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FOR THOSE OF YOU WHO ARE HAVING
SECOND THOUGHTS ABOUT YOUR FIRST CB.

Move up to the allnew Cobra So if you're having second
29GTL. It's the third generation of  thoughts about your first CB, make
the trucker-proven Cobra 29. And  your next CB the Cobra 29GTL,
like the 29 and the 29XLR before We back it with a guaranteed
it, it advances the state of the art. warranty and a nationwide network

Transmitter circuitry has been of Authorized Service Centers
refined and updated to improve where factory-trained technicians

performance. are available to help you with
Receiver circuits have been installation, service and advice.
redesigned to include dual FET But more important than that,

mixers, a monolithic crystal filter we sell it at a price you won't have
and a ceramic filter to reduce inter- second thoughtE about.

ference and improve reception.

By improving the transmitter d
circuitry the 290GTL keeps you ( obra
punching through loud and clear.  py,,cheg through loud and clear.
By incorporating new features for o [0 A
better reception everything you 6460 ?v@fﬁﬁﬁ‘@f&?iﬁ%ﬂgioess

copy comes back loud and clear. Writefor color brachure

EXPORTERS: Empire - Plainview, N Y+ CANADA: Atlas Electronics « Ontario
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This $20 pager can control 16
of either your appliances or your

lights. There’s no installation required

and the complete story is explained below.

You're in bed. It's late at night and you're
watching TV. It's time to shut off your TV, so
you reach for a remote control device, press a
button, and off it goes.

That's not unusual. But what is about to
invade the typical American home will be.

AMERICA WILL NEVER BE THE SAME

Scientists have developed the technology to
individually page any light or electrical appli-
ance in your home and command it to go on or
off from a device that fits in your pocket.

Remote paging requires no special home
installation since it utilizes your existing
household wiring system and small inexpen-
sive modules that plug into your wall outlets.

The system is also very inexpensive. It costs
only $13.95 per module to control any light,
only $14.95 for any appliance, and less than
$100 for a complete paging system.

WHAT IT WILL DO

Remote space paging will perform many
useful functions that will pay for your modest
investment.
Security From your bed, you can turn on all
the interior lights, your exterior lights, and
sound an alarm to warn your neighbors.
Savings You can turn on your air conditioning
system or turn up your heat just before you
arrive home. The savings in energy will
practically pay for the system itself.
Convenience Wake up in the morning to a hot
cup of coffee, the TV, and a car that's ready to
go as you tie space paging in with a compu-
terized timing system.

HERE'S HOW IT WORKS

Space paging is easy to understand. You
hold a pager in your hand and press a number
on a calculator-type keyboard. When you
press that number, your keyboard sends out a
digital signal that is picked up by the electrical
wiring system in your home.

The digital signal pages only those wall
modules set to the number you keyed. If you
page a light, for example, you can also page it
to turn on, off, or you can even dim it (just like
the dimmer switch you have on your wall). You
can page an appliance such as your coffee
maker or toaster to turn either on or off. There
are up to 16 different electrical devices you
can contro! with your pager.

A PERSONAL SYSTEM

Because it is so easy to use and so inexpen-
sive, you can start with just a few modutes and
expand later. There are modules that plug into
your outlets, and modules that replace your
present wall switches. The system can be set
for hundreds of different codes, so even if your
entire neighborhood has space pagers, you
will be able to privately use yours without any
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Pagers

Control your entire home from your pocket with the
world’s first micro electronic remote space pager.

interference from your neighbors.

To make space paging work, you need a
device to generate the digital code and an-
other device to receive and transfer the signal
to your household wiring. There are two sys-
tems available to do this —all adding a degree
of versatility to the concept.

Direct-Controlled The direct system consists
of a control unit at $39.95. The control unit is
plugged into the wall and placed by your bed or
at any location you select. To open. close, or
dim a light, you press the appropriate number
and press the function you want to perform.
You also have the option of using the system
with a remote ultrasonic pager. You point the
pager at the control unit and enter the
command. The remote pager lets you move
about a room or area and is an optional
accessory of the direct system at only $19.95.

Timer-Controlled The timer-controlled unit
costs $49.95 and consists of a digital clock and
a memory. You can program the exact time
you want each light or appliance to turn on or
off. You also have a “dynamic living pattern”
switch which controls the lights randomly and
automatically to make it look like you are home
while you are away or on vacation. You can
now have your TV wake you up, your coffee
started, and even your car warmed up in a set
sequence every morning. It's like having your
own invisible robot.

TRY THE SYSTEM NOW

We recommend that you purchase a series
of modules, wall switches, and the direct sys-
tem as these components are available right
now. A good starter package consists of one
plug-in module for a plug-in light at $13.95
(Order Nr. 3011), two modules for appliances
at $14.95 each (Order Nr. 3012), one wall
switch for $14.95 (Order Nr. 3013), and the
control unit for $39.95 (Order Nr. 3010). The
total cost for the package is $98.75 complete.
If you wish to order the remotejpager, it costs
$19.95 (Order Nr. 3014). If yoy wish to order
just the starter package, use Qrder Nr. 3015.
Postage and handling will be $2.50 for each
order no matter how many modules or
receiving control units you purjﬂase.

When you receive the package, set the plug-
in wali modules to specific numbers. Plug in a
light. See how you can turn or:}'nd off or even
dim the light. Connect your ogtdoor lights to
the wall switch. t

Then plug your TV and your coffee maker
into one of the appliance modules. Plug your
control unit into the outlet by your bed. When
you're ready to go to sleep, turn off the outdoor
and indoor lights, the TV, and go to sleep.

The next morning, turn on the lights, the TV,
and the coffee maker from your bedside. Get
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dressed, and when you arrive at the kitchen
table, sit down to a hot cup of fresh coffee.

Let's say you're in the living room and the
lights are plugged into the modules and the
control unit is in the bedroom. No problem.
You can override the system by turning the
lights on or off manually at your lamp switch.

After you experience the convenience of
space paging, think of how you can expandthe
system inexpensively, adding modules to
more of your lights and to your wall switches so
that you can control your remaining exterior
and interior lights. Visualize the security that
can be yours once you can control all your
lighting and electrical appliances from one
central location. Then order more wall
switches and light and appliance modules. If
you want to control your lighting from two loca-
tions, order another control unit or order the
entire system you want with your first order.

Once you've turned your bedroom into a
paging command center, there is one more
expansion possibility: the timer-controlled
system which will be available early in 1979.
JS&A customers will be advised first of its
availability.

JS&A is America’s largest single source of
space-age products. We back the system with
a prompt service-by-mail facility, a one year
limited warranty and a 30-day trial period. If
you're not completely satisfied, simply return
tne system for aprompt and courteous refund.

Space paging will bring you freedom,
security, convenience, and peace of mind. It
will save you steps, time, and money. Finally,
right from your bed. you can control your entire
home's electronics —something that only a
thousand dollar home computer could have
done until the space pager was developed.

To order your space pagers, simply send
your check for the correct amount (lllinois
residents please add 5% sales tax) or credit
card buyers may call our toll-free number
below. Please also specify the order numbers.

Let space-age technology turn your house
into a home of the future. Order your space
pager system at no obligation, today.

0 NATIONAL
o SALES
o W GROUP

Dept.PE One JS&A Plaza
Northbrook, 1ll. 60062 (312) 564-7000
CallTOLL-FREE ........ 800 323-6400
Inlllincis Call.......... (312) 564-7000

©JS&A Group,Inc.,1978
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Tiny BASIC!* VP-700
Color. VP-590 add-on Color Board allows program % Expanded Tiny BASIC Board
control of 8 brilliantcolors forgraphics,colorgames. ” puts this high-level language
Plus 4 selectable background colors. Includes on your VIP. BASIC stored
sockets for 2 auxiliary keypads (VP-580). $69: in 4K of ROM. Ready for im-
mediate use—no loading
necessary. This expanded
BASIC includes the standard
Tiny BASIC commands plus
12 additional—inciuding
color and sound control!
Requires external ASCi|
encoded alpha-numeric
keyboard. $39°

Sound. VP-595 Simple Sound Board provides 253
tone frequencies. Great for supplementing graphics
with sound effects or music. Set tone and duraticn
with easy instructions, $24:

Music. VP-550 Super Sound Board turns your VIPinto a music |
synthesizer. 2 sound channels. Program control of frequency,
time and amplitude envelope (voice) independently in eack
channel. Program directly from sheet music! Sync provision
for controlling muitiple VIPs, muititrack recording or other
synthesizers. $49°

Memory. VP-570 RAM Expansion Board adds 4K
bytes of memory. Jumper locates RAM in any 4K
block of up to 32K of memory. On-board memory
protects switch. $95!

EPROM Programmer. VP-565 EPROM Programmer Board
comes complete with software to program, copy and s
verify 5-volt 2716 EPROMs—comparable to units e
costing much more than the VP-565 and VIP put \\»
together! Programming voltages generated on -,

board. ZIF PROM socket included. $99° &

EPROM interface. VP-560 EPROM Iinterface
Board tocates two 5-volt 2716 EPROMs (4K
bytes total) anywhere in 32K of memory.
VIP RAM can be re-allocated. $34"

Auxitiary Keypads. Program
your VIP for 2-player inter-
action games! 16-key keypad
VP-580 with cable ($15°)
connects to sockets pro-
vided on VP-590 Color Board
or VP 585 Keyboard Interface
Card ($10*)

. ASCllI Keyboard:* Fully encoded, 128-character ASCI|
encoded alpha-numeric keyboard. 58 light touch keys
including 2user defined keys! Selectable upperandiower
case. Handsomely styled. Under $50°

COSMAC VIP lets you add
computer power a board at a time.

With these new easy-to-
buy options, the versatile
RCA COSMAC VIP
(CDP18S711) means even
more excitement. More
challenges in graphics,
games and control func-
tions. For everyone, from
youngster to serious hobby-

‘ist. And the basic VIP com-

easy to program and operate.
Powerful CHIP-8 interpre-
tive language gets you into
programming the first
evening. Complete docu-
mentation provided.

Take the first step now.

Check your local com-
puter store or electronics
parts house. Or contact

puter system starts at just $249* assembled RCA VIP Marketing, New Holland Avenue,
and ready to operate. Lancaster, PA 17604. Phone (717) 291-5848.
Simp|e but powerfu'_not just a toy_ *Suggested retail price. COP185711 does not include video monitor or cassette recorder,

**Available 1st Quarter, 1979.

Built around an RCA COSMAC micro-
processor, the VIP includes 2K of RAM. ROM
monitor. Audio tone with a built-in speaker.
Plus 8-bit input and 8-bit output port to inter- The fun way
face relays, sensors or other peripherals. It's into computers.
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Feature Articles

HOME PROJECTION COLOR TV—THE BIG PICTURE IS HERE / Kris Jensen
A buyer's guide to projection TV receiver systems.

HOW ACCURATE ARE FM TUNING METHODS? / Daniel R. VonReckiinghausen
A major cause of distortiorn in FM tuners and receivers is explored.

MICROCOMPUTER ROM BOARD BUYING DIRECTORY / Staff

A PERSONAL MICROWAVE COMMUNICATIONS SYSTEM
THE MINI-WAVE, PART 2 / Robert B. Cooper, Jr. & S.K. Richey

Construction Articles

BUILD A UNIVERSAL ELECTRONIC TIMER / Michael S. Robbins
Turn on or off an electrical device or a tone.

TROUBLESHOOTING ANALYZER FOR AUTOMOTIVE ELECTRIC SYSTEMS / Tony Caristi
Locates problems in battery or charging systems.

BUILD A REMOTE ANTENNA SELECTOR SWITCH / Bud Weisberg
Low-cost, reliable switch selects one of Six antennas.

Columns

STEREOQ SCENE / Ralph Hodges
A New Tonearm.

HOBBY SCENE Q & A / John McVeigh

SOLID STATE / Lou Garner
Those Versatile Multis.

EXPERIMENTER'S CORNER / Forrest M. Mims
Analog Computer Circuits, Part 1.

DX LISTENING / Glenn Hauser
Fine Arts Shortwave Service.

COMPUTER BITS / Hal Chamberlin
Update on Graphics.

Julian Hirsch Audio Reports

ADVENT “POWERED ADVENT" SPEAKER SYSTEM
SAE TWO STEREO TUNER T3U AND INTEGRATED AMPLIFIER C3A
B.I.C. MODEL T-2 CASSETTE DECK

Departments

EDITORIAL / Art Salsberg
FCC Power and Challenges.

LETTERS

OUT OF TUNE
"‘An Infrared Intrusion Alarm, December 1978; *'A Cassette Control Sys-
tem For Computers,” November 1978; ““Solid State,”’ August 1978;
““Experimenter's Corner, " September 1978.

NEW PRODUCTS

NEW LITERATURE

SOFTWARE SOURCES
OPERATION ASSIST
ELECTRONICS LIBRARY
ADVERTISERS INDEX
PERSONAL ELECTRONICS NEWS
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Editorial

FCC POWER AND CHALLENGES |

The pressures of new developments, the economy, and the legislative climate
combine to determine what will likely change in some areas of the consumer elec-
tronics field. Among the “movers and shakers” is a handful of people that comprise
the Federal Communications Commission. What will they do next?

For example, now that Canada established a “No-Code" Amateur Radio license
atthe end of '78, will the U.S. soon follow in its footsteps? | hope that the FCC will
act on this quickly, maintaining the Canadian operating restrictions that promise to
motivate such licensees to upgrade with a traditional code exam. Also, what ever
happened to the reputed restrictions set by international agreement that Morse
Code proficiency is a prerequisite to amateur radio operation on high-frequency
bands? Simple. It was never true above 144 MHz!

in truth, the FCC has not been idle the past year. For starters, the agency re-
wrote its CB rules in “plain English.” One's first reaction could well be, “It's about
time!” But as it happens, the FCC is the first Federal Government agency to rewrite
its rules in this manner. (For a copy of the new rules, send a $1.25 check or money
order made out to the Superintendent of Documents to CB Handbook, Consumer
Information Center, Department 109F, Pueblo, CO 81009.)

CB radio, which celebrated its 20th anniversary in '78, might eventually be the
beneficiary of a recent FCC action—an order to draft a notice of inquiry on carving
out additional frequencies for CB in the 900-MHz band. This, of course, will not be
finalized fcr some time to come since public comments are invited which have to
be weighed, proposals made, etc. Hams can rejoice, naturally, since the 220-MHz
band has been left alone. Canada’s new no-code license, in fact, permits “packet
radio transmissions”—computer data bursts—on 220.1-220.5 MHz, which are
shared with other modes of modulation.

The FCC is also a factor in congressional legislation that seeks to pass a radio
frequency interference (RFI) bill that will authorize the FCC to establish minimum
standards for reducing r-f interference to audio equipment. Such bills died in com-
mittee on adjournment of the 94th Congress. But continued efforts to pass an RFI
bill are expected. The Institute of High Fidelity (IHF) expressed concern on this is-
sue, observing that there are no simple solutions to solving the problem, legislators
and/or administrators are not qualified to dictate design details unrelated to prod-
uct performance, and that specific harm to proper functioning of high-fidelity equip-
ment could occur by implementing “easy solutions" to RF1 problems as suggested
by legislators. (It'll increase the price of audio gear, too.)

On other fronts, the FCC was attacked by the Electronics Industries Association,
which disputes its uhf conclusions that a 7-to-10-fold improvement is achievable in
land mobile spectrum efficiency with current technology. The agency was on the
offense in another arena. FCC Commissioner Tyrone Brown charged that the U.S.
Court of Appeals is seeking to be a “super FCC” by making communications poli-
cy. He allowed, however, that this is being done by FCC default and by the FCC
saying one thing and doing another. The upshot of the latter—inconsistent state-
ments and actions—creates industry uncertainty among the public, Brown de-
clared. All too truet!

The FCC was formed by the Communications Act of 1934, of course, replacing
the Federal Radio Commission. Now it's expected that the Communications Act of
1978 will displace the FCC with a new Communication Regulatory Commission. A
first draft of the new Act reduces the agency’s functions and the number of Com-
missioners from seven to five members. It will be most interesting to see what im-
pact this impending change will have on future audio and radio rules.
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The Age of Affordable Personal
Computing Has Finally Arrived.

Ohio Scientific has made a major breakthrough in smail com-
puter technology which dramatically reduces the cost of per-
sonal computers. By use of custom LSI micro circuits, we have
managed to put a complete ultra high performance computer
and all necessary interfaces, including the keyboard and power
supply, on a single printed circuit board. This new computer
actually has more features and higher performance than some
home or personal computers that are selling today for up to
$2000. It is more powerful than computer systems which cost
over $20,000 in the early 1970's.

This new machine can entertain your whole family with spec-
tacular video games and cartoons, made possible by its ultra
high resolution graphics and super fast BASIC. It can help you
with your personal finances and budget planning, made possible
by its decimal arithmetic ability and cassette data storage capa-
bilities. It can assist you in school or industry as an ultra powerful
scientific calculator, made possible by its advanced scientific
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Ohio Scientific offers
Challenger

video monitor

SR BE BERE through an RF con-
4 verter to be up and
g Lie running. P

Superboard 1l $279
For electronic buffs. Fully
assembled and tested. Re-
quires +5V. at 3 Amps
and a video monitor or TV
with RF converter to be up
and running.

_.Standard Features

M Uses the ultra powerful 6502 microprocessor
B 8K Microsoft BASIC-in-ROM
Full feature BASIC runs faster than currently available
personal computers and all 8080-based business com-
puters.
B 4K static RAM on board expandable to 8K
B Full 53-key keyboard with upper/lower case and user
programmability
@ Kansas City standard audio cassette interface for high
reliability
B Full machine code monitor and 1/O utilities in ROM
B Direct access video display has 1K of dedicated memory
(besides 4K user memory), features upper case, lower
case, graphics and gaming characters for an effective
screen resolution of up to 256 by 256 points. Normal TV's
with overscan display about 24 rows of 24 characters:
without overscan up to 30 X 30 characters.

Extras

B Available expander board features 24K static RAM (addi-
tional), dual mini-floppy interface, port adapter for printer
and modem and an OSI 48 line expansion interface.

M Assembler/editor and extended machine code monitor
available.

Interested in a bigger system? Ohio Scientific offers 15
other models of microcomputer systems ranging from
single board units to 74 million byte hard disk systems.

JANUARY 1979 CRCLE N0 36 ON

Fully packaged with power
supply. Just plug in a

math functions and built-in *‘immediate’’ mode which allows
complex problem solving without programming! This computer
can actually entertain your children while it educates them in
topics ranging from naming the Presidents of the United States
to tutoring trigonometry all possible by its fast extended BASIC,
graphics and data storage ability.

The machine can be economically expanded to assist in your
business, remotely control your home, communicate with other
computers and perform many other tasks via the broadest line of
expansion accessories in the microcomputer industry.

This machine is super easy to use because it communicates
naturally in BASIC, an English-like programming language. So
you can easily instruct it or program it to do whatever you want,
but you don’t have te. You don’t because it comes with a com-
plete soltware library on cassette including programs for each
application stated above. Ohio Scientific also offers you
hundreds of inexpensive programs on ready-to-run cassettes.
Program it yourself ar just enjoy it; the choice is yours.

you this remarkable new computer two ways.

1P $349

or TV

~ORDER FORM
Order direct or from your local Ohio Scientific dealer.
[J ¥'m interested. Send me information on your:

O Personal Computers 1] Business Systems
[J Send me a Superboard || $279 enclosed
[0 Send me a Challenger 1P $349 enclosed
O tnciude 4 more K of RAM (8K Total) $69 more enclosed

Name

Address

City State Zip
Paymentby: BAC(VISA) ___ MasterCharge ___MoneyOrder ___
Credit Card Account #

Expires Interbank #(Master Charge)

Ohio Residents add 4% Sales Tax

TOTAL CHARGED OR ENCLOSED _
All orders shipped insured UPS unless otherwise requested. FOB Aurora, OH

L

America’s Largest Full Line Microcomputer Company
1333 S. Chillicothe Road ¢ Aurora, Ohio 44202 (216) 562-3101

FREE INFORMATION CARD 5
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You don't waste a second
on “mechanics” with
A P Ali-Circuit Evaluators.

You figure out the circuit you want,
then plug itin for testing. You decide
to improve your layout, and you
make your moves as quickly as you
think them up. There's just no faster
or easier way to build and test cir-
cuits and circuit ideas.

But just because breadboarding
is now such a cinch, don’t get the
idea that you don't have electronic
integrity. Our solderless plug-in tie

points are made of a special non-
corroding alloy. Use them as often
as you like.

How many tie points do you need?
Our smallest ACE has 728, our larg-
esthas 3,648. And all of them
accept all DIP sizes.

Everything is quality all the way.
You can even see the difference
in our harder, shinier plastic matrix.

See for yourself. Phone (toll-free)
800-321-9668 for the address of your
nearby A P Products dealer. And
ask for our complete A P catalog,
The Faster and Easier Book.

AP PRODOUCTS
INCORPORATED
Box 110 e 72 Corwin Drive
Painesville, Dhio 44077

Tel. 216/354-2101

TWX: 810-425-2250

Faster and Easier is what we're all abouit.

CIRCLE NO 8 ON FREE INFORMATION CARD
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Letters

MORE ON CAR SOUND

In “How to Get Hi-Fi Sound in Any Auto”
(July 1978), it is stated that “Doors are not
the very best choice [for mounting speakers)
for mechanical and acoustic reasons.” There
is another reason—water leakage. Water
running down the window glass into the interi-
or of the door may drip onto the paper cone of
the speaker and ruin it. Such water ieakage is
usual and is the reason why car manufactur-
ers put drain holes into the bottom edges of
doors. —Sherman A. Baker, Arlington, VA.

NO “FREEBIE"

An incorrect statement was made in the
May 1978 Product Test Reports section for
the Heathkit Model HW-2036 2-meter trans-
ceiver. A properly assembled transceiver kit
is not aligned free of charge by one's local
Heathkit service center. There is a nominal
charge for this service.—James Maher, Ore-
gon, OH.

Sorry. We checked with Heath in Benton
Harbor, MI and had it confirmed that there is
indeed a nominal charge for aligning the
transceiver.—Ed.

IDEAS ON MUSIC MIXING

| enjoyed greatly “A Practical Guide to Mul-
titrack Tape Recording” in the March 1978 is-
sue. Here are some more ideas. Since it is
difficult for one person to mix a previously re-
corded track with new material while supply-
ing that new material (I only have two hands!)
this technique might prove helpfui. Record
the first three instruments one at a time on
tracks 1, 2, and 3. (Be sure they are synchro-
nized!) When you are satisfied with these
performances and recording levels, etc., mix
them down onto track four. Repeat this mix
until  satisfied before reusing tracks one
through three. Note track four is out of sync
with the other tracks.

The next two sources are recorded on
tracks one and two in synchronization with
track four. Mix these down onto track three
and re-record track four onto track one after
this mix to keep things synchronized.

The next two sources are recorded on
tracks two and four in sync with one and
three. We now have seven performances re-
corded. However, three of them are third-
generation recordings (copied twice), two are
second generation and only two are first gen-
eration. But | believe that, if noise reduction
were used throughout the procedure to mini-

POPULAR ELECTRONICS
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postage/handling) with your Trial Membership.
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time-and-mon2y-saving books as part of an un-
usual offer of a Tria, Membership in Electron:cs Book
Club?

Here are quality hardbound volumes, each espe-
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 baoks 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 15 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 fili out and mail the coupon today. You
will receive the 4 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.

ELECTRORICS BOOK CLUB, Blue Ridge Summit, Pa. 17214
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Revolutionary!

Sound-shaping taping mike.

Never before — a single microphone that gives you the versatility of
16 microphones! Four tiny frequency filter switches built into the new
Shure 516EQ E-Qualidyne Microphone let you tailor sound for studio
effects m wrtually any recordmg situation: flick a switch to add sizzle
' ‘% to vocals . . . flick another switch to

hlghllght the sound of a bass drum. You
;'n-, can even compensate for the acoustic

£ 3,1 microphone! In all, the 516EQ creates
16 different response variations that
'! can add a new, professional sound to
every tape you make. Available singly
or in pairs for stereo recording. Ask to
hear a recorded demonstration at your
participating Shure dealer.

S]sHURE §

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

In Canada: A. C. Simmonds & Sons Limited

Manufacturers of high fidelity components, microphones, sound systems and related circuitry.

CIRCLE NO. 49 ON FREE INFORMATION CARD
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mize degradation of sound by re-recording,
the loss of quality is offset by the gain in con-
centration when mixing was done for the
sake of a better balance of sound.
Using the above procedure, add a new
source while mixing (loss of balance again).
| Then, when two tracks are all that remains,
| use the method of sound-with-sound as de-
scribed in your article to get three vocals onto
one track leaving the last for solo instrument
or voice.—Bill Fox, Columbus, OH.

DATA PROCESSING QUIZ

The answer given for question three of Rob-
ert P. Balin's "Data Processing Quiz" (p. 70,
September 1978) is incorrect. The question
sets the conditions, “You can paint the walls
blue or pink, but paint the ceiling white, even
if you don’t do the walls.” However, the logic
network given as the answer indicates the
paint job is completed under the following
conditions: an unpainted ceiling with walls
painted pink; an unpainted ceiling with walls

painted, painted blue, painted pink or painted

I painted blue; painted ceiling with walls un-

WALLS
BLLUE
WALLS
PINK
o8
CEILING WHITE DONE

both blue and pink (stripes). A logic network
that will indicate a completed paint job (output
at logic 1) is shown here. —Tony Banks,
Cambridge, MA

Out of Tune

In “A Cassette Control System for Comput-
ers” (November 1978): change the two lines
numbered 240 and 330 in the Graphic Star
Program to read as follows:

2401IF20+X/B = 47 THEN 310

330 IF 20+(127—-X)/B = 47 THEN 410

In “Solid State” (August 1978): Ranges E
and F of the Capacitance Meter should have
CK equal to 0.01 wF (not 0.001 wF).

In "An Infrared Intrusion System” (Decem-
ber, 1978}, in Fig. 1 insert a 20-ohm resistor
in series with LED1; in Fig. 2, make C2 .22
wF and C5 a 50-V Mylar; in Fig. 3A, T1 cen-
ter-tap should be yellow; in Fig. 3B the T1 pri-
mary should be B/Y instead of B/G; and in
Fig. 4, D3 should be a 1N4002.

In the September "Experimenter's Corner,"”

| Fig. A of the Project of the Month, the value of

current limiting resistor R3 should be 470

| ohms, not 470,000 ohms.

POPULAR ELECTRONICS



the %988 Surprise . . .

If you haven’t looked carefully
at the Level-1I 16K TRS-80,
you're in for a big surprise!
Level-11 BASIC gives TRS-80
advanced features like com-
prehensive string handling,
multi-dimension arrays,
multi-letter variable names,
named cassette files, full edit-
ing, integer arithmetic,

single (6-digit) and double
(16-digit) precision arithme-
tic, formatted printing,
memory-mapped video (print
directly at any of 1024 screen
positions), 128x48 video
graphics (may be intermixed
with text), error trapping, auto
line numbering, TRACE,
PEEK and POKE . . . to name
just a few. Because Level-II is
in ROM, TRS-80 powers-up
ready to go with the full 16K
RAM available for your use.

This means TRS-80’s memory
is equivalent to a 28K RAM-
based system.

New for 1979—TRS-80’s
numeric (calculator) keypad
included on every 16K com-
puter, and available as an
add-on for present owners.

TRS-80's modular design
allows easy expansion. Add
up to 48K RAM, Expansion
Interface, printers, 1 to 4
Mini-Disks, RS232C, tele-
phone acoustic couplers,
Voice Synthesizer, dual cas-
sette recorders, our System
Desk and Printer Stand. Sur-
prisingly, these are not prom-
ises of things to come, but real
products being delivered right
now. Software from games to
General Ledger are available,
with more cassette and disk
software being added
monthly.

Radio Shack’s 58 years of con-
sumer electronics leadership,
our 50 regional repair centers
(growing to 100 this year), our
new Radio Shack computer
centers, and our N'YSE-listed
billion-dollar parent, Tandy
Corporation, insure that cus-
tomer support is always avail-
able right where it should
be—Ilocally.

So if you haven't seriously
looked at TRS-80 yet, ask
your local Radio Shack for our
new 20-page fact-filled catalog
and be prepared for a $988
surprise. Surprising power—
features— price—support!
Level-11 16K systems include
everything pictured, plus the
manual. Better to be surprised
now . . . before you choose
the wrong microcomputer
system.

16K Available RAM

12K Level-1I BASIC in ROM
Full-Size Typewriter Keyboard
U.L. Listed, Portable

Complete . . . Plug in and Use

.y -us

A J 1 W .
o
1 1N N WK
4 CITv-Fon 1

sg—N
¢ Ip—THe

rRadio fhaek

The biggest name in little computers®

A DIVISION OF TANDY CORPORATION ¢ FORT WORTH, TEXAS 76102

OVER 7000 LOCATIONS IN'NINE COUNTRIES
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New Products

Additional information on new products

covered in this section is available from the

manufacturers. Either circle the item’s code

number on the Free Information Card

or write to the manufacturer at the
address given.

BSR Quanta
Direct-Drive
Turntable

The Quanta 800 is the top of a series of
three new BSR single-play, two-speed
turntables whose base cabinets utilize a
special sandwich construction of dissimilar
materials, plus energy-absorbing, reso-
nance-tuned feet, to absorb noise reso-

nances. The 800 has a quartz-locked, di-
rect-drive servometer with illuminated digi-
tal speed display and digital speed selec-
tion and adjustment. The die-cast alumi-
num platter is covered with an anti-static
mat. The semi-automatic turntable's tone
arm is an S-shaped, tubular aluminum low-
mass type with viscuous-damped cueing
and automatic return. $230.00. Address:
BSR (USA) Ltd., Route 303, Blauvelt, NY
10913.

CIRCLE NO. 92 ON READER SERVICE CARD

wire stripper to its ready-to-use position. A
latch at the bottom of the handles keeps
them together when the stripper is not be-
ing used. Address: Vaco Products Co.,
1510 Skokie Blvd., Northbrook, IL 60062.

CIRCLE NO. 93 ON READER SERVICE CARD

isters, allowing up to four tasks to run con-
currently, plus memory-mapping for up to
one megabyte of memory to be addressed.
This option also provides four Direct Mem-,
ory Access (DMA) channels, permitting
data transfer rates between I/0 devices at
2 megabytes per second, as well as three
1-p sec to 1-sec intervals, and interrupt
control for eight input lines. The Floating
Point  option provides mathematical
processing capabilities at up to 10 times
normal software speed while the main
processor handles other tasks. The ZPU-2
will operate at either 2 or 4 MHz (switch-
selectable); wait state generation is provid-
ed separately for memory, DMA and input/
output operations. Address: Xitan, Inc.,
1101-H State Road, Princeton, NJ 08540.

CIRCLE NO. 94 ON READER SERVICE CARD

Electronic Deadbolt
Combination Lock

“Electrolock EL-S" is a combination-plus-
key electronic deadbolt lock from Electron-
ic Security Systems. Solid-state electron-
ics control an electromechanically oper-
ated 1"-throw deadbolt. Before the lock
can be opened using a key, the proper
combination must be entered on a 12-key
keypad. Up to three combinations of four to
seven digits can be programmed. During a
power failure only the key is required to re-
tract the deadbolt. The lock is powered by
120 V ac. Available options include wea-
therproofing, custom-programmed combi-
nations, three-level master keying, and
timer-controlled locking. $89.50. Address:
Electronic Security Systems, Inc., Box
61403, Sunrnyvale, CA 94088.

Vaco Wire Stripper

The No. 70358C is a new self-adjusting
wire stripper from Vaco Products. The sim-
ple-to-use stripper automaticaily adjusts it-
self to the diameter of the wire being
stripped. This eliminates the need to look
for specific hole sizes. Its blades cut
through the insulation but never touch the
inner conductors. Spring action returns the

Xitan Z80
CPU Board

The ZPU-2, an S-100 board with a Z80 mi-
croprocessor and two unique options, has
been announced by Xitan. The System
Support option includes multi-tasking reg-

Fisher Receiver
with Equalizer

The RS2004 is the lead entry among four
new Fisher AM/FM-stereo receivers in its
RS2000 Studio Standard series. Incor-
porating five-band graphic equalizers with
detented controls in place of the usual tone

controls, it also features dual tuning me-
ters, two speaker outputs, tape monitor
switch, loudness contour, plus FM-muting
and equalizer defeat. In addition, it has an
iluminated function indicator, and a rear-
panel 25-microsecond Dolby deemphasis
switch. Power is rated at 45 watts continu-
ous into 8 ohms from 20 to 20,000 Hz at
0.1% THD or less. Fm mono usable sensi-
tivity is 10.3 dBf (1.9uV). $450.00. Ad-
dress: Fisher Corp., 21314 Lassen St.,
Chatsworth, CA91311.

Sinclair Pocket DMM

Sinclair Radionics’ Model PDM35 is a
pocket-size digital multimeter designed for
measuring ac and dc voltages, dc current,
and resistance. LS| circuitry employs Bi-
FET technology rather than the more cost-
ly A/D converter to keep prices down. The
DMM measures dc voltages in four ranges
to 1000 volts and ac voltages to 500 volts
at an accuracy of 1% full-scale. Resistance
is measured in five ranges at an accuracy
of 1.5%. The instrument features automat-
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Model 8100
Frequency Counter Kit

FREQUENTY 1N KALMWERTZ

e Range: 20Hz to 100MHz
* High Sensitivity
» Resolution to 0.1Hz

Now you can forget about price/performance trade-offs when
you select a frequency counter. In Sabtronics’ Model 8100 kit
you get all the characteristics of superior performance at a low,
affordable price.

This frequency counter, employing LS| technology, has the
performance and input characteristics you demand: guaranteed
frequency range of 20Hz to 100MHz (10 Hz to 120MHz typical);
selectable hi/lo impedance; superior sensitivity; selectable
resolution and selectable attenuation. Plus an accurate time
base with excellent stability.

An 8-digit LED display features gate activity indicator, leading
zero suppression and overflow indicator. You would expect to
find all these features only on high-priced instruments — or from
Sabtronics’ advanced digital technology.

R—
POWER AL VOUT  AMP (5N ——

'i':.'w.—_;i

The amazing Sabtronics 2000 is the choice of both professionais
and hobbyists. It's the only portable/bench DMM that offers so
much performance for such an astonishing low price.

You get basic DCV accuracy of 0.1% + 1 digit; 5 functions giving
28 ranges; readings to + 1999 with 100% overrange; overrange
indication; input overload protection; automatic polarity; and
automatic zeroing.

The ali-solid-state Model 2000 incorporates a single LSI circuit
and high-quality components. Our clear, step-by-step manual
simplifies assembly. Complete kit includes a rugged high-impact
case ideal for both test-bench and field use.

sabtronics
MOGEL §100 FREDUENCY COUNTER

BRIEF SPECIFICATONS:

 Frequency Range: 20Hz to 100MHz guaranteed. (10Hz to
120MHz typical) » Sensitivity: 15mV RMS, 20Hz to 50MHz (10mV
typical); 25mV RMS, 50MHz to 100MHz (20mV typical)

« Selectable Impedance: 1M /25pF or 509 « Attenuation: X1,
X10 or X100 « Accuracy: + 1Hz plus time base accuracy « Aging
Rate: +5ppm/yr. » Temperature Stability: + 10ppm, 0°C to 40°C
« Resolution: 0.1Hz, 1Hz, 10Hz selectable « Display: 8-digit LED,
overflow indicator, gate activity indicator » Overload Protection

» Power Requirement: 9-15 VDC @ 330mA

Model 2000, 3" Digit
DMM Kit

« 5 Functions, 28 Ranges

e Basic DCV Accuracy:
0.1% +1 Digit

BRIEF SPECIFICATIONS:

« DC volts in 5 ranges: 100 pV to 1kV « AC volts in 5 ranges: 100
pV to 1kV « DC current in 6 ranges: 100 nA to 2A » AC current in
6 ranges: 100 nA to 2A - Resistance: 0.1 to 20MQ in 6 ranges

« AC frequency response: 40 Hz to 50kHz « Display: 0.36"
(9.1mm) 7-segment LED ¢ Input Impedance: 10M{ « Size: 8”"W X
6.5"D x 3"H (203 x 165 X 76 mm) « Power requirement:
4.5-6.5 VDC-4 “C” cells (not included).

. ' " ——————_—_——————————————_——____-l
S p9C|a| Offer! Save $25.00 r Sabtronics International Inc. 13426 Fioyd Circle Dallas Tx 75243 PE
If you order both the frequency counter and
DMM kits now, you pay only $144.90 l D Yes, | want to take advantage of your special $25.00-oft offer.® ]
including shipbing and handling. You save I Please send Model 8100 and Model 2000 kit(s) tor only $144.90 total including shipping I
$25.00 off the combined regular low price of | 2 hending ' _ ST I
$169.90. Order both kits now. This special Please send _ Model 8100 Frequency Coun:er kit(s) @ $89.95ea . $ I
offer good for a limited time only. I Shipping and handling $ 500/unit* § I

I Please send _ Model 2000 DMM kit(s) @ $69.95 ea $_
*Special offer good in USA only. l Shipping and handling $ 500/unit* § |
l Texas residents add sales tax $ . _ _ l
| Total enclosed . . . S |
Making performance affordable. | DCheck DMoneyOrder O Charge my Master Charge MR = |
- I Acc.No. Exp. Ot l
sabtronics 2 | S ———— l
a | Address N _ I :

13426 Floyd Circle » Dallas, T 75243 l A i
Telephone 214, 783-0984 I City - SHle—— —— ctil: |
*USA only. CANADA: $6.50. FOREIGN: $19.00 AIRMAIL.

e e e e e o e e e e e e e e e e e )
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ic polarity indication and a magnified sev-
en-segment LED display with a high-con-
trast-ratio filter. Optional accessories in-
clude a deluxe carrying case, ac adapter,
and 30-kV probes. $59.95, including test
leads and vinyl slip case. Address: Sinclair
Radionics, Inc., 115 E 57 St., New York,
NY 10022.

CIRCLE NO. 95 ON READER SERVICE CARD

gain, PA gain, and tone. Among control
swtich provisions are: high-frequency filter,
r.f. noise blanker ANL, CB-PA, and SWR-
calibrate. There are also two large meters
for signal strength and SWR/r.f. indica-
tions, headphone jack, and mode lamps on
the front panel. Other features include an
external speaker jack, a.c.-d.c. operation,
and an optional walnut-grain cabinet. The
unit can also be mounted in any standard
EIA 19" rack. Address: Colt Communica-
tions, 5424 W. Touhy Ave., Skokie, IL
60077.

CIRCLE NO. 96 ON READER SERVICE CARD

Amphenol
Mini-Uhf Connectors

Miniature uhf plugs and jacks with five
times greater frequency range (to 2.5 GHz)
than standard-size connectors have been
introduced by Amphenol. The new connec-
tors feature instant-on FPC-type termina-
tions and are designed to replace stand-
ard-size connectors used with RG-58/U
coaxial cable. About half as large as their
conventional counterparts, mini-uhf con-
nectors can easily be used in miniaturized
circuits and simplify installation of base-
station and mobile Amateur radio and CB
transceivers. The connectors are rated at a
nominal 50 ohms impedance, 1.25:1 typi-
cal VSWR, and 350 volts maximum. Prices
are $1.10 for the plug and $1.36 for the
jack. Address: Bunker Ramo/Amphenol
RF Operations, 33 E. Franklin St., Danbu-
ry, CT 06810.

Panasonic Cordless
Record Cleaner

The Panasonic BH-651E is a battery-
operated, hand-held LP record cleaning
device recently unveiled by Panasonic. A
rotary brush with 0.05mm bristles made of

PVC collects dust from the record surface
and deposits it in a built-in dust-box. The
brush turns at 3000 rpm. The cleaner oper-
ates on two AA batteries (not included).
Address: Panasonic, One Panasonic Way,
Secaucus, NJ 07094,
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ble to accommodate alternate character
codes or code sets. The blinking cursor
can be positioned anywhere on-screen or
switched off. Other features include clear
screen, bell code, and wrap-around. $600
assembled, $450 kit. Address: E&L Instru-
ments, Inc., 61 First St., Derby, CT 06418.

CIRCLE NO. 98 ON READER SERVICE CARD

Colt AM-SSB
Base Station

The new 40-channel Colt "Excalibur SSB”
model 1200 CB transceiver base station
features single-sideband and AM opera-
tion, and digital LED channel display.
Front-panel controls include r.f. gain, mic

E&L Video Terminal

Used with a TV receiver or optional video
monitor, E&L instruments’ Model VTE-1
video terminal electronics system provides
a full ASCIl keyboard, reprogrammable
character generator, cursor, and flicker-
free refresh. The one-piece molded cabi-
net is designed to support a CRT monitor
at a comfortable viewing angle. Full duplex
and local operation are possible with
RS-232C and 20-mA current-loop inter-
faces operating at speeds up to 9600
baud. The standard character set contains
64 uppercase alphanumeric ASClIl charac-
ters (lower-case optional), and the charac-
ter generator is user-reprogrammable to
provide any user-defined 5 x 7 dot matrix
characters. The 128-character ASCil de-
coder supplied is also user-reprogramma-

Fujitsu Ten In-dash

AM-FM-Cassette
with Dolby

The Fujitsu Ten GP-7881 in-dash car
stereo combines AM and stereo FM recep-
tion plus an auto-reverse cassette player
with Dolby noise reduction. The AM-FM
section has preset push-button selection of
five AM and five FM stations, interstation
muting, and a built-in noise blanker. The
stereo cassette section features locking re-

wind and fast-forward. The unit also has
separate bass and treble controls, and a
four-way fader control to adjust front/back
and left/right sound distribution. Tape-sec-
tion ratings are 0.3% wow and flutter; 48
dB S/N. Power output is rated at 5 watts
for each of the four speaker outputs, or 20
watts total, into a 4-ohm load. Current
drain is 1.6 amps max. $239.95. Address:
Fujitsu Ten, Dept. P, 1135 East Janis St.,
Carson, CA90746.
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Yamaha
“Disc Mode”
Amplifier

Yamaha's Model A-1 integrated amplifier
has a built-in head amplifier for moving-coil
cartridges and is used in a “disc-mode ori-
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Brand New.

LCD
Alarm

Chronograph

This spring and summer, our LCD Alarm
Chronograph was a runaway best seller. It's
sold outin fact. For this reason, we've improved
it. Made it even bolder and more exciting, with
‘extra convenience features and for less money!

How? By placing one of the largest watch
orders in our history...and passing the quan-
tity savings along to you.

Truly Extraordinary

This new LCD Alarm Chronograph is truly
extraordinary. It does more and does it better
than any other watch. With an impressive,
dramatic appearance that reflects its uncom-
mon ability.

Remarkable Value
The only thing about it that's not extravagant
is its price. It's actually over $200.00 less than
the nationally advertised watch that comes
close to its usefulness and accuracy.
is 6:53.44

hs HLH on Tuesday

Quartz Crystal Time...The LCD Alarm
Chronograph gives you accuracy to + 60 sec-
onds a year. Quartz crystal accuracy that would
have been considered sensational per monthin
earlier micro-electronic watches. And is still not
available in models selling for as much as
$500.00 to $1000.00.

The Electronic Calendar...So you always
have exactly the right time on display—the
hours, minutes and running seconds, plus the
day of the week. Then, at a touch, you can
replace the time with the month and date. Of
course, the electronic calendar adjusts au-
tomatically for the numberofdays in the month.
Then, so you can see when it's dim or you're in
the dark, the face lights up.

Correct time

SuMo Tu He E‘sn Sa Correct
] dateis
AR August 8th

24 Hour Alarm

Of all the features available in digital watches
today, an alarm system like this is the one that's
most wanted. And no wonder. It will wake you;
remind you of your appointments, phone calls
and meetings (or break one up that's been
going on too long). It's really important enough
all by itself to warrant your getting a new watch.

You can set this alarm for any minute of any
hour. Day or night. In all, 1440 positions are
available—easily and instantly. Then, unless
you change or deactivate it, the alarm will
sound for a full minute at the same time every
day. With an insistent, though pleasant, beep.
When the alarm is set, an A appears on the
face. To check the time it'll go off, just touch the
alarm button.

SuMo T He TuFa 50 2 Setto
: ring at
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The Chronegraph System

As to the chronograph, or split-second timer,
it's precision is so fine, it borders on the in-
finitesimal. Imagine, it enables you to time an
event for up to an hour to one-hundredth of a
second . . . and beyond that, for a full 24 hours,
to the second! On top of which, you can time an
event in memory, keeping the regular time of
display until you need the chronograph
readout. Then, as you'll see in the explanation
to the far right, the chronograph measures or
stqlps time, in an extraordinary variety of waés.

his exceptonal versatility makes the LCD
Alarm Chroncgraph with its highly sophisti-
cated micro-ccmputer chip the ideal instrument
for doctors, pilots, motion picture directors and
photographers, sound and efficiency en-
gineers, sportsmen of course, and every
executive who wants the ability to command
time to stand still.

Only $70

Right now, only the Seiko among nationally
advertised brands has all these features. And it
regularly sells for $299.95. Well over two
hundred dollars more—even though its
chronograph is accurate to only a tenth of a
second.

This incomparable value (proved after
exhaustive quality control tests) is what really
impressed us. And we're one of the oldest and
largest mail merchandisers in America.

30 Day Trial

What is more, buying by mail, you can prove
all this to your own satisfaction without riskin
one cent. You have thirty days to put the LC
Alarm Chronograph to the test—to confirm it
won't gain or lose five seconds a month, prove
the convenience of the alam, satisfy yourself
that the LCD Alarm Chronograph is as useful
as itis easy to operate. More, to compare it with
any watch at any price, and to send it back for a
complete refund if the value is not as great as
we say, if it doesn't arouse the admiration and
fascination of your friends, win your own plea-
sure and satistaction.

Silver-tone or gold plated
So order your LCD Alarm Chronograph to-
day. The price, including shipping, handiing,
insurance and a handsome gift case is just
$70.00 with chrome case and stainless steel
bracelet, or $30.00 in gold plated case and
CIRCLE NQ. 16 ON FREE INFORMATION CARD
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You can’t wear a
more accurate watch
...With the split

second precision

of the finest
Swiss stopwatch
...Plus a 24-hour
alarm & personal
reminder system.

tracelet Your watch comes with a full ONE
YEAR Limited Warranty. Remember, too, the
printed circuitry eliminates all moving parts and
rormal servicing, and assures you of years of
t-ouble-tree performance.

800-325-6400
OPERATOR #19

(Missouri residents call 800-342-6600)
In operation 7 days a week

To order by credit card, call the toll free
number above. Send your check to Douglas
Dunhill at the address below. (New York and
llinois residents add the appropriate sales tax.)

The Multi-Function Chronograph System

No other instrument, at any price, gives you greater
precision than the 1/100th of a second accuracy of the
new LCD Alarm Chronograph, or greater versatility
and flexibility in timing an event from a fraction of a
second to 24 hours. Only with the micro-electronic
revolution could you have a multi-function chronog-
raph, a chronograph that can be put in memory, in a
sleek, thin, superbly styled timepiece like this.

Timed to
54 minutes and
14.85 seconds

S5u Mg Tu HE Th FR Sa
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#1 Add Time...is the stop watch mode. You'll use it
to time everything from a phone call to the length of a
meeting. How long your car’s been at a parking meter,
the time you've been jogging or exercising, even the
time it taxes a quarterback to set up and throw. With
Add Time, you can stop when necessary, like a ime
out in basketball, and start again when the action
begins. Try it the next time you prepare a speech.

#2 Split Time.. . is the mode you'll use to getthe time
of each contestant across the finish line, or to get the
time for the Ya or the %2 or any interim. On Split Time
the chronograph is actually stopped and running at
the same time, so you can use itto figure the time of a
pit stop, for example, and still get the over-all time of
the race.

#3 Twin Timing. .. Most extraordinary of all, you can
actually combine these functions, using your chrono-
graph as both a stopwatch and split timer. For exam-
ple, a television producer would start timing a show,
he then stops and starts the chronograph to get the
time of the commercial, writes down the figure, and
starts the chronograph again, which jumps ahead to
the total elapsed time. With an ordinary or analog
stopwatch, you'd need two sets of hands to do this—
and would probablz have to pay more for just a stop-
watch than for the LCD Alarm Chronograph.

You'll find the chronograph so easy to use, you'll
master it in minutes, and in days find innumerable
business and personal uses. Take 30 days to prove it
to yourself.

Be sure 0 specify white or gold. You'll have the pre-
cise time, absolute control over time, plus ample warn-
ing when it's time to do anything. And the pride that
comes with wearing a watch that’s second to none.

© Douglas Dunhill Inc. 1978
\)6\-“5 DunHlL(’

g $
.v : Dept. 81-2321
S & 4225 Frontage Road

QapasLe auP”  Oak Forest, IL 60452
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J Considering a Microcomputer?

Be Sure to Check Out the Product Offerings of the World’s Largest
Full Line Microcomputer Company.

All Ohio Scientific machines come with microcomputing’s fastest full
feature BASIC-in-ROM or on-Disk for instant use.

Challenger | Series Configuration P
Economical computer systems that talk in BASIC.
Ideal for hobbyists, students, education and the home.,
Superboard Il — World's first complete system on aboard 4K RAM $§ 279
including keyboard, video display, audio
cassette, BASIC-in-ROM and up to 8K RAM

Challenger IP — Fulty packaged Superboard Il with 4KRAM  § 349
power supply
Challenger IP Disk — Complete mini-floppy system 16K RAM  $1190
expandable to 32K RAM &%%w P —
Challenger IIP Series o Eymrrma
Ultra high performance BUS oriented microcomputers for TREaE e e R b SRS
personal, educational, research and small business use. o e
C2-4P — The professional portable 4KRAM  § 508  EREEEERRETRS SRSIaSbaes
C2-8P — The world's most expandable personal machine 4KRAM  § 799 R e SRR TR IRE S
for business or research applications cESremewtino ., OHN0 SCIENTIFIC
C2-4P Disk — The ultimate portable 16K RAM  $1464 = e
C2-8P Single Disk — Ideal for education, advanced 16K RAM  $1738
personal users, etc.
C2-8P Dual Disk — Most cost effective small 32K RAM %2597
business system
Challenger Il Serial Interface Series i et comping
Same great features as Challenger IIP Series for those who
have serial terminals: small business, education, industry.
C2-0—Great starter for users with a terminal 4K RAM $ 298
C2-1 — Great timeshare user accessory; cuts costs 4K RAM $ 498
by running simple BASIC programs locally
C2-8S — Highly expandable serial machine, can 4K RAM $ 545
add disks, etc.
Challenger lll The Ultimate in Small Computers e e o
The unique three processor system for demanding business, ";_-‘-"_';'::::m'_':':_. :Ef«'.f_‘—;”}”;f:‘;“‘::,ﬁ
education, research and industrial development applications. T .
C3-S1 — World's most popular 8" floppy based 32K RAM $3590
microcomputer dual floppys
C3-OEM — Single package high volume user version 32K RAM  $3590 e
of C3-S1 dual floppys b byl o
C3-A — Rack mounted multi-user business system 48K RAM 35090
directly expandabe to C3-B dual floppys
C3-B — 74 million byte Winchester disk based system. 48K RAM  $11,090
World's most powerful microcomputer dual floppys

OHIO SCIENTIFIC also offers you the broadest line of expansion
accessories and the largest selection of affordable software!

Compare the closest Ohio Scientific Model! to any other unit you are con-
sidering. Compare the performance, real expansion ability, software and
price, and you will see why we have become the world's largest full line
microcomputer company.

lirm interested in OSI Computers. Send me information on:
O Personal Computers O Small Business Computers
I O Educational Systems O Industrial Development Systems

10 I'm enclosing $1.00 for your 64-page small computer buyer’s guide.
| Ohio residents add 4% tax.

| =T
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 Address 1333 S. Chillicothe Road

| City Aurora, Ohio 44202

I State Zip (216) 562-3101

IPhone ________________________ (

-1_4 —————— CIRCLE NO. S5' ON FREE INFORMAYION CARD POPULAR ELECTRON.CS
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ented” operation that couples the phono
input almost directly to the output power
amplifier. A unique DISC switch overrides
all secondary controls and achieves a cir-
cuit configuration that is claimed as close
to the straight wire with gain concept as is
technologically possibte. This amplifier
also uses a direct-current equalizer to
achieve significant improvement in tran-
sient response. The equalizer is direct-
coupled to a high-gain (41.5 dB) power
amplifier whose full-rated output power
can be achieved with only a 200-mV output
from the preamplifier. Specifications: 70
watts/channel into 8 ohms at 0.02% THD;
20 to 20,000 Hz+0/-0.2 dB frequency re-
sponse; 230 mV rms moving-magnet, 6
mV rms moving-coil phono overload; more
than 70 dB channel separation; 82 to 105
dB S/N. $595. Address: Box 6600, Buena
Park, CA 90620.

CIRCLE NO. 100 ON READER SERVICE CARD

Heathkit
Computerized
Weather Station

Heath's new 1D-4001 weather station has
digital readouts for indoor and outdoor
temperatures, wind speed and direction,
barometric pressure and time. As a result
of a built-in microprocessor, it can also cal-
culate and display average wind speed
and wind chill factor. In addition, a built-in
memory allows it to instantly recall the

dates and times of maximum and minimum
temperatures, barometric pressure, wind

gusts, barometric pressure's rate of
change per hour, and whether pressure is
rising or falling. Wind speed can beread in
mph, kph or knots, temperature in Fahren-
heit or Celsius, and barometric pressure in
inches of mercury or millibars. $369.95, kit;
$595.00, assembled. Address: Heath
Company, Dept. 350-730, Benton Harbor,
M1 49022.

CIRCLE NO. 90 ON READER SERVICE CARD
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New Literature

STURDILITE ‘IDEA BOOKLET”

Sturdilite has announced availabitity of its
"ldea Booklet” describing its line of modular
lab and work stations for electronic, R&D,
quality control, technical production and as-
sembly applications. Over a dozen typical in-
stallations are shown, and the brochure dem-
onstrates how the Sturdilite “building-block”
design concept can simplify planning lab or
work station areas. Address: Sturdilite Lab &
Work Stations, Angle Steel Div., 323 Acorn
St., Dept. 32, Plainwell, Ml 49080.

PHILMORE CATALOG SUPPLEMENT

An eight-page catalog supplement (#771) is
available from Philmore describing additions
to their line of communications, hi-fi, consum-
er, and OEM products. Among the 47 new
items listed are a four-way car speaker sys-
tem, five-channel disco/broadcast mixer, and
all-purpose portable PA amplifier. Address:
Philmore Mfg. Co., Inc., 40 inip Dr., inwood,
NY 11696.

COMPUTER SERVICES DIRECTORY

A new version of “Directory of Computer
Based Services” is available from Telenet,
listing organizations offering interactive com-
puting and information retrieval services.
These include data banks, commercial serv-
ice bureaus, educational institutions, and oth-
er companies, all categorized by application
specialty, programming language, and data
base offerings. Also listed is information on fi-
nancial and economic data bases, FCC tariffs
for communications common carriers, school
guidance, advertising media and market re-
search, energy and pollution, and engineer-
ing. Cost is $2.00. Address: Telenet Com-
munications Corp., Publications Dept., 1050
17th St. NW, Washington, DC 20036.

HIGH-VOLTAGE TRANSIENT TIPS

Tech Tips 1-7 from Westinghouse describes
an ac switch voltage transient protection cir-
cuit. The two-page bulletin includes a sche-
matic of the circuit described. Address: West-
inghouse Electric Corp., Semiconductor Div.,
Youngwood, PA 15697.

SWITCHCRAFT CONNECTOR
BULLETIN

Switchcraft's New Product Bulletin No. 328
describes “'Silent-Plug.” This connector elimi-
nates loudspeaker noises when amplifier ca-
bles are connected and disconnected from

AmericanRadioHistorv.Com

amplified musical instruments. Also dis-
cussed are special features that protect cable
and plug from damage associated with trans-
porting and setting up equipment. Address:
Switchcsaft, Inc., Sales Dept., 5555 N. Elston
Ave., Chicago, IL 60630.

NEWMAN COMPUTER CATALOG
Newman Computer Exchange has a new 72-
page catalog listing its most popular new and
used mini- and microcomputer products. Per-
sonal computers, books, accessories, and
other computer-related items appear in the
micro section of the catalog, while the mini
section features mostly DEC and Data Gen-
eral products. Mailing list members receive
catalogs twice each year plus supplements
and special sale announcements. Address:
Newman Computer Exchange, Dept. R48,
Box 8610, Ann Arbor, M148107.

VIZ TEST INSTRUMENTS

The VIZ 1978 full-line catalog describes over
55 test instruments and accessories, many of
them new. Full specifications and technical
details are contained in its 44-page publica-
tion. Also available is an eight-page short-
form catalog listing 36 popular VIZ instru-
ments. Address: Robert Liska, VIZ Test In-
strumentts Group, VIZ Mfg. Co., 335 E. Price
St., Philadelphia, PA 19144,

NANMAC THERMOCOUPLE BOOKLET
“Temperature-EMF Tables for Thermocou-
ples” (Booklet No. 9000) is a 20-page publi-
cation available free from Nanmac. It con-
tains American National Standards Institute
thermocouple calibration tables, designated
ANS| MC96.1-1975. Information is presented
in Celcius and Farenheit format. Also includ-
ed is information on calibration graphs, wire
codes, extension and compensating wire
codes, and limits of error. Address: J. Nani-
gian, Nanmac Corp., 9-11 Mayhew St., Fra-
mingham Centre, MA 01701.

REI RENTAL CATALOG

The 1978 catalog of electronic instrumenta-
tion and equipment available for short-term
rental from Rental Electronics, Inc. describes
almost 13,000 items, including products from
companies such as Brush, Digitec, Fluke,
Hewlett-Packard, Honeywell, Intel, Tektronix,
etc. Product categories include: amplifiers,
analyzers, calibrators, counters, function
generators, signal sources, digital meters,
oscilloscopes, power supplies, probes, chart
recorders, etc. Address: Rental Electronics,
Inc., 19347 Londelius St., Northridge, CA
91324.

NATIONAL BI-FET BROCHURE

A 16-page brochure on BI-FET™ and BI-FET
IIT™ op amps, available from National Semi-
conductor, is a guide to circuits using these
devices, including op amps, sample and
holds, analog switches, MUXs and others.
Data sheets and selection guides are includ-
ed. Address: National Semiconductor, 2900
Semiconductor Dr., Santa Clara, CA 85051.
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Learnto service Commumcuhons/CB
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with

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

There are more than 25
million CB sets out there, mil-
lions more two-way radios,
walkie-talkies, and other
communications apparatus
in use by business, industry,
government, police and fire
departments, and individuals.
That means a lot of service
and maintenance jobs ... and
NRI can train you at home
to fill one of these openings.
NRI's Complete Communica-
tions Course covers all types of
two-way radio equipment ...
AM and FM transmission and
reception, television broadcast-
ing, microwave systems, radar
principles, marine electronics,
mobile communications, and
aircraft electronics. And NRI guaran-
tees you will pass the exam for the
commercial FCC Radiotelephone
License you need to perform most
servicing work, or your tuition will
be refunded in full. This money-back

Some designed-for-learning equipment you get.

'3

-
- vy

agreement is good for six months
after completion of your course.

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

You'll learn to service all types
of communications equipment as you
assemble your own VHF transceiver.
NRI engineers have designed it, not
only as a commercial-quality, hlgh
performance unit, but as a unique

“power-on” training tool to give you
actual bench experience with the
principles needed to service CB, com-
mercial, and amateur equipment.

Then we help you
get vour FCC Amateur License
$O you can go on the air.
The complete course includes
48 lessons, 9 special reference texts,
and 10 training kits. Included are
your own electronics Discovery Lab;"

AmericanRadioHictory Com

's Complete

antenna applications lab, CMOS digi-
tal frequency counter, and an optical
transmission system. You'll learn at
home, at your own convenience,
earning your FCC license and the
preparation you need for the com-
munications field of your choice.
Mail the postage-paid card today.
™ Trademark McGraw Hill.

CB specialist course

also offered.

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

POPULAR ELECTRONICS



equipment at home...

Communications Cdu.’e <

Orgetinto
TV and audio servicing

NRI can train you at home to
service TV equipment and audio sys-
tems. Choose from five courses that
g0 up to our 48-lesson Master Color
TV/Audio Course. With it you get
14 kits for practical bench training
and demonstrations, including NRI's
exclusive, designed-for-learning,

25" diagonal solid state color TV,
4-channel audio system complete
with speakers, and professional in-
struments you build and use for learn-
ing and earning. It's proven, effective
training that's helped thousands of
pros already. And it's the best value
offered in the field. NRI's bite-size
lessons speed learning, exclusive

Learn computer electronics

NRI trains you at home
on a real digital computer.
Qualified technicians are

urgently needed

for careers in

the rapidly
growing field
of computer
and digital elec-
b} tronics...and NRI
trains you at home
on the real thing.
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“Power-On" training makes it real.
Send card for free catalog.

As part of your training, you actually
assemble a working digital computer
with expanded memory, define and
flow chart programs, code your pro-
gram, store it along with data in the
memory bank. It's just one of the 10
hands-on training kits you receive.
You also build and use your own
TVOM; experiment with NRI's exclu-
sive electronics lab. It's the quickest
and best way to learn and start a new
career in trouble-shooting digital
computers. Send the card today.

AmericanRadioHistory.Com

NRI instructor/eng
Each NRI student is .

his own course instructor. He
to help you over any rough sp
plain problems, and give you tl,
vice you need as you progress tos
your future. And he knows what h
talking about, because he was more
than likely involved in the design
of your course or some of the NRI
equipment you use. NRI instructors
are practical, experienced people who
really know their field and do their
best to pass their knowledge on to you.

You get more
for your money from NRI.

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

Free catalog. ..

No salesman will call.

Get your free catalog and dis-
cover why NRI is the leader in home
technical training with over a million
students, over 60 years experience in
helping people build new careers.
Mail the card today and get started
on your new future. If card has been
removed, write t0:

gm'
HIl

NRI SCHOOLS
McGraw Hill Center

for Continuing Education
3939 Wisconsin Avenue
Washington, D.C. 20016
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Stereo Scene

A NEW TONEARM

N THE PAST, this column has been

outspoken about the desirability of
controlling—and reducing as much as
possible—the tonearm/cartridge reso-
nances that are an inevitable part of
playing a record. The major such reso-
nance, of course, results from the total
effective mass of the arm and the com-
pliance of the stylus suspension in the
cartridge (compliances, actually, be-
cause many cartridges exhibit different
static compliances for vertical and later-
al stylus movements). There are sec-
ondary resonances as well. They gener-
ally result from nonrigidity of the tone-
arm structure (nobody knows how to
make a perfectly rigid tonearm), so that
it behaves as an assemblage of lesser
masses rather than as a unitized whole.
These resonances frequently turn up in
the audio-frequency range, while the
fundamental resonant frequency is well
below 20 Hz with most tonearm/car-
tridge combinations.

| have always considered secondary
resonances in the audio range to be the
lesser of the two evils. When audible
(and as a rule they are extremely subtle
if the tonearm is at all decent), they in-
troduce colorations that are usually of
much less magnitude than similar-
sounding colorations contributed by
loudspeakers and listening rooms.
Therefore, they are psychoacoustically
masked out of the sonic picture. But the
fundamental arm-cartridge resonance is
often a high-amplitude affair that, while
being too low in frequency to be audible
as a coloration per se, brings about sig-
nificant arm motion relative to the record
surface. The cartridge cantilever is de-
flected, rapidly changing the effective

length of the tonearm and introducing °

flutter effects in the reproduced sound.
Strict tracking geometry is upset and be-
comes ever-varying. Tracking force os-
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By Ralph Hodges

cillates, and mistracking is prone to oc-
cur. And the high-amplitude infrasonic
frequencies, if passed by the amplifica-
tion chain, have been demonstrated as
capable of producing audible Doppler
distortion in loudspeakers.

Tonearm Philosophies. As you
might suspect, not everyone agrees with
the way | order tonearm priorities. For
example, | tend to favor a tonearm with
suitably low effective mass, so that the
fundamental resonance can be raised
sufficiently above the frequency where
most warps statistically occur (around 4
Hz, according to studies by Shure Broth-
ers). Of course, secondary resonances
are more likely to occur in an arm of very
light structure. However, using a suitably
inert arm material, keeping the arm shaft
as homogenous as possible (for exam-
ple, no removable head shells, alas),
and exercising some care in the design
and adjustment of pivots can do much to
keep such resonances below the audi-
ble threshold.

Another school of thought, especially
popular in Japan, espouses an excep-
tionally sturdy—and therefore rather
massy—arm shaft to banish secondary
resonances. Fundamental resonances
are kept somewhat in check by various
damping schemes or by admonitions not
to expect the best results unless un-
warped records are used. The Japanese
have developed sophisticated means of
detecting and measuring secondary re-
sonances, and their concern about them
has been aroused proportionately. But
the unwarped record that works best
with a relatively massy arm is still a hard
item to find—af least outside of Japan.

The Servo-Assisted Arm. A few

years ago, Finnegan and Klunis of 3M
reported on experiments with a tonearm
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having a built-in linear electric motor—
not really much more than a loudspeak-
er drive assembly—that could be direct-
ed by a servomechanism to resist undue
vertical “bobbing” of the tonearm
caused by record warps. The results
seemed promising, and it soon came to
light that at least one other U.S. compa-
ny was engaged in work on a similar de-
sign, with intent to introduce it as a con-
sumer product. Very recently, however,
Sony in Japan beat everyone to the
punch by announcing the development
of an *“electronic” tonearm somewhat
more complex than any of the other pro-
posed designs. That there are no im-
mediate plans for export of the arm
makes any interest in it purely academ-
ic; but the test results achieved so far
make the interest considerable.

According to Sony’s Satoshi Kusaka,
writing in the August, 1978 issue of the
Japan Electronics Industries journal, the
motion sensors and servo motors in the
arm perform several functions. They lift
and lower the arm and swing it to and
from the record surface, thus providing
the essential operation of an automatic
turntable. They apply tracking force,
skating compensation, and static bal-
ance. And through servo feedback they
introduce electromechanical damping
that greatly reduces the fundamental
arm-cartridge resonance and other vi-
brations. With the fundamental arm res-
onance under control through electronic
means, the arm structure can theoreti-
cally then be made rigid and massy
enough to suppress secondary reso-
nances with no detriment to overall per-
formance.

The complexity of the Sony design
takes it a step beyond other proposals of
the same fundamental nature. Not only
does it have a vertical sensor and motor,
assigned the tasks of establishing zero
balance, tracking force, and vertical
damping. It also has a similar configura-
tion for lateral movement, which applies
anti-skating and keeps the arm in lateral
balance. The automatic functions—
tonearm lift and transit—are easily in-
cluded side benefits. An optical system
at the very base of the arm triggers the
end-of-record cycle and also regutates
the cueing of the tonearm so that it can
accomodate various record diameters.

An obviously essential external unit
contains the servo amplifiers and the
controls for operating and adjusting the
arm. Kasuka's paper gives virtually no
details on the nature of the control sys-
tems, so it is necessary to speculate.
Unlike some of the other electronic-ser-
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Only the most sophisticafed research and development
in this industry could create

Two sources of perfection
in siereo sound!

It takes real effort and skill to become the acknowledged

gf:ti'r“:‘g?cpgr'j:r:e‘?ee leader in the industry, and even more to stay ahead.

records free of dust anpds € Pictured above are just a few of the advanced electronic
damps low frequency =t % s devices that Pickering employs in product research and
tonearm resonance. custom-designed development. At left above, the XYY plotter

on Pickering's Real Time Analyzer and, at the right above,
Pickering’s remarkable Scanning Electronic Beam Microscope
capable of 160,000 times magnification.

Pickering’s engineering department is responsible for creat-
ing these two outstanding cartridges that, as one reviewer
stated: “The XV-15/625E offers performance per dollar; the
XSV /3000 higher absolute periormance level.”

Both the XSV /3000 with its trademarked Stereohedron Stylus
tip for the least record wear and the longest stylus life achievable
so far...and the XV-15/625E .. .represent best buys at their price

| @ PICKERING— levels. Audition them today at your Pickering Dealer.
]

For further information write to Pickering & Co., Inc., Dept. PE,
“for those who can hear the difference” 101 Sunnyside Bivd., Plainview N.Y. 11803
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Fig. 1. Tests of the Sony arm with electronics “on’’
(solid line) and “off”’ (dotted line) demonstrate

wow and flutter values up to 10Hz.

vo designs, which feed the control sys-
tems by means of signals derived from
the cartridge through a low-pass (infra-
sonic) filter, the Sony arm evidently pays
no attention to the cartridge output and
instead relies on built-in motion sensors.
Sony's curves, reproduced in Fig. 1,
suggest that the motion-sensor outputs
are processed by a high-pass filter that
restricts their influence to frequencies
above about 1 Hz, which is an octave
away from the approximately 0.5-Hz ro-
tational rate of an LP record. This makes
perfect sense if we want (as we do) the
arm to be able to follow the eccentricities
of an off-center record freely. What the
servo system is supposed to do when
confronted with a 45- or 78-rpm record is
not indicated.

Other Performance Characteris-
tics. The curves of Fig. 2 show the con-

STANDARD TONEARM
T T

siderable effectiveness of the Sony arm
in reducing the amplitude of the funda-
mental arm-cartridge resonance. They
also show a dramatic reduction in inter-
channel crosstalk, which indicates the
fallacy of some tonearm manufacturers
in believing that arm resonances activat-
ed by record warps involve only vertical
perturbations. Experience shows that
there are significant lateral components
of motion involved as well.

Fig. 1 shows measured values of wow
and flutter for frequencies up to 10 Hz,
with and without the servomechanisms
in the arm engaged. You'll note how
much more subject the arm is to fre-
quency-modulation effects without the
servo, particularly near the critical region
of 4 Hz where record warps are concen-
trated. | suspect that this is where the
greatest benefits of the arm are to be
realized. In the region above 5 Hz, which

SERVO CONTROLLED TONEARM
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Fig. 2. Damping action of Sony servos significantly

reduces amplitude of the fundamental

arm-cartridge resonance and the crosstalk.
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is where the curves of Fig. 1 show the
fundamental arm-cartridge resonance to
be located, the results are less clear-cut,
but they certainly show no significant
detriment to performance.

Fig. 3 shows the output of the car-
tridge with the arm playing an un-
modulated record groove, without and
with servo regulation. The "without” sig-
nal exhibits a sort of envelope suggest-
ing low-frequency modulation of the rec-
ord noise that serves to increase its
peak values. The “with” signal is well
controlled by comparison. In similar ex-
periments, | have observed a sort of
tonearm “shimmy” that can crop up
even without any groove modulation;
this shimmy can be audible as a sort of
stylus “chatter.”

Finally, Fig. 4, another “without” and
“with” display, exhibits the damping pro-
vided by the servomechanism. In this
case the tonearm has had a 0.5-gram
object dropped on its head shell from a
height of 10 ¢entimeters. The interpreta-
tion of the results is obvious.

How Good an Ildea? Evidently it will
be some time before the U.S. consumer
gets a chance to sample the perfor-
mance of the Sony arm at first hand, and
even then the price (I cannot even quote
a projected figure in Japanese Yen) may
get the better of his curiosity. The data,
as supplied by Sony, definitely seem to
be moving in the right direction, and they
certainly reveal the possibilities for sig-
nificant improvement in record-player
performance. The conquest of the effec-
tive-mass problem seems quite deci-
sive, and it is hard to see how any sig-
nificant trouble could be encountered
unless the fundamental arm-cartridge
resonance fell low enough to approach 1
Hz, which is unlikely even with the most
compliant of today’s cartridges. In this
sense the arm should be truly universal.
It is also universal in requiring no com-
plex readjustment when cartridges are
changed. Zero-balance, tracking force,
and anti-skating are established elec-
tronically through the servos. If the new
cartridge requires a different tracking
force and skating compensation, these
are simply dialed in on the contro! mod-
ule. The whole business becomes a
simple plug-in and a few deft twists.

On the other hand, had Sony chosen
to offer its own cartridge—a strain-
gauge or photoelectric type, for exam-
ple—as an option for the arm, new pos-
sibilities could have been opened up.
These types of cartridge have an output
down to dc when stylus deflection exists.

POPULAR ELECTRONICS



STANDARD TONEARM

SERVO CONTROLLED TONEARM
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“A Technological
Masterpiece..."

Fig. 3. A stable tonearm can markedly reduce noise
output from a cartridge over a broad band of frequencies.

Monitoring that output would make pos-
sible dynamic anti-skating compensa-
tion that could to a degree adjust itself to
the constantly changing drag exerted on
the stylus by different record materials
and modulation velocities. (At the time of
his direct involvement with radial-track-
ing tone arms, inventor Jacob Rabinow
became convinced that their elegant so-
lution to the skating problem was a great
contribution to their audible merit.)
Tracking force could be referred directly
to stylus-cantilever deflection, which
might prove to be a bit more realistic ap-
proach than to assume that every sam-
ple of a particular cartridge model is
identical to its brethren and requires ex-
actly the same tracking force. But let us
not quibble here. Sony has chosen to
build a completely universal tonearm de-
signed to work with any high-quality car-
tridge, and this attitude probably serves
the interests of the market best.

Now, what | would like to do is pirate
the whole assembly containing the verti-
cal sensor mechanism and motor,
mount it to a carriage that would enable
it to transit along an overhead track,
shorten the support shaft so that the lat-

STANDARD TONEARM

eral sensor and motor could be brought
right up underneath the carriage, con-
vert the optical record-size/end sensor
mechanism into a system that could
control an advance motor, straighten the
arm shaft, and. . . . Well, you get the
idea. Maybe next year.

The pity of it all is that a miniscule
number of people ever gets to work with
a record-playing system sophisticated
enough to do credit to the disc medium,
and therefore the audible improvements
possible are just not realized by the ma-
jority of sound enthusiasts. Pursuing the
ideal speaker is certainly no waste of
time, and trying to get a line on the best-
sounding amplifier and preamplifier is
probably not complete folly. But the pro-
gram sources available to the average
consumer today are grossly imperfect,
and although digital techniques suggest
an answer, it is not an answer readily at
hand. So | recommend you consider
looking to improvements on your record-
playing system. The improvements will
not be easy to effect and in many cases
they will not be cheap. But they canbe a
revelation.

We'll keep you posted. o

SERVO CONTROLLED TONEARM
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Fig. 4. In a shock-response test, the servo-controlled
arm’s superiority is immediately apparent from

the quick damping of oscillation.
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Mcintosh C 32

“More Than a Preamplifier”

McIntosh has received peerless ac-
claim from prominent product
testing laboratories and outstand-
ing international recognition! You
can learn why the “more than a
preamplifier” C 32 has been
selected for these unique honors.

Send us your name and address
and we'll send you the complete
product reviews and data on all
Mcintosh products, copies of the
international awards; and a North
American FM directory. You will
understand why Mcintosh product
research and development always
has the appearance and tech-
nological look to the future.

Keep up to date.
Send now - - -

Mcintosh Laboratory Inc.
Box 96 East Side Station
Binghamton, NY 13904

Name

Address

City State Zip

If you are in a hurry for your catalog please
send the coupon to Mcintosh. For non-Tush
service send the Reader Service Card to the
magazine.
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~Julian Hirsch
Audio Reports

two amplifiers are in "Powered
Advent” speaker system

separate amps for
woofer and tweeter
plus electronic
crossover network

\ g Advent Corpora-
HIRSCH- s “Powered
HOUCK  ,\ivent” is a biam-

i plified speaker

system that em-
ploys the same drivers developed for the
company’s “New Advent” system. The
enclosures for the two systems are
approximately the same size. The Pow-
ered Advent, however, contains built-in
separate power amplifiers for its woofer
and tweeter plus an electronic cross-
over network and elaborate safeguards
to protect both ampilifiers and drivers
against damage.

The cabinet for the system is finished
in oiled wainut veneer, with rounded sol-
id walnut edge moidings. Except for a
control panel at the top of each enclo-
sure, these speaker systems appear
conventionally designed. The system,
including a black pedestal base that
comes with it, measures 28 3%"H x 14
"W x 13"D (72.1 x 35.9 x 33 cm) and
weighs 66.5 Ib (30.2 kg). Each system is
supplied with a 30’ (9.1-m) cable fitted
with phono plugs at both ends. Suggest-
ed retail price is $499.50 per system.

General Description. The Powered
Advent is a two-way system, as are all
Advent speaker systems. lts 10" (25.4-
cm) acoustic suspension woofer is driv-
en by an amplifier rated to deliver 80
watts from 20 to 20,000 Hz (it operates
up to only aboug 2000 Hz) with less than
0.1% distortion. Beyond the 1500-Hz
crossover frequency, a 134" (3.50-cm)
dome tweeter takes over. it is driven by
a separate identical ampilifier which op-
erates from about 1000 to 20,000 Hz.
The power transistors for both amplifiers

24

are mounted on the enclosure's metal
rear plate, which serves as a heat sink.

The speaker system’s input is through
a conventional phono jack on the rear
panel. Near this jack is a small toggle
switch that can be used to switch in and
out an internal subsonic filter whose re-
sponse is down 1 dB at 30 Hz and 24 dB
at 5 Hz. A small panel on top of the en-
closure contains a number of operating
controls, including a pushbutton POWER
switch, low- and high-frequency EQUAL-
IZER CIRCUIT controls, and an INPUT SEN-
SITIVITY control.

Equalization controls affect only the
frequency extremes and are intended to
compensate for room acoustics (and for
some program material at high frequen-
cies). The BeLow 100-Hz control pro-
vides up to 6 dB of boost at 30 Hz, and
its action is confined to a frequency
range of less than 100 Hz. The ABove
3000-Hz control affects only those fre-
quencies beyond 3000 Hz and has a
range of =4 dB at 10,000 Hz. The INPUT
SENSITIVITY control can be adjusted from
0.3-volt maximum input for full speaker
system output to fully off.

A green LED on the panel comes on
when power is switched on, while a red
LED flashes when one of the system'’s
internal protective systems has been
tripped. The system’s input impedance
of 100,000 ohms permits the Powered
Advent 1o be driven from any line-level
source, such as a preamplifier, tuner, or
tape deck.

There are four separate protective cir-
cuits in the Powered Advent system.
The tweeter is protected by an analog

circuit that integrates the energy in the
tweeter's frequency range and shuts off
the driver if thermal overload is immi-
nent. It does not react to short bursts of
high-frequency energy. Thus, it protects
the tweeter against voice-coil burnout
from lower-level signals of relatively long
duration.

Another circuit protects against
excessive excursion of the woofer's
cone, which could be caused by a failure
in the amplifier that places the dc supply
voltage across the woofer's voice coil or
by certain overload signals (such as
dropping the phono pickup onto a record

two-way system has
10-inch woofer and
13/8-inch dome tweeter

with the volume set high) with the sub-
sonic filter bypassed.

A third circuit protects the ampiifiers’
output transistors. This circuit continu-

Toneburst responses for (left to right) 100, 1000, and 10,000 Hz.
POPULAR ELECTRONICS

AmericanRadioHistorv.Com




Product Focus

The Powered Advent is one of the few
self-powered biamplified speaker sys-
tems on the market today. Several ad-
vantages have been claimed for this de-
sign approach. Some are obvious, such
as the elimination of bulky power amplifi-
ers that can at times pose installation
problems. Most, however, relate to the
interface between amplifier and speaker-
system drivers.

it has been claimed that the induc-
tance (or capacitance or resistance or a
combination of the three) of ordinary
speaker cables leads to a subtle loss of
definition or other degradation of sound
quality, usually by virtue of its effect on
the system's response in the ultrasonic¢
range. Although the reality of these ef-
fects is debatable, there can be no argu-
ment that reducing the length of speaker
cables or eliminating them entirely can
be beneficial. Building the amplifier into
the speaker enclosure represents the ul-
timate in elimination of cable effects.

The impedance of most speaker sys-
tems varies widely over the audio fre-
quency range. Part of this is due to the
drivers' mechanical resonances and part
to the reactive crossover network compo-
nents. As a result, the amplifier is almost

VARIABLE
EQ

has the opportunity to compensate for
them in the overall design of the amplifier
and speaker system.

There can be no doubt that the cross-
over design has a considerable effect on
the overall sound of a speaker system,
and many people feel that eliminating the
usual crossover (by going to a biampli-
fied system) results in a clearer, better
defined sound quality.

Anyone who has had the misfortune to
blow out a speaker system or an amplifi-
er by careless or over-enthusiastic use of
the volume control, will appreciate the
advantage of having foolproof protection
in his music system. It is difficult to make
an amplifier that is absolutely blowaut-
proof under any load and drive condi-
tions, and it is impossible to make a
Speaker system that cannot be damaged
by some amplifier. However, if the am-
plifier and speaker system are designed
as an integrated unit, as in the Powered
Advent system, their characteristics can
be made complementary. In addition, the
protective circuits can be integrated with
the total design. making burn-outs almost
impossible.

The above are some of the advan-
tages of the integrated biamplified design
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never terminated in a load that in any
way resembles the ideal resistor load
used for laboratory testing of amplifier
performance. Some combinations of
speaker systems and amplifiers are par-
ticularly unfortunate because they lead to
distortion and instability. In a biamplified
system, however, the crossover compo-
nents are ahead of the amplifiers. Thus,
each amplifier "sees" only the imped-
ance variation of the drivers themselves.
Even if these are substantial or unusual,
the integrated speaker-system designer

JANUARY 1979

used in the Powered Advent. There are
certainly many more, but the ones
enumerated here are, in our view, the
principal “plusses” of this type of pro-
duct. The most obvious minus in such a
system is the cost, although when one
compares it to the combined cost of a
200-watt/channel amplifier and a pair of
conventional speaker systems of similar
performance, such as the New Advents,
with due allowance for the more effective
protection in the powered version, the
cost differential does not seem great.
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ously monitors the output-transistor cur-
rent and voltage. And overload from an
excessive input level or from a short-cir-
cuited driver causes this circuit to im-
mediately shut down the system.

Finally, there is thermal protection for
the entire amplifier system. This circuit
continuously monitors the temperature
of the heat sink. Shouid the temperature
increase to too great a degree, the ther-
mai-protection system shuts down the
ampiifier.

Laboratory Measurements. As is
our custom, we measured the semire-
verberant-field response of the Powered
Advent system with its equalizer con-
trols set to their nominally flat 0-dB set-

four circuits

protect tweeter,
woofer, output
transistors,

and amplifier system
from overload

tings. We then measured the frequency
response with the high-frequency equal-
ization control set to its limit of =4 dB.

The low-frequency response was
measured separately with close micro-
phone spacing and the bass equalizer
control set first to 0 and then to +6 dB.
When we spliced together the two
curves, we obtained a frequency re-
sponse that rose beyond 5000 Hz.

The lowest setting of the high-fre-
quency equalizer control (-4 dB) pro-
duced an extremely flat response out to
13,000 Hz, after which the response fell
off rapidly. The dispersion of the new
tweeter used in the Powered Advent
system was outstanding. Our on-axis
and 30° off-axis measurements for the
tweeter were essentially identical.

The woofer's response reached its
maximum in the range between 60 and
100 Hz. It sloped down gradually at
higher frequencies and at the expected
12-dB/octave rate at lower frequencies
(in the 0-dB bass equalization condi-
tion). The equalizer had a 6-dB max-
imum effect at 30 Hz, as rated, and had
essentially no effect on frequencies
beyond 60 Hz. The spliced composite
curve revealed a broad dip in the mid-
range, amounting to about 5 dB be-
tween 600 and 1000 Hz. Using the
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Manufacturer’'s Specifications

Specification
Power output (cont.
both amps. driven,
6-ohm load)
Woofer

Tweeter
intemodulation
distortion
Input sensitivity
Input impedance
Crossover frequency
Subsonic fiiter

Equalizer controls

Rating

80 W min., 20-

20,000 Hz at less

than 0.1% THD

80 W min., 20-

20,000 Hz at less

than 0.1% THD
60/7000 Hz, 4:1

Less than 0.1%

at rated output
Adjustabie from

0.3 V toinfinity

100,000 ohms

1500 Hz

-1dBat30Hz

~-24dB at5Hz

Variable below 100 Hz
from flatto +6 dB at 30 Hz.
Variable above 3000 Hz
+4dB at 10,000 Hz.

equalization that yielded flattest overall
response (-4 dB at high frequencies
and +6 dB at low frequencies), we ob-
tained a very good *=3-dB overall re-
sponse variation from 26 to 15,000 Hz,

flattest setting of
equalization controls

yielded very good
+3-dB overall response
from 26 to 15,000 Hz

although it showed signs of rising again
above 20,000 Hz. The Powered Advent
had a uniformly good tone-burst re-
sponse at any frequency in its operating
range. Even in the crossover region,
there were no serious modifications of
the burst shape. Since an appreciable
amount of tone-burst distortion arises in
the conventional LC passive crossover
networks of speaker systems, it is possi-
ble that the active networks used in this
system are responsible in part for its
tone-burst performance.

In measuring bass distortion of the
speaker system, we could not follow our
usual practice of driving the system with
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a constant voltage corresponding to 1
watt into its rated impedance. Instead,
we drove it to a sound pressure level
(SPL) of 90 dB at a 1-meter distance
with a 100-Hz sine wave and maintained
that input level as we reduced the fre-
quency. The output of the close-spaced
microphone was connected directly to
our Hewlett-Packard Model 3580A
spectrum analyzer; the levels of all sig-
nificant harmonics were combined to ob-
tain a THD reading. The second har-
monic was predominant, while the total
distortion was 1% to 2% from 100 to 50
Hz. Notably, the distortion did not rise
sharply at lower frequencies. It was only
5% at 30 Hz, as an example.

Although the sensitivity of the system
also cannot be readily compared to that
of any conventional speaker system, we
discovered that an input of 0.3 volt of
random noise in an octave centered at
1000 Hz, with the system’s input control
set to 0.3 volt (maximum), produced a
very high 112-dB SPL at 1 meter from
the grille. Since the sensitivity can be re-
duced to any lower value, and the 112-

the d