it is.
Just like not everyone drives Rolls Royces.
Most drive less expensive cars.

System Four is for the person who wants
the absolute best quality and doesn’t mind
paying a little extra to get it. If you want
highest ion output, flexibility, and a beautiful
oak paneled case, buy System Four.

If you want something at half the price of
System Four, but still better than any other
units costing up to $250, buy System Five.

HOW TO GET ONE

To place your order now just send a check
for$74.95 plus $3 shipping for System Five.
Or send $159 plus $4 shipping for System
Four. Tell us your full street address as we
cannot ship to Post Office boxes.

Our unit is dependable and trouble-free,
but if by rare chance any problems occur our
service-by-mail center sends off your unit
within 24 hours of receipt or sends a
replacement so you are not without fresh air
and can enjoy your dust-free environment.
And each Air Energizer is backed by a full
one year limited warranty.

HOW TO GET ONE FAST!!!

Credit card holders can call our toll-free
number below. Order a unit now and if you
are not satisfied with its effects within 10
days simply return it for a full cash refund.
Order your Air Energizer today.

U I I Read ""The Golden Egg’’

University of the Trees Press

ION RESEARCH CENTER

BOX 644 PE, BOULDER CREEK, CA 85006
Call Toll-Free . . . 800-538-0750

In California call (408) 338-6663
Send check or use your Master Charge,
Visa or American Express card.

WE HAVE ION DETECTORS!

Now you can prove to yourself which unit
has the highest output. These high quality,
low cost detectors enable you to do scien-
tific tests and comparisons. Our Econometer
contains a neon light that blinks in the
presence of negative ions. The more ions,
the faster it blinks. The lonometer gives you
a sensitive meter to compare readings be-
tween units. The lonoscope gives youthree
sensitivity ranges for advanced and accurate
detection.

ECONOMETER . ... (pen size) ....$7.50

IONOMETER ...{(3"'x2"x1%") ...$49.95

IONOSCOPE. .. (5% 'x3"x1%"). .. $99 .95
Add $2.00 per detectir for shipping.
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25" color TV that tunes
by computer, programs ‘
an entire evenmgs w |l
enferfainment. =
Just part of NRI's training in £\ ? - |

servicing TV, stereo systems, video
tape and disc players, car
and portable radios.
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Only NRI home training prepares
you so thoroughly for the next great
leap forward in TV and audio. .. digital
systems. Already, top-of-the-line TV's
feature digital tuning, computer pro-
gramming is appearing, and new
digital audio recording equipment
is about to go on the market.

NRI is the only home study school
to give you the actual “hands-on” train-
ing you need to handle servicing prob-
lems on tomorrow’s electronic equip-
ment. Because only NRI includes this
designed-for-learning, 25” diagonal
color TV with electronic tuning, built-in
digital clock, and computer program-
mer as part of your training. With this
advanced feature, you can pre-program
an entire evening’s entertainment. ..
even key lock it in to control children’s
viewing.

As you assemble it, you learn
how digital tuning systems work, how
to adjust and service them. You work
with the same advanced features
used in the new programmable
TV's and video tape record-
ers. It’s exclusive NRI
training that keeps you
up with the leading
edge of technology.

Exclusive
M Designed-for-
4 learning
Concept

The coler
TV you build
as part of NRI's
Master Course
looks, operates,
and performs like
the very finest com-
mercial sets. But
behind that pretty
picture is a unique
designed-for-
learning chassis.. ..

JANUARY 1980

the only such unit in the world.
Rather than retrofit lessons to a hobby
kit or an already-built commercial
set, NRI instructor/engineers have de-
signed this television so each step of
construction is a learning experience.
As you build it, you perform
meaningful experiments. You see what
makes each circuit work, what it does,
how it interacts with other circuits. You
even introduce defects, troubleshoot and
correct them as you would in actual
practice. And you end up with 2 mag-
nificent, big-picture TV with advanced
features. One you can sell or use in
your home.

Also Build Stereo,
Test Instruments
That's just a start. You dem-

onstrate basic principles and circuits
on the unique NRI Discovery Lab® then
apply them as you assemble a fine
AM/FM stereo receiver, complete with
speakers. You also get practical experi-
ence as you build your own test instru-
ments, including a 5” triggered sweep
oscilloscope, CMOS digital frequency
counter, color bar generator, and transis-
torized volt-ohm meter. Use them for
learning, use them later for professional
servicing of TV, audio, and video
equipment.

Complete, Effective Training
Includes Video Systems
Using NRI’s exclusive methods,

you learn far more than TV servicing.
You'll'be prepared to work with stereo
systems, car radios, record and tape
players, transistor radios, short-wave re-
ceivers, PA systems, musical instrument
amplifiers, electronic TV games, even
video tape recorders and tape or disc

WWW amercaaradiohigtary com

video players. Your training covers just
about every kind of electronic enter-
tainment equipment available now or
in the near future.

And because NRI has unmatched
experience gained in over 60 years and a
million students worth of training, your
course is designed for ease of learning
and practical utility. You need no pre-
vious experience of any kind. Starting
with the basics, exclusive “bite-size” les-
sons cover subjects thoroughly, clearly,
and concisely. “Hands-on” experiments
reinforce theory for better comprehen-
sion and retention. And your personal
NRI instructor is always available for
consultation, ready with explanations,
answers, and advice.

Send for Free
Detailed Catalog. ..
No Salesman Will Call
Get all the facts on this exciting
course and its potential for you by mail-
ing the postage-paid card today. Our free
100-page catalog includes color photos
of all kits and equipment, complete
lesson plans, convenient time payment
plans, and information on other elec-
tronics courses. You'll also find out
about NRI's new Computer Technology
Course that includes
your personal

microcomputer. Or Complete Com-
munications with 2-meter transceiver
that gets you ready for opportunities in
broadcasting, 2-way radio, microwave,
and other growing fields. If card has
been removed, write to:

NRI Schools
McGraw-Hill Continuing
Education Center

3939 Wisconsin Ave.
Washington, D.C. 20016

:HA'
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Stereo Scene

SHORT SUBJECTS

N A RECENT trip to Japan as the guest

of Lux Audio, | was abtie to prevail upon
my hosts to supply me with a listening room
in which | could use some of their equipment
at length. All of the demonstrations we had
heard up to that point (a group of sales rep-
resentatives and several other journalists
were also on the trip) were of the 10-to-15-
minute variety. Unfortunately, it is hard to get
more than a fleeting impression of a piece of
audio gear in that short a time. It struck me,
therefore, that a prolonged listening session
might stimulate the intellect (I would get to
know the equipment better) and the esthetic
sense (| could hear a piece of music all the
way through).

Feedback: Friend or Foe? | should pref-
ace my account of what happened by admit-

RIGHT
CHANNEL
AMP

LEFT
CHANNEL A
AMP

LEFT X RIGHT
PRIMARY - PRIMARY
CENTER OR
+ ; +
[ LEFT RIGHT ]
SECONDARY 3 SECONDARY
FROM B FROM
LEFT RIGHT
TAPE TAPE
MONITOR MONITOR
LEFT RIGHT
SECONDARY SECONDARY
AMPLIFIER _“AMPLIFIER
+ W —W+
CENTER
+ + +
LEFT RIGHT
E SECONDARY SECONDARY

Fig. 1. Variations on speaker
arritajjements given tn October 1979.
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By Harold A. Rodgers
Senior Editor

ting that up to now | have been very skeptical
about claims of substantial differences of
amplifiers. Detailed accounts of double-blind
tests in which experienced listeners had
been unable to distinguish power amplifiers
of highly divergent design by sound as long
as they were operated within their limits had
impressed me profoundly. Accordingly, | had
come to the conclusion that most of the sub-
tle sonic differences were due to transient
overloads. The experience on this occasion,
however, suggests that other factors may
well be involved.

The main character in the scenario is the
Luxman MQ-68 power amplifier, a vacuum-
tube design. The most unusual feature of this
amp is that its feedback loop is switchable
to give 16 dB of feedback or no feedback at
all. In the open-loop mode, the unit delivers
20 watts per channel to an 8-ohm load with
0.3% THD. Closing the loop raises the output
power to 25 watts per channel and lowers
THD to 0.05%. What we were listening for
was any apparent difference between the
two modes.

Obviously, there was a difference—other-
wise this tale would be pointless—but it was
hardly what | had expected. With feedback
connected, the bass was clearer and ''tight-
er,” an effect that can be explained on the
basis of the lower output impedance (higher
damping factor) characteristic of that mode
of operation. But, at the same time, the tre-
ble seemed to become compressed and
some sense of ambience seemed to disap-
pear. It is not obvious why this occurred.

Transient intermodulation does not seem
to be the answer, for the amplifier is very
clean in the open-loop mode. Furthermore,

feedback level is modest, and slew limiting is
not usually a problem with vacuum-tube au-
dio amps. One possible answer is that, while
the higher damping factor exercises tighter
control over the woofer, it simultaneously
overdamps the tweeter. That is to say, it may
be preferable to let the tweeter radiate what-
ever energy is stored as acoustic power,
even if it is slightly late, rather than to damp
it out. This idea is not as far-fetched as it
may sound at first, nor is it even new. It
seems to have been thinking along these
lines that prompted ESS to use current feed-
back (which, unlike the voltage feedback
usually applied, lowers damping factor) in
the amplifier for its Transar. The idea is that
since the speaker is designed to have no
significant resonances in its operating pass-
band, damping is unnecessary and would
only be a hindrance.

This view is not necessarily endorsed by
Lux personnel, and they, in fact, have sug-
gested further experimentation to see if a
less conjectural explanation can be found.
Any findings will, in due course, be reported
in this column. In the meantime, Lux engi-
neers are carefully studying feedback to be
certain when and how its application really
does ‘‘make a good amplifier better.”

Additional Notes on Ambience. Since the
October instaliment of this column, which
dealt with ambience and its recovery from re-
cordings, some errors have been brought to
my attention along with some expansion of
ideas presented at that time. First, my apolo-
gies to Erik Rgrbeek Madsen of Bang & Oluf-
sen, whose name was mangled.

Bob Berkovitz of Teledyne Acoustic Re-
search, who was working with David Hafler
at the time the ambience circuit was de-
vised, points out that in the original version
the level control was from common neutral of
secondary speakers to common ground of
the amplifiers. Thus, if the control is set for
its maximum resistance a maximum of out-of-
phase information emanates from the sec-
ondary speakers. At its minimum setting, the
two sets of speakers are effectively in paral-
lel, giving double stereo. In intermediate po-
sitions, the control feeds any desired mix of
in-phase and out-of-phase components to
the secondary speakers.

Since the impedance of the control should
be approximately the same as impedance of
the speakers, another variation is possible:

+ 20 TO 30V OC

30K
3 1/2
Sp3S58

7

*

apF

4 ’E 15K
W-Vq\l

R-L

Fig. 2. A practical version of the circuit
shown at C in the October 1979 issue.
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fact:

a Genuine Shure upgrade
stylus is unquestionably
the biggest bargain in hi-fi

We strongly urge you to check your stylus for wear at least once a year to
protect your records and maintain the highest standards of listening pleasure.
Regardless of when (or where) you purchased your Shure cartridge, there is a
Genuine Shure replacement stylus available which will bring your cartridge
right back to its original specifications. Even better, you may actually be able
to improve its performance significantly over the original with a Genuine Shure
upgrade stylus...at surprisingly low cost! For example:

IFYOU OWN: UPGRADE WITH: THIS IS THE RESULT:
A dramatic reduction of harmonic
V15 and intermodulation distortion
(formerly available only to owners
Type 11 VN35HE of the incomparable V15 Type V) is
. now possible with the V15 Type Il
SERIES Hyperelliptical and the M95 Series of cartridges
stylus simply by replacing the stylus. The

Hyperelliptical stylus configuration
contacts the record groove in a
*footprint” that is longer and
narrower than the popular Biradial
tip design, making it pre-eminent
for reproduction of the stereo-cut
groove

N9SHE*

M95 E
SERIES | Hyperetiical

N72E] I oved trackability, especially at
N . mproved trackability, especially a
3';?&1'3‘ (Eliptical) /7 high frequencies, due to a new,
redesigned low-mass N72
N72B

% — stylus assembly,

Spherical stylus

Much improved trackability due to

i NIIED* the lower effective tip mass of the
ANY M91, M92, M93 nude Biradial (Elliptical) stylus tip.
stylus Less tracing distortion compared

with a Spherical stylus tip.

Improved trackability at higher

7 N75 TYPE 2* frequencies due to a stylus
ANY M71’ M73’ M75 Series styli assembly with a lower effective tip
mass
N5SSE* Lower tracking force with a Biradial
ANY Md44 Series (Elliptical) stylus, lower distortion,
stylus lower effective tip mass.
N21D* Improved performance at lower
M3D’ M7D tracking forces

stylus

“Before purchasing any replacement stylus be certain your turntable is compatible with the tracking force of the stylus you select.

Always insist on a Genuine Shure replacement stylus.
Look for the name “Shure” on the stylus grip.

Genuine Shure upgrade styli by

HEREEE

Shure Brothers Inc., 222 Hartrey Ave., Evanston, IL 60204
In Canada’ A. C. Simmonds & Sons Limited
Outside the U.S. or Canada, write to Shure Brothers Inc., Attn: Dept. J6 for information on your local Shure distributor
Manufacturets of high fidelity components, microphones, sound systems and related circuitry
CIRCLE NO.52 ON FREE INFORMATION CARD
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Full 60" radiator. Much greater radiating surface
than conventional base loaded mobile antennas—
over 33% increase in “mileage gain.’ \ ;

“Static Ball" tip for dissipation of
wind static charge. Protects garage
doors from nicking and grooving.

17-7PH stainless steel TAPERED whip. Less pattern
distortion due to lower wind drag at highway speeds
No tuning required, VSWR less than 1 10 1:5.

Stainless steel shock spring absorbs
blows from branches. garage doors.

Heavy duty coil. Precision-wound of 12 gauge,
enamel-coated copper wire for high efficiency
and reserve power capability. "a

Antenna Specialists' LEVERLOK™
quick release. Firm, positive
electrical and mechanical connec-
tion, instant disconnect. with
the twist of a lever.

Tough, high-impact LEXAN
base in clean, contemporary
design for maximum protection of
loading coil. Mounts easily on roof or trunk lip.
LEXAN is a registered trademark of General Eiectric Co. \

Full 17' of professional grade coaxial cable
RG-58U with maximum braid coverage for
best shielding, lowest signal loss. In-line
miniature connector simplifies installation.

Five year limited warranty —our
assurance of utmost quality of
design, construction and reliability.

ociaiats co. M
specialists co. ) &V

a member of The Allen Group Inc.
12435 Euclid Ave.. Cleveland, Ohio 44106

Export: 2200 Shames Drive, Westbury. L.I., New York 11590
Canada: A. C. Simmonds & Sons. Ltd.

CIRCLE NO.8ONFREE INFORMATION CARD
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substitute an additional loudspeaker for the
control. This speaker would carry an L R sig-
nal and should be located halfway between

| the primary pair to solidify the center image.

Circuits A and B, originally given in October,
are both candidates for this treatment as
shown in Fig. 1.

Concerning circuit C, C.F. Kerry Gaulder,
chief engineer of Source Engineering, points
out that scaling of the resistors so that sig-
nals from left and right channels have equal
gain is not entirely a straightforward matter,
He has designed a practical version of the

| circuit that he kindly consented to have pub-

lished here (Fig. 2).

The 100k potentiometer at the input gives
a broad enough range of control to allow the
circuit to be connected either to a spare low-
level output (a tape monitor, for example) or
to the power amp’s loudspeaker terminals.
Power should be applied to the ambience cir-
cuit before the rest of the system is turned
on, otherwise a strong ''thump’’ wili be deliv-
ered to the loudspeakers. This problem can
be cured by using a balanced, bipolar power
supply. The ground connections marked with

| asterisks should be returned to the negative

bus in that case, and the output coupling ca-

| pacitors, also marked with asterisks, can be

omitted if desired. The IC can be a type 4558
op amp or equivalent, and the 100-kilohm
dual ganged input pot should have a linear
taper. The load presented to the pot by the
rest of the circuit and the 30-kilohm shunt
resistors give an approximate audio taper.

Audiophile Recordings.

MOUSSORGSKY: PICTURES AT AN EXHIBI-
TION, NIGHT ON BALD MOUNTAIN. The Cleve-
land Orchestra, Lorin Maazel conducting.
Telarc Digital 10042. it seems like a pretty
safe bet that most of the people who listen
to Pictures at an Exhibition do so in recorded
performances rather than in concert halls,
which means that, while they may think they
know what Ravel's brilliant orchestration
sounds like, they don’'t at all. Compression
and limiting, the principal culprits in watering
down sonics have been banished from this
disc, producing a sound that is certainly a
revelation (though still not quite as good as
“live''). The vast dynamic range, especially
from the deep percussion (a Telarc trade-
mark?) pushes the disc to its extremes. Sur-
face noise is never a problem, but is just
barely audible in soft passages. Night on
Bald Mountain was revised considerably by
Rimsky-Korsakov (who was aiso no slouch
as an orchestrator). It is not quite the tour de
force that Pictures is, but this recording real-
ly captures it well.

CARLO CURLEY GOES DIGITAL: THE ALLEN
DiGITAL COMPUTER ORGAN IN THE GREAT
HALL, ALEXANDRA PALACE, LONDON. Chalfont
SDG 303. Here is true poetic justice—a digi-
tal recording of a digital electronic organ.
The recording has excellent dynamic range
(enough to incinerate your speakers with
steady loud tones, if you're not careful} and
an amazing clarity. This is not your everyday
electronic organ—it has 164 stops, 5,500
watts of amplifier power and 380 speakers—
and it ought to show ‘‘purists’’ who insist on
pipes a thing or two. Curley has put the vast
technology to good use, choosing satisfying
registrations and interpretations for works
from Barogque through Late Romantic.

POPULAR ELECTRONICS
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Our recording tape
is considered by most
audiophiles to be the
world’s finest tape

Gur xape window
p. is waldec in to zeep
dus- out

Our pressure

pad is locked int>
a special four-sided

retainer to mainkain
perfect tape-to-head
contact.
Ovr slip sheet is
made of a zubstance
that's so slippery, even \
glue can't stick to it.

Our lzcder ™
not anly kesos
you fror making
recordirg smore,
it also keeps your
tape head: clean.

Cut special guide
-0 lers make stre our
ape says perfect y

Our cassete is held aligred with vour tape
-ogether by steel Teads
screws to assure prec se
alignmen- and even
distributicn of pressure Our standard cassette shell’
on all sides of the i finished to higher tolerances
cassette. than industry standerds.

here's more to
the world'’s best tape than
the world’s best tape.

Ovur tape is archcred
to our hub by a gpecial
<lamping pin -ha- makes
slippage impossisle

Our reputation for making the  and more work into our cassettes we believe in a simple philosophy.
world’s best tape is due in part to  than most manufacturers put into To get great sound out of @
making the world'’s best cassettes.  their tape. cassette takes a lot more than just

In fact, we put more thought We do all this, because ot Maxell  putting great tape info it.

L= b s LCERAHEENETOEEEENEGRTT O ECREAARRRET 1111 AT

Maoxell Corporation of Americo, 60 Oxford Drive, Moonachie, N.J. #7374,

CIRCLE NO. 330N FREEINFORNATIONCARD
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Julian Hirsch Audio Reports

JVC Model KD-A8
cassette deck has
computerized tape optimization

4

4=

Of all the features in
the Model KD-A8
cassette deck, the
automatic comput-
erized tape optimi-
zation system that
JVC calls "B.E.S.T."” (Bias, Equalization,
Sensitivity-of-Tape tuning) is the most
striking. With it, the deck is fully compat-
ible with all modern tape formulations, in-
cluding metal-particle.

This front-loading deck has two motors,
two heads, and a logic-operated solenoid
transport control system. It also has JVC's
ANRS noise-reduction system plus a Su-
per ANRS system that gives additional
high-frequency dynamic range. Operating
flexibility, head design, and mechanical
and electronic sophistication make the
KD-A8 one of the most advanced cassette
decks presently on the market.

Relatively compact, the KD-A8 mea-
sures only 17%"W X 15%"D X 4%"H (450
X 390 X 124 mm) and weighs 24.2 Ib (11
kg). Suggested retail price is $850.

General Description. Most of the KD-
A8'’s controls are located behind a door on
the lower part of the front panel. Pressing
a button swings the door down to reveal a
pair of microphone jacks, a headphone
jack, two small recording-level controls,
and a single output-level controtl

On this subpanel are also three lever

switches.TaPE SELECT has positions for CrOop,

NORM, FeCr, and METAL that set approxi
mate bias and recording equalization for
each basic tape type. Selection between
chrome and ferric (NORM) is made automa
tically by the notch on the back of chrome
(or other 70-u s, high-bias) cassettes.

The anrs switch has oOfFr, ON, and SUPER
positions. (ANRS is almost identical in ef-
fect to the Dolby-B system, although its
circuits are quite different. The two are
sufficiently alike so that Dolby tapes can
be played satisfactorily on an ANRS deck,
and vice-versa.) SUPER compresses the
high frequencies of a recorded signal and,
during playback, applies a complementary
expansion. The result is a slightly greater
dynamic range at the higher audio fre-
quencies. Tapes made with Super ANRS,
are fully compatible neither with ANRS nor
Dolby.

Labelled saL (Search & Lock), the third
switch is used to set recording gains auto-
matically when the maximum level from the
source can be determined in advance, as
when dubbing. In its maNuaL position, the
switch allows recording gain to be set by
the two input-level controls in the usual
manner. If the highest level to be recorded
is presented while the switch is held in its
spring-loaded SeT position, the circuits fol-
low the program and "'hold" the maximum
level encountered. They then electronicai-
ly adjust recording gain for a +3-dB indi-
cation from this signal when the switch is

deck is fully
compatible with

all tape formulations
including
metal-particle
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released and allowed to return to its saL
position. This gain setting is maintained
until the deck is shut off or until the circuit
is cleared by setting the switch to MANUAL.

Below the back-lighted cassette com-
partment are the touch switches that con-
trol the transport mechanism through sole-
noids. Although their functions are similar
to those of most other cassette-deck con-
trols, they are interlocked in an unusual
way. For example, to set up recording lev-
els, rec and paUSE must be pressed simul-
taneously, after which the pLAY button
must be touched. The PAuUSE control can be
released only by pressing PLAY or sTOP. It
is not necessary to stop the tape to switch
between fast forward, rewind, and play. A
"flying-start’’ recording can be made while
playing a tape by holding down pLAY and
pressing REC.

The MEMORY system can be set to have
the deck go into either STOP or PLAY when
the rewinding tape registers 000 on the
tape counter, and a TIMER STANDBY feature
allows unattended power switch-on and
operation by an external timer in either
playback or record.

The display system consists of paired
meters calibrated from —20 to
+ 5 dB and an array of 20 red and green
LEDs. Below the LEDs are two small but-
tons labelled COMPUTER CAL START and PRE-
seT and a third labelled rec MuTtE. The LEDS
give visual indication of operating status
at all times, a necessity in view of the
deck's many modes of operation. Four
LEDs indicate the basic tape type select-
ed, two indicate whether anms or SUuPER
ANRS has been switched on, and one with
the legend NON REC lights when recording is
inhibited by the absence of a safety tab on
the cassette. An s&L LED informs the user
when the Search & Lock recording-gain
system is operating in place of the regular
input-level controls. Finally, a rRec MuTE LED
comes on when the button below it is held
in to mute the recording input signal with-
out stopping tape motion. Used with the
PAUSE button, rRec MUTE permits editing of a
tape as it is being made and eliminates
stop/start transients that sometimes
accompany operation of a pPAUSE control.

The key feature of the KD-A8 is its mi-
croprocessor-controlled B.E.S.T. tape-
optimization system. With a tape loaded
and the TAPE SELECT switch set for its for-
mulation, a touch of the COMPUTER CAL START
button sets the system into operation.

First, the transport advances slightly to
make sure that coated tape contacts the
heads. Then a 1000-Hz reference tone,
followed by a 6300-Hz tone, are recorded
on both channels. During the recording of
the 6300-Hz tone, bias is automatically
adjusted over a considerable range in 32
discrete steps. The recording stops, the
tape is rapidly rewound, and the section
just recorded is played back. The bias lev
el that yields a 6300-Hz playback level
equal to the level of the 1000-Hz refer-
ence signal is stored in computer memory
and is used during the balance of the re
cording with that tape

{Continued on page 26)
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Sabtronics NEW Hand-held Digital Multimeters. . .

The only thing that
beats their performance
is their price.

Accurate performance you can rely
on, time after time. That’s what

you expect from a quality DMM.
But don’t expect to pay as much “or
it any more. Because now Sabtronics
brings you top quality DMMs with
more features and better accuraczy
than other comparable units on the
market todav. And they cost
surprisingly less!

We cut the price.
Not the quality.

What you get is a precision crafred
unit that features single-chip LSi
logic, laser trimmed resistor
network and a stable band-gap
reference element for better long
term accuracy. Basic DCV
accuracy is 0.1%. The Model
2035A gives you 32 measurement
ranges over 6 functions and the
Model 2037A an additional two
temperature ranges.

First in features.
First in price.

Both models feature touch-and-
hold capability with the optional!
probe — its so convenient, you'l
wonder why the expensive models
haven’'t got it yet! And two-
terminal input for all measuremer:t
functions — this eliminates lead
switching and makes your job
easier. The Model 2037A even has
a built-in temperature measuring
circuit with a -50°C to + 150°C
range (-58°F to + 302°F) and is
supplied complete with the senscr

s

BRIEF SPECIFICATIONS:

probe. Of course, auto zero,
auto polarity and overload
protection are standard. And
you get 200 hour operation
from a single 9V transistor
battery. A low battery
indicator warns you of the
last 20% of battery life. The
large, crisp LCD readouts
allow easy viewing even
in bright sunlight.
Assembling either kit is
simple with our easy-to-
follow, step-by-step
instructions. And the
built-in calibration
references allow you to
calibrate the unit any
time, any place.

We’ve even eliminated
difhicult inter-connect
wires. All parts mount on
the PC board. The only wires you

solder are the two battery-snap leads.

Biggest value in small
DMMs

To sell hand-held DMMs with all
these features at such low prices,
we had to sacrifice profits. But we
never sacrificed quality or
performance. We are so sure that
the Model 2035A and 2037A are
the best values available that we
offer a money-back guarantee.
Examine either unit in your own
home for 10 days, and if you are
not convinced that it is the best
value for your money, return it in
its original condition for a prompt

and courteous refund of the
purchase price (less shipping and
handling). Order yours today! Use
the convenient order form or call
us with your Master Charge or
Visa number.

Making Performance Affordable

sabtronics

13426 Floyd Circie M/S 24 - Dzlias Texas 75243
Telephone 214/783-0994

_________________ .

Mail to: Sabtronics International, inc., 13426 Floyd Circle, M/S 24, Dallas, Tx 75243.

Please send me . . .

DC VOLTS: 100V - 1000V, 5 ranges

Model 2035A Hand-held Multimeter kit(s) @ $74.95each............................ $ I

AC VOLTS: 100uV - 1000V, 5 ranges
Model 2035A Hand-held Multimeter assembled @ $99.95 each. . ... bobows 4 2 s S S e ]
_____Model 2037A Hand-held Multimeter kit(s) @ $83.95each......................... ... $

AC CURRENT: 0.1uA - 2A, 5 ranges
Hi-OHMS: 0.1Q - 20MQ, 6 ranges

no S—___

______ Model 2037A Hand-held Multimeter assemblec @ $119.95 each
__..__#THP-20 Touch-and-hold Probe(s) @ $19.95.. ... .......... ...

| S

Lo-OHMS: 0.1Q - 20MQ, 6 ranges

I
|
DC CURRENT: 0.1yA - 2A, 5 ranges t
|
|
l

Shipping and Handling @ $5.00 perinstrument® ... ... ... ... .. i ey - 05 s
TEMPERATURE: -50°C - + 150°C For Belifhiyin TR e 26 6% SalasTak o o smmsestbreses ton worpmmlm a2 = |}
(-58°F - +302°F}, 2 ranges lenclose [ check [ money order Master Charge Visa TOTAL....$_
(Model 2037A only). (Allow 2-3 weeks clearance time for personal checks). 10% deposit for C.0.D. !

Charge my credit card # A Expiry Date

WEIGHT: 11 oz. (excl. battery) Name_ I . o e o |
OVERLOAD PROTECTION: 1000V DC
or ACpeak all voltage ranges; 250V DC R — — @l BE
or ACpeak all Ohms ranges; 2A/250V City ___ State ____ — e e I

*Continental U.S. only. AK, HI & PR: $6.00. Canada: $7.50. Foreign: $19.00 Airmail.

fuse all current ranges.
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(Continued from page 24)

Next, a 10,000-Hz signal is recorded
while the recording equalization is varied
in eight steps for first one and then the
other channel. Following this, a 1000-Hz
signal is recorded on both channels in 16
steps of increasing amplitude. The deck
plays back these signals and determines
the equalization that gives a 10,000-Hz
playback level equal to that of the
1000-Hz reference tone in each channel.
This value is stored for subsequent use.

- Since overall sensitivity might have
been changed slightly by the above oper-
ations, the 1000-Hz piayback sequence is
used to set overall record/playback gain
to the level required by the ANRS circuits.
The tape then rewinds to the beginning
and stops, ready for use.

The compiete process takes less than
25 seconds. Shutoff of the deck causes
loss of the stored information. One can
use the fixed settings for each basic type
of tape by pressing the PReseT button. As
each portion of the B.E.S.T. cycle is com-
pleted, a green LED comes on to show
that Bias. EQ, and SENS have been set. At
the end of the cycle, the ready LED comes
on. (If the PRESET button is used, the PRESET
LED comes on.)

If for any reason, such as an incorrect
setting of the TAPE SELECT switch, the com-
puter cannot find appropriate settings, it
repeats the test cycle. If the problem per-
sists, the PRESET LED comes on and an ER-
rROR LED blinks. (This latter LED can be
extinguished only by pressing the PReSET
button.) When the computer’'s work is
done, the segquentially flashing LED dis-
play becomes a peak program-level in-
dicator that responds to the stronger of
the two channel signals. In this mode, the
LEDs come on at levels of —10, =5, 0, +5,
and +10 dB.

Laboratory Measurements. We tested
the deck with the tapes recommended by
JVC: Maxell UD-XLI for norM, TDK SA for
CrOp, Sony Duad for FeCr, and Scotch
Metafine for MeTaL. JVC says that similar
tapes should give essentially identical re-
sults after use of the B.E.S.T. system. We
verified this by spot testing, but did not
perform full tests with any other brands of
tape.

The playback frequency response was
measured with TDK and TEAC standard
tapes for the 120- and 70-microsecond
equalization characteristics. Both tapes
yielded no more than + 1-dB response
variation over their full range (40 to 10,000
Hz for TEAC, 40 to 12,500 Hz for TDK).

Record/playback frequency response
at a —20-dB level with all four recom-
mended tapes differed only slightly, and
then mostly at frequencies above 10 kHz.
Although there were almost no signs of
the usual head-contour ripples in the bass
range, the low-frequency response rolled
off slightly below 100 Hz and more rapidly
below 45 Hz. There were measurable dif-
ferences in high-frequency response be-
tween the PReseT and B.E.s.T. adjustments,
but these too were above 10 kHz.

Larger differences between the tapes
were apparent in the record/playback re-
sponse at a 0-dB level. With UD-XLI, the
response was nearly flat up to about 7 kHz
and dropped at higher frequencies to in-
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tersect the —20-dB curve at 15 kHz or 16
kHz, depending on whether the PRESET or
B8.ES.T. was used. TDK SA had a more ex-
tended high-frequency response than UD-
XLI, and with 8EsT, the 0-dB curve re-
mained above the —20-dB curve all the
way to 20 kHz. Sony Duad tape had even
better resistance to saturation, especially
with B.E.S.T., which kept the two curves
10 dB apart to 20 kHz.

Metafine tape had virtually the same re-
sponse shape at 0 and —20 dB, with the
full 20-dB difference still present at 10 kHz
and 15 to 16 dB separating the curves
even at 20 kHz. This is a level of perfor-
mance akin to what we would expect from
a good-quality home open-reel deck at 7%
ips and never from a cassette deck (least
of all from a two-head deck).

Tracking error of the recording and play-
back ANRS circuits amounted to less than
1 dB at any frequency up to 15 kHz at re-
cording levels of —20 to —40 dB. It typical-
ly was less than 0.5 dB. Performance this
good is rarely seen in conventional Dolby-
ized cassette decks as it requires exact
matching of recording and playback signal
levels for the specific tape used. This fa-
cility is not always available on today's
cassette decks, but JVC's B.E.S.T. sys-
tem accurately performs this matching
function every time COMPUTER GCAL is
pressed.

A LINE input of 70 mV or a microphone
input of 0.16 mV was needed for a 0-dB
recording level. The microphone pream-

T
I

|
1
|

plifier overioaded at 115 mV, an unusually
high figure for a cassette deck. Playback
output from a 0-dB signal was between
260 and 287 mV, depending on the tape
used. Unweighted S/N ratio, referred to
the level that gave 3% playback distortion
(a +7- to +8-dB signal, depending slightly
on the tape used) was 48 to 50 dB. With A
weighting, S/N ranged from 56.5 dB (UD-
XLI) to 60 dB (Metafine). ANRS improved
the S/N, with CCIR/ARM weighting, to
66.2 dB with Metafine tape. Noise in-
creased by about 10 dB though the micro-
phone input at maximum gain but was
much less at more reasonable gain set-
tings. Playback third-harmonic distortion
at a 0-dB recording level was 0.5% with
UD-XLI and SA, 1% with FeCr, and 0.7%
with Metafine.

One major problem with metal tapes has
been erasure, which requires a very pow-
erful magnetic field and usually a special
erase-head design. JVC has solved that
problem, as we measured a 75-dB erasure
at 1 kHz from a 0-dB recording with Meta-
fine and better than 80 dB with other
tapes. (The residual signal was below the
noise level and could not be detected
even with a narrow-band spectrum analy-
sis.) Crosstalk between channels was 55
dB down with a TDK AC-352 test tape at 1
kHz. Tape speed was 0.3% fast but did not
vary over the length of a C60 cassette.
Flutter was the lowest we have ever mea-
sured from a cassette recorder; with TDK
AC-342 tape, it was 0.028% wrms and
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l Frequency responses using the B.E.S.T. optimization system.
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Sabtronics gives you DMM and Frequency
Counter kits with more features, better
performance and incredibly lower prices

Model 2010A Bench/Portable DMM:
$69.95 kit

Features: 3/ digit LED display » 31 measurement
ranges 6-Functions ¢ 0.1% Basic DCV accuracy
Touch-and-hold capability ¢ Hi-Lo Ohms « 40 Hz
to 40 kHz frequency response ¢ Auto Zero, Auto
Polarity ¢ Overload protected o Overrange indi-
cation e Single chip LSI logic ¢ Laser-trimmer re-
sistor network and ultra-stable band-gap reference
for better long term accuracy e Built-in NiCd bar-
tery charging circuit.

Brief Specifications: DC Volts 1001V 10 1000V
in 5 ranges; AC Volts 1001V to 1000V in 5 ranges;
DC Current 0.1pA to 1(§LA in 6 ranges; AC Cur-

rent 0.1 pA to 10A in 6 ranges; Resistance 0.1Q to
20MQ in 6 ranges; Diode Test Current 0.1pA to
ImA in 3 ranges; Input impedance, 10MQ on AC
and DC volts; Power requirement, 4.5 to 6.5
VDC (4 “C” cells) or optional AC adapter/
charger.

sabtronics
MO 2004 OOITAL MUUTOETER

Model 2015A Bench/Portable DMM:
$89.95 kit

Same features and specifications as Model 2010A
except with large, 0.5” LCD 3% digit display.

Optional Accessories:

#AC-115, AC adapter/charger $7.95
#THP-20, Touch and Hold Probe $19.95
#NB-120 NiCd Battery Set $17.00

,bu-anlola |
I

$89.95

Model 8610A Frequency Counter:

$89.95 kit

Features: 8-digit LED display » 10 Hz to 600 MHz
guaranteed frequency range (5 Hz to 750 MHz
typical) » 3 Gate times » 10 MHz TCXO Time
base ¢ Auto decimal point » Overflow indicator »
Leading zero blanking ¢ Resolution to 0.1 Hz »
Built-in charging aircuit for NiCd batteries.

Brief Specifications: Freauency Range, switch
selectable, 10 MHz, 100MHz, 600 MHz ¢ Sensitiv-
ity, £ 10mV RMS to 100 MHz, £50mV RMS,
100 MHz to 450 MHz; 90mV RMS 450 MHz to
600 MHz « Impedance, 1 M@, 10 MHz and 100
MHz ranges; 509, 600 MHz range ¢ Gate ume
(switch selectable) 0.1 sec, 1 sec, 10 sec ¢ Temper-
ature stability, 0.1 ppm/°C ¢ Ageing rate < £5
ppm/yr ¢ Accuracy, 1 ppm or 0.0001% e Input
protection, 150V RMS to 10 kHz (declining with
frequency) e Power Requirement, 4.5 tc 6.5V DC
@ 300mA (4 “C” cells) or optional AC adapter/
charger (7.5 to 9V DC @ 300mA).

Ordering Information

USA — Add $5.00 per kit for shipping & han-
dling. Personal checks have to clear before goods
are shipped (allow 2-3 weeks). For faster delivery
send cahsiers check or money order. 10% deposit
tor C.O.D. orders.

CANADA — Add $6.00 per kit for shipping &
handling. No C.O.D. Payment in U.S. funds.
OVERSEAS — Add $21.00 per kit for airmail
delivery. Payment by bank draft in U.S. funds.

JANUARY 1980

Also available Model 81104, same
as 8610A except maximum
frequency is 100MHz and without
battery charging circuit: $59.95 kit

r"__————_—_“'___——-\\
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—— |

$89.95

FREQUENCY B MEGAMERTZ

sabtronics @  wee s e cowre

Making Performance Affordable

sab s [y
INTERNATIONAL INC

13426 Floyd Circle M/S24 Dallas, Texas 75243
Telephone 214/783-0994

2
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Discover
today'’s

high-resolution
(3‘/z-digit DMM\

B& K-PRECISION's

LCD Model 2815

Model 2815 $150

® 0.01 ohm, 100nA, 100V
resoliution

® 0.1% DC accuracy

@ Shielded and protected to stay
accurate in rf fields

® Fully overload protected on all
ranges

® Auto-zero and auto-polarity

® Alternating high-/low-power ohms
ranges for solid-state circuitry
measurements

Compare the resolution offered by
the new B&K-PRECISION Model
2815 with any other DMM in its price
class. Its high resolution stands
alone. The 2815 also delivers 0.1%
DC and 0.3% AC accuracy. For
added convenience, a tilt stand is
built-in.

Available forimmediate
delivery at your local
B&K-PRECISION distributor

oA PRECISION

DYNASCAN
CORPORATION

6460 West Cortland Street
Chicago. Illinois 60635 - 312/889-9087

In Canada Atlas Electranics. Ontario

CIRCLE NO. 10 ON FREE INFORMATION CARD
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+0.04% CCIR (weighted peak). Combined
record/playback flutter was only slightly
greater at 0.033% and 0.055%. In the fast
speeds, the transport wound through a
C60 cassette in 70 seconds.

Meter ballistics were slightly slower
than for a true VU meter, reading about
90% of the steady state value on 0.3-
second tone bursts repeated once per
second. The peak LEDs, of course, re-
sponded instantly to this signdl, with a de-
cay time of about a second. A 200-nW/m
Dolby-level test tape gave a reading of

TIMER STANDBY mode, is that timing must be “
set to allow an extra minute or so of oper- |
ation before the desired program appears,
since the deck goes through the B.E.S.T.
cycle whenever power is first applied.

Our only criticism concerns the exposed
COMPUTER CAL buttons. Although the manual
warns against touching starT while the
tape is in motion, as it will then be erased,
it is too easy to make this mistake. We
feel it would have been preferable had
these buttons been located behind the
hinged door.

Performance

Specifications

Specification
R/P frequency response
—20-dB level

0-dB level

WithB.E.S.T., —20 dB
for all tape types

S/N Ratioc ANRS OFF
Metafine tape)
ANRS ON

35 dB at 1 kHz
0.035% wrms
0.12% DIN

Channel separation
Flutter

Harmonic distortion

(1 kHz, metal tape) at 0 dB
FF/rewind time (C60) 85 seconds
Input sensitivity MIC 0.2 mV

LINE 78 mV
Outputs LINE 0-300 mV

PHONES 0.5 mW max,

8-1,000 ohms

Rating

Metafine: 26-17,000Hz +3 dB
TDK SA: 25-17,000Hz +3 dB
Maxell UD-XL 1:25- 16,000 Hz + 3 dB 34-17,500 Hz+ 3 dB
Metafine: 25-12,500 Hz + 3 dB
TDK SA: 25-8,000Hz +3 dB
40-12,500Hz +1dB

60 dB (A-wtd, 1 kHz. 3% THD,

Improved by 5 dB at 1 kHz
by 10 dB above 5 kHz

0.4% 3rd harmonic

Measured

44-17,500Hz+3 dB
40-18,500Hz+ 3 dB

38-16,000Hz+3dB
40-12,000 Hz +3dB
100-13,000 Hz + 1 dB (MET)
100-13,800 Hz + 1 dB (SA)
75-12,000 Hz + 1 dB(XL-I)
75-11,600Hz+ 1 dB (FeCr)
60 dB

Improved 9.5 dB wide-band
(CCIR/ARM wtd)

55 dB at 1 kHz

0.028% wrms

0.04% DIN/CCIR

0.7%

70 seconds

0.16 mV

70 mV

Max. 260 to 287 mV
Not measured

+3.5 dB on the recorder's meters; +1 dB
corresponded to the 160-nW/m used on
some test tapes; and +5 dB corresponded
to the 250 mW/m used on more recent
tapes. The headphone level was sufficient
to drive even 200-ohm phones to uncom-
fortable listening levels.

User Comment. The BE.S.T. system
made all tapes essentially equal in low-
level frequency response. Other differ-
ences, such as headroom, distortion,
noise, and dropouts, remained measurable
and sometimes audible.

Fortunately, considering the sophistica-
tion of the product, the owner’'s manual is
very specific in warning of possibie incor-
rect operation. For instance, if the TiIMER
STANDBY switch is left on in recorp, the next
time power is applied, the deck will go into
record and erase anything on the tape.
Hence, one must take care to set the TiMER
switch to oFF before shutting off the deck
or return recorded cassettes to proper
storage. Another peculiarity, related to the

WWW arrerieaniadiohistary com

Overall sound quality of the deck was
easily as good as we have ever heard
from a cassette recorder. Qur severe test
of reproducing FM interstation hiss was
easily passed. With UD-XL | tape, there
was a barely audible difference between
reference signal and tape playback-—not
in the high frequencies, but in the low-fre-
quency quality. Using the other tapes, the
deck rendered the noise signal very accu-
rately, which is unusual, especially be-
cause the recording level was —5 dB on
the meters. The unit's exceptional head-
room of 7 to 8 dB above indicated 0 dB
paid off here.

Although our signal sources were limit-
ed to disc records, we can attest that the
KD-A8's performance, especially with Me-
tafine tape rivals that of some fine open-
reel decks. Yet, considering its exception-
al versatility and compatibility with virtual-
ly any quality tape, its price is certainly
reasonable. If you're a dedicated tape nut,
it will probably seem attractive.

CIRCLE NO. 101 ON FREE INFORMATION CARD
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HIRSCH REPORTS continued

Osawa Model MP20
induced-magnet stereo

phono cartridge

THE NEW Osawa

HIRSCH- MP20 phono car-
HOUCK tridge heads the
line of cartridges
imported from Ja-

pan by Osawa & Co.
(USA), Inc. Like the previous Osawa car-
tridges, the MP20 employs the induced
magnet principle, but several refinements
in details provide it with exceptional per-
fcrmance qualities.

Price of the MP20 is $175. The car-
tridge is also available installed in a mag-
nesium-aluminum universal headshell as
the Model MP20H for $200.

General Description. The fixed magnet
is made of samarium-cobalt, enabling the
mass and size of the magnet system to be
reduced without sacrifice of magnetic
strength. The armature, moved by the sty-
lus cantilever, is of the permalloy magnet-
ic material used in other Osawa car-
tridges. The cartridge body is molded of a
fiberglass-reinforced plastic for high rigid-
ity and freedom from internal resonances.
lts mounting surface is exceptionally thick
and contacts the headshell of the tonearm
over an extended area to ensure close
alignment with the shell surtace. The con-
tact pins are gold-plated to prevent corro-
sion and provide a low-resistance electri-
cal connection. The stylus assembly is
easily replaceable by the user.

The moving system of the Osawa MP20
is responsible for much of its outstanding
performance. The stylus cantilever is
made of boron, an extremely hard, rigid
material, and is supported by a butyl-rub-
ber damping system that maintains the
compliance constant over a wide range of
temperature and humidity conditions. The
diamond stylus shape is elliptical with ra-
dii of 0.4 X 0.7 mils and is nude-mounted
to the cantilever.

The MP20 is meant to be terminated in
47,000 ohms shunted by a 100-picofarad
capacitance, and has a nominal output of
4 millivolts at a 5-cm/s velocity, with
channels balanced within 1.5 dB. The fre-
quency response (no test record or toler-
ance is specified) is given as 20 to 23,000
Hz. The range of tracking forces is 1.5 to
2.0 grams, with 1.8 grams being the op-
timum force. The cartridge is slightly heav-
ier than some, weighing 7.8 grams.

Laboratory Measurements. We in-
stalled the cartridge in the moderately
massive tonearm of an integrated record
player and operated it at the recom-
mended 1.8-gram force. The ability of the
cartridge to track very high velocities was
demonstrated by the excellent sine-wave
output it produced from the 30-cm/s
1000-Hz tones on the Fairchild 101 test
record. The 300-Hz tones of the German Hi
Fi Institute record were playable at their
maximum 100-micron level without audible
distortion, and at the 90-micron level when
we used the 1.5-gram minimum rated
force. Very high-level 32-Hz tones on one
of our records were tracked easily even
when the force was a mere 0.6 gram!
Cartridge output was 4 mV when playing

the 3.54-cm/s standard-level bands of the
CBS STR 100 test record with the levels of
the two channels matched within 0.2 dB.
The 1000-Hz square wave of the CBS
STR112 test record showed about 4 cy-
cles of damped ringing at about 20,000
Hz. Our measured vertical stylus angle
with the CBS STR 160 record was 23°.

Measurements with several types of
test records showed a very flat frequency
response up to about 15,000 Hz, with a
rising output between 15,000 Hz and the
20,000-Hz upper limit of most of the re-
cords. The output was typically 4 to 6 dB
higher at 20,000 Hz than at 1000 Hz. To
verify the high-frequency stylus reso-
nance, we used the JVC TRS- 1005 record,
which sweeps from 1 to 50 kHz. The peak,
approximately 2.5 dB in amplitude, was at
about 25,000 Hz, after which the output
fell off rapidly.

To a greater extent than frequency re-
sponse, the measured channel separation
of a cartridge is a function of the test rec-
ord used. Resulits obtained from a number
of test records yielded 25 to 30 dB of sep-
aration in midrange. There was a wider
variation in the separation at 20,000 Hz,
ranging from 10 to 25 dB, depending on
the test record used. With the TRS-1005
record, we found that channel separation
maintained a strong 20 dB or more at fre-
quencies well above the 25,000-Hz stylus
resonance.

Tracking distortion of the cartridge was
measured with the Shure TTR102 and
TTR103 test records. Behavior of the
MP20 was rather unusual with both rec-

smooth, flat
response with
no coloration
of any kind

ords. IM distortion with the TTR102 record
and the 10.8-kHz tone-burst distortion on
the TTR103 record varied only slightly
over the wide range of recorded velocities
on these test records. Measured values
fell between 1.7% and 3% at velocities
from 7 to 30 cm/s. Although we have mea-
sured lower distortion from a number of
cartridges at low velocities, we have rare-
ly seen such low distortion, particularly IM,
at the highest velocities.

The tracking ability of the MP20 was
emphatically confirmed when we played
the Shure ERA Il and ERA IV “'Audio Ob-

Performance Specifications

Specitication Rating Measured
Output voltage 2.8mvV 4mV
(1 kHz, 3.54 cm/s)
Channel balance (1 kHz) 1.5dB 0.2dB
Frequency response 20-23,000 Hz Confirmed
Channel separation (1 kHz) 25dB 30 dB (STR100)
Weight 7.8 grams Not measured
Tracking-force range 1.5-2.0 grams Confirmed
(optimum 1.8 grams)
Recommended load 47,000 ohms; 100 pF Confirmed
POPULAR ELECTRONICS
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stacle Course” records. The highest lev-
els of every selection on both records
were played with no sense of strain at the
rated 1.8-gram force of the cartridge. This
has been matched by at most one or two
cartridges that we have tested in the past.

User Comment. With respect to its rela-
tively high output, close channel-level
matching, outstanding channel separation,
and fow distortion, the MP20 is one of the
most refined and compromise-free car-
tridges on the market. It will track anything
we know of that has been recorded com-
mercially on discs. It sounds every bit as
good as it measures—better, in fact,
since we could not hear any effects of
high-frequency resonance. Of course,
there is little or no program material on
records above 15000 Hz, and most
speakers have a reduced output at those
frequencies. In addition, although load ca-
pacitance does not seem to be critical,
the total presented by our turntable cables
and preamp input considerably exceeds
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Frequency response and crosstalk for left and right channels.

100 pF. At any rate, we heard only a
smooth, flat response with no coloration of
any kind, and with the sense of ease that
denotes solid tracking and low distortion.

It looks and sounds to us as though Osa-
wa has added a worthy leader to its car-
tridge product line.
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Celestion Ditton 662
three-way speaker system
with passive radiator

JANUARY 1980

o] =

HE Ditton 662 is

the top of Celes-
tion’s line of loud-
speaker systems.
Employing a three-
way design, it has
dome-type midrange and treble drivers
and a 12" (305-mm) woofer working in
conjunction with a 12" passive radiator
Celestion calls the latter an ‘'Auxiliary
Bass Radiator,”” or ABR. Rated response
of this floor-standing model is 38 to
20,000 Hz +3 dB into a 2-pi-steradian
space (a hemisphere) in front of the unit.

Impedance is a nominal 8 ohms, and the
Ditton is rated to handle 20 to 160 watts of
continuous power. It is also rated to deliv-
er a 90-dB SPL when driven by 2.9 watts
of pink noise.

The system enclosure measures 41%"H
X 15%"W X 113%”"D (1057 X 400 X 298
mm) and weighs about 75 Ib (34 kg). The
enclosure is available in oiled American
walnut or elm finish. Two snap-on grilles
cover the entire front surface of the cabi-
net. Price is $749.50.

mirror-image pairs
provide good
stereo spread

WWW amercaaradiohigtary com

General Description. More than half the
90-liter volume of the cabinet is devoted
to the bass radiators. The two heavy 12"
cones appear to be superficially identical,
but the lower ABR lacks a voice coil and
magnet structure and has an 18-Hz reso-
nant frequency. Combined with the driven
radiator, the ABR gives the bass system a
Q of 0.49 and a — 3-dB point of 38 Hz.

Crossover to a 2" (50.8-mm) dome ra-
diator occurs at 700 Hz. The crossover
network includes compensating compo-
nents to equalize the impedance varia-
tions of the midrange driver and provide a
proper resistive termination for a third-
order Butterworth bandpass filtter. A simi-
lar approach is used in the treble crossov-
er, which drives a %" (19.1-mm) dome
tweeter at frequencies from 4500 Hz to
the upper limit of the speaker system. The
tweeter is protected by a 500-mA fast-
acting fuse. No external midrange and
tweeter level controls are provided.

Both upper-range drivers are offset from
the center line of the cabinet. Accordingly,
to ensure good stereo imaging, the sys-
tems are made in mirror-image pairs.

Laboratory Measurements. We set up
two Ditton 662s in the front of our listening
room in the normal stereo configuration,
locating them about 8” (152 mm) from the
wall. The response curve in the reverber-
ant field of the room revealed a smooth,
slightly rising high end, with only a slight
difference in high-frequency response be-
tween the two speaker systems when
measured on-axis of one and about 30°
off-axis of the other. This condition in-
dicates good high-frequency dispersion.

Bass response was measured sepa-
rately for the driven and, passive (ABR)
cones, using close mike spacing. We then
combined the two curves to form the bass
curve of the system. Acoustic crossover
between the two cones occurred at about
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Get the inside story...

on software, hardware, simulations, computer games, robotics,
computers and calculators, languages and compilers, custom

systems design and scores ®
Read BYTE.

BYTE, the leading magazine in the from games to pragmatic personal
personal computer field, will keep you business. In BYTE is found authori-
aware of fast-paced changes in the tative yet easily read coverage of
ever growing world of microproces- principles of computer hardware
sors. You'll find BYTE tutorials invalu- and software design, approaches to
able, reports on home computer novel applications, and essentials of
applications instructive, and the re- proven interest to personal computer
views of computer products stimulating.  enthusiasts.

1 Tutorial information in BYTE is of Each month serious computer users
interest to both the beginner and read BYTE. Theyre rewarded with
experienced computer user. BYTE's timely articles by professionals,
editorial content explores the fun of computer scientists and competent
using and applying computers for amateurs. Isn't it time you got the in-
personal satisfaction in activities from  side story? Subscribe now to BYTE,
electronic music to electronic mail, the Small Systems Journal.
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55 Hz. Splicing the bass curve to the mid-
range and high-frequency curve, we ob-
tained an overall frequency-response vari-
ation ot +3.5 dB from 27 to 20,000 Hz,
which slightly bettered Celestion’s rating.
Needless to say, this is excellent perfor-
mance from any speaker system. The
shape of the curve suggested either a
slight rise at the low- and high-frequency
ends of the spectrum or a broadly de-
pressed midrange. Our curve revealed a
strong resemblance to the anechoic re-
sponse curves published by Celesiion in
that the rises and dips occurred at the
same frequencies, although they tended to
be slightly greater in our measurements.
Bass distortion of the woofer system
was exceptionally low. At a 1-watt input,
distortion was less than 1% down to 40 Hz
and rose slowly to 2.5% at 30 Hz and 7%
at 25 Hz. (These figures were derived by

sounded right

with every kind

of music and
delivered prodigious
low-bass output

combining readings made at the driven
and passive cones.) Increasing the drive
to 10 watts made surprisingly little differ-
ence in distortion at most frequencies:
measurements were 3.6% at 30 Hz and
10% at 25 Hz.

System impedance was about 8 ohms in
local minima at 100 and between 1000 and
2000 Hz and dropped to about 7 ohms at
20,000 Hz. Maximum values were 22 ochms
at 5000 Hz, 38 ohms at 50 Hz, and more
than 50 ohms at 20 Hz. When driven by
2.83 volts of random noise in the octave
centered at 1000 Hz, the system delivered
an 89-dB SPL 1 meter from the grille. This
is slightly greater sensitivity than rated,
although the measurements were made
under somewhat different conditions. The
tone-burst response was good at all fre-
quencies tested though not exceptional.

User Comment. We were impressed with
the smoothness and balance of the Ditton
662's sound. There was no harshness or
other unnatural coloration to remind us
that we were listening to a speaker sys-
tem. In every part of the audio range, this
speaker system easily held its own in A-B
comparison with other fine speaker sys-
tems. It sounded “right’’ with every type of
music we played and delivered prodigious
low-bass output without distortion when
called upon to do so. The sound was never
heavy or boomy, even on male voices.
Stereo imaging was good.

This is one speaker system we would be
happy to live with on a long-term basis. Its
excellent musical properties are sufficient
to overcome our reluctance to make room
for a pair of large, heavy boxes.
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Six professional scopes offer
build-it-yourself savings
Save up to 46% when you build it yourself.

Only in the Heathkit Catalog will you find this selection of
six professional oscilicscopes, each with its own special
features and low price. Compare Heathkit prices with simi-
lar assembled scopes and see how much you can save when
you build it yourself.

Bangd- i Repulated Low
Heathkit width  Vertical Delay high Mu-metal kit
Model Trace. MH:z Sensitivity® Lines valtage  shielding price
13-4235 dual = DC-35 Zm¥/cmto yes y2s fult $869.95
10\ ‘em
10-4510 dual DC-15 1ImY/cmto yes yas full $649.95
EViem
10-4550  dual DC-10  10m\/cmto no = yes futl $399.95
3 20v/em
}0-4555 single. DC-10 #0mV/cmto no yes full $349.95
20\ /em
0-4205 dual DC-5 t0mV/em  no no. partial $279.95
10-4105 single DC-5 10mV/ecm  no no partia $199.95

: 1 *Under full bandwidth
Hexthkit manuals maxke kitbuilding easy

Easy-to-follow Heathkit assembly manuals
take you step by step from unpacking to final
== plug-in. Anyone can do it. And when you
T puild it yourself, you can service it yourself.

Your mar.ual becomes c handy service guide.
Replacement parts are readily available from
tae Heata factory or from Heathkit Electronic Centers. And
experienced service techs are just a phone call away to help
yon dusing building or servicing.

:© O

: 0

= O

s ©

- FREE Catalog

Heathkit Oscilloscopes
and nearly 400 other
Heath electronic kits for
your home, work cr
pleasure are in the new
Heathkit Catalog. Send
for yours today or pick
one up at your Heathkit
Electronic Center.

L
[ | ® Heathkit Products are also sold and serviced at Haathkit Electronic
" a Centers (units of Veritechnology Electrcnics Corporation) in majos
cities throughout the U.S. See your white pages. GX-37%

Heath Company. Dept. 010-616, Benton Harbor, M1 48022
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You gotta
shop ara

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

WWW akherieaniadiahictary com
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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.

If you talked to some of our

raduates, chances are you’d
d alot 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
—on ideas! 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 Sl
your “hands-on”
training. ..

With CIE’s :
Experimental J;,ﬁ-'

Electronies ﬁ .

Laboratory...

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

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!

N
W e

-

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

WWW ammenieaniadiahicstary com

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
government-administered FCC
License exam. In continuin
surveys, nearly 4 outof 5C
graduates who take the exam
get their Licenses!

Shop around...but send
for CIE’s free school
catalog first?

Mail the card. Ifit’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 a repre-
sentative contact you to
answer your questions.
Mail the card or coupon —
or write: CIE, 1776 East
17th St., Cleveland,
OH 44114.

r [ Fr & 1 B 71 J |
Cleveland Institute

CI of Electronics, Inc.

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

O YES...'m shopping around
for the right kind of career training
in electronics troubleshooting —and
CIE sounds well worth looking into.
Please send me my FREE CIE school
catalog —including details about
tﬁrﬁg%leshooting fc‘ourses —plus my
ackage of home study
mformrt)nmn!g ’ PEO0B

Print Name S

Address Apt.
City

State Zip_
Age Phone

(area code)
Check box for G.I. Bill information:
[ Veteran [ Active Duty

Mail today?
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One-Drive System:
$399. (40-track) & $675. (77-track)
Two-Drive System:
‘ $795. (40-track drives) & $1350. (77-track drives)
Three-Orive System:
$1195. (40-track drives) & $2025. (77-track drives)
i i Requires Expansion Interface, Level Il BASIC & 16K RAM.

Low Cost Add-On Storage for Your TRS-80".

In the Size You Want.

When you’re ready for add-on disk storage, we’re ready for you.
Ready with six mini-disk storage systems — 102K bytes to 591K bytes of
additional on-line storage for your TRS-80".

eChoese either 40-track TFD-100™ drives
or 77-track TFD-200™ drives.

o0ne-, two- and three-drive systems im-
mediately available.

oSystems include Percom PATCH PAK
#1™, on disk, at no extra charge. PATCH
PAK #1™de-glitches and upgrades
TRSDOS* for 40- and 77-track operation.

oTFD-100™ drives accommodate “flippy
disks.” Store 205K bytes per mini-disk.

eLow prices. A single-drive TFD-100"“
costs just $399. Price includes PATCH
PAK #17™ disk.

eEnclosures are finished in system-
compatible “Tandy-silver’” enamel.

™ TFD-100. TFD-200. PATGH PAK and Electric Crayon are trademarks of PERCOM DATA COMPANY.

Whether you need a single, 40-
track TFD-100™ add-on or a three-drive
add-on with 77-track TFD-200™s, you
get more data storage for less money
from Percom.

Our TFD-100™ drive, for example,
lets you store 102.4K bytes of data on
one side of a disk — compared to 80K
bytes on a TRS-80* mini-disk drive —
and 102.4K bytes on the other side, too.
Something you can't do with a TRS-80*
drive. That's almost 205K bytes per
mini-disk.

And the TFD-200™ drives provide
197K bytes of on-line storage per drive

— 197K, 394K and 591K bytes for one-,
two and three-drive systems.

PATCH PAK #1™ our upgrace
program for your TRSDOS*, not cnly
extends TRSDOS* to accommodate 40-
and 77-track drives, it enhances
TRSDOS* in other ways as well. PATCH
PAK #1™ is supplied with each drive
system at no additional charge.

The reason you get more for less
from Percom is simple. Peripherals ale
not a sideline at Percom. Selling disk
systems and other peripherals is our
main business — the reason you gat
more engineering, more reliability and
more back up support for less money.

In the Product Development Queue . . . a prinler interface for using your TRS-80* with any
serial printer, and . . . the Electric Crayon™ to map your camputer memory onto your color TV
screen — for games, animated shows, business displays, graphs, etc. Coming PDQ!

*TRS-80 and TRSDOS are trademarks of Tandy Corporation and Radio Shack which have no relationship to PERCOM DATA COMPANY.

PERCOM

PERCOM DATA COMPANY, INC.
211 N. KIRBY - GARLAND, TX. « 75042
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To order add-on mini-disk storage for your TRS-80*,
or request additional literature, call Percom’s toll-free
number: 1-800-527-1592. For detailad Technical infor-
mation call (214) 272-3421.

Orders may be paid by check or money order, or
charged to Visa or Master Charge credit accounts. Texas
residents must add 5% sales tax.

Percom ‘peripherals for personal computing’
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HOUGH its function as a personal

warning monitor is not as important
as that of a fire alarm or a gas detector,
a radiation monitor can give peace of
mind to people who are apprehensive
about the hazards of possible radiation
leakage and radioactive devices. This
concern is obviously heightened when-
ever the news media report a nuclear
incident of one kind or another.

The RED-ONE battery-powered radia-
tion monitor project described here de-
tects local radiation levels from man-
made and natural sources. It indicates
relative radiation, which is perfectly
satisfactory for alerting one to excess
radiation levels.

Two versions of the monitor are de-
scribed. The simpler one produces an
audible '"chirp” for each detected gam-
ma ray. The other teams up a three-
decade counter with the basic circuit to
count and display gamma-ray events
over a controlled period of time, sound-
ing a chirp for each event.

The RED-ONE is a sophisticated unit
that offers many advantages over ear-
lier radiation detectors. Replacing fra-
gile, cumbersome, and less-sensitive
Geiger-Muller tubes, this monitor is built
around a solid-state cadmium-telluride
(CdTe) detector. About the size of a
transistor, the device offers high sensi-
tivity, low bias-voltage requirements,
extremely low power consumption, and
solid-state reliability. Moreover, cost is
competitive with tube-detector types.

Radiation and Its Detection. Gamma
rays can occur naturally (from sub-
stances such as uranium) or can be
man-made (as in a nuclear power plant).
Radioactive gases, such as those re-
leased during the Three Mile Island nu
clear power plant incident, and medical
diagnostic and therapeutic isotopes are
typical man-made gamma-ray sources.
Each radioisotope produces gamma
rays of specific energies which are
measured in electron volts (eV), the en-
ergy acquired by an electron accelerat-
ed by a potential difference of one volt.
Gamma rays have high energies mea-

JANUARY 1980

Popular Electronics

JANUARY 1980

BUILD A

Personal
Radiation
Monitor

Uses latest cadmium-telluride
detector to provide

audible or visual indication
of radiation level

BY JCHN STEIDLEY
MARTIN NAKASHIAN and
GERALD ENTINE
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Radiation Monitor continved
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PARTS LIST—FIG. 1

C1.C3.C17—10-1F, 16-V tantalum

C2—0.47-pF. 35-Viantalum

Ca.C6.C14---0.01-pF disc ceramic

C5.C7.C8—100-pF disc ceramic

C10--0.022-1F disc ceramic

C11==470-pF disc ceramic

D1—1N914 diode

DET—CdTe radiation deteclor (see text
and Note below)

1C1 -~ CAZ2240E dual FET opamp (RCA)

sured in thousands of electron volts
(keV), the typical range being from 100
to 1000 keV. Lower-energy rays are ab-
sorbed by even a fraction of an inch of
lead, while high-energy rays can pass
through many inches of lead.

When gamma rays are absorbed by a
CdTe detector such as that used in ReD-
ONE, an electrical-charge burst is pro-
duced and amplified to detect the
event. Higher-energy rays produce
greater charge bursts.

The gamma-ray sensor in RED-ONE is
designed to allow detection of reason-
able gamma-ray levels and to permit
many interesting experiments to be
made. For example, bricks in many New
England fireplaces have detectable
(though very-low-level) amounts of
radioactivity. By observing indications
with either version of the monitor, an es-
timate of activity level can be made.

40

1C2—CA3140E op amp (RCA)

1C3—1.M31 1N comparator (National)

1C4—4011 quad NAND gate

The following are %-watt. 10% resistors un-
less otherwise specitied:

R1-—220.000 ohms

R2-—10.000-0hm pc potentiometer

R3.R7.R10-—100.000 ohms

R4—1 megohm

RS5—10 megohms

R6,R9—10.000 ohms

R8-—100 ohms

About the Circuit. The basic detec-
tor/beeper circuit is shown in Fig. 1.
The output of radiation detector DET
goes to the input of the FET operational
amplifier, which provides impedance
matching and initial amplification. Addi-
tional amplification is provided by /C18B
and /C2. Feedback capacitors C5 and
C7 shape the pulse and improve S/N.
The output from /C2 at pin 6 is about
40 ps wide and has a height that is pro-
portional to the amount of charge de-
posited on the detector. Signal level
here is abouf 1 mV/keV of collected
charge. Unfortunately, thermally gener-
ated charge carriers and leakage cur-
rent in the detector also produce about
30 mV of noise impulses. Adjustment of
R2, however, ensures that comparator
/IC3 discriminates against and prevents
this low-level noise from triggering the
comparator. Signal pulses that override
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Fiy. 1. The signal from the detector is amplified, compared
to a reference to eliminate low-level noise, and used to
— drive a piezoelectric sound element through a 2-kHz oscillator.

R1T.R14,R15—470.000 ochms

R12—1000 ohms

R13--2.2 megohms

SPKR—Piczoclectric sound element (Kyo-
cera KBS 27DB-3A or similar)

S2—Spst switch

Misc.—Suitable enclosure. 9-volt battery in-
cluding holder and power on/off switch.
0.005" brass foil for shield. machine hard-
ware. etc.

Note—For availubility of kit and parts, see
Parts List for Fig. 2.

the noise cause the comparator’'s out-
put and, hence, NAND gate /C4A’s input
to go low. Resistor R713 keeps pin 5 of
IC4B low to turn off the 2000-Hz
(approximately) oscillator made up of
IC48B, IC4C, IC4D, R14, R15,and C11.

When a detected event causes /IC4A
to go low, /C4A's output goes high. This
high signal is passed through now for-
ward-biased diode D1 to raise the pin-5
output of /C48, which causes the oscil-
lator to sound via the piezoelectric
transducer, SPKR. The approximately
20-ms C10R 13 time constant maintains
the high state of pin 5 of /C48. When
IC4A reverts to low, D17 prevents rapid
discharge of C10 and maintains the
time constant. The oscillator thus gen-
erates a 20-ms chirp for each detected
gamma-ray event.

If you wish to count and display the
number of events as they are generated

POPULAR ELECTRONICS
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PARTS LIST—FIG. 2

B1—4 AA cells (not in kit)

B2 9-volt battery (not in kit)

C12-0.001- pF disc ceramic

C13—0.1- K F disc ceramic

C15-—0.01-uF disc ceramic

Cl16—10- uF. 35-V tantalum

DISP1.DISP2,DISP3-—7-segment. com-
mon-anode LED

1C6-—555 timer

1C7.1C8—4518 dual BCD counter

1C9--4013 dual-D flip-flop

IC10- 14553 3-decade counter

IC11—14543 7-segment decoder /driver

LEDI.LLED2 Recd light-emitting diode

Q1,Q2.Q3—-2N4402 transistors

The following are Ys-watt. 10% resistors un-
less otherwise specified:

R16.R17,R18. R30, R32. R33—10,000 chms

R19 through R27—470 ohms

R28—100 ohms

R29-—100.000-ohm pc potentiometer

R31-—-47,000 ohms

S1—Dpdt switch

S3-—Spst switch

S4-—Normally open pushbutton switch

S5—2-pole. 6-position rotary switch

Misc.—Suitable enclosure (LMB453 or
similar): battery holders: control knob:
machine hardware: red filter; etc.

Note—The following are available for non-
commercial use from Radiation Monitor-
ing Devices. Inc.. 44 lHlunt S1. Watertown,
M A 02172: complete kit of parts for Fig.
1 for $85. complete kit of paris for Figs. |
and 2, including case but not batteries, for
$125. Also available separately: CdTe ra-
diation detector for $60. Add $5 for ship-
ping and handling. Massachusetts resi-
dents. please add 5% 1ax. Allow 6 weeks
for delivery. Available in U.S.A. only.

Fiy. 2. The conventional 3-digit counter/display can be
enabled either manually or from a selection of timing
signals. A blinking overrange indicator is also provided.

at the output of /C4A, you can add the
circuit shown in Fig. 2 to that in Fig. 1.
The combination of /C10, IC 11, and sev-
en-segment displays DI/S1, DIS2, and
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DIS3 and digit drivers Q171, Q2, and Q3 Operation of /C10 is controlied by the

make up a conventional three-digit signal at its pin-11 input. This signai can
counter/display system. The output of be either manually applied or aulomati-
1C4A drives counter /IC10. cally generated by an internal timer.

41

WWW amercaaradiohigtary com


www.americanradiohistory.com

Radiation Monitor continvea

When S5 is set to MANUAL, the pin-1 out-
put from /C9A continuously increments
the counter/display for each incoming
count from /C4A. When 999 counts are
exceeded, pin 14 of /IC10 goes low and,
via NAND gate /C5B, clocks flip-flop
IC9B. The output of /IC9B at pin 13 is
NANDed with a 2-Hz signal from /C7 to
flash over (LEDT) two times a second.

This flashing continues until START
switch S4is pressed to reset /C9B.
Internal timing is based on 100-Hz
555 timer oscillator /C6. Frequency is
determined by C13, R13, R30, and ad-
justable R29. The oscillator drives di-
vide-by-100 /C7, whose output at pin 14
is 1 Hz. Counter /C8, switch S5, NAND
gate /C5A, and flip-flop /IC9A generate

1-, 10-, 40-, and 100-second timing peri-
ods. START switch S4 initiates timing by
resetting the two counters and flip-fiop.

Power for the Fig. 1 circuit can be a
conventional 9-volt battery or dc power
supply. When the Fig. 2 circuit is added,
four AA cells in series can be used to
power the LED display. POWER switch S
controls both power sources.
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Fig. 3. Actual-size etching
and drilling guides for the
two-sided pc board are
shown below. Component
mounting on the top is at
left. Note that the upper
portion of the board
(containing the audible
circuit shown in Fiy. 1)
can be detached if only
that circuit is to be used.

T0 St
b-"POWER"

p-TO R25
P-TO R24
P-TO R23
P-TO R22
P-TO R2I
- TO R20
p-TO RIS

b~ GND TO
Bi, B2 AND
CASE GND
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Fig. 4. Actual-size etching and drilling guide and component layout for the display board.

Construction. Since there are relative-
ly high-impedance, low-level analog sig-
nals present in the /C1 and /C2 stages
of RED-ONE, good circuit-board construc-
tion techniques must be exercised. The
use of a printed circuit board and Molex
Soldercons is strongly recommended.

Actual-size etching and drilling guides
for the double-sided board and its com-
ponent-placement diagram are shown in
Fig. 3. At some component locations,
pads appear only on the bottom side of
the board. At these points, holes sheuld
be drilled from the bottom and compo-
nents mounted from the top. If you elect
to build only the beeper version of the
Red One, you can separate and disre-
gard the upper half of the guide. The
only interconnecting trace between the
two guide sections is from /C4to /C O

The etching-and-drilling guide and
component-placement diagram for the
optional display board are shown in Fig.
4 This is a single-sided board.

In addition to normal precautions
used when soldering solid-state de-
vices, special care must be taken with
the detector. Use a low-wattage, fine-
tipped soldering pencil and fine soider
and provide a heat sink for the leads
with longnose pliers. Use only enough
heat and solder to give reliable, solid
connections.

Begin assembly by installing and sol-
dering into place the resistors, capaci-
tors, and Soldercons (if used) on the
main pc board. Some points that require
soldering on both sides of the board are
indicated by short tabs on the pc pads.
In addition, any pad on the component
side of the board from which a foil tuns
requires soldering to the component
lead. This suggests the use of Molex
Soldercons as opposed to IC socksts.
Provisions for using miniature clips at

JANUARY 1980

critical test points and where interboard
connections occur are indicated in the
Fig. 3 component-placement diagram.
Tape a 3" (3.2-mm) thick piece of
foam rubber around the detector to
cushion it from mechanical shock (Be-
cause Of its piezoelectric design, any
mechanical shock to it will cause the
detector to generate a false output.)
Use copper foil or 0.005" (0.13-mm)

4
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-

f

s e e

thick brass to fabricate an electrical in-
terference shield to prevent external in-
fluence on the low-level analog signals
generated in the detector. Shape it as
an open-faced box measuring 2%" X 1"
(3.5 X 245 X 12.7 mm). Then
solder the box to four miniature clips
spaced on the board as indicated in
Fig. 3. (This box also holds the foam-
rubber-wrapped detector gently against
(Centinued on page 46)

Photo of the author’s prototype shows the main pc boura mounted on
chassis bottom with sounid element on back and display on front.
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® 8080A CPU has more software
written for it than any other CPU

® 7 plug-in board positions for flexi-
bility in configuring your system

¢ Up to 65K memory capacity

¢ Front panel keyboard for direct ac-
cess to registers and memory

$289 kit purchased separately. Was
$379. You save $90.

$349.00 assembled

e |nstant access to programs and data
® 100K bytes storage area
® 250 mS typical random access time

includes H8 Computer with 16K memcry,
four-port serial I/O and operating software, plus H17 Floppy
Disk System (shown here with optional second drive) and
H19 CRT Terminal — all in kit form.

o Includes interface controller board

$495.00 kit purchased separately
$550.00 assembled

® 780 microprocessor-controlled
® 25 x 80, upper and lower case
® Direct cursor addressing

e 8-user-function keys

$675.00 kit purchased separately
$995 assembled

Special 5% discount applies to all
software, memory and interface

boards when purchased with the H8
system.

Seven plug-in board-positions on the
H8 let you configure any combina-
tion of memory and 1/O’s that suits
you. Heathkit memory boards come
in 16K, 8K and 4K increments. Inter-
face boards are available for parallel,
serial and cassette 1/O’s.

No computer system is better than
the software that supports it. The
wide selection of H8 software in-
cludes operating systems software
and MICROSOFT™ BASIC

An extensive library of programs is
available to owners of Heathkit Com-

p—
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puters through the Heath User's
Group (HUG). The experience of this
computerite group can help you get
the most from your computer.

You get the most thorough documen-
tation ever written when you buy
your Heathkit Computer. So it’s easy
to get your system assembled and
operating quickly.

And you get one of the most reliable
service organizations after you buy.
More than 55 service locations
throughout the U.S., plus a factory
service phone give you fast access to
experts when you nzed them.

Computers, peripherals, software and
accessories — in kit or assembled
form — you'll find them all at your
Heathkit Electronic Center. You'll
even find educaticnal support like

0367 CIRCLE NO.28 ONFREEINFORMATIONCARD

eathkit

the special self-instruction programs
that teach you BASIC and Assembly
language programming.

Write for a FREE Heathkit Catalog
containing the complete line of Heath-
kit Computers, plus nearly 400 other
electronic kits for your home, work or

Alexandria, VA
Anaheim, CA
Atlanta, GA
Baltimore, MD
Boston, MA
Buffalo, NY
Chicago, IL
Cincinnati, OH
Cleveland, OH
Columbus, OH
Dallas, TX
Denver, CO
Detroit, Ml

El Cerrito, CA
Fair Lawn, N}
Frazer, PA
Hartford, CT
Houston, TX
Indianapolis, IN
Jericho, NY
Kansas Cily, K§
Los Angeles, CA
Louisville, KY
Mlami, FL
Milwaukee, W1

Minneapolis, MN

Providence, Rl

pleasure.

Heath Company, Dept. 010-614,
Benton Harbor, Mich. 49022

New Orleans, LA
Norfolk, VA
Ocean, NJj
Oklahoma City, OK
Omaha, NB
Philadelphia, PA
Phoenix, AZ
Pittsburgh, PA
Pomona, CA

Redwood, CA
Rochester, NY
Rockville, MD
Sacramento, CA
Salt Lake City, UT
San Antonio, TX
San Diego, CA
San Jose, CA N
Seattle, WA

§t. Louis, MO

St. Paul, MN

Tampa, FL

Toledo, OH

White Plains, NY

Woodland Hills, CA

*Units of Veritechnology Electronics Corporation. Prices stated here
are mail order and may be slightly higher at retail locations. CP-179
Prices subject to change without notice.
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THRIFTY
MARKSMAN RONS

wWeller

Pre-tinned tips for instant action. Five
different ratings for technicians and
hobbyists. Heat- and impact-resistant
handles grip comfortably. Premium
stainless steel barrel for strength,
corrosion resistance, and more even
temperatures. Cone shape, screw-
driver, chisel tips; Soldering Kit, Hot
Knife Kit for wire stripping and piastic
cutting. Full-view card pack lets you
see and read about these UL-iisted
factory-pre-tested irons before you
buy.

See your local distributor or write ... .

21 TheCooperGroup
%% ) Electronics Division

WELLER® . WIS5*+ XCELITE®
P.O. BOX 728, APEX. NOATH CAROLINA 27502, 919/362-7511

CIRCLE NO.18 ON FREE INFORMATION CARD
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Radiation Monitor continues

the main pc board.) Rubber cement a 4”
X 2%" X %" (102 X 63 X 9.5 mm) piece
of foam-rubber carpet pad to the bottom
of the main pc board. Assemble the dis-
play board, if used.

All components should be mounted in-
side a prepared metal case that meas-
ures 5"W X 3%"D X 2%"H (127 X 92.3
X 70 mm) if you build the counter/dis-
play version of the project (smailer if
you elect to build only the beeper ver-
sion). Install the SPKR chirper on the
outside surface of the box's rear wall,
the battery holder on the inside surface.
Rubber cement the main pc board as-
sembly to the floor of the box, making
sure it will not interfere with the controls
or battery holder and does not contact
the case. (The foam rubber between
main pc board assembly and case en-
sures maximum mechanical protection
and vibration insulation.)

Mount the display board with %" (9.5-
mm) long spacers and machine hard-
ware, using a ground lug on one post.
Install the switches, LEDs, and connect-
ing wires, referring back to Fig. 1 and
the component-placement guides. Don't
forget the ground wire to the chassis
(case), and use twisted-pair leads for
S2 and SPKR. Label the front panel with
a dry-transfer lettering kit and cement a
red filter over the display window.

Calibration and Use. Prior to applying

power to the RED-ONE, recheck all wiring
and component orientations. Then turn
on the power and, with a voltmeter con-
nected from pin 3 of /C3 to ground, ad-
just RZ for minimum voltage. This lowers
the noise threshold so that triggering
will occur even on electrical noise. Out-
put pin 7 of /C3 will now fire rapidly or
be continuously at ground potential.
This will cause a steady tone or continu-
ous chirping.

Using the voltmeter, or an oscillo-
scope set to the dc mode, slowly adjust
R2 to raise the /C3 pin-3 reference volt-
age toward maximum. Chirp rate will
gradually decrease, eventually ceasing
altogether. Continue to adjust R2 only
slightly past this point. This eliminates
false triggering on electrical noise.
Gamma rays that deposit less than the
minimum energy required to overcome
this threshold will also be rejected. The
equivalent energy of a typical low-level
gamma photon is 30 keV.

Calibrate the timing chain by adjust-
ing R29 and observing total oN time of
LED2 with S5 in one time position. With
a little patience, you can adjust R29 to
obtain accuracy within a fraction of a

WWW akherieaniadiahistory com

second. Gross adjustment can be made
in the 10- and fine adjustment in the
100-second periods. Accuracy is deter-
mined by the stability of /C6 and its as-
sociated resistors and capacitors.

RED-ONE can be used to estimate ex-
posure to radiation from natural and
man-made isotopes and to measure
changes in exposure. Units of radiation
exposure include the roentgen, which is
approximately equal to the absorption
of 0.01 joule of gamma radiation by 1 kg
of matter, and the rem (roentgen-
equivalent-man), which measures the
equivalent biological damage to man by
any form of radiation. Average radiation
exposure in the U.S. is about 0.2 rem/yr
from natural sources. RED-ONE'S sensitiv-
ity is between 20 and 40 counts/min/
mitlirem/hr. Hence, natural background
radiation produces about 1 count/min.

Natural background radiation levels
can vary by as much as a factor of two,
depending on where you live, the mate-
rials from which your house is built, and
your altitude above sea level (the last
due to cosmic rays). In addition, varia-
bles in detector construction and elec-
tronic components influence noise level
and, therefore, overall detection sensi-
tivity. Actual count-rate measurements
are not as important as are changes in
count rate due to the presence of radio-
active material or environment changes.

it is important to note that random
emissions of radioactivity will cause the
monitored rate to apparently change
from reading to reading. To estimate
this statistical deviation, assume that
any given count is accurate to within
plus and minus the square root of the
number of counts. Therefore, a display
of 100 should be interpreted as 100
+ 10 counts, a display of 120 counts as
120 *11, etc. This means that the
numerical difference between any two
measurements is significant only if it is
greater than the sum of the two square
roots. For example, if your readings are
100 and 120, the numerical difference is
20 and square-root sum is 21 (10 + 11);
because 20 is less than 21, there is no
reason for concern. However, if your fig-
ures are 100 and 169, the difference is
69 and square-root sum is 23 (10 + 13),
which gives you reason for concern be-
cause 69.is much greater than 23.

Once you have established a normal
background level for your RED-ONE, you
can compare readings at various loca-
tions and investigate possible radioac-
tive sources. So now you can satisfy
your curiosity about radiation levels in
your locale. v
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BY DAVID B. WEEMS

DECADE ago the bass-reflex

speaker was an endangered spe-
cies. During the last few years, however,
it has made a spectacular comeback,
and is now a respected competitor of
acoustic suspension systems.

The arrival of acoustic suspension
speakers in the 1950s was an important
milestone in loudspeaker development.
Reversing the traditional practice of put-
ting a stiffly suspended speaker in a
large cabinet to achieve good low-bass
response, the acoustic- or air-suspen-
sion system used a driver with an ul-
tracompliant suspension mounted in a
small enclosure. The timing was fortui-
tous. Stereo, just around the corner,
would put a premium on space-saving
speakers. When demonstrations proved
that the little acoustic-suspension
speakers could outperform many larger
systems, the era of the compact speaker
system began.

Though the closed box beat the reflex
competition on several counts, there
was a single overriding reason why
many manufacturers converted their
produclion to sealed systems: the reflex
was just too complex and unpredictable.
Leading engineers argued about how io
tune the system and how big to make
the box. G.A. Briggs, the late English au-
thority, once compared reflex enclo-
sures to heads of lettuce, saying that

48

How modern design approaches have revived
interest in reflex speaker systems.

one rule, “the bigger the better,” applied
to both. Later he added the qualifier,
“within reason.” “Like lettuce,” he said,
“loudspeaker enclosures can get so big
they go to seed.”

In the 1950s, “within reason” was
about the only guide available. Hobby-
ists built enclosures to dimensions ob-
tained from charts that scaled box vo-
lumes according to advertised speaker
diameter and ignored all other parame-
ters. Thoughtful experimenters, suspi-
cious of such reliance on cone size
alone, wished for a more precise guide.
So it wasn't surprising that the audio
world greeted the acoustic-suspension
speaker with enthusiasm—and almost
abandoned the reflex.

The surrender to the closed box was
not quite total, though. James F. Novak,
now Vice President of Engineering at
Jensen Laboratories, made an analysis
of enclosures for high-compliance
speakers in 1959 thdt reiterated some of
the virtues of the reflex. He claimed that
high-compliance drivers in properly de-
signed vented boxes reduced distortion
and extended bandwidth. Novak de-
scribed an ideal reflex system consisting
of a driver with relatively high magnetic
damping in a box that had an air compli-
ance lower than that of the driver's
equivalent suspension compliance. He
specified the relatively low Q (amplitude

WWW amercaaradiohigtary com

of the peak at resonance) of 0.3 to 0.4
for the driver. Novak's speaker/box
compliance ratio was 1.44. (The compli-
ance of an air volume for a given driver
varies directly with the volume of the air
and inversely with the square of the driv-
er’'s effective piston area.)

Novak’s work introduced a new princi-
ple to vented speaker design, the op-
timum volume concept. His compliance
ratio brought precision to the drivers in
the specified range of Q. With drivers
outside that range, particularly those
with higher Qs, the results remained un-
predictable.

A. N. Thiele, an Australian electrical
engineer, saw Novak’s paper and no-
ticed that Novak’s mechanical equiva-
lent circuit for the reflex had the same
general form as an electrical high-pass
filter. Applying filter theory to reflex de-
sign, Thiele found that he could predict
characteristics such as cut-off frequen-
cy, optimum enclosure tuning, and the
shape of the response curve near cut-
off. In 1962 he published a definitive pa-
per in an Australian journal that laid the
foundation for a new approach to vented
loudspeakers. He included data for 28
different designs, or alignments. Al-
though his work was largely ignored in
the United States, after about 10 years it
was “‘discovered.” Thiele's analysis was
expanded by Richard Small, an Ameri-
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Fig. 1. Design chart to be
employed for enclosures
with simple vent.

can engineer who subsequently emi-
grated to Australia; it was then put 1o
practical use by Ray Newman, Senior
Systems Engineer at Electro-Voice; D.
B. Keele, Jr., now Senior Transducer
Engineer at JBL; Pat Snyder of Speak-
erlab, and others.

Woofers and Resonators. To fully
appreciate Thiele’s contribution, you
must compare the present state of the
art to that of just a few years ago. Vent-
ed speaker systems have been in use
for about 50 years, but that half-century
has been filled with widespread miscon-
ceptions and even superstitions about
how such speakers work. During that
time there was no mystery about the
performance of Helmholtz resonatcrs
themselves.

Heimholtz, studying the resonance
behavior of air volumes in the mid-156th
century, showed that any enclosed air
volume that is vented will have a single
natural frequency of resonance deter-
mined by the volume of the enclosed air
and the area of the vent. Specifically it
is the mass of air in the port coupled to
the compliance of the air in the enclo-
sure that produces the rescnance. As
the vent is made smaller, the air directly
in the vent reaches a higher velocity and
forces air in front and back of the open-
JANUARY 1980

ing to move with it. The increased mov-
ing mass lowers the frequency of reso-
nance. To tune a small volume of airto a
very low frequency, a simple vent must
be small in area. Alternatively, a duct
can be coupled to the vent to trap an
even larger mass of vibrating air, reduc-
ing the frequency of resonance still fur-
ther or allowing a larger vent for a given
resonant frequency. Dimensions of
vents and ducts (made from cardboard
tubing obtainable from stationery or
business supply stores)for tuning vari-
ous enclosure volumes are given in
Figs. 1 and 2 (the latter developed by
Novak).

When a driver is installed in a ported
box, the cone action alternately com-
presses and expands the enclosed air.
Near the tuned frequency of the enclo-
sure, the air “piston” in the port moves in
phase with the driver cone, damping the
movement of the cone rather heavily
and making it appear to stand still at res-
onance. This damping, which offers
some relief from the prodigious cone ex-
cursions that occur at low frequencies, is
what attracted experimenters to vented
designs in the first place. But too often
their speakers exhibited a low-frequency
hump that gave the reflex the derisive
nickname "“boom box.”

In 1969, while researching an article
for POPULAR ELECTRONICS, | asked en-
gineers at several major companies for
advice to hobbyists on how to design
and tune a vented speaker. One group
suggested that the box be tuned to the
frequency of the driver's free air reso-
nance, a traditional practice. A few ad-
vocated putting the box resonance
above the driver resonance because
such tuning produced a flatter imped-
ance curve in the usable band. (instead
of the familiar double-humped curve,
with the humps approximately equal in
amplitude, this produced a large hump
at a very low frequency and a minor
hump at the upper resonance.) Still oth-
ers contended that the box should be
tuned below the driver's free air reso-
nance so that the port could control dis-
tortion at the lowest frequencies.

Thiele's answer to the tuning ques-
tion, interestingly, gives a clue as to why
engineers from different companies of-
fered such sharply conflicting advice in
1969. It's all a matter of driver Q. If Q lies
in the range specified by Novak, the box
shouid be tuned to the driver resonant
frequency; higher Q demands a tuning
below resonance and lower Q a tuning
above. To see the details of how this
works we’ll have to look at Thiele's align-
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Fig. 2. Design charts for card-
hoard tube-ducted enclosures.
Tubing diameters are inside

measurements; duct length is
measured from cabinet front.

ment chart. This, as rewritten by Keele,
appears in Table |. Definitions are given
in Table Il

Let's examine the data for alignment
#5, afourth order Butterworth (maximal-
ly flat) alignment. A good starting point is
the value for Qt, 0.383. This is the total
Q of the speaker in the system, including
internal amplifier resistance and re-
sistance added by the speaker cable.
For amplifiers with high damping factors,
and with adequate speaker cables, QT
can be considered to equal that of the
driver alone. So for alignment #5 a
speaker with a Q of about 0.38 would be
ideal. Notice that this fits within the
range specified by Novak.

Next we look for Vg, box volume. The
table specifies the ratio of box volume to
speaker compliance volume (Vag) as
0.7072. A designer would either obtain
the value of Vag from the manufacturer
of the driver or he would measure it him-
self. Then he would multiply VAg by
0.7072 to get the theoretically correct
box volume. In the real world no reflex
enclosure is perfect so this volume must
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be enlarged. When Small applied
Thiele's original data to typical vented
enclosures, he found that he had to add
about 30 percent to the theoretically cor-
rect volume to get the low-frequency
performance predicted by the data.

In Thiele’s original paper, the box vol-
ume ratio was not included in the table;
instead a speaker/box compliance ratio
was stated. A speaker/box compliance
ratio would give the same value as a
VAg/VR ratio, the inverse of the ratio
shown in Table |. For alignment #5 that
would be 1/0.7072 or 1.414._ If that fig-
ure looks familiar it is almost exactly the
ratio specified by Novak as optimum.
Moving to other aspects of box design,
the f3/fg ratio is 1.000. That shows that
the system’s bass response will be 3 dB
down at the frequency of the driver's
free-air resonance. The fg/fg ratio is
also 1.000, so the box should be tuned
to the free air resonance of the driver.

Now look at alignments #1-#4, for
speakers with higher magnetic damping
(lower Q). In #4, for example, a driver
with a Q just slightly lower than that of
#5 has a VB/VAS ratio that is less than
half that of #5. Thus if you had two driv-
ers that were identical except for Q, the
one with the Q of 0.303 could be put into
a box less than half the volume of that
required by the driver with the Q of
0.383. But the other data for #4 show
that the speaker with the lower Q will
have its low-frequency cut-off moved up
to 1.43 fg when the box 1s properly tuned
to 1.23 fg.

On the other hand, speakers with
higher Q’s fit into the alignments beyond
#5 and demand larger boxes, larger at
least in the acoustical sense—in relation
to the driver’'s equivalent air compliance.
These boxes should be tuned to fre-
quencies below the driver's resonant
frequency. The reason for this kind of
tuning is shown in Fig. 3. High-Q speak-
ers have smaller magnets which give
less control on the moving system at
resonance. Coupled with a resonator
these speakers may be subject to peak-
ing before cut-off, but if they are
matched to a box tuned too low, the
combination of a box that rolls off the
bass response and a driver that peaks
can produce a flat response down to cut-
off. Some of the Chebychev alignments
extend the low-frequency cut-off to well
below the driver resonance, but at the
expense of some ripple in the passband.
And if the Q is higher than about 0.7, dis-
tortion is greater.

Many engineers consider alignment
#5 a good choice. Although this align-
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Alignment details Box design Aux. circuit
No. Type Ripple fa/fs fg/fs VB/Vas Qr | PeakLift f,/1g
(dB) (dB)
1 QB3 — 2.68 2.000 0.0954 0.180 e —
2 QB — 2.28 1.730 0.1337 0.209 — —
3 QB — 1.77 1.420 0.2242 0.259 — —
4 QB — 1.45 1.230 0.3390 0.303 — —
5 By —_ 1.000 1.000 0.7072 0.383 — -
6 Ca — 0.867 0.927 0.9479 0.415 = ==
7 Ca 0.13 0.729 0.829 1.372 0.466 — —-
8 C4 0.25 0.641 0.757 1.790 0.518 — —
9 Cq 0.55 0.600 0.716 2.062 0.557 - s
95 Cg 1.52 0.520 0.638 2.60 0.625 — =
15 Bg — 1.000 1.000 0.366 0.299 +6.0 1.07 J

Reprinted with permission from the Journal of the Audio Engineering Society.

ment will normally require a driver with a
Q of approximately 0.38, it can be used
with drivers of lower Q—with a sacrifice
in system efficiency—if a resistance is
put in series with the driver. The added
resistance raises the Qv to 0.383, and
the design is executed as if the driver
had been designed with a Q of 0.383.

To summarize the Thiele alignment
data and make some comparisons, a
driver with a very low Q can have an op-
timum box volume that is small com-
pared to the driver's equivalent air vol-
ume compliance. This doesn’t necessar-
ily mean small boxes because low-Q
speakers typically have a high compli-
ance. Table lll shows this correlation
clearly. A system composed of a low-Q
speaker in an optimum box volume
should be tuned to a frequency above
that of the driver's free-air resonance
and it will cut off above that frequency.
While this may seem to limit the low-fre-
quency range of these speakers, note
that speakers with low Qs also usually
have low resonant frequencies. A
high-Q speaker needs a box volume that

is large compared to its equivalent com-
pliance air volume, but this box will be
tuned below the speaker’s free-air reso-
nance. Again, high-Q speakers typically
have lower compliance and higher reso-
nance frequencies, so the box volume
that is acoustically large for them may
seem rather moderate to the beholder.
These relationships may explain why
engineers who worked with different
kinds of drivers in the 1950s and 1960s
offered such divergent advice on box
design and tuning. Each school of
thought was working on a single aspect
of a larger problem. Thiele put it all
together and developed a general theo-
ry of vented loudspeaker systems.

The Thiele data can be used in vari-
ous ways. One obvious application is to
design a box to match an existing driver.
But it can just as easily show how to de-
sign a driver to fit a certain box size. The
designer can compute an ideal cone
mass, magnet size, voice-coil re-
sistance, and other specifications for a
driver that will work well in such a box.

Or, knowing the specifications of this
(Continued on page 56)

Symbol | Definition
Butterworth—alignments with flat response down to cutoff.

C Chebychev—alignments with some degree of ripple in response.

QB | Quasi-Butterworth alignments.

fg Frequency of driver’'s free-air resonance.

QrgorQ  Qofdriveratfg.

QT Total Q of the driver in the system at fg. With modern amplifiers of low in- |
termal resistance, and a high damping factor, QT will be approximately the |

| same as QTg unless speaker cable is excessively long or of inadequate |

gauge. |

Vas Equivalent air compliance of driver. The volume of air that offers a compli-
ance to the driver that is equal to the compliance of the driver's suspen-
sion.

Vg | Volume of air in box.

f3 | Cutoff frequency, response down 3 dB from mid-band level.

fg 1 Frequency of box resonance, determined by internal volume of air and
vent characteristics.

fex J Frequency of peak lift produced by auxiliary equalizer.
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The world of electronics is daily becoming more
challenging. Technology is growing more. specialized,
and the importance of digital systems increases
every day. Test instruments, home entertainment
units and industrial contro! systems are all going
digital. And now, NTS training programs include a
wider choice of solid-state and digital equipment than
ever before offered in any home study course:
Advanced NTS/Heath digital color TV (25" diagonal
with optional programming capability), NTS/Heath
microcomputer, digital test equipment, digital stereo
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The equipment you receive with NTS training
programs is selected to provide you with a solid

the first name

background in electronic systems. Kits and lessons
are designed to work together to demonstrate
electronic principles and applications. The kit-building
not only shows you how electronic hardware
functions, but how various circuit designs accomplish
different purposes. Your lessons guide you through
any number of experiments associated with many
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several areas of electronics. An all-new full-color
NTS catalog shows you what each course covers,

POPULAR ELECTRONICS

WWW amerceanadiohigatary com


www.americanradiohistory.com

electronics of the future.

systems and more...from

in home study.

= )
)

0oL
""ﬂ

o
=
o
4

and every piecz of equipment included.

Send for it today, and see for yourself what's really
happening in electronics training technology at NTS.
Find out how much has chariced, and what new
directions the field is taking. You'll probably want to
be a part of it.

It's free. Just mail the card or coupon. Today.

NO OBLIGATION. NO SALESMAN WILL CALL.
APPROVED FOR VETERAN TRAINING.

NATIONAL G SCHOOLS

TECHNICAL-TRADE TRAINING SINCE 1905
Resident and Home-Study Schools
4000 South Figueroa St., Los Angeles, Calif. 90037

January 1980

Al 10]|0D

r--““ﬂ-“-ﬂ

r-

NATIONAL TECHNICAL SCHOOLS Dept. 205-010
4000 South Figueroa Street, Los Angeles, Califorria 90037

Please send FREE Color Catalog and Sample Lesson.

O Color TV Servicing

(0B & W TV and Radio Servicing

O FCC License Course

O Electronic Communications

(J Electronics Technology

O Audio Electronics Servicing

O Digital Electronics

O MicroComputers/MicroProcessors

Name . e

Address S S S
Apartment Number . Age . B
City o _ . B
State - _Zip

Check if interested in G.1. Bill information.
[OCheck if interested ONLY in classroom training in Los Angeles.

WWW akherieaniadimahictary com

renbia

65



www.americanradiohistory.com

VENTED SPEAKERS Ccontinued

driver, he can calculate the performance

of the driver in various boxes. Although

the Thiele alignments show optimum
values, systems based on them .may
have box volumes other than those in-
dicated by the table. Proper use of the

data can let the designer predict system
performance by computer, instead of by
guesswork and trial and error.

As mentioned earlier, Thiele's original
publication provided 28 different align-
ments. Table | shows 11: Thiele’s first 9,
an additional one labeled "9.5" by
Keele, and an example of an electroni-
cally assisted design in #15. The table
shown here was revised by Keele to
make it more useful for designing a box
to fit a driver rather than designing a
driver to match a specific box volume.

Here is a concrete example of how to
use the Thiele data. Let’'s assume a
woofer with the following specifications:
fs = 40 Hz, Q = 0.41, Vg = 51t3. The
box should be tuned to 0.927 fg, or 37
Hz. This system will have a cutoff fre-
quency of 0.867 fg, or about 35 Hz. If the
value for the driver's Q had fallen be-
tween the values indicated in the table
for adjacent alignments, the designer
would interpolate to get correct box vol-
ume, resonance, and cutoff frequency.

Equalized Alignments. The first 9
alignments, and Keele's 9.5 alignment,
consist of simple speaker/box combina-
tions driven by a typical power amplifier.
Thiele's complete listing shows systems
with significant bumps or dips in the re-
sponse curves that must be corrected by
auxiliary electronic equalization. Some
of these alignments are of little more
than academic interest. For example,
one group requires a great amount of
bass boost at frequencies below the box
resonance. Such systems would show
excessive cone motion, a potential prob-
lem for all unfiltered vented speakers but
one that extra boost below resonance
would surely aggravate. Unloading oc-
curs because below resonance the air in

—> ourteur

————> FREQUENCY

Fig. 3. Characteristic response curves for
various reflex systems: (A) Fourth-order
Butterworth; (B) relfex box with fg too high;
(C) reflex box with fg too low,

similar to system before

equalization; (D) equalizer output to
complement Bg speaker; (E) response of
system that combines detuned box (C) with
equalizer (D). If driver Q is 0.383, (A)
represents optimum tuning for alignment #5.
If box is tuned too high for this driver,
response has a hump; if too low, bass

is weak. Speaker with lower @ might require
higher tuning to avoid weak bass; higher-Q
driver requires lower tuning for flat
response. Comparisons assume drivers are
identical except for differences in

magnet strength—or Q.

the vent moves as if in series with the
cone, and out of phase with it. Now
hardly at all restrained, the cone can be
driven into distortion or even damaged
by low-frequency noise or pulses. Many
amplifiers and receivers have low-fre-
quency filters, effective at infrasonic fre-
quencies, but many listeners mistakenly
fail to use them because they don’t want
to impair their system’s frequency re-
sponse. With vented speakers a correct-
ly designed filter will give the effect of
more bass, not less, because the bass is
firm and undistorted.

Cone surging can also be eliminated
by choosing Thiele's 15th alignment. It

el Dl

Advertised fs QTsg Vas
diameter (Hz) (cu ft) (liters)
(in.)

Electro-Yaica SP12C 45 0.67 5.9 165
SP15C 40 0.45 9.9 280

JBL {Prof. 2145 aa 051 55 155
Saries) 2135 (Ext. range) 40 0.25 10.5 300
2231 (Low Freq. 16 0.21 26.0 T35

drivar]

Speakerlab 12044 16.1 078 17.9 500
W1s0es 1.8 0.238 g 200
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offers a double dividend: a bass boost
gives extended bandwidth in a small box
and a cutoff of infrasonic noise. Align-
ments #15 and #4 use drivers of about
the same Q and boxes close to the
same size. But check the two systems
for bass range. The assisted system
gives response down to the free-air res-
onance of the driver instead of cutting off
at 1.45fg as does #4. A driver with a
free-air resonance of 35 Hz would cut off
at about 51 Hz in alignment #4; align-
ment #15 with electronic assist extends
its response to 35 Hz.

Keele has greatly expanded Thiele’s
data to include a wider range of drivers.
His method is roughly this: design a sys-
tem according to one of the first 9 align-
ments, then lower fg by a half octave to
produce a drooping low-frequency re-
sponse. By adding a second-order high-
pass filter with a Q of 2 and a 6-dB boost
at 1.07fp, we can flatten the response
and reduce the cutoff point to fg.

Keele suggests that any driver with a
resonance and a Q so placed that the
ratio fg/Q falls between 80 and 160 Hz
is suitable for this alignment. The align-
ment works with relatively high-reso-
nance, high-Q drivers as well as with

POPULAR ELECTRONICS
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low-resonance, low-Q drivers. An appro-
priate driver in this sixth-order Butter-
worth alignment (all vented systems are
at least fourth-order) should give a cut-
off at 25 to 50 Hz. To use Keele's meath-
od, the designer chooses a box volume
that is approximately equal to 4.1Q?V, g,
then tunes that box to 0.3 f5/Q. These
same relationships hold in the data
shown in Table |. Where the table shows
only a single Q value, the Keele tech-
nique can be applied to any driver witha
suitable ratio of resonance to Q.

Considering the advantages of the Bg
alignment, it would be helpful if manu-
facturers would include tunable, 6-dB
boost circuits in their amplifiers. An own-
er of a typical fourth-order Butterworth
system could convert to sixth-order as-
sisted operation by adding a longer tun-
ing duct to the enclosure and switching
in the boost that gives the proper re-
sponse. For the present, if you want to
experiment with equalized alignments
you will have to build your own equaliz-
er. Pat Snyder of Speakerlab has d=-
signed an equalizer to be inserted into
the tape-monitor circuit of almost any
amplifier or receiver. As originally de-
signed, his circuit offers a variable de-
gree of boost—from 0 dB up to about 10
dB. You can adjust the frequency of the
boost by choosing two matched capaci-
tors for each channel.

Vents and ‘“Vent Substitutes.” A
small box can be tuned to a low frequen-
cy by a small simple vent, but a portcan
be too small for good performance. A
small vent radiates just as much power
as a larger one but causes air to move
through it at higher velocity. If the veloc-
ity is great enough it will cause whistling
and hissing and possibly even distortion.
A box with a small vent can be tuned to
the same frequency by enlarging the
vent and adding a duct behind it.

In some small enclosures where a
very low box resonance is necessary,
the duct can occupy so much volume
that the enclosure must be enlarged to
accommodate the duct. Such systems
can be tuned to the proper frequency by
use of a “drone cone,” or passive radia-
tor. This “vent substitute” is a suspend-
ed cone, essentially a speaker without a
motor. The drone can be tuned by ad-
justing its mass; the greater the mass,
the lower its frequency of resonarce.
Because a vent substitute is solid and
far denser than a gas, such as the air in
a duct, the passive radiator requires
hardly any more space than the panel
area it occupies. Early systems of this

type usually had drones equal in diame-
ter to that of the woofer, but current
practice makes the drone's effective
cone area about twice that of the woofer.
An enlarged passive radiator piston can
more easily provide the volume velocity
necessary to effectively load the woofer.

Driver Parameters. Some people
have objected that normal production
variations in drivers preclude such pre-
cise calculations in box design. This has
been answered in studies by Keele and
Snyder. One driver parameter that is dif-
ficult for manufacturers to control pre-
cisely is compliance. In fact, in some
kinds of suspension systems, the com-
pliance changes with temperature or hu-
midity. Fortunately, compliance varia-
tions are usually cancelled by compen-
sating changes in other parameters. For
example, if the compliance of a driver is
reduced, the frequency of resonance will
be raised, but the Q is also raised to a
similar degree. Thus, the ratio of reso-
nance to Q, a really important factor, is
hardly affected. If the mass of the mov-
ing system is constant and the magnetic
field around the voice coil unimpaired,
the speaker will perform according to
design specifications.

Finally we come to another aspect of
the bass-reflex problem that has often
plagued hobbyists, the information dam.
Several years ago | wrote o a company
and asked for specifications on its woof-
ers. The reply suggested that 1 rely on
the reputation of the brand rather than
upon specifications. In the past there
was an excuse for such reticence, the
unreliability of acoustical measurements
made under differing conditions. In fact
most measurements were useful only to
experienced engineers who could inter-
pret them correctly. But most of the re-
quired measurements for Thiele data
can be made by tests that are fairly sim-
ple and easily reproducible. There is no
longer any reason for the attitude shown
in the letter mentioned above. Several
companies now offer complete Thiele
data for their speakers. Table !ll shows
some representative drivers with a sum-
mary of the Thiele data for each.

While the closed-box loudspeaker—
which Small has shown to be analogous
to a second-order filter network—still of-
fers the ultimate in design simplicity, its
overwhelming advantage has been re-
duced by the Thiele approach to vented-
system design. It looks as if the bass re-
flex, having fallen into virtual oblivion,
has been reborn, Phoenix-like, from its
own ashes. (e
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BY HOWARD BERENBON

Simple hardware addition plus BASIC Level-1
program creates a multipurpose timer to
operate electric appliances, for timing
chess games, and other useful

control applications

A SIMPLE
"REALTIME”

Arelatively simple BASIC program
i and an even simpler hardware addi-
tion to a TRS-80 Level | 4K digital com-
puter, forms a programmable timer that
can be set for a time period of one sec-
ond to almost any desired interval. The
BASIC program uses two ‘'‘for-next’
loops to calculate the desired delay. IN-
PUT #A at line 590 activates the cas-
sette relay which, in turn, operates the
controi circuit shown in the figure.

When the program is run, the user is
prompted when it is necessary to enter
a delay time, etc. For example, assume
a three-minute timing interval. When the
display indicates "‘ENTER DELAY TIME
MODE,"” type ‘2" (for selecting min-
utes) on the keyboard, the computer will
then prompt, “DELAY IN MINUTES,"
which is answered by typing in *'3". The
machine will then display “"PRESS EN-
TER TO START THE TIMER.” Once this
is done, the timer is in operation. After
three minutes, the TRS-80 will activate
an external alarm. To de-activate the
alarm, depress the TRS-80 “RESET"
pushbutton (located behind the rear ex-
pansion door).

Construction. The circuit shown can
be assembled on a small piece of per-
forated board, just large enough to hold
the components.

Insert the subminiature phone plug of
the TRS-80 cassette interface connect-
or into jack J1. Relay K7 can be used to
activate a heavy-duty relay operated
by the ac power line for higher-curren

applications.
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Control cireutt is activated by
cassette relay at line 590.

PARTS LIST

Al—6-V alarm (Sonalert or similar)

B1—9-V battery with holder

B2-—6-V battery with holder

D1-—1N914 or similar

J1—Subminiature jack

K1-—Miniature relay, 500-ohm coil, 6-V dc
(Radio Shack 275-004 or similar)

Misc.—Perforated board, mounting hard-
ware, cable, etc.

WWW amernceanadiohigatery com

PROGRAM
10 CLS
20 PRINT “TRS-80 REAL TIME TIMER"
30 PRINT
40 PRINT “A PROGRAMMABLE TIMER"’
50 PRINT
60 PRINT "ENTER DELAY TIME MODE"
70 INPUT "'(1) FOR SECONDS (2) FOR

MINUTES (3) FOR HOURS";B

80 IF B=1GOTO 500

90 IF B=2 GOTO 600

100 IF B=3 GOTO 700

110 GOTO 60

500 PRINT

510 G=1

520 INPUT "“DELAY IN SECONDS™;S

530 INPUT "“PRESS ENTER TO START
THE TIMER'";AS$

540 FORJ=1TOS

550 FORK= 1t0470 » G

560 NEXTK

570 NEXT J

580 PRINT “DELAY COMPLETED, CIR-
CUIT ACTIVATED"

590 INPUT #A

600 PRINT

610 G=60

620 INPUT ""DELAY IN MINUTES'";S

630 GOTO 530

700 PRINT

710 G=60

720 INPUT “DELAY IN HOURS';S

730 INPUT "PRESS ENTER TO START
THE TIMER'";A$

740 FORJ=1TOS

750 FORK= 1TO 60

760 FORL=1TO 470+ G

770 NEXTL

780 NEXTK

790 NEXT J

800 GOTO 580

810 END

POPULAR ELECTRONICS
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Measure_w_eak Direc_t Currents with the
Sensitive Micro Meter

BY I. QUEEN

Low-cost op-amp system can measure solar-cell output
and currents in other low-level circuits.

F YOU PLAN to measure the output of

a solar cell under low-light conditicns,
to work with micropower ICs, or other-
wise experiment with weak-current cir-
cuits, you'll need a sensitive current me-
ter. The Sensitive » Meter presented
here will allow you to measure direct
currents as small as a fraction of a mi-
croampere. Moreover, it is not subject
to the disadvantages associated with
standard panel microammeters—high
cost, fragile movements, and relatively
high internal resistance.

The project employs an operational
amplifier to increase the sensitivity and
effectively decrease the input imped-
ance of a moderately priced, readily
available 0-to-50 microammeter. It has
three switch-selected scales; O to 0.5
wA Oto5 pnA; and 0 to 50 p A, The
circuit can be powered by a supply fur-
nishing as little as =2 or +4 V, and can
be constructed for about $15.

Circuit Operation. A simple circuit for
current-measuring applications is
shown in Fig. 1. When an input current /
is applied to the inverting input of the op
amp, an inverted output signal is gener-
ated by the op amp. If the gain of the
operational amplifier is very high, we
can consider that the entire input cur-
rent flows through feedback resistor R.
An output voltmeter M, which is calibrat-
ed in terms of /, measures the product
IR. The voltage drop across the opera-
tional amplifier is practically zero (the
output voltage divided by the op amp's
open-loop gain)

The schematic of the Sensitive ¢ Me
ter is shown in Fig. 2. Switch S2 selects
the range and determines the feedback
resistance of the stage. When the
switch is in its center (off) position, the
feedback resistance is A3, one meg-
ohm. An input current of 0.5 wA will
cause the output of the op amp to be
0.5 volt above ground when only R3is in
the feedback loop.

JANUARY 1980

This output voltage will cause full-
scale deflection of 0-to-50-microamme-
ter M1 if the effective resistance be-
tween the output terminal of the opera-
tional amplifier and the negative termi-
nal of the meter is 10,000 ohms. The
internal resistance of the meter speci-
fied in the parts list is 1620 ohms, so
the balance of the required resistance
is supplied by R4. This trimmer potenti-
ometer is adjusted for full-scaie deflec-
tion of the meter movement when the op
amp output is at +0.5 volt.

The project is most sensitive when S2
is in its center (off) position and the
feedback resistance is one megohm. In
this operating mode, full-scale deflec-
tion of the meter corresponds to an in-
put current of 0.5 p A Higher-current
ranges are obtained by shunting R3
with other resistors to lower the over-
all feedback resistance. This is
accomplished by placing S2 in one of
its two other positions. When the
range switch is placed in its 5 wA po-
sition, the paralle! combination of R
and R3 causes the meter to deflect to
full scale if the input current is five mi-
croamperes. Similarly, placing S2 in
its 50 A position shunts A3 with R2
and causes full-scale deflection of

Fig. 1. Schematic of simple
current-measuring circuit.
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the meter movement when an input
current of fifty microamperes exists.

Two shorting switches are included
in the circuit. Switch S7 shorts the in-
put of the project. It is used in con-
junction with potentiometer R5 to zero
the meter movement. The other
switch (S3) is used to short the termi-
nals of M7 when the meter is not be-
ing used. This minimizes mechanical
shocks to the meter movement when
the project is being transported. Di-
odes D7 and D2 protect the project
from excessive input voltages. Jack
J2 provides access to M7 so that the
meter can be used in isolation from
the rest of the project.

You might wonder why the circuit
provides for a O-to-50-microampere
scale when meter movement, MT,
covers this range on its own. The fol-
lowing exercise performed by the au-
thor will illustrate the need for such a
scale. A solar cell was connected
across input jack J7 and illuminated
so that the Sensitive pMeter indicat-
ed a current of 50 wA. The cell was
then connected to J2 and its output
current measured using M7 alone. It
indicated a current of 1 n A

The reason for this discrepancy be-
tween the two readings is that M7
presents a higher resistance to the
solar cell when it is used indepen-
dently than the project as a whole
does. It is desirable to keep the inter-
nal impedance of a current-measuring
instrument as low as possible. Thus, it
is better to employ the project as a
whole (as opposed to M1 or a similar
meter alone) in the measurement of
currents up to 50 K A

There is another significant advan-
tage to the use of the Sensitive pMe-
ter as opposed to a microammeter
alone. Due to the clipping action of
protective diodes D7 and D2, the
maximum output voltage of the op
amp on any of the three ranges s
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Fig. 2. The gain of the operational amplifier and,
hence, the range of the meter are determined by
the amount of resistance in the feedback circuit.

PARTS LIST |

C1—0.1- uF disc ceramic

D1,D2—1N914 diode |

1C1—LM308N operational amplifier

J1—Open-circuit miniature phone jack

J2—Closed-circuit subminiature phone jack

J3—Phono jack (must be insulated from
project enclosure)

M1-—0-t0-50- i+ A meter movement (Radio
Shack No. 22-051 or equivalent)

The following are 'a-watt, 5%-tolerance car- f
bon-composition fixed resistors, unless
otherwise specified:

R1—110,000 ohms (can be a series connec-
tion of 100,000 ohms and 10,000 ohms)

R2—10,000 ohms

R3—1 megohm

R4—10,000-ohm, linear-taper trimmer po-
tentiometer

R5—50,000-ohm linear-taper potentiometer

R6-—2700 ohms

R7—10 megohms

S1.S3—Spst toggle switch

S2—Spdt toggle switch with center-off posi-
tion

Misc.—Suitable enclosure, perforated or
printed circuit board, IC socket, circuit
board spacers, machine hardware, control
knob, hookup wire, solder, etc.

approximately 0.7 volt. This corre-
sponds to less than a 50% overload
of meter movement M7, one that is
highly unlikely to cause any perma-
nent damage to the movement. An un-
protected microammeter, on the other
hand, can easily be ‘‘zapped’ by the
inadvertent application of high current
overloads, a fact to which more than
one electronics experimenter can rue-
fully attest.

Power for the circuit is furnished by
an external supply via phono jack J3.
Note that the shell of this power jack
must be insulated from chassis
ground. The operational amplifier
specified for use as IC7 is an LM308,
a precision op amp that can be used
with supply voltages ranging from +2
to +20 volts. Accordingly, a supply
capable of furnishing bipolar voltages
within these extremes (or a single-
ended one rated at 4 to 40 V) should be
employed to power the Sensitive p
Meter. Potentiometer RS is connected
across the supply to allow zeroing of
the meter movement under no-input
conditions (S7 closed) for any suitable
supply voltage.

Construction. The project is rela-
tively simple, so the use of a perforat-
ed board and point-to-point wiring is
an acceptable assembly technique
Alternatively, the project can be con-
structed using wrapped-wire or print-
ed circuit connections. The author
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housed his prototype in a 4" X 2" X
1%"” (10.2 X 5.1 X 3.8 cm) aluminum
utility box. A Radio Shack No. 22-051
O-to-50-microammeter was used for
M1. This meter fits the enclosure with
only a slight amount of overlap at the
edges. Of course, a larger enclosure
can be employed if it is preferred over
the one selected by the author.

An LM307 operational amplifier can
be used for IC7 in place of an LM308
if pin 3 is connected to project ground
through the parallel combination of a
30,000-ohm resistor and a 0.1-#F
disc ceramic capacitor. This op amp
will provide performance comparable
to that of the LM308 if the circuit is
modified as just described. Other op-
erational amplifiers can also be used
if variations in pinouts and possible
compensation requirements are taken
into account.

Calibration and Use. Conn