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Here itis atlast... THE FlRST
FLOPPY DISK BASED COMPUTER
FOR UNDER 51000

The C1P MF

5995

B Complete mini-floppy computer system
B 10K ROM and 12K RAM
B Instant program and data retrieval

The Challenger 1P Mini-disk system features
Ohio Scientific's ultra-fast BASIC-in-ROM, full
graphics display capability and a large library
of instant loading personal applications soft-
ware on mini-floppies including programs for
entertainment, education, personal finance,
small business and now home control!
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The C1P MF configuration is very powerful
However, to meet your growth needs it can be
directly expanded to 32K static RAM and a sec-
ond floppy by simply plugging these options in. It
also suports a printer, modem, real time clock
and AC remote interface as well as the OS-65D
V3.0 development oriented operating system

Or Start with the C1P
CASSETTE BASED
Computer for just $349.

The cassette based Challenger 1P offers the
same great features of the mini-disk system
including a large software library except it has
4K RAM and conservative program retrieval
time. Once familiar with personal computers,
you'll be anxious to expand your system to the
more powerful C1P MF.

You can move up to mini-disk performance at
any time by adding more memory and the disk
drive. Contact your local Ohio Scientific dealer
or the factory today.

*Both systems require a video monitor, modified TV or RF
converter and home television for operation. Ohio Scientific
offers the AC-3 combination 12” black and white TV/monitor
for use with either system at $115.00 retail

All prices, suggested retail

1333 S. CHILLICOTHE RD., AURORA, OHIO 44202 (216) 562-3101
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GOULD PRO

:SSIONAL

OSCILLOSCOPES AT PRICES

YOU CAN AFFORD.

Whatever your interest
in electronics, you know
that a quality oscilloscope
with a broad range of
features and functions
can make your work a lot
easier. Gould oscillo-
scopes are built to solve
your problemsand priced
SO you can afford the
professional equipment
you need right now. All
are complete, ready for
use, Including passive
probes, input leads and
a comprehensive main-
tenance and operation
manual

The OS245A is a com-
pact, dual trace instrument
with a 10MHz bandwidth
and 5mV/div sensitivity. It
has exceptional trigger
performance and a full
compliment of facilities for
industrial, educational, and
field service applications.

The OS253isa 12MHz
dual-channel scope with
all the features of the
OS245A plus alarger dis-
play area, more sensitivity
and channel sum and
difference.

The dual trace OS255
weighs only 15 Ibs. yet
offers features normally
found in more expensive
Instruments such as
flexible triggering facilities
and 2mV/cm sensitivity
across its full 15MHz
bandwidth.

The dual beam OS260
gives true representation
of two separate signals
on the same time frame
without beam chopping or
alternating. Features
include a high brightness
CRT operating at 10kV

CIRCLE 27 ON FREE INFORMATION CARD

allowing a clear display
of all waveforms.

For additional informa-
tion on this exciting new
line of sensibly priced,
professional oscilloscopes
or for sales locations in
your area: call toll free
(800) 325-6400 Ext. 77.
In Missouri call (800)
342-6600.

Gould also manufac-
tures an additional line of
general purpose oscillo-
scopes for industrial
scientific and laboratory
applications

= GOULD
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Liquid crystal digital multimet-
ers appear to be the wave of
tomorrow. They are inexpen-
sive, highly accurate, offer mul-
tiple ranges and are readily
available. In this issue we exam-
ine the circuitry and IC that
have made this possible. For
more info see the story starting
on page 41.

PERSONAL COMPUTERS are the first two
words out of the mouths of electronics activists
these days. If you want to iearn why they think
computers first, our “Your Own Computer”
Speclal Section that starts on page 47 is must
reading.
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Videodiscs on sale: Just four years after it was originally
promised, the optical videodisc system developed by Phil-
ips and MCA went on the market in the last days of 1978.
But the marketing was very limited —just a handful of play-
ers were offered in three stores in Atlanta so the two
companies could come in just under the wire and make
good their latest promise of marketing in 1978. During 1979
and 1980, player and disc sales will gradually fan out
through the nation, according to the plans.

At the Atlanta debut, the player carried a list price of
$695, and a catalog of more than 200 discs listed movies at
$9.95 and $15.95, operas and ballet at $20, how-to and
educational programs at $5.95 and $9.95. Although a
special two-hour disc has been developed for feature films,
all except three of the movie titles in the catalog were on
one-hour (30-minutes-per-side) discs. The player is being
sold under the “Magnavision” label by Philips’ subsidiary,
Magnavox. The discs are labeled ‘‘DiscoVision’” and
include selections of films from Universal (owned by MCA),
Warner Brothers, Paramount, Walt Disney and American
Film Theatre.

Although the optical laser system was the first long-play-
ing videodisc system to make it to market (the 10-minute
Ted system is being sold in Europe and Japan), it probably
won’t be the last. RCA’s capacitance system is still under
development, and though the company had made no
specific, plans for marketing at presstime, it was aiming at a
simple system with players designed to sell for less than
$400.

AM stereo progress: The FCC has formally started
machinery in motion toward establishing standards for AM
stereo. Having received a report of field tests of three
systems by the intra-industry National AM Stereo Radio
Committee and having judged that two other proposed
systems met its technical standards, the Commission
merely asked for comments on all five—Belar, Magnavox
and Motorola (all tested by NAMSRC), Harris and Kahn.
The FCC hopes to expedite the proceeding and there are
forecasts that formal rules authorizing AM stereo could be
issued as soon as midyear. The FCC also voted to extend
its earlier inquiry into quadriphonic FM broadcasting,
centering on the question of whether discrete quad broad-
casting would inhibit a future reduction in channel separa-
tion. Some 2,000 comments have already been filed in the
quad proceeding. Matrix four-channel broadcasting is cur-
rently permitted on FM, since there is no basic change in
the transmitted signal, but discrete broadcasting would
require new rules.

Better TV sound: It's really coming, if you can believe the
set manufacturers. Reacting to the improved television
audio network lines now being supplied by AT&T (see
Radio-Electronics, December 1978), television set manu-
facturers are surprisingly in strong agreement that the next
major technical step in TV sets is better sound and that the
public probably will pay for it.

A survey by the industry newsletter Television Digest
produced only one strongly negative comment from a set

maker, the remainder being positive (although two were
noncommittal). Here are some samples: "It is needed. Will
be available at minimal increase [in cost].” ‘‘Definite need
and if priced reasonably consumer will purchase.” “Con-
sumer will be looking for more sound-oriented product.
Color TV will require improved audio capability along with
stereo sound in the near future.” “After improved audio is
provided by transmitters, all TV makers will improve audio
quality in their sets.” ‘“Improved audio performance on
color TV plus greater availability of pre-recorded materials
will represent a very desirable consumer feature and be
supportive of the tremendous audio market in the younger
age brackets.” '‘High priority for consoles.” '‘Need will
grow with projection and video recorder use.” ““We need
improvement, including stereo capability.”

Two comments were iffy: “It’s a marginal feature.”
‘“While there is perhaps a growing interest in improved
audio, it remains to be seen how much the consumer is
willing to pay for this additional feature.” There was only
one negative: ‘“Most consumers don’'t want to pay for
improvement.”

Can it be that we’re finally on the way to better TV
sound?

VCR’s pickup: Some manufacturers had predicted as
much as 750,000 sales for home videocassette recorders in
1978. This figure was based on increasing sales toward the
end of 1977. But in the opening months of 1978, sales
seemed to collapse with fewer than 14,000 units sold to
dealers in January, 15,000 in February, rising gradually to
31,000 in June and falling again in July and August. Then in
September, the take-off appeared to come, with sales
totaling almost 57,000 for the month, more than in the
entire first quarter. Some dealers even reported shortages
because they were taken by surprise by the pickup in
demand. Many credited the introduction of new models,
particularly portables and programmables. And all agreed
that color cameras were selling unexpectedly well consid-
ering that most are priced around the $1,000 mark.

In Europe, meanwhile, Philips announced it was prepar-
ing to build a huge new home VCR plant, consolidating all
of its production in Vienna. Philips, Grundig and others
manufacture a ‘‘standard” European VCR system that
differs from those in use in the U.S. —in fact, it was the first
Y2-inch videocassette system to be developed. In its
announcement of the new plant, Philips did not state which
type of VCR would be built, but it is believed the company
has decided on a completely new unit, with a cassette
about the size of a VHS cassette, but capable of eight
hours’ playing time. In another significant videotape devel-
opment, Britain’s Independent Broadcasting Authority has
demonstrated the first working digital videotape recorder.
Designed for broadcast use, it employs one-inch tape with
a writing speed of 2000 ips, achieving an information densi-
ty of 107 bits-per-square-inch. Commercial production for
broadcast use was said to be two to four years in the
future.

DAVID LACHENBRUCH
CONTRIBUTING EDITOR




The Sinclair PDM35.
A personal digital MultiMeter for only $59.%

Now everyone can afford to
own a digital multimeter

A digital multimeter used to
mean an expensive, bulky piece of
equipment.

The Sinclair PDM35 changes
that. It's got all the functions and
features you want in a digital
multimeter. yet they're neatly
packaged in a rugged but light
pocket-size case, ready 1o go
anywhere.

The Sinclair PDM35 gives you
all the benefits of an ordinary digital
multimeter — quick clear readings.
high accuracy and resolution, high
input impedance. Yet at $59.95 it
costs less than you'd expect to pay for
an analog meter!

The Sinclair PDM35 is tailor-
made for anyone who needs to make
rapid measurements. Development
engineers, field service engineers, lab
technicans, computer specialists,
radio and electronic hobbyists will
find it ideal.

With its rugged construction and
battery operation, the PDM35 is
perfectly suited for hand work in the
field, while its angled display and
optional AC power facility make it
just as useful on the bench.

What you get with a PDM35
315 digit resolution.

Sharp, bright, easily read LED
display, reading to *1.999.
Automatic polarity selection.
Resolution of | mV and 0.1 nA
(0.0001 £ A).

Direct reading of semiconductor
forward voltages at S different currents.
Resistance measured up to 20 MQ) .
1% of reading accuracy.

Operation from replaceable battery
or AC adapter.

Industry standard 10 MQ input
impedance.

Compare it with an
analog meter!

The PDM35's 1% of reading
compares with 3% of full scale for a
comparable analog meter. That
makes it around 5 times more
accurale on average.

The PDM35 will resolve | mV
against around 10 mV for a
comparable analog meter — and
resolution on current is over 1000
times greater.

The PDM35's DC input
impedance of 10 MQ is 50 times
higher than a 20 k) /volt analog
meter on the 10 V range.

The PDM35 gives precise digital
readings. So there’s no need (o in-
terpret ambiguous scales. no parallax
errors. There's no need to reverse
leads for negative readings. There's
no delicate meter movement (o
damage. And you can resolve current
as low as 0.1 nA and measure
transistor and diode junctions over 5
decades of current.

Please promptly send

( Also Send AC Aduptor(s) @ $4.95 ea.
Also Send Deluxe
Also Send 30 kV probe @ $29.

Charge to The

Credit Card 7
Name
Address

Technical specifications

DC Volts (4 ranges)

Range: 1| mV to 1000 V.

Accuracy of reading 1.0% *1 count.
Note: 10 MQ input impedance.

AC Volts (40 Hz-5 kHz)

Range: 1 V10 500 V.

Accuracy of reading: 1.0% *2 counts.
DC Current (6 ranges)

Range: 1 nA to 200 mA.

Accuracy of reading: 1.0% *1 count.
Note: Max. resolution 0.1 nA.
Resistance (5 ranges)

Range: 12 1020MQ .

Accuracy of reading: 1.5% %1 count.
Also provides 5 junction-test ranges.
Dimensions: 6 in. x3 in.x 1! in.
Weight: 6Y; oz.

Power supply: 9 V battery or Sinclair
AC adapter.

Sockets: Standard 4 mm for resilient
plugs.

Options: AC adapter for 117 V 60 Hz
power. De-luxe padded carrying
wallet. 30 kV probe.

The Sinclair credentials

Sinclair have pioneered a whole
range of electronic world-firsts — from
programmable pocket calculators to
miniature TVs. The PDM35
embodies six years' experience in
digital multimeter design. in which
time Sinclair have become one of the
world’s largest producers.

Tried, tested ready to go!

The Sinclair PDM35 comes to
you fully built, tested calibrated and
guaranteed. It comes complete with
leads and test prods. operating
instructions and a carrying wallet.
And getting one couldn’t be easier.
Just fill in the coupon. enclose a
cheque/MO for the correct amount
(usual 10-day money-back undertaking.
of course). and send it to us.

We'll mail your PDM35 by return!
For Instant Service, CALL TOLL
FREE: 1-800-235-6945, EXT. 1052.
Calif. Res. Call: 1-805-966-7187.
or send coupon:

Dept. §-654, 924 Anacupa Strect. Santa Barbara. Calif. 93101
Sinclair PDM3S Digital Multimeterts) @ $59.95 (plus $3shippingand
insurancedeach. 1 have the option of returning it within | week of receipt for un immediate refund

udded Carr(y_inu Case @ $4.95 ea

| Check or Money order Encl. (Calif. Res. add 6% Sales Tax}
redit Card Checked Below:

BankAmericard/ Visa 0 MasterCharge (Interbank # o
American Express O Carte Blunche O Diners Ciub

. Exp. Date

City/State/Zip
Signature
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Manufacturer fights anti-
radar detector statutes

Radatron Corporation, a radar detector
manufacturer, for many years has been
fighting anti-radar-detector legislation at
its source—the state legislatures them-
selves.

By lobbying, testifying, and filing briefs
and evidence, Radatron representatives
have approached state legislatures and |
legisiators in an all-out campaign that has
been remarkably effective in aborting anti-
radar detector statutes in several states.
They have used two arguments: First, the
Communications Act of 1934 “specifically
prohibits any government body from re-
stricting or regulating free use of receiv-
ers,” and pointing out that a radar detec-
tor, although it operates at much higher |
frequencies than a car radio recelver, is still
just a receiver and comes under the provi-
sions of the Act. Second, It is almost
impossible to write any law against radar
detectors that does not at some point
violate the driver's legal rights with respect |
to search, probable cause, due process of
law, etc.

So far, Radatron’s efforts have suc- |

ceeded in knocking down anti-radar detec-
tor legislation in Wisconsin, Minnesota,

'RCA SK CONTEST WINNERS

Michigan and Louislana. The “biggie’ they
are still working on is the state of Virginia,
where, although it is not deemed illegal to
own a radar detector, it is unlawful to oper-
ate one. So, if you're caught with one in
your car, you must then prove you weren't

| using it. As one Radatron representative

put it, this represents a clear case of being
quilty until proved innocent . . . “hardly
the American way.”’

Report outlines and analyzes the
“home terminal”

International Resource Development,
Inc., has released a 184-page report re-
viewing the technology, market possibili-
tles and future prospects for the home
terminal. Part of the report entitied “Exec-
utive Summary’’ describes attempts at in-
tegrated systems made by several coun-
tries and discusses the home terminal of

the future. Here are some highlights of this |

report:

Efforts at integrating telephones, home |

TV sets and radios are aiready underway in
Europe and Japan. In England, the View-
data system (introduced under the name of
Prestel) is a two-way TV system in which
the home TV screen is used to display data
elicited from phone inquiries; a similar sys-

N |
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SK REPLACEMENT SOLID STATE section of RCA’s Distributor and Special Products Division
recently sponsored a contest in which 19 service dealers and distributor salesmen received VCR's
as prizes. Awards were given on the basis of a completing a statement, “l preter RCA SK's because
. . .” Seen here are Larry Prink (center) Westside Radio, TV Service, Eugene, OR; with (trom left):
Pete Peterson, United Radio store manager; Bob Havercroft, United Radio distributor salesman; Art
Cusson, vice president, United Radio, Portland; and Budd Scott, RCA district manager.

tem has also been developed in West
Germany.

In France, integration has taken a more
complex turn with the Antiope system. This
system combines TV, telephone, tape re-
cording and message delivery—news and
‘‘magazine”’ material are transmitted both
over the air during TV “flyback” time, and
via phone and tape cassettes sent through
the mail. The most ambitious program of all
is being developed in Japan—a two-way,
fiber-optics integrated TV experiment.

Integration in the U.S. has necessarily
been slower because of regulations sepa-
rating cable, TV, telephone and broadcast
network systems. So far, the only inte-
grated service has been limited to two-way
TV programs such as that provided by the
Warner Cable Company’s QUBE system in
Columbus, OH.

However, the report goes on to state that |
integration of telephone, TV, cables, slides, |

movies and home computers is continuing.
An Integrated Video Terminal (IVT) Is pres-
ently being devised that will combine TV
display, phone service, VTR storage, hard-
copy printing and home computing. It will
reside in the kitchen of the affluent Ameri-
can housewife to help run her home, appli-
ances, bookkeeping, etc. The IVT will be

introduced in 1982, and is expected to '

have an initial cost of around $1400.

The report is published by International
Resource Development, Inc., 125 Eim St.,
New Canaan, CT 06840.

| “Electronic newspaper” project

readied for the public
An FM-broadcast-based news and infor-

| mation service called the Digicast Project,

created and directed by Jim C. Warren, is
being readied for possible implementation
in 1979. The Digicast system uses digital
techniques to transmit encoded alphanu-

meric information via FM transmitter sub- |

carriers.

Digicasting uses only one transmitter to
disseminate more news than a convention-
al newspaper, and It does it faster. Once an
editor or reporter decides that a report
previously typed into a computer terminal
is ready to go, the data is transmitted
immediately. It is then up to the consumer
to use his specially designed receiver to
cull only that information from the flow that
he wishes to receive.

The FCC has already adopted a policy
legalizing the use of subcarriers for such
transmissions. Also, the digital newscast

system will not involve a large outlay for |
| special equipment. The receiver modules |

designed to receive the analog signals and
convert them to parallel or serial digital

output may bear an initial price tag of $50 |

or $100, with possible future price reduc-
continued on page 13



NOW' An Affordable Dlgltal LED Readout Recewer :

~ that Brmgs You Exciting Global News, Action and Entertamment

from 10 kHz to 30 MHz COntmuous, in 30 Bands' .

Tune in the world with
the Realistic® DX-300, ﬁ?ﬂ L ISﬂC

. @ é

@ Six-rance preselec-
tor, with LED indicators,

the general coverage boosts RF signals and
receiver that gives you matches the DX-300 to
features never offered at your antenna.
this low price. Enjoy [ ] @ Three-way power:
Englisn as well as operates on AC, 8 op-

foreign-language

shortwave broadcasts from world capitals and
every corner of the globe. Pick up aviation
weather and marine SSB. Get WWV time
signals and the Voice of America. Hear CB
and worldwide Amateur radio conversations
and listen to standard AM staticns from all
across the USA. Accuracy, resetability and
ease of tuning are incredible. Just set the dial
to the exact frequency of the station you want
—105 international SW stations are listed in
the owner's manucl alone. For finest
reception from a2y station, the DX-300 has a
3-step RF attenuator, audio bandwidth and RF
gain controls, and two antenna inputs. And
what versatility: terminals for remote receiver
muting, tape recording, screw-on whip
antznna for portable use, built-in oscillator
and key jack for code practice. U.L. listed, of
course. Step ug to great listening at a great

price. Only 379.95" buys you the world!

tional “C'" batteries, or
external 12VDC. Automatic AC/battery
switching, too.

® Quartz-synthesized accuracy and a big
5-digit frequency readout replace mechanical
dials with all-electronic precisiori— you can
dial directly to any station and re-tune to it
easily. No more searching for stetions.

@ Dual-gate MOSFET front end synthesized
drift-cancelling triple-conversion mixer
system, and 6-element ceramic f Iter for super
sensitivity and freedom from
adjacent-channel interference.

® Relative signal strength and battery
condition meter. llluminated for easy reading.

® Product detector and fine-tuning control
for outstanding reception of coce and SSB.

@ Audio power IC, 1.5 watts outout, and a
large speaker for high-intelligibility sound.

DISCOVER REALISTIC: SOLD ONLY AT

Radie fhaek

A DIVISION OF TANDY CORPORATION ¢ FORT WORTH, TEXAS 76102
OVER 7000 LOCATIONS IN NINE COUNTRIES

*Retail price may vary at ndividLzl stores and dealers
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NRI training inTV
and Audio Servicing
keepsupwiththe
state of the art.
Now youcanlearnto
service video cassette
and disc systems.




\ You build color TV, hi-fi, professional instruments
/

Now, in addition to learning
color TV and audio systems servicing,
you get state-of-the-art lessons in
maintaining and repairing video cas-
sette recorders, playbacks and the
amazing new video disc players, both
mechanical and laser-beam types.

Learn at Home
in Your Spare Time
And you learn right at home,
at your own convenience, without
quitting your job or going to night
school. NRI “bite-size” lessons
| make learning easier...NRI
“hands-on” training gives you
practical bench experience as you
progress. You not only get theory,
you actually build and test electronic
circuits, a complete audio system
| even a color TV.

Build Color TY,
4-Channel Audio
As part of your training in
NRI's Master Course in TV and
Audio Servicing, you actually as-
semble and keep NRI's exclusive,

designed-for-learning 25" diagonal
color TV. As you build it, you intro-
duce and correct electronic faults,
study circuits to gain a better under-
standing of what they're for and how
they interface with others.

Likewise, as part of your audio
training, you construct a 4-channel
stereo amplifier and tuner, complete
with cabinet and speakers. You even
assemble professional-grade test in-
struments, so you know what makes
them tick, too. Then you use them in
your course, keep them for actual TV
and audio servicing work.

NRI Includes

the Instruments You Need

You start by building a transis-
torized volt-ohm meter which you use
for basic training in electronic theory.
Then you assemble a digital CMOS
frequency counter for use with lessons
in analog and digital circuitry, FM
principles. You also get an integrated
circuit TV pattern generator, and an
advanced design solid-state 5" trig-
gered-sweep oscilloscope. Use them
for learning, then use them for
earning.

NRI Training Works...

Choice of the Pros

More than 60 years and a
million students later, NRI is still first
choice in home study schools. A na-
tional survey of successful TV repair-
men shows that more than half have
had home study training, and among
them, it's NRI 3 to 1 over any other
school. (Summary of survey
on request.)

That's because you can't beat
the training and you can't beat the
value! For hundreds of dollars less

than competing schools, NRI
gives you both color TV and
audio...and now includes
training in video cassette and
disc systems. Send for our free
catalog and see for yourself
why NRI works for you.

Other NRI training includes Computer Technology,
Complete Communications Electronics.

Free Catalog...
No Salesman Will Call

Our free 100-page catalog com-
pletely describes all the equipment and
every lesson. You can choose from five
different TV and audio courses. Or ex-
plore the opportunities in other NRI
home study courses like Computer
Technology, CB and Mobile Radio,
Aircraft and Marine Radio, or Com-
plete Communications. Send the
postage-paid card today and get a
head start on the state of the art.

If card has been removed,
write to:

NRI-Schools
McGraw Hill Continuing
¢ Education Center
f
|
°

I 3939 Wisconsin Ave.

C“} Washington, D.C. 20016
Hill |
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These new

Persuader Antennas
low profile,exiralong whip
deliver performance
equal to,or better than

anything else on theroad!

There’s a hand-wound, hand-tuned
coilinthe cup...

a major advance in
antenna technology
from the Antenna Pros
field tested and

| field proven by

Completely Super-good looking thousands of CBers
pre-o ssembled low silhouette

nd prefined || o ly ‘34.98
e e n suggested retail. Compare
the package, and {  design-coordinated with K- 40 at $38.50 or any other antenna. You'll see
install it on the |  totate-model cars there's no comparison.

car. No tuning
necessary

DIAMOND-FIRE
CUENCCME 5 year guarantee

a walt meter and

see for yourself! | . .

Materials and workmanship of PERSUADER ANTENNAS
(Models 13505 & 17605) are guaranteed for a full five years
if this antenna is installed by the dealer and a full three years

if this antenna is installed by the consumer.
Any part that fails within the guarantee period will be replaced absolutely free
provided the registration card has been completely filled out and returned to

| A";,f&"s "“‘;;‘S b Antenna Incorporated.
60 Stainless steel i
e : A word from the Old Pro:
and NO spring —__ - When you buy this antenna,
my reputation. .. built over 38 years in

! P the antenna business ... will be riding on

. i s E your roof. I'm confident that the

=-"> WHITE . o Persuader Antennas will persuade you

L you've chosen the Best.
. M.R. Friedberg, President
Antenna Incorporated

There'sa

Coil-in-the-cup

In stock at your dealer now...

CLASSIC
SILVER
' SHOWN
r‘ or call the Antenna Hotline ...1-800-447-4700.

CRAVNS?AI, {lllnols: 800-332-4400: Sorry, no Hotline service in Alaska or Hawaii).
CLear o Charge to Visa or Master Charge ... and we'll
— have your nearest dealer ship your Persuader
Antenna promptly, in the mount and color of your choice. Hotline
‘ mggr""e' orders add $1.50 for shipping and handling. Applicable local
’ taxes extra. Aliow 2 to 4 weeks for delivery.

y The tamily of fine antennas from the fine antenna family.

¥ Anlennd

26301 Richmond Road. Cleveland, Ohio 44146 (216; 464-7075

In Canada: Cardon Import Canada Ltd.. PO. Box 937 Hamilton, Ontario L8N 3P9
Antenna Incorporated. International Division, PO. Box 1002 Rockville Centre. New York 11571
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These features will
persuade you...

The Persuader”™ Antenna
is Your Best

Anfenna Choice

60" Stainless Steel Tapered
Whip...and No Spring

The super-long whip increases the aperture of the
antenna. This increases

= the signal capture area on reception

« the transmit signal and radiation intensity at the
horizon

« bandwidth to well over a 40-channel capability

The .125" diameter whip is tapered, so shock is
distributed evenly. There's no spring to stretch,
break, or bend the whip away from the straightest
possible upright position.

Exclusive coil-in-cup design

Loading of most low-profile antennas is by a simple
printed circuit board that can’t be tuned and will
eventually burn out. These new Persuader anten-
nas are completely pre-assembled and pre-tuned
and feature an actual hand-wound, hand-tuned
copper wire loading coil tested with 500 watts,
rated at 100 watts continuous. It's even more effi-
cient than our base-loaded coils because it's
wound to a larger diameter, with fewer turns.

This unique design also involves fewer mechani-
cal and electrical connectors—fewer resistive con-
tacts between loading coil and cable termina-
tions—Iless chance for dust, moisture or road
gunk to contaminate the contacts.

This concept has been field tested by thousands
of CBers in our Model 13503 (shorter whip, plain
white cup). Your good buddies will tell you every-
thing we say about it is true.

Available with Trunk-Lip or
Magnet Mount

for performance:

« SWRof 1.5:1 or less across alt 40 AM and SSB
channels.

« Shunt-fed foading coil is DC grounded for quiet
performance; bleeds off static from rain, snow, air
particles. Performance is virtually identical to body
mount antennas.

« Center-roof placement of magnet mount pro-
vides your most uniformly omni-directional signal.
(Can also mount on trunk lid).

« Unique Antenna Incorporated design provides
capacitive coupling. Aluminum plate puts the
ground potential right at the mounting surface.

for convenience: Magnet and trunk lip,
the two easiest installations! Place the antenna
where you want it, plug the cable into the trans-
ceiver. No holes to drill. Readity removed for anti-
theft protection. Magnet mount Supplied with 12’
RG-58/U coaxial cable with FL-259 type connector;
trunk lip mount with 17’ of cable.

for magnet mount adherence:
Heavy-duty 2'%2" magnet in plastic cup with soft
rubber1gasket. Holds at top highway speeds of 55
mph. (Trunk lip mount recommended for vinyl roof
cars.) Since it won't walk, it won't detune! “Oil-
can” effect of cup; resting on gasket, provides a
larger magnet plane than if the magnet itself were
touching the surface—yet there’s less weight on
the car, less scratch potential.

All magnet mount benefits
are standard...

not an extra-cost accessory!
CIRCLE 48 ON FREE INFORMATION CARD

continued from page 6

tions as the system catches on.

System design, transmission and format,
and receiver plans will be published, thus
placing the Project in the public domain.
Only specific hardware or software imple-
mentations will be proprietary. How many
Digicasttransmitters will be made available
overall will depend greatly on the initial
venture capital investment. The first unit
has already been planned for the San Fran-
cisco Bay area, with other areas planned as
soon as financing permits.

3M VIDEOCASSETTE

3M COMPANY'S MODEL VK-250 videocassette
comes in two-hour and four-hour lengths for
the VHS format. This is the second of two home
video tape formats for which 3M is supplying
cassettes, the first being the Beta product
introduced in 1977. The cassettes are to sell for
$17.95 and $24.95, respectively.

ISCET returns to normal
after year of dissension

The International Society of Certified
Electronic Technicians (ISCET) recently
took some major actions that will go far
towards restoring ISCET to its former in-
tegrity and intent. R. A. Villont, CET, presi-
dent of NESDA, made the announcement,
citing past turmoll and dissension that
threatened to drive a wedge between both
organizations.

To underline the effort not to let ISCET
be controlled by the wishes of a few individ-
uals, the following steps were taken: 1) the
only legitimate address for ISCET is at
1715 Expo Lane, Indianapolis; 2) no finan-
cial obligation would be honored by either
NESDA or ISCET for anyone claiming to
represent ISCET at any other address; 3) a
moratorium was placed on all CET testing
until exams are revised and certification
administrators re-evaluated; and 4) Ron

Crow, Jesse Leach and Leon Howland were
relieved of their positions in ISCET.

Mr. Villont also stated that a temporary
ISCET chairman would be appointed until
members can choose their own chairman,
with the assurance that it would be some-
one that “'the average ISCET member can
relate to.”

Additional RCA SK replacement
devices now available

RCA's Distributor and Special Products
Division has developed 145 new SK re-
placements for more than 13,000 solid-
state devices. This brings the total SK line
to 900 replacements for more than 150,000
industry devices.

Among the new selections are rectifier/
damper tubes; new NPN and PNP transis-
tors; SCR/triac comblinations; a matched
diode set; two hybrid power-amp modules;
plus linear and digital components. Cross-
reference lists available from RCA distribu-
tors will include the new additions along
with the entire line of SK solid-state re-
placements.

Experimental directory help
via computer

The day may come very soon when all
you have to do to receive directory assis-
tance is just pick up the phone and ask the
computer at the other end. Bell Telephone
Labs has been (and still is) developing an
experimental directory assistance system
that can understand most American dia-
lects and even some foreign accents.

The system, still in the research stage, is
based on an automatic word recognizer
developed earlier by Bell Labs. To recog-
nize a particular spoken word, the comput-
er compares it with a file of stored refer-
ence patterns and comes up with the
closest match. The earlier system used only
a few selected speakers and 100 speech
patterns; the present experimental system
used a random sampling of 100 American
speakers (with no speech impediments).
Their voice patterns formed clusters so
that each spoken word could be repre-
sented by 12 patterns instead of 100. Now
every spoken word can be compared with
12 reference patterns for each item in the
computer’s vocabulary, which consists of
the alphabet plus a few digits and com-
mands. If the computer makes a mistake,
there’s a built-in self-correcting strategy.

The system however has some draw-
backs. It cannot understand speech imped-
iments or many foreign accents. It Is also
necessary to speak slowly, distinctly and
with a definite pause between letters. How-
ever, a combination of word recognition
and self-correcting capabilities do make
the system successful about 97 times out
of 100. R-E
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- editorial g ) e
; Y | ‘ publisher

Larry Steckler, KTX-3644, CET, editor

Arthur Klelman, KT2-3288,
managling editor

Robert F. Scott, CET, W2PWG,
KXK-8533, technical editor

Sonia Greenbaum, copy editor
Jack Darr, CET service editor

What’s Your Application?  Loonard Fetaman

contributing high-fidelity editor

Karl Savon, semiconductor editor
David Lachenbruch, contributing editor
Earl “Doc” Savage, K4SDS, hobby editor

Ruby Yee, production manager
. ) . . Barbara Fenimore, production assistant
A really interesting data sheet crossed my desk this morning. It Harriet I. Matysko, circulation director
describes a 12-segment LED display and an LED driver. The pair
are intended for bargraph and level applications. You'll find a

reproduction of the data sheet elsewhere in this issue. Cover design by Louls G. Rubsamen
Cover photo by Michael Wilson

Arline R. Bailey, advertising coordinator

Radio Electronics is a member of the /nsti-
tute of High Fidelity and is indexed in

Now here’s the challenge. I'd like to see our readers come up with gppged %C"Z’C‘;’ &P Tficc’;’_"”/of{ ’”‘:“’X and
some innovative applications for these units. That means something Sadtys Suliriy: senothes) CRwERire

unusual, interesting and useful. Send us your ideas along with 3
Gernsback Publications, Inc.

circuit diagrams. You do not have to build a working unit, but we do 200 Park Ave. S., New York, NY 10003
request that all letters be typed and double spaced. We'll select the (212) 777-6400
ones we think are best and publish them later this year. President: M. Harvey Gernsback

Vice President: Larry Steckler
Treasurer: Carol A. Gernsback
Secretary: Bertina Baer

For each application we publish, we'll pay the contributor $10. For ADVERTISING SALES
the three best applications—the Radio-Electronics Editorial Staff Paul McGinnis
will select them and their decision is final—we’ll pay $50 each. All Director of Marketing

entries will, of course, become the property of Radio-Electronics.
EAST

Stanley Levitan
Radio-Electronics
3 . . 200 Park Ave. South
Now go out and do your thing . . . then fill my mailbox. G vt 7SO

(212) 777-6400

MIDWEST/Texas/Arkansas/Okla.

Ralph Bergen

The Ralph Bergen Co.

540 Frontage Road—Suite 361-A
Northfleld, lilinois 60093

/M/ (312) 446-1444
PACIFIC COAST
Mountain States
LARRY STECKLER
Ed Jay Elsenberg
itor J.E. Publishers Representative Co.,
8732 Sunset Blivd.,
4th Floor,

Los Angeles, CA 90069

(213) 659-3810

Sales Mart Building

1485 Bayshore Blvd., Box 140
San Francisco, CA 94124
(415) 467-0125
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EXS0O03S

ALL THE MOST WANTED FEATURES
AT A MOST WANTED PRICE...

BIG 4" HIGH LCD DISPLAY I 7 I i

USE INDOORS OR OUT
HICKOK

200 HOUR 9V BATTERY LIFE
Here is the handfull of

AUTO ZERO, POLARITY,
OVERRANGE INDICATION
accuracy you've been
waiting for. Hand-

100 mV DC F.S. SENSITIVITY
19 RANGES AND FUNCTIONS
somely encased.
Compact. Efficient.

Only 8 ounces.
L Hickok's exciting,
HICKOK " new LX 303, 3%
L X 03 digit Mini-Multime-

ter with high quality
L. mm
| o | o | ooy

I

Removable cover stores tast leag
set furnished as part of the units

_components, one
. year guarantee
and rugged Cyco-
lac® case offers
features previously
found only in ex-
pensive units. . .at a
price under $75.00!
So why wait any
longer? The
amazing LX 303
is here, NOW!
Another American
made test equip-
ment breakthrough
from Hickok, The Value
Innovator. Order today!

Available accessories include AC
adapter, padded vinyl carying case.
40KV DOC probe, 10 Amg DC shunt. y

X10 DCV probe adapterials
for proteciing inpui:

i ko distributor or order below
2

SPECIFICATIONS: ’ ey

——— — e —— ———— — =

TO ORDER CALL TOLL FREE

DC VOLTS (5 nANcﬁ\S) 0.AmV to 1000 /, AcC ,1_5 A N 002200025
+0.5% rdg =0.5% f.s.; Input imped: 10MQ; Max. | rotdrk e . -
mgUt 1kV eXCei;t 500 n) zé)ovv ran .w’ M “r - " , New York, NY 10036 212-687-2224 g -
AC VOLTS (40Hz to SkHz): 0.1V to 600V & JEmRE. &5 R i o - . & SO s
=1.0% rdg £0.6%1.. (RASNIEE N, o — g‘é?iél"idapée? e T p— e
3 ! . 1 ——— C-3 D e .50 ea.
RFE)SISTANCE © LOWP I .r___VP -10 xigxgcxg;’%gg AdaaS:ter ........... . % :2.32 ea.
eressiresses STt T s rarbrE vee B ea.
20MQ; ACCUraC‘y :tOI' 71 SS :01£OAKDVCDCU:$(;‘;68.’.‘.‘.{T ,,,,,,,,,,,,,, T ——— S —— @ 35.00 e:.

e I .

on QOMQ range;; m et Payment encl. )  Bill my: Master Charge O VvISA [
ranges. 111 ".;' I

DC CURRENT m Account # Exp. Date
Accuracy: £1.0 ' Ehme

DIMENSlON‘S‘ UA : I Mo

1-3/4", 8 0z.; ﬁ J,“- e | o State zip
Hickok AC ad M r‘ Add $3.00 Postage and Handling, N¥X. residents add sales tax




DIGITAL ON-SCREEN CLOCK

We constructed the clock described in
the July 1977 issue of Radio-Electronics
("‘Build This Digital On-Screen TV Clock"').
The monitor TV is a Sylvania mode! D-12.
We elected to use a 6-digit, 12-hour dis-
play. There is one control problem that has
proved baffling.

If the recaLL pushbutton Is held closed in
order to set the time for more than approx-
imately 7 seconds, the display remains on-
screen permanently. The timing pot clrcuit
and pot check out OK. Adjusting the pot
has no effect on the display, and all the
other controls function normally. The clock
timing is good, and the display is clear and
sharp.

The following display timing parts have
been checked and/or changed: IC1, IC2,
R18, R13, C9, C8; and the board soldering
has been checked out.

We have one small refinement to sug-
gest. The video output transistor Q3 will be
operating fairly close to its maximum voit-

age rating on many tube or hybrid TV's,
and some sort of buffer circuit should be
used to isolate this high voltage from the
collector of Q3.

J. G. ASH

Allentown, PA

In looking over the circuit, it looks to me
as if in the clock’s off state, the input of
IC2-a is held low by pull-down resistor R13.
This makes the IC2-a output high, charging
C8. This causes the input to IC2-b to go
high for a period determined by the setting
of R18—the higher the resistance of R18,
the longer it takes for the negative side of
C8 to attract enough electrons for the input
of IC2-b to become low.

During IC2-b’s high input state, its output
is low. This does two things: C9 is dis-
charged and IC2-c is gated off, thus turning
off the MM5841 external oscillator circuit,
and no digits appear on screen. When the
input of IC2-b reaches the low state, as
electrons travel through R18 to the minus

side of C8, the IC2-b output goes high. This
accomplishes two things: it tries to charge
C9 and it gates IC2-c on, running the oscil-
lator and displaying the digits on the
screen. As C9 charges by electrons coming
up from ground through R13 to the nega-
tive side of IC2-a, after from 4 to 6 seconds,
it finally brings the input of IC2-a low
again—and we’re back where we started.
Switch S1 merely bypasses R18, allowing
you to make the output of IC2-b high at
will.

Bearing this in mind, it appears that
whenever the display is on, the IC2-b out-
put is high, and therefore the input is low. It
is possible that R18 is set to such a low
resistance value that the C8-R 18 time con-
stant is within the range of the C9-R 13 time
constant. Set R18 to a higher value, or add
about a 100K resistor between the “‘top’’ of
the DEFEAT switch between the 12-volt posi-
tive input and the input to IC2-b, isolating it
with a series 10K resistor. This will force the

continued on page 22

wire wrapping center

WIRE WRAPPING KIT WK-5

CONTAINS

Battery Tool BW-630

Hobby Wrap Tool WSU-30 M

PC Edge Connector CON-1

DIP/IC Extractor Tool EX-1

DIP/IC Insertion Tool INS-1416
PC Card Guides & Brackets TRS-2
Mini-Shear with Safety Clip SP-152
14, 16, 24 and 40 DIP Sockets
Terminals WWT-1

Tri-Color Wire Dispenser WD-30-TRI
Hobby Board H-PCB-1

>, $74.95

ADD $1.00 FOR SHIPPING
(N. Y. CITY AND STATE RESIDENTS ADD TAX)

RADIO-ELECTRONICS

-
o

OK MACHINE & TOOL CORPORATION
3455 Conner St., Bronx, N.Y. 10475 (212) 934-6600 / Telex 125091
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ALL NEW AND ADVANCED DMM

The new andadvanced Sabtronics Model
2010A is absolutely amazing . . . it gives
you more performance, features and
accuracy at a price no other Digital Multi-
meter can approach. It is versatile and
rugged, for bench and portable use, with
laboratory standard accuracy.

Greater Long-Term Accuracy
State-of-the-Art design features include
a laser-trimmed decade resistor net-
work and an uitra-stable band-gap refer-
ence element to insure long-term
accuracy. Basic DCV and Ohms accuracy
is 0.1% +1 Digit, guaranteed for one
year. With 31 ranges and 6 functions
you can measure AC and DC volts from
100 uV to 1000V; AC and DC current
from 0.1uA to 10 A, resistance from
0.10 to 20 M.

Unique X10 Multiplier Switch
This exclusive feature of the Model
2010A gives you a convenient means of
selecting the next higher decade range.
The Hi-Lo Power Ohms capability gives
you three High-ohm ranges that supply
enough voltage to turn on a silicon junc-
tion for diode or transistor testing.
Measure in-circuit component resistance
with three Low-ohm ranges.

Touch and Hold Capability

The optional touch and hold probe allows
you to make measurements in hard-to-
reach places without taking your eyes
off the probe tip. A button on the probe
retains the display reading after the
probe tip is removed from the test point.

by Sabtronics
for only $89.50

sabtronics G
MODEL 20104 DIGITAL MULTIMETER

Other Important Features

This quality instrument includes an ACV
Frequency Response of 40 Hz to 40
kH z, automatic polarity, automatic zero,
automatic decimal point, overrange
indication, and overioad protection on
altfunctions and ranges. Thebright LED
display gives readings to £1999 and is
easy to read in dim light or bright light.

Reliability and Performance at
Low Cost

The Model 2010A is factory tested, cali-
brated and is supplied compiete with
test leads, probes and detailed operating
manual. A full compliment of optional
accessories is available to increase the
versatility of your 2010A DMM. Because
you buy factory direct, you get this high-
quality, full performance instrument at
an incredibly low price of only $89.50.

Designed and made in US.A

Brief Specifications

DC Volts: 100uV to 1000V in 5 ranges

AC Volts: 100uV to 1000V in 5 ranges

DC Current: 0.1uA to 10 A in 6 ranges

AC Current: 0.1uA 10 10 A in 6 ranges
Resistance: 0.10to 20 Ma in 6 ranges

Diode Test Current: 0. 1uA, 10uA. TMA

ACV Frequency Response: 40Hz to 40kHz

Input Impedance: 10 M on ACV and DCV
Overload Protection: 1200 VDC or RMS on all
voltage ranges except 250 vDC or RMS on 100mv
and 1 V AC ranges. Fuse protected on chms and mA
ranges.

Power Requirement: 4.5 to 6.5 VDC (4 “C'cells)
optional NiCd batteries or AC adapter/charger
Display: 0.36" (9.2mm) Digits reading to £1999
Size: 8'W x 6.5"'D x 3"H (203 x 165 x 76 mm)
Weight: 1.5 Ibs. (0.68kg.) excl. battery

(Batteries not included)
Orders Yours Today
Call us with your Mastercharge or Visa
order or use the convenient order form
to take advantage of this special intro-
ductory offer.

Making Performance Affordable

sabtronics &

13426 Floyd Circle M/S 35 - Dallas. Texas 75243
Telephone 214/783-0994

To: Sabtronics International, Inc., 13426 Filoyd Circle M/S 35, Dallas, TX 75243

PLEASE SEND ME THE FOLLOWING

“Continental U.S. only. AK, HI & PR, $5.00. Canada: $6.50. Foreign: $19.00 Airmait.

RE-3

N

[ ]

[ ]

[ ]

[ ]

[ ]

0 Model 2010A Digital Multimeter(s) ©$89.50 $
1 AC Adapter/Charger(s) @%$ 7 50 $
E Nickel-Cadmium Battery sets @s1700 S
E Touch-and Hold Probes @$18.00 §
H For delivery in Texas, add Sales Tax $
[ ]

s Shipping, Handling and Insurance per unit $4.00* $
® O Check enclosed O Money Order, or bill my 0 Master Charge O Visa ~ TOTAL § _
E Account No. Expiry Date

s Name

E Street

s City State. Zip
.

-
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If you’re interested in learning how to fix air
conditioners, service cars or install heating
systems — talk to some other school. But if
you're serious about electronics, come to

CIE —-The Electronics Specialists.

Special Projects Director
Cleveland Institute of Electronies




y father always told me that
there were certain advan-
tages to putting all your eggs in one
basket. ‘“‘John,” he said, ‘‘learn to
do one important thing better than
anyone else, and vou'll always be
in demand.”
1 believe he was right. Today is
the age of specialization. And I
think that’s a very good thing.
Consider doctors. You wouldn't
expect your family doctor to perform
open heart surgery or your dentist to
set a broken bone, either. Would you?
For these things, you'd want a
specialist. And you'd trust him. Be-
cause you'd know if he weren't any
good, he'd be out of business.

Why trust your education
and career future to
anything less than a
specialist?

You shouldn’t. And you certainly
don't have to.

FACT: CIE is the largest inde-
pendent home study school in the
world that specializes exclusively
in electronics.

We have to be good at it because
we put all our eggs in one basket:
electronics. If we hadn’t done a good
job, we’d have closed our doors
long ago.

Specialists aren’t for
everyone.

I'l1 tell it to you straight. If you
think electronics would make a nice
hobby, check with other schools.

But if vou think you have the
cool —and want the training it takes
— to make sure that a sound blackout
during a prime time TV show will be
corrected in seconds— then answer
this ad. You'll probably find CIE has
a course that’s just right for you!

At CIE, we combine
theory and practice. You
learn the best of both.

Learning electronics is a lot
more than memorizing a laundry list
of facts about circuits and transis-
tors. Electronics is interesting be-
cause it's based on some fairly recent
scientific discoveries. It's built on
ideas. So, look for a program that
starts with ideas —and builds
on them.

That's what happens with CIE's
Auto-Programmed® Lessons. Each
lesson uses world-famous
“programmed learning” methods to
teach vou important principles. You
explore them, master them com-
pletely. .. before you start to
apply them!

But beyond theory, some of our
courses come fully equipped with
the electronics gear to actually let
you perform hundreds of checking,
testing and analyzing projects.

In fact, depending on the course
vou take, you'll do most of the basic
things professionals do every day —
things like servicing a beauty of a
Zenith color TV set. . . or studying a
variety of screen display patterns
with the help of a color bar generator.

Plus there’s a professional quality
oscilloscope you build and use to
“see” and “read” the characteristic
waveform patterns of electronic
equipment,

You work with experi-
enced specialists.

When you send us a completed
lesson, you can be sure it will be
reviewed and graded by a trained
electronics instructor, backed by a
team of technical specialists. If you
need specialized help, you get it fast
... in writing from the faculty spe-
cialists best qualified to handle
your question.

People who have known
us a long time, think of us
as the “FCC License
School.”

We don't mind. We have a fine
record of preparing people to take . ..
and pass. .. the government-
administered FCC License exams.

In fact, in continuing surveys nearly
4 out of 5 of our graduates who take

the exams get their Licenses. You
may already know that an FCC
License is needed for some careers
in electronics —and it can be a
valuable credential anytime.

Find out more? Mail this
card for your FREE
CATALOG today?

If the card is gone, cut out and
mail the coupon.

I'll send you a copy of CIE’s
FREE school catalog, along with a
complete package of independent
home study information.

For your convenience, I'll try to
arrange for a CIE representative to
contact you to answer any questions
you may have.

Remember, if you are scerious
about learning electronics. . . or
building upon your present skills,
your best bet is to go with the elec-
tronics specialists — CIE. Mail the
card or coupon today or write CIE
(and mention the name and date of
this magazine), 1776 East 17th
Street, Cleveland, Ohio 44114.

Patterns shown on TV and oscilloscope screcns are simulated.

Cleveland Institute of Electronics, Inc.

1 Cl

Print Name
Address
City

State

Check box for G. L. Bill information:

Mail today?

Veteran

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

] YES... John, I want tolearn from the specialists in electronics — CIE.
Send me my FREE CIE school catalog — including details about troubleshooting
courses— plus myv FREE package of home study information.

RE-59

Apt.

Zip

Age Phone (area code)

Active Duty
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You don’t waste a second
on “mechanics’ with
A P All-Circuit Evaluators.

You figure out the circuit you want,
then plugitinfortesting. 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 solderiess 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?
Oursmallest ACE has 728, our larg-
est has 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 PRODUCTS
INCORPORATED
Box 110
Painesville, Ohio 44077
Tel. 216/354-2101
TWX: B810-425-2250

¢ 72 Corwin Drive

Faster and Easier is what we're all about.
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LETTERS
continued from page 16

output of IC2-b low, killing the display and
starting a new C8-R18 timing cycle. You
might also have to use a better-quality
capacitor for C8. One final suggestion—
don’t hold switch S1 on for too long a
time—set the clock in short cycles.

FRED BLECHMAN

SAGA OF AN AUDIO COMPRESSOR

Len Feldman's article on RG Dynamic’s
Pro-16 Signal Processor (Radio-Electron-
ics, September, 1978) brought tears to my
eyes but joy to my heart. His glowing report
did much to lighten the burden of guilt I've
been carrying ever since the Hollywood
1930's, when John Aalberg, Steve Dunne,
Jim Stewart and | (of the RKO-Radio Pic-
tures sound department) developed and
put to use the first audio compressor ever.

We dubbed our compressor the “Iron
Man" because it kept recorded speech
from overshooting the sound track, thus
saving many a jumpy mixer from a nervous
breakdown. But, most Important, it saved
the day for RCA, whose recording system
competed with Western Electric’s (industry
name: ERPI) in the fledgling sound movie
business.

Before the advent of our compressor,
ERPI had us hanging by our thumbs in
speech reproduction—walking off with Os-
car after Oscar. With their variable density
recording (H & D curve, built-in half-cycle
compression), they had no need to worry
about what Fletcher-Munsen already knew:
the ear is nonlinear (expansive) at theater
levels.

At that time, speech on RCA’s variabie
area system jumped and barked; it died
right into the noise threshold one moment,
or knocked your hat off the next. But ERPI
just talked along at any level—smug and
smooth as silk.

Of course, our compressor changed all
that. Almost overnight, RCA became re-
spectable and then we began to walk away
with our share of Oscars.

But now comes the sad part. Little did we
know that we had created a monster. In
those days, our only concern was that thea-
tergoers should understand what our ac-
tors were saying. Nobody in his right mind
thought of using compression on music
(just mildly on vocals) because we knew
that music, to be vital, needed all the range
it could get. Not only was it stupid to
compress music and take the life out of It, it
was immoral. How naive can vou get?

We all know what happened. As soon as
the wise guys found out that compression
raised the average power and/or modula-
tion (to say nothing of making it possible to
employ sound mixers of little talent and no
taste), they forced our sweet, innocent
compressor into a life of crime, into a
device that squeezes into degradation ev-
erything that comes its way. Today, even
with the most advanced hi-hi equipment,
we hear nothing on FM except mangled,
choked, squashed, squeiched, stifled,
clammy, pulpy MUSH!

Now Feldman has given me hope . . .|
trust him, and what he wrote about the Pro-
16 makes my mouth water.

CLEM PORTMAN
San Clemente, CA R-E
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Krohn-Hite Corp. Model
1200 Sweep Generator

it 4 e - =3

CIRCLE 88 ON FREE INFORMATION CARD
ALTHOUGH I'VE KNOWN ABOUT THE KROHN-
hite Corporation (Avon Industrial Park,
Bodwell Street, Avon, MA 02322) for a while,
this is the first time I've worked with one of
the company's test instruments. I'm quite
impressed with the new model 1200 sweep
generator—a simple name for a very versatile
instrument.

The model 1200 is a complete function
generator—producing sine, square and trian-
gle waveforms—as well as a sweep generator.
The frequency coverage is from 0.2 Hz to 3.0
MHz in three ranges. The main frequency dial
is log-calibrated from 0.2 to 300, and pushbut-
ton multiplier switches marked X1, X 100 and

"fix it on th

X 10K select the frequencies. The dial accura-
cy is +5% at four settings—0.2, 10, 100 and
300—and *+20% elsewhere. A vernier control
witha + 5% frequency range can be used to set
precisely on any frequency.

The waveforms are pushbutton-selectable.
All the outputs are very low-distortion, with
the sinewave output less than 0.5%, the trian-
gle-wave linearity better than 99%, and the
squarcwave having a risetime and falltime less
than 40 ns. Other pushbuttons control sweep
selection and sweep multiplication, and a DC
OFFSET switch can be used to offset the DC
level of any waveform by 10 volts in open
circuit. A separate vernier control for this DC
voltage is located just below the DC OFFSET
switch.

The bottom of the front panel contains the
BNC output jacks. The high and low outputs
have a 50-ohm impedance. The high output
delivers up to 20 volts P-P, open circuit, and
the low output i1s —20 dB less, or 2.0 volts. The
output level is handled by the amplitude
control, located just above the outputs.

The output linearity of the niodel 1200 is
amazing. Place a waveform on an oscilloscope
at any level and tune over the full range; the
pattern stays put. On sweep, the pattern is just
as flat. The manufacturer claims less than 0.1-

THE BIG PLUS +
Graphic Equalizer

dB variation from end to end. I believe it; I
used a wideband scope.

You can set the model 1200 to sweep any
desired frequency range. Just press the sweep
pushbutton. There are two positions on this
control for the sweep duration: the first from
1.0 second to 1.0 ms; the sweep time is variable
by the DURATION control on the panel. In the
sweep multiplier mode or X 1K position, the
time is extended from 1.0 second to 1000
seconds.

The setup is simple. Press the sweep button,
then adjust the main dial to where you want
the sweep to starr. Hook up a scope to the
output. When you observe the frequency is
sweeping, set the control marked START FREQ
until the frequency stops sweeping. The con-
trol is now set to exactly the dial frequency.
Move the dial marked STOP FREQ to where you
want the frequency to stop sweeping, and there
you are. To sweep from a low to a high set
frequency, turn the dial to a higher frequency.
To sweep from high to low, set the dial to a
lower frequency than the first. Once the START
FREQ control is set, you can sweep from this
point to any desired frequency by moving only
the main dial. You can cover any frequency
band within the range of the instrument. The

continued on page 26

SOAR's portable, battery-operated counters and
multimeters are so light and convenient that you can
take them anywhere your ham or CB equipment goes
Two models have been engineered specifically for
the radio hobbyist and CB operator.

FC-841 MULTIFUNCTION
FREQUENCY COUNTER

This seven-digit counter
covers the entire ham and CB
ranges from 10 Hz to 60 MHz.
The tilt-view stand all-steel

case and the 3" high LED readout make troubleshooting
easy no matter where you are. Supplied with four AA
batteries, the counter can also be plugged into any AC outlet
(AC adapter optional) or your car's cigarette lighter.

Price: $90.00

§-20 ANALOG MULTIMETER

At our price and for all its features, this
instrument has no equal. The rugged
d’'Arsonval meter movement guarantees
accuracy and sensitivity — 30,000 ohms
per volt DC. And let's not forget the five
function modes—DCV, ACV, DCmA
Ohms, and dB-—and the twenty
measurement ranges Price: $35.00

Call or write TODAY to find out more

ASSEMBLED

$18995

KIT

LOADED with Quality Features!

e Stereo . . . Eleven Bands Per Channel « Extremely Low

Noise & Distortion « LED Peak Indicators « Center Detent

(“flat”) sliders « Built-in “record” Switching » Line and Micro-

phone Level Inputs/Outputs « Regulated Power Supply e

Fully Guaranteed ¢ Horizontal or Vertical Cabinets  Kit or
Fully Assembled ¢ Plus Much, Much More!

Absolutely equals or exceeds overall performance

17231 Corla Avenue Tustin, California 92680

SOAR

corporation

%

about the FC-841 and S-20-—and
why not also inquire about our complete line of
multimeters and frequency counters.

SOAR ELECTRONICS (U.S.A.) CORP.
813 2ND STREET

RONKONKOMA, NEW YORK 11779
TEL. (516) 981-6444/TELEX 144638
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send
Yes! I've enclosed $_ - RUSH me O };fochure
{ —assembled equahizers at $189.95, p.p d
| ___unassembled equalizer kits at $99.95,p.p.d D Horizontal (flat D Vertical (up-right)

California residents include 6% sales tax

cabinet

Visa. & Master Charge orders accepted

Name == v
ard-No.

Address Ex;; Bark

City tate. Zip Date No
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Learn MICROPROCESSOR OPERATION, INTERFACING
and PROGRAMMING faster, easier and at less cost

with the HEATHKIT
Microprocessor
Self-Instruction Program
and Computer Trainer

Here’s the newest, easiest and lowest-cost self-in-
struction microprocessor program ever! What’s more,
it's the fastest way to really learn about this fascinating
field with applications in every phase of our everyday
lives. From automotive diagnostics to the microwave
oven in the kitchen to the computers that are taking on
more jobs in the home, schools, government, business
and industry every day!

Working with the popular 6800 microprocessor, you'll
explore this exciting field using proven self-instruction
text materials. You'll learn about micro-computer basics,
number systems and codes, computer arithmetic, pro-
gramming, 6800 capabilities and interfacing and more.
With the aid of audio visuals included, you'll go deeper
into programming, designing with microprocessors and
semiconductor memories. And you’ll actually perform a
whole series of “hands on” experiments with the op-
tional trainer designed to reinforce the theory you've
mastered to that point!

The ET-3400 Trainer kit, designed to accompany your
program, features the popular 6800 microprocessor. It is
actually a miniature digital computer in itself, complete
with a: 1K ROM monitor program; 6 digit LED display for
address and data readout; 17-key hexadecimal keyboard
for entering programs, data and control; 256 bytes of
RAM (expandable to 512 bytes with the chips supplied
in the course); breadboarding socket; 8 buffered LED’s
for display of logic states; 8 SPST switches for binary
input plus an on-board power supply with +5, +12 and
—12 volt outputs.

The Program comes complete with 62 electronic com-
ponents, including a 6820 PIA, two 2112 RAM’s, a 1406
digital-to-analog converter, 741 and 301 op amps and
more. Includes audio visual aids such as an audio cas-
sette, colortul flip charts and programmed learning text
material in two deluxe permanent binders.

Complete the optional exam and receive a Certificate
of Achievement and 8.0 Continuing Education Units
(CEU’s) — a nationally accepted means of recognizing
participation in non-credit adult education. (Note: Micro-
processor Program requires completion of Digital Tech-
niques Program or equivalent knowledge.)

ORDER ETS-3400

(Program and Trainer kit) . ................ 326995
(Add $4.54 shipping and handling)

ORDER YOUR PROGRAM WITHIN THE
NEXT 30 DAYS AND GET THIS BONUS

: SOLDERING _
IRON!
A Comparable $7.95 Value! h

th

MAIL COUPON TODAY!

MONEY-BAC

If you are not
100%
Program, we wil} refz

mmmummuum
'GUARANTEE!
satisfied with your Heathkit

nd the f {
@ program text Material, less:’{'rapi(rjnrecrhaSe price of

FE)R THOSE WHO NEED
DIGITAL TECHNIQUES TRAINING...

Comprehensive Digital Techniques Program — the background you need to
understand computer and modern electronic technologyl Digital fundamen-
tals, semiconductor devices for digital applications, Boolean algebra, flip-
flops and reglsters, sequential and combinational logic circuits, digital de-
sign and an Introduction to computers and more! The program Includes pro-
grammed Instruction text, audio-visual alds, parts for experiments and more.
The program includes programmed Instruction text, audio-visual aids, parts
for experiments and more. Digital Design Experimenter/Trainer lets you per-
form all the experiments in the program, then develop and test your own
projects. Features solderless breadboard sockets, 4 binary data switches, 2
“no bounce’ switches to pulse logic circuits, 3-frequency pulse clock gen-
erators, 4 LED's for visual Indication of logic states plus 3 regulated power
supplies. Upon completion of the optional final exam, you receive a Certlifi-
cate of Achievement and 4.0 Continuing Education Units. s 95

ORDER EES-3201 (Program and Trainer Kl? .................
A Add $3.94 shipping and handling)

ORDER BY PHONE!
Call (616) 982-341

. anytime day or night

HEATH ----------1
Heath Company, Dept. 020-511
731171331 s%-10e [Tl Benton Harbor, Michigan 49022 ]

I Gentlemen: Please send me the item(s) checked below and include my
FREE Soldering Iron (GDP-1105).

l [ Microprocessor Program and Trainer Kit (ETS-3400) ........ $269.95
(+$4.54 shipping & handling)

I [ Microprocessor Program only (EE-3401) ..............ovien $89.95
I (+$3.09 shipping & handling)

[1 Digital Techniques Program and Trainer Kit (EES-3201) ..... $129.95

(+$3.94 shipping & handiing) I

(Michigan resldents, add 4% sales tax)'
CHARGE to my [J VISA/BankAmericard [] Master Charge

. | enclose [J check [] money order for $.
. Exp. Date

Account #
. Master Charge Code #

Slignature
. (Necessary to send merchandlse)
. NAME
. {Please print)
ADDRESS

CITY. STATE ZIP
. Prices and specifications subject to change without notice.
Prices are mail order net F.0.B. Benton Harbor, Michigan. ED-121
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continued from page 24

amplitude of the sweep signal and that of all
other signals, 1s controlled by the amplitude
control.

The front panel also contains a TTL output,
which is set at the dial frequency. This can
drive up to 10-TTL loads with a risetime and
falltime of less than 15 ns. This output can be
used for triggering, blanking or any other
function. On the left is a jack marked vC IN
that i1s used to control the frequency of the
oscillator by feeding in a voltage between 0 and
+ 3. This will give a variation of the generator
frequency of 1500:1. Feeding in a sinewave
gives a frequency modulation of the output
signal around the dial setting.

Another output marked Cvour is a DC volt-
age output that is always directly proportional
to the generator frequency and ranges from
+2.0 mV to +3.0 volts. You can hook up a
digital voltmeter here to monitor the frequen-
¢y or to drive an X-Y plotter, etc.

There’s another output marked RAMP to the
left of the TTL output. In the sweep positions,
this produces a +5.0-volt P-P sawtooth wave-
form with a frequency that you adjust from
0.001 Hz to 1.0 kHz by moving the duration
control. The ramp retrace is less than 75 us, at
a 600-ohm 1mpedance.

While the model 1200 is far from a simple
instrument, its design and construction defi-
nitely is. Built on a single large PC board, it
contains discrete components and devices that
perform many of the functions often found in
only one IC. This also impressed me. You
should have no trouble at all making repairs if

needed, and the instrument carries a year's
warranty.

The instruction manual is so plainly written
that even [ can understand it (that's saying
something!). Complete operating and calibra-
tion instructions are included, along with a
detailed explanation of how every circuit oper-
ates.

Heathkit Micoder Il Model
HD-1984

CIRCLE 50 ON FREE INFORMATION CARD

HEATHKIT'S MICODER 11, MODEL HD-1984 ($34.95),
would make a fine addition to a mobile two-
meter transceiver setup in your vehicle. It
allows you to place a phone call to a local
garage or police station, or to call home to
explain that you will be late for supper. Anoth-
er important advantage is that it can be used to
obtain directions in a strange city. And, most

important, it could be a real lifesaver in an
emergency or breakdown.

As claimed, the model HD-1984 Micoder 11
(Heath Company, Benton Harbor, M1 49022)
is truly a single evening’s project even if you're
not cntirely at ease using the soldering iron and
hand tools required for assembly. There should
be little reason for it to take longer unless your
evening's free time is limited to an hour or so.

In the Micoder [, soldering is important
since there is little room for error because the
entire unit is contained inside the microphone
case.

After assembly, the unit operated as soon as
the battery was installed. A cursory check with
a small audio amplifier made sure the sounds
of the various tones seemed correct, and that
there was audio from the microphone.

Next, the unit was connected to the station
transceiver for the over-the-air test. With the
level control (R103) adjusted to approximately
near the center of its range, the proper tones
were generated to access the phone-patch of
one of the local repeaters. The access tone
immediately provided a dial tone in the station
receiver. Once accomplished, the rest of the
various digits of the telephone number were
completed, and the called-party’s phone rang
perfectly.

The next test was to make sure that the auto-
patch would “dump” or be disconnected when
instructed to do so by the operator. In our local
test case (as in many other parts of the coun-
try) this is accomplished by dialing the “#”
sign. This also worked, the repeater discon-
nected itself from the phone lines and the call
was complete.

All tones in the Micoder I] are génerated by

continued on page 32

RCA RecelmgTubes Mean Business'

You can get all the receiving tubes you

need from your RCA Distributor . . .
Miniatures, Novars, Compactrons,
Nuvistors, Glass tubes, Metal tubes . .
Over 1000 types, produced to RCA's
exacting standards.

Pius many RCA service aids and busi-
ness alds to add to your efficiency and

promote your business . . . Tube Cad-
dies, service tools, technical literature
and a wide assortment of in-store signs
and displays.

See your RCA Distributor for all your
tube needs.

RCA Distributor and Special Products
Division, Deptford, N.J. 08096.

REA=
, Tubes




328 WAYS TO INCREASE YOUR
ELECTRONICS KNOW-HOW

SEND NO MONEY! We'll invoice you on 10-DAY FREE TRIAL.
ALL BOOKS 100% GUARANTEED. You must be satisfied
or return the books and we'll cancel the invoice.

COMPUTERS. MICROPROCESSORS & ROBOTICS
1071—The Complete Handbook of Hobotics 364 p 137 4

1070—Dignal Intertacing with an Analog World 406 p. 277 i

1088—illustraled Dict. of Microcomputer Termindogy 322 p 1501 $795] 745—The Home Apphance Ciimec 195 p 611

1076—Aniticial Inteligence 252 p. 118 . 37 95] 885-—MHow 10 Repair Home Kilchen Apphances 294 p 20511
841—Buikd Your Own Working Robot 238 p.. 117 il $5 951 920 —Complete Hdbk of LOCks & Locksmithing 392 p 348 i

1099—How To Build Your Own Working 16-Bit Microcomputer 80 p $3 95 | 855—How 1o Reparr Home Laundry Appliances 280 p 137 il

1095—Programs in BASIC for Elec Eng.. Techs . & Exp 1400..491 5495 | 715—Small Apphance Repar Guide-Vol 2210p 11911

1077 —Hdbk of Remote Control & Automation Techs 294 p. 28 795 | 555—Major Apphance Reparr Guide 288 p 278 1

1055—The BASIC Cookbook. 140 p 54 95| 671—Etecincal Winng Lighting for Home Othce 204 p. 1551

1015—Beginner s Goe.to Computers & Microprocessors. 308 p 5695 | 520 ~How to Repar Home Auto Air Conditioners 208 p 100 1 $5 95
1000—57 Practcal Programs & Games n BASIC 210 p 64 §7 95 | 295—Retngeration 160 p 531l $3 95
995—Beginner s Guide 10 Microprocessors 182 p 106 1 $5 95

985—Programming Mxcroprocessors 280 p 1021

676 Computer_Prog g—Including RPG ~ $695
971—Miniprocessors: from Calculators to Computers 196 p. $5 95
874—Masler Handbook of Digital Logic Appiic's. 352 p. 287 0 $795
952—M/processor Programming for Computer Hobbyists 387 p S8 95
955--Modern Digial Communications 308 p 122 1l $6 95

975—The “Compulator  Book-—Buiid Super Calculators &
Minkcomputer Hdwe. with Calculator Chips 322 p. 227 il
752—Computer Pro?‘vammmg Handbook 518 p. 114 il
554—Computer Technician's Handbook 480 p. 428 Il 9
B24—Advanced A ions for Pockel Cak 304 p. 275 it
538—Computer Circuits & How They Work 192 p. 109 il
574 g ‘s Guide 10 G g g 480 p. 364 d
785—Microp Microprog g Habk, 294 p. 176 1l
709--Modern Guide 1o Digital Logic 294 p. 222 1.
724—Get the Most Out of Eiectronic Caiculators 204 p. 28 il
548—Begtnner's Guide lo Computer Logic 192 p. 1754

BASIC & GENERAL ELECTRONICS TECHNOLOGY

510—How 10 Read Elecironic Circuil Diagrams 192 p. 140 il. $4.95
)

588—Basic Electronics Course 384 p. 275 il 7.95
891—Practical Solid-State DC Power Supplies 196 p. 151 il. $6.95
628—Basic Electricity & Beginning Elecironics 252 p. 1911l $5.95
830—Introduction to Medicai Electronics 320 p. 126 il. $7.95
655—Modern Electronics Math 686 p. 424 il $11.95
728—Basic Digital Electronics 210 p. 117 it $4.95
691—Electronics Unraveled 228 p. 96 i $5.95
828—Switching Regulators & Power Supples 252 p. 128 1I. $6.95
583—Industnal Elecironics: Pnncipies & Practice 416 p. 380 il.  $8.95
930—Servicing Medical 8 Bioelecironic Equipment 350p.165 1. $8.95
300—Dictonary ot Electronics 420 p. 487 1l $5.95
601—Basic Color Television Course 420 p. over 300 il $9.95
575—Modern Radar—Theory. Oper.. and Maint. 480 p. 253 il. $795
104—Basic Radio Course 224 p. 128 |l $595

638—Marine Electronics Handbook 192 p. 106 11
528—Pulse & Switching Circuits 256 p. 184 11

585—Digital Electronics: Principles & Praclice 292 p. 191 0.
105—Basic TV Course 224 p. 128 il

111—Basic Transistor Course 224 p 179 il

1101 —How To Design& Build Your Own Custom TV Games 546 p $9 95
806—The Power Supply Handbook 420 p. 292 1 S795
1108—Lasers, The Light Fantastic 294 p. 158 1l. $6 95
1079—How 10 Build & Use Low-Cos! Hydrophones 140 p. 98 il. 54 95
1113—Understanding Electronics 182 p. 265 il. s4.5
800—Masier Habk of 1001 Practical Electronic Crculs 602 p $9 94
1060—2303 Dynamic Eiectromic Circuns 308 p.. 303 1 $6 95

1023—Beginner s Gde.to Desigming/Big g. (ransistor Radios 140 p. $4 95

965—Modern Transistor Radios 64 p.. 112l $2 50
958—Beqginner's Guide 10 Making Electr. Gadgets 140 p. 1131 $4 95
921—The ABC Book of H-FrvAudio Projects 168 p. 1314 $4 95
909—How to Buid MetalTreasure Localors 140 p 60 il $3 95
935 —Build-ft Book of Optoelectronic Projects 238 p. 175 il 85 95

30—Handbook of Semiconductors Circurls 444 p.. 3174l $595
964—Modern Crystal Radios (Make and Use Series) 64 p. 101 11 $2 50
637—Fun with Elecironics 140 p. 50 it $3 95
836—Optoelecironics Guidebook-with Profects 196 p. 115 $5 95
905—Build-1t Book of Dignal Electronic Timepieces 294 p. 20911 $6 95
926—Model Railroad Electronics 308 p 2181l $585
912—88 Practical Op Amp Circuits You Can Build 140 p 1204 $4 95
B868—CBer's Handybook ot Simple Hobby Projects 168 p. 1141 $3 95
887— 106 Easy Electr. Projects-beyond the transisior 224p $§595
790—21 Simple Transistor Radios You Can Buid 140 p. 1221, $395
861—Display Electromics 252 p. 195 1 $5 95
679—Electronics for Shutterbugs 204 p 109 $595
771—integratec Circuits Guidebqpk 196 p. 119 $5 95
667—Miniature Projects for Electronic Hobbysts 168 p. 77 i $3 95
787—0P AMP Circut Design & Applications 280 p. 239 | 6 95
796—MQOSFET Circuits Guigebook-with 100 Projects 322p.19€ 1 $5 95
714—Radio Astronomy for the Amaleur 252 p. 88 « $595
571—Radio-Eiectronics Hobby Projects 192 p. 214 95
591—Solid-Slate Projects for the Expenmenter 224 p. 22811 $4 95
780—111 Digital & Linear IC Projects 210 p 244 0 $595
639-—Sold-State Circuits Guidebook 252 p. 227 1 $5 95
524—104 Easy Projects for Electronics Gadgeteer 160 p 1051 §4 95
553—Etectronics Seif-Taught with Exp. & Projects 288 p 191 1. 595
695—Practical Tnac-SCR Projects for Expenimenters 192p. 1461 84 95
486—104 Simple One-Tube Projacts 192 p 104 d €395
629—andbaok of IC Circuit Projects 224 p 136 $5 95
487—64 Hobby Projects for Home & Car 192 p . 195 84 95
537--125 Qne-Transistor Projects 192 p 12541 $4 95

83—Fun with Eiecticity 128 p 34 41 $395
647—Slereo Quad Hi-Fi Princinles & Projects 192 p 100 $4.95
464—E lectronic Hobbyist s IC Project Handbook 154 p 86 $4 95
613—New IC FET Principles & Projects 154 p 60 1l 5495
462—104 Easy Transistcr Projecis You Can Buid 224 p 10511 $595
580—Praciical Sona-Siate Prnciples 8 Projecls 176 p 127 $3 95
568—IC Projects tor Amateur & Expenmenter 192 p 252 $o395,
542—Trangistor Projects for Hoboyists & Sludents 182 p 153 $4 95

70—Eiecione Puzzins & Games 128

ELECTRONIC TEST EQUIPMENT

132—How 10 Tesl Aimost Everything Electronic 160 p 144
730—EMective Troubleshooting with EVM  Scope 238 p . 185 1t
1012-—How To Design Build Elecir instrumentation. 420 p , 210
792—Build-Il Book of Miniature Test & Msmil Instr 238 p 151 il
472—Working with the Oscilioscope 104 p. 1831l 7" x 9's
672—Understanding 8 Using the VOM & EVM 192 p 187
927—How Io Use AF & RF %-gnav Generators 238 p. 162 i
T02—Electignic Measurements Simpiied 240 p 2171l
729—RF & Digital Test Equipment You Can Builg 252 p 21711
877—Under & Using Modern Signal Generators 294 p 120 1l
664—Understanding & Using the Oscilloscope 272 p 170 1
577—How to Use Cc'ur TV Test Instruments 256 p 230 1t
131—Tes! Insirume.its for Electronics 192 p 15541
680—How 10 T shool & Repar Electr Test Eqpt 252 p 143
777—Unaer Using Modem Electr Sveing Test Equipment 252
483-99 Ways ‘0 Use Your Oscilioscope 192 p. 327 4
485—How 10 Use Tes! Instr in Electrorics Servicing 256 . 234 ¢
550—Vectorscopes-Scopes- Sweep-Marker Generalors 256 p.

$495
$5 9

$7.95
1085—24 Tested Ready To-Run Game Programs »n BASIC 252 p $5.95
58 95

CIRCUITS BOOKS, HOBBY ELECTRONICS & PRO\ECTS.

APPLIANCES. ELECTRICITY & ENERGY

1063—How To Install Your Own Home or Mobile
931-—Direet Current Motors 252 p 172
987—Heanng Aid Handbook 336 p. 224 1l $8 95
913—Compiete Hdbk of Electncal House Winng 476 p 196 1 $6 95
906—Homeowner's Gde to Solar Healing/Cooling 196 p 11311 $4.95
962—Microwave Oven Service & Repar 420 p. 210«
903—Guide 1o Modern Energy-Etticient Heang/Cooling Sys
758—How 10 Compietely Secure Your Home 224 p 162 4!
1030— 101 Pracncal Uses for Propane Yorches 140 p 93 b
1006—Buid-11 Book of Solar Healing Projects 196 p 1111
B820—Central Healing Ar Cond. Repar Guide 320 p 285 o
1.97 —Etectnic Motor Test & Repar 160 p 102
515—Smatl Apphance Repaw Guide Vol 1224 p 100 1.
917—How lo Repar Small Gasoine Engines 392 p. 251 «
904—Homeowner s Guide to Saving Energy 288 p 169 1

la Power Fial

nt 9
$14 95

1073—Amateur Rad Lic Sty Gde forNav Tech &Gen Class 336 P. $6 95
1092 ~F st Ciass Commercial FCCLic Study Guide378 p 20511 $7 95
FCC Lcense 444 p 1501 7

$52--2nd Class FCC Encyciopedia Stuav Guide 602 p 445
893—Third Class FCC License Study Gude 308 p B8 1l
B873—Ham Radio Novice Ciass License Study Guide 224 p 57 4
851-—Ham Radio General Class License Stuoy Guide 448 p
827—Ham Radio Advanced Class License Study Guide 252 p
543—Ham Radio Extra-Class License Study Guide 224 p 162
989—Ham Radio incentive Licensing Guide 154 p 7

CB, COMMUNICATIONS, HAM RADIO &

1097—AN Aboul Telephones 192 p 140 it
1052—Radar Detector Handy Manual B0 p.. 63 1
1054— Antenna Construction HdbkJor Ham_CB & SWL 238 p.

$2 25
$595

1005 —Habk of Solar Flare Monitoring & Prop. Forecasting 196 p. $6.96
997—The Handbook of Telephones & Accessones 432 p.. 215 11.59.95

969-—CBer s Handy Manual ol Base Statons 96 p.. 55 (
801—masler Handbook of Ham Radio Circuns 392 p.. 301 1
963 me-B; HF/VHF A a Handbook 210 p. 143 1
959--CBer’s Handy Manuat of SSB B0 p. 42 it

685—The Complete Shortwave Lisieners Hdck. 192 p 146
683—Picional Guide to CB Radio Inslall /Repair 256 p 304 «
673—How 10 Be A Ham—Incls Latest FCC Rules 192 p 25
950—1i. Dict. of Broadcast—CATV—Telecomms 420 p. 104
799—CB Radio Operator's Guide-2nd Eaition 256 p. 139 4
899—C8Ber s Handy Manual 48 p.

735—The Compiete FM 2-Way Radio Handbook 294 p. 11111
859—The Complele Handbook of Siow-Scan TV 304 p. 169 Il $995
954—Practical CB Radio Troubleshooting & Repar 406 p 169 i $7 95
597 —RTTY Handbook 320 p. 230 Il $6 95
933—CBer's Handy Atlas/Dictionary 64 p. $195
722—Amateur FM Conversion & Const. Projects 256 p. 1874, 8595
678--Modern Communications Swilching Systems 276 p 1714 $17 95
581—Ctizens Band Radio Service Manual 288 p 84 1l 85 9
62

ELECTRONIC MUSIC

743—Ejectronic Music Circut Guidebook 224 p 380 1l
843—Sourcebook of Electronic Organ Circuits 168 p 10141,
610—How 10 Repar Muskcal Instrument Amplifiers 288 p. 50 i
718—Electronic Music Production 156 p. 79 il
666—Experimenting with Eleciromic Music 180 p. 103 .

546 onic Musical 192 p. 12110
832—Electronic Musical Instr. Manual 210 p. 7 x 10~ 385 d.
503—Servicing Electronic Organs 196 p. BY% ™ x 117 145 il

AUDIO, RECORDING, HI-Fi & STEREO

$2 5¢
$8 95

$8

$5 95
$1 50
$6 95

The 2-Meter FM Repeater Crcuils Handbook 312 p 194 11 $6 95

1064—How to Design / Build  Test Compiete Speaker Systems 336 p.S6 95
1056—Install Everylhing Electr. in Cars/Boats/Planes. Trucks 364 p $7 95
1042—Jap Radio. Record / Tape Player Schem Manual-—V 2 2005 §7 95
1017—Undersianding Sound. Video 8 Fim Recording 140 p.. 74 1!
966— Complete dl ot PA Sound S 272p._ 1484
736—Amateur Fiimmaker's Hdbk Sound Sync . Sconng 210p
875—Microphcnes—How Work & How to Use Them 224 p 97
646—Acoustic Techniques for Home & Studio 224 p. 168
781—Handbook of Multichannel Recording 322 p. 196 il
934—Pnolo Guide 1o AMFM Sterec Repair 288 p. 261 il.
632—Pictonial Guide 1o Tape Recorder Repairs 256 p 320
756—4-Channel Stereo-From Source 10 Sound 252 p 102 i
634—Basic Audio SySlems 240 p. 302 il. 4
689—Cassette Tape Recorders-How Work/Care/Repair 204p 1711
497—Tape Recording for Fun & Proht 224 p 171
494—Audio Systems Handbook 192 p. 1251
681—Questions & Answers About Tape Recording 264 p. 102 il
716—Servicing Cassetie & Cartndge Tape Players 294 p. 196 ¢
505—Installing & Servicing Home Audio Systems 256 p 136 1!
67—Elements of Tape Recorder Circuits 224 p. 145 1l

1035— Instrumentation & Control Sys Eng HdDk 434 p 1841l
929—Sola-State Motor Controls 322 p

774 -Digital Logic Elecironics Handbook 308 p 226 it
118—Elecironics Dala Handbook 256 p 149 4!
10t-—Electrorsc Circuil Design Habk - 4th Edition 416 p 966 4
125 ~Handbook of Electronic Tables 224 p 16 1

1135—Radio Contral Manual
825—Fiying Model Arrplanes/Heucopters by RC 192 p. 140 1
747-R
812—Raao Control for Models 350 p. 4171l
693 Model Sail 8 Power Boalng by Remote Conirol 192 p.125 1l
122 —Advanced Raaio Control 192 p. 181 11

865—CATV Program Origination & Production 256 p 64 il
811—Complele Habk of Videocassette Recorders 280 p. 160 1l
852—B'cast Engr & Mantenance Hdbk 532 p. 235 |
815—Desig./Mantain. CATV/Small TV Studio 288 p 100 1
1008—CCTV Inslallation. Maintenance & Repar 294 p
773—Tai-Back TV Two-Way Cable Television 238 p. 64 1
833—Complete Broadcasi Anlenna Handbook 448 p 308 d
657--MATV Systems Handbook 176 p 91

523—Guide 1o Radio-TV B casi Engineering Pracl.288 p 140 d
733—Dwectional Broadcasi Antennas 210 p 60

557 How To Become A Radio Disc Jockey 256 p
845 How lo Prepare a Producton Buagetl Fim & Videotape
541 —V,deolape Prod & Comm Techniques 256 p 100

793—TV Lighting Handbook 228 p 230

Each vol has complele service dala pans hsls tui-size schematic 10ig-
out sechon. and all other info needed Each 812 x 11

578—-RACA Vol 2 212 p 12 schemalics

502 —2
668—2
838—2
918—Svaing Zemih TV Mocules 200 p over 200 11

95
694 A $595

Slereo Service & Installalion 252 o 245 4

CIRCLE 22 ON FREE INFORMATION CARD

SEMICONDUCTORS. TUBES & TRANSISTORS

1016—~Towers International FET Setector 140 p
1010—Towers tnter Transistot Selector 200 p 1794 7" « 10

856—Master OP-AMP Appihcations Handbook 476 p. 320 ).
960 - IC Function Locator 224 p

984—CMOS Datanook 280 p 270 1

B70--Masier Tube Substiiution Handbook 548 p 322 4
970—Master Transistor IC Substituton Handbook 518 p 165 i
717--Transistor Theory lor Techmcians & Engrs 224 p 1161
938--Linear IC Applications Handbook 280 p 183 1
470--Transistor Circuit Guidetook 224 p 1184
?94--Microelectronics 266 p 228 i

708 Modern Appications of Linear ICs 276 p 301 1
213—Understanding Soha-State Cwrcuis 192 p 104
116—Geiting Staried with Transisiors 160 o 90 o

ENGINEERING & REFERENCE

$4 95
$3 95

$19 95
$8 95

162

742—Prot ElectncalElectr Engr s License Study Guide 476 p 5§57 95
750—Electronic Conversions, Symbols & Formulas 224 p 464 $5.95 .
829 -Impedance 196 p 901l $595

MODEL RADIO CONTRO

-3rdEd 256 p $595 .
$4.95
196 p. 90 1. $4.95

$6.95
$4.95 .
3495
$4.95 '
$14.95 '

8595
$1995
$12.95
$8.95
$5.95
$17 95
$4.95
$12 9¢
$1295
$12.95
$12.95
$1295
$12 95

Sys . Circuns, Const

odeler s ot Giiders & Saipl

74—Model Radio Control 192 p. 192 il

BROADCAST. CATV. CCTv & VIDEOTAPE

36 o

COLOR TV SCHEMATIC/SERVICING MANUALS

oniy $5 95 un-
less otherwise marxed

662—Svcing New Modular Color TV Recvr s Vol 1 176 p.
545-—Admural Vol 1 196 p 12 schemalics

641-—Admural Voi 2 196 p 11 sChemalics

741—Arrhne {Montgomery Ward) 196 p 12 schematics
536—General Elecinc Vol 1 196 p 12 schemalcs
609—General Elecitic Vol 2 212 p 10 schematics
879—General Electnc Voi 3. 196 p

560—Jap Vol t—Sony. Sharp. Midland 212 p

576—Jap Vol 2—Deimonico. Hitachi. Panasonic. elc 212 p
684—Japanese Vot 3—Hiachi. Sanyo. Coronado 228
692--Japanese Vol 4—Sharp. Midiand. MGA 236 p
700—Japanese Vol 5—Sony 196 p 36 p lokoul
526—Magnavon Vol 1196 p 12 schemaics
589—Magnavox Vol 2 196 p 9 schemalcs
770—Magnavox Vol 3 196 0 36 p schematc foldoul
509—Motorola Vol 1 178 p 6 schemaics

584 —Motorola Vol 2 196 p 9 schematcs
522—Phiico 196 p 12 schematcs
496—RCA Vol 1212 p 12 schematcs

plo

720—RCA Voi 3 196 p 12 schemalics
721--RCA Vol 4 196 p 12 schematcs
B22—ACA VoI 5196 p 36 p schematc section
740—Sears 228 p 12 schemalcs
618—Sylvania Vol 2 212 p B schemalics
760—Toshiba 160 p 12 schemalics
‘enith Vol 1 196 p 12 schematcs
emih Vol 2 196 p 12 schemalcs

‘erith Vol 3 180 p 36 p schemaix foidout
Zerith Vol 4 196 p 36 p schematc foldout

562

Contain all the data needed lo servicé each umil InCluding compiete
schemauc dagrams. backed up with step-Dy-step trouoieshooting
Inf0. theory. 1ips ot 1solaung problems. etc. Ak 7° x 10~ Each only $5.95

Radio, R Tape Playe: wce Manual 228 1026—Vor 3—Automatic Radio. Admiral. Midiand. Sharp $5 95
D e Sy e 994 o el 2Bl 2| 1025—Vvoi 2—Channel-Master, Coronado, Hitach: $595
£9_Servicing Record Changers 224 p. 173 il '32‘_53: : "S:geg"’:wfi';"';‘y o Rerrers gg gg
26— i 4
TV, RADIO & ELECTRONIC SERVICING eeim g Tea:seg:-Sg'e'::\;bse:g:g-ms%sg; SMmEiG] 2595
082—-TV Field & Bench Servicer s Handbook ] 862—Vol a—Pace Fénon/Couner Dynascan (Cobra) $5 95
1118—Color TV Trouble Factbook —4th Egition 532 p 928—Vol 5—Rado Shack (Realisic). Surveyor. Bertek $595
1028—How To Repar Video Games 270 p.. 182 . $795 | 932—vor 6—xial. Tram Diamond. Sharp $5.95
9393—Hdbk.ot Manne Electronic & Elecincal Sysiems 54€ p. $9 95 7—Latayette JIL  Fanon $5.95
901 —CET License Handbook-2nd Editon 448 p. 169 it 8 95
821—TV Troubleshooter s Handbook-3rd Ed. 448 p over 300 il. $4 95
563 »Begnnn$v's Génce to T%I Repair '76EP S0 1. 24 95
956—F e & Thefl Secunty Sysiems-2nd Ed. 192 p. 108 i 5 95 H i
876—Coior TV Case Fusiones lfusialed—vl 23520 2431 £795 TAB BOOKS, Blue Ridge Summit, Pa. 17214 '
46—Color TV Case Histories lilustrated 238 p. 219 $595 et .
809—Photo.Guide: Solid-Stale Color TV Troubles 224 p. 169 1. $595 Please send me the books.indicated below
72—Troubleshooting with the Dual-Trace Scope 224 p. 252 # $595 .
g%—_TV Schematics. Reading Between the Lines 252 p. 168 4. $595 D | enciose S . send DOStpald‘
tnstall Svong. Elect: Protective Systems 252 p.over 160 . 5595 } - ; '
gt}\\’ }unev gcgtemalvc ServiCing Manual-Vol. 1 224 p. 287 1. $6 95 Oinvoice me on 10 day trial (p'US Sh'pp|ng)
uner Schemati:Servicing Manual-Vol 2 200 p. 374 . $6 95 .
690--Log.cal Coicr TV Troubleshooling 240 p 151 $5 95 Book = Book = Book = Book = .
559--199 TV Tough-Dog Probiems Solved 252 p. 199 1 $5.95
Modern Radio Repar Techmques 260 p 207 1l $595
How to Repar Sohd-Siate Impons 192 p 8'; 1221 8795 —_——
44 -Pictonat Guide 10 Color TV Ciwcurl Troubles 256 p 262 1 54 95
484—TV Servicing Guidebook 176 p 11011 3195
il D uc No 3 252 $4 95
133 Jack Darrs Service Chmc No 1192 p 1254 $4 95.
1.8 Pinpoint TV Troubles in 10 Minutes 327 p 3944 $595 .
#82 TV Bench Servioing Techmiques 228 p 77 1 $795 Name Phone
430 Finpont Transistor Troubies in 12 Minutes 492 p 243 4 $6 95
595 199 Color TV Troubles & Solutions 224 p 1781l $595 Company
507—101 TV Troubles-From Symplom to Repaw 224 p 170 + $595 s
619— 1T shoobing Sond-State Elects Power Supphies 192 p BS il $4 95
778—Small-Screen TV Servicing Manual 240 p 367 1l $695°% Address
653—T shooling Sotd-Stale Wave Gen § Shaping Cucs 54 95
636—Instaling TV & FM Antennas 168 p 158 $495 . . .
835_VHF UHF Fue Poice Ham Scanners Ser Manual 250p 5695 City State Zip
625— Troubleshooting Sohd-State Amphhers 256 p 95 1l 84 95. 03
732—Jap Consumer Electr Ser Manual 1960 nci schemanctoldout $5 Pa. add 6% Sales tax. All orders outsice USA

must add 15% shipping and be prepaid.




RADIO-ELECTRONICS
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Train with NTS for the

MicroComputers, digital

The world of electronics is daily becoming more
challenging. Technology is growing more. specialized,
and the importance of digital systems increases
every day. Test instruments, home entertainment
units and industrial control systems are all going
digital. And now, NTS training programs include a
wider choice of solid-state and digital equipment than
ever before offered in any home study course:
Advanced NTS/Heath digital color TV (25" diagonal
with optional programming capability), NTS/Heath
microcomputer, digital test equipment, digital stereo
receiver (70 watts per channel), NTS compu-trainer,
plus much more state-of-the-art equipment to make
your training exciting and relevant.

The equipment you receive with NTS training
programs is selected to provide you with a solid

the first name

background in electronic systems. Kits and lessons
are designed to work together to demonstrate
electronic principles and applications. The kit-building
not only shows you how electronic hardware
functions, but how various circuit designs accomplish
different purposes. Your lessons guide you through
any number of experiments associated with many
projects. This is the Project-Method, and it works.
Step-by-step, you learn how and why digital
electronics has become a part of our world, and the
even bigger role it is sure to play in the future.

Whether you are looking for training in Consumer,
Commercial, or Industrial electronics, NTS offers
fourteen courses, some basic, many advanced, in
several areas of electronics. An all-new full-color
NTS catalog shows you what each course covers,



electronics of the future.

systems and more...from

in home study.

and every piece of equipment included.

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

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

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

NATIONAL G SCHOOLS

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

r--------

NATIONAL TECHNICAL SCHOOLS Dept. 206-039
4000 South Figueroa Street, Los Angeles, California 0037

Please send FREE Color Catalog and Sample Lesson.

(] Color TV Servicing

0B & W TV and Radio Servicing

[J FCC License Course

{J Electronic Communications

(] Electronics Technology

{J Audio Electronics Servicing

[ Digital Electronics

[J MicroComputers/MicroProcessors

Name

Address

Apartment Number Age
City

State Zip

TICheck it interested in G.I. Bill information.

JCheck if interested ONLY in classroom training in Los Angeles.
L N I OIS GE NS G D &

6461 HOYVIN
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EQUIPMENT REPORTS
continued from page 26

using a 3563.795-kHz crystal connected to a
16-pin IC. Since the unit is crystal-controlled,
it is extremely stable and quite free of extreme
variations normally encountered by a mobile
mike. The crystal control also makes adjusting
the tones unnecessary. The project is a one-
evening job (as advertised) since there is virtu-
ally little to do but to mount the components
on the board and then insert the board into the
case. R-E

Leader Model LCG-397
Color-TV
Analyzer-Generator

CIRCLE 89 ON FREE INFORMATION CARD

LEADER INSTRUMENTS CORP. (151 DUPONT
Street, Plainview, NY 11803) has produced a
new compact battery/AC-powered color-TV
analyzer-color bar generator. The mode! LCG-
397 is quite a small instrument. It measures

QIP-gpeasen™

* A completely flexible l
production I.C. dispenser
+ Expandable to 40 stations
+ Safe for CMOS/MOS devices I
*» Modules vary from .300" to
600" center spacing
+ Holds all I.C. tubes securely

The Complete
|.C. Handling
System

Little Dipper®

» Fastest manual DIP inserter
on the market
+ 5 models .300°'" to .600" center spacing
« Only tool to work with sockets —
aligns leads when inserting 1.C.’s
into zero force sockets
« Safe for CMOS/MO S
» Inserts with no stress on lead seals

Catalog |-

only 2 inches high, 6 inches wide and 4.5
inches deep, but it can do a great many things.
The front panel shows the many patterns it can
generate: all 15 of them regular patterns plus a
gray-raster, unmodulated video carrier and a
subcarrier signal. Six pushbuttons below each
vertical row of patterns, and a three-position
toggle switch to the right make it easy to set up
the pattern you want; including all the stan-
dard convergence, crosshatch, dots, V- and H-
line patterns. It also generates a single-cross
pattern or a single-dot pattern.

Any of these patterns can be injected into
the TV set as an RF signal, (on Channel 5 or
Channel 6); as a video IF signal (which makes
it useful as a tuner substitute), or as a video
signal. Both the video IF and RF outputs are
300 ohms, and the video output is 75 ohms.
The video IF and RF outputs are 10 mV, and
the video output is 1.0 volt P-P sync-negative.
The video and RF outputs can be used simulta-
neously if needed. A scope-trigger signal for
vertical (field) or horizontal (line) is also
provided, along with a selector switch. This
signal is 5 volts P-P. All pushbuttons are of the
plainly marked and color-coded push-push va-
riety.

Some unusual and handy tests can be done
with the model LCG-397. A variable control
on the front panel lets you adjust the burst
amplitude. Turning this contro! fully counter-
clockwise switches it to the CaLibrate position
for standard burst amplitude. Up to 150%
normal burst can be provided, useful for
checking the color-sync and the injection-lock
type of color oscillator circuits. An added
feature is provided: When you turn the burst
control down, the color should become more
saturated in the last few degrees. If it does, this

shows that the ACC (Automatic Color Con-
trol) is working. When the burst is reduced,
this circuit thinks that the signal is fading and
raises the gain of the bandpass amplifiers.

The color-bar patterns include the familiar
10-bar keyed rainbow, a handy three-bar (R,G
and B) pattern, and an unkeyed rainbow. The
three-bar pattern is handy for quick phasing
and demodulation checks, etc. For example, on
the B-Y signal, you should sece one high pip
near the center and only very small pips for the
other two—R and G. On the R-Y signal, the
red bar should be high, and so forth. This also
creates a nice vectorscope pattern.

Leader has prepared a new expanded in-
struction manual for the model LCG-397. It
covers not only setup and testing of the instru-
ment, troubleshooting and recalibration, but
also goes into great detail on many other tests.
These include not only tests of the color
circuitry but also the video bandwidth, AGC
sensitivity, etc. Many tests for VTR systems
are also shown, along with scope patterns and
line drawings. This manual is actually a handy
short course in color-TV trouble analysis!

All cables and test leads come with the
model LCG-397. A 300-ohm cable with clips is
used for the video IF and RF output, and three
color-coded test leads, (also with clips) are
used for the video output, ground and the
scope-trigger signal. The instrument is power-
ed by four C cells (provided) for portable use.
A model LPS-166A4 AC adapter can be used
for bench work; it plugs into a socket on the
left-hand side of the instrument case. When
the adapter is used, the internal batteries are
disconnected. Leader recommends you remove
the batteries when the instrument is used on

continued on page 36
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BUILDING BLOCKS FOR
MICROCOMPUTER SYSTEMS,
CONTROL & TEST EQUIPMENT

! PARALLEL PORT

TABLE TOP MAINFRAMES

ECT-100-F
RACKMOUNT CARD CAGES
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HARDWARE

INDUSTRIAL
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763 RAMSEY AVE.
HILLSIDE. N.J. 07205

RADIO-ELECTRONICS

w
N

TECHNI-TOOL ...

Apollo Road, Plymouth Meeting, PA 19462
(215) 825-4990 Tix. 83-4763
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POWER SUPPLIES, CPU’s,
MEMORY, OEM VARIATIONS

(201) 686-8080

CIRCLE 67 ON FREE INFORMATION CARD



Versatility:

Here'swhy
B&K-PRECISION’s

new DMMs
offer more

Mode! 2830
$235

Selecting aDMM isn’t simply a matter of
looking for the highest accuracy. It's a
more complex process of deciding what
features and performance characteristics
you need, to do as many different jobs as
you're likely to encounter. In short, versatil-
ity Is just as important as accuracy!

The new 2830 digital multimetar from
B&K-PRECISION has all the popular fea-
tures you'd expect to find on a 32 digit lab
DMM, but it also offers some very uncom-
mon features. Because a DMM may be
used under poor lighting conditions or in
a very bright environment, the 2830 uses
bright, high-efficiency 0.43” high LED
digits. The readability of this premium dis-
play is unmatched by other readout
devices

2 JC PRECISION

§ DYNASCAN
CORPORATION

5K e

2830 DIGITAL MULTIMETER

Model 2810
$130

The 2830 is also one of the very few DMM'’s
available with a 10 ohms range, capable of
.01 ohm resolution. This range offers the
user accurate resistance measurement of
switch and point contacts, or motor or coil
condition. AC and DC current measure-
ment capability extends from 100 nA to 20
amps without the need for external plug-in
shunts. For voltage measurement, the 2830
can resolve as little as 100 pV. For
maximum versatility in resistance mea-
surement, selectable high-/low-power
ohms permits resistance measurement
with or without forward biasing semicon-
ductor junctions.

The unit is housed in an attractive rugged
cabinet which features a combination tilt
stand/handle. Options include a battery

DYNASCAN
CORPORATION

6460 W. Cortland Street - Chicago. IL 60635+ 312/889-9C87

nCanada Atlas Elect:

5 0ntano  Internathonal Sales: Empire Exporters.tnc 270 Newtown R
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pack for field use and a carrying case.

B&K-PRECISION's 2810 DMM offers many
of the features of the 2830 but in a more
compact package and at a substantially
lower price. Features include 100 ¢V, .01
ohm resolution; high-/low-power ohms;
autozeroing; high immunity to RF interfer-
ence and complete portability.

Free DMM Selection Guide

A new B&K-PRECISION DMM selection
guide is now available. This full-color
brochure details features, applications
and specifications. It also includes details
of a new probe that turns any DMM into a
digital thermometer. Send for your free
copy today!

w Lt NY 11803
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Thelast time you saw areally new

bench/portable DMM was

That’s the year our 8000A was
introduced. Its custom LSI and solid
owner benefits quickly established
it as the world’s leading DMM.

Now, look at the new 8010A
and 8012A: single-chip CMOS de-
signs for problem-solving in the
eighties!

RAZOR-SHARP LCD for large,
no-strain answers at first glance—
in any light.

TOUCH AND HOLD probe
option, so you can thread your way
through a component jungle and
capture the reading you need.

FUNCTIONPOWER: 22 ranges
of AC and DC volts and current
six ranges of resistance, and three
ranges of conductance — the mis-
sing function on other bench multi-
meters.

CONDUCTANCE RANGES
fornoise-freeleakage measurements
to 10,000 MQ2. A valuable function
for bench-testing boards and com-
ponents, conductance also meas-
ures transistor beta (using a bias
resistor) and light intensity (by using
a photocell).

OVERLOAD-PROTECTED —
like no other DMM, including re-
jection of 6000V transients and up
to 600V applied to the current ter-
minals.

HONEST AC ANSWERS de-
rived from a Fluke hybrid true rms
converter. You'll even see the dif-
ference on your AC line between
the correct value and what your
average-responding meter reads.
And 50 kHz bandwidth won’t let
any significant distortion products
go unmeasured. Plus, 10 times the
basic response you may be limited
to now!

SPECS YOU EXPECT from
Fluke —like +0.1% on DC for one
year. Both models available with
rechargeable batteries, and backed
by the same solid warranty and
worldwide service that helped make
the 8000A the industry standard.

4

LEADERSHIP HAS TO BE
EARNED. And we’re committed
to keeping the price of your confi-
dence as realistic as possible. Like
$239 for the 8010A with a 10A cur-
rent range, and $299 for the 8012A
with two extra-low ohms ranges
that allow measurements from
0.001Q2 to 10,000 MQ — making
it the widest range ohmmeter avail-
able!

Contact one of the more than 100 Fluke
offices and representatives, worldwide, or
CALL (800} 426-0361* TOLL FREE. In the
U.S., and all countries outside Europe, write:

John Fluke Mfg. Co., Inc., P.O. Box 43210,
Mountlake Terrace, WA 98043, U.S.A.

In Europe, contact Fluke (Nederiand)
B.V, P.O. Box 5053, Tilburg, The Nether-
lands. Telephone: (013) 673973. Telex
52237.

Prices U.S. only.

“Alaska, Hawait, Washington residents
774-248!1

please call (206}

FLUKE

2502-8010



AUTHORIZED FLUKE DISTRIBUTORS

For immediate stock availability of these and other precision Fluke instruments and acces-
sories, please contact the Fluke distributor in the following cities. For the location of Fiuke
offices and representatives in other areas, please CALL (800) 426-0361 TOLL FREE (Alaska,

N

Hawaii, Washington residents — call (206) 774-2481).

ARIZONA

Phoenix

Liberty Electronics
(602) 249-2232
Metermaster

(602) 243-4111
Scottsdale

Barnhill Assoc., inc.
(602) 947-7841

CALIFORNIA
El Segundo
Liberty Electronics
{213) 322-8100
Los Angeles
Metermaster

(213) 685-4340
Mt View

Elmar Electronics
(415) 961-3611
Napa

Avionics Assoc., Inc.
(707)252-2121
Palo Alto
Metermaster

415) 968-0313

an Diego

Liberty Electronics
(714) 565-9171
Metermaster

(714) 560-4841
Sun Valley
Leasametric

(213) 768-4200

COLORADO
Commerce City
Elmar Electronics
(303) 287-9611
Denver

Barnhill Assoc., Inc.
(303) 750-1222

CONNECTICUT
Middleton

The Mancib Company
(203) 346-6646

FLORIDA

Orlando

Brownell Electro, Inc.
(305) 843-6770

GEORGIA

Atlanta

Brownell Electro, Inc
(404) 762-5181

HAWAII

Honolulu

EMC Corporation
(808) 847-1138

ILLINOIS

Chicago

Joseph Electronics
(312) 297-4200

Elk Grove Village
Metermaster

(312) 593-8650
Joliet

Avionics Assoc., Inc.
(815) 729-0820

INDIANA
Indianapolis
PA.DI

(317) 849-3682

KANSAS

Wichita

Radio Supply Co., Inc.
(316) 267-5216

MARYLAND
Gaithersburg
Pioneer/Instrumentation
(301) 424-3300

MASSACHUSETTS
Billerica

Metermaster

(617) 667-8346
Burlington

The Mancib Company
(617) 272-9450
Framingham
Calcotron

(617) 879-7650

MISSOURI

St. Louis

Olive Electronics
(314) 426-4500

NEBRASKA
Lincoln

Scott Electronic Supply Co.

(402) 466-8221
Omaha

Scott Electronic Supply Co.

(402) 734-6750

NEW JERSEY
Midland Park
Leasametrics
(201) 444-0662
Totowa
Ampower

(201) 790-6750

NEW MEXICO
Albuquerque
Barnhill Assoc., Inc.
(505) 299-7658

NEW YORK
Corning

Corning Electronics
(607) 962-0555
Farmingdale
Ampower

(516) 752-1078

Long Island

Harvey Electronics
(516) 921-8700

New York City
Advance Electronics
(212) 687-2224
Thornwood
Electronic Tool Company
(914) 769-8070
Vestal

Harvey Electronics
(607) 748-8211

NORTH CAROLINA
Charlotte

Brownell Electro, inc
(704) 394-4341
Dixie Electronics
(704) 377-5413

OHIO

Cleveland
Pioneer/Instrumentation
(216) 587-3600

Dayton

N.I.D 1

(513) 434-7500

OREGON

Eugene

United Radio & Supply, Inc.
(503) 342-3381

Medford

United Radio & Supply, Inc.
(503) 779-7933

Portland

Liberty Electronics

(503) 292-9234

United Radio & Supply, Inc.
(503) 233-5341

PENNSYLVANIA
Philadelphia
Sunshine Scientific
(215) 673-5600
Pittsburgh
Pioneer/Instrumentation
(412) 782-2300
Plymouth Meeting
Techni-Tool

(215) 825-4990
Spring House
Avionics Assoc., Inc.
(215) 643-6555

SOUTH CAROLINA
Columbia
Dixie Electronics
803) 779-5332
reenville
Dixie Electronics
(803) 229-4554

TEXAS

Austin

Barnhitl 1l
(512) 451-0217
REDCO

(214) 653-1041
Dallas

Barnhill 1l
(214) 231-9012
Houston
Barnhill 11|
(713) 688-9971

UTAH

Salt Lake City
Barnhill Assoc., Inc.
(801) 484-4496

VIRGINIA
Chesapeake
I.TR.

(804) 424-5121
Richmond
I.T.R.

(804) 275-1431
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WASHINGTON

Bellevue

Applied Engineering

(206) 455-4922

Liberty Electronics

§206) 453-8300
eattle

Western Electronics

(206) 284-0200

WISCONSIN

Green Bay

Northern Radio & TV Corp.
(414) 435-8331

CANADA

ALBERTA

Calgary

ACA Electronics Centre

Ailan Crawford Assoc., Ltd.

(403) 276-9658
Edmonton
Cardinal Industrial
Electronics, Ltd.
(403) 455-4122

BRITISH COLUMBIA
Vancouver
ACA Electronics Centre

Allan Crawford Assoc., Ltd.

(604) 294-1326

Vernon

Interior Electronics, Ltd.
(604) 545-2394
MANITOBA

Winnipeg

WE.S. Lid

(204) 632-1260

NOVA SCOTIA
Dartmouth

Allan Crawford Assoc., Ltd.

(902) 469-7865

ONTARIO
Toronto
ACA Electronics Centre

Allan Crawford Assoc ., Ltd.

(416) 678-1500
Ottawa

Allan Crawford Assoc., Ltd.

(416) 678-1500
Ottawa

Allan Crawford Assoc., Ltd.

(613) 829-9651

QUEBEC
Montreal
ACA Electronics Centre

Allan Crawford Assoc., Ltd.

(514) 670-1212
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EQUIPMENT REPORTS
continued from page 32

the bench at ali times. Using standard C cells,
battery life is about five hours; this could be
increased using alkaline batteries. A red LED
pilot light illuminates when the power is on,
and blinks when the batteries are low.

The model LCG-397 is quite a versatile little
instrument, and extremely portable. It fits
easily into a caddy to take along for house calls,
setup adjustments and in-home troubleshoot-
ing. The panel is well marked. In fact, so well
marked that we were able to make it work even
though I had cleverly managed to leave the
manual behind when I took the instrument to
the lab!

The model LCG-397 costs $299.95, and the
model! LPS-166A4 AC adapter is $7.95. R-E

Micro Software Systems
Micro-Set | PET Software

CIRCLE 125 ON FREE INFORMATION CARD

USERS OF THE PET ARE AWARE OF SEVERAL
shortcomings in its ROM-based BASIC lan-
guage. One of the most significant is the inabil-
ity to add one program to another. Micro-Set |
is a PET-compatible program that combines
the capability of linking programs, deleting
lines and renumbering program statements.
FORTRAN users are familiar with the con-
cept of a subroutine library from which they
can draw upon while developing their pro-
grams. Rather than having to create mathe-
matical and other subroutines each time they
are needed, users can combine or link previous-

ly developed routines with their new mainline
programs. The PET BASIC and its integral
operating system lack this ability. In PET
BASIC, the LOAD command resets various
pointers and overwrites the old program with
the new, wiping out any previously loaded
program. This prevents one program from
loading a second program while retaining the
program statements and the data generated by
the first program. Micro-Set | solves this prob-
lem by allowing you to generate an ASCII-
formated cassette that can be loaded or added
later to another program already contained in
memory. The program uses some clever meth-
ods to achieve this result by digging into the
workings of the PET operating system itself.

In my sample, unfortunately, this portion of
the program did not operate properly. Playing
back a Micro-Set | created tape did not affect
the already present statements in any way. |
took the program apart, drew a couple of flow
charts, and uncovered minor inconsistencies in
both the portion that creates the tape and the
segment that reads it back. I actually tried the
program on two different PET’s that were
purchased about six months apart—with no
success. It is possible that some error crept in
between the time the program was created and
the time it ended up on the tape I received.
Incidentally, the tape included three sequential
copies of the program which performed identi-
cally. No doubt the source of the problem has
probably been identified and cleared up by
now.

The Micro-Set | command list is as follows:
The CREATE TAPE command is used to record a
program segment or an entire program onto
tape, and the ADD command reads it back and
adds it to already exlstmg statements, if any.

Kleps 40
Kleps 30 Kleps 1
_ Kleps 10 -~ 20
Kleps 10 g g
& oSHORT |||
Kieps 30
- =
ok ¥ ot 10 o
=
C| :
Aid
=
ever Kleps =
o
\| 2
Test probes designed by your needs — Push to seize, push =
to release (all Kieps spring loaded). Kleps 40 =1
Kieps 10. Boathook clamp ~grips wires, lugs, terminals. o
Accepts banana plug or bare wire lead. 434" long. $1.59 S
Kleps 20. Same, but 7” long. $1.69 S »
Kleps 30. Completely flexnble Forked-tongue gripper. Ac- -
cepts banana plug or bare lead. 6” long. $1.99 3
Kleps 40. Completely fiexible. 3- segment automatic collet o 3
firmly grips wire ends, PC-board terminals, connector pms = 2
Accepts banana plug or plain wire. 6" Ion o] 2
Kleps 1. Economy Kieps for light line work (not Jab quahty) Kleps 1 = %
Meshing claws. 42" long. $1.09 = g
Pruf 10. Versatile test prod Solder connection. Molded : a
phenolic. Doubles as scribing tool. “‘Bunch” pin fits banana =
jack. Phone tip. 5Y2” long. $ 99 =
All'in red or black - specify. (Add 50¢ postage and handling). mJ

write for complete catalog of - test probes, plugs, sockets,
connectors, earphones, headsets, miniature components.

Available through your local

e

S
INDUBSTRIES
e ——1

distributor, or write to:

RYE INDUSTRIES

131 Spencer Place, Mamaroneck, N.Y. 10543
In Canada: Rye Industries (Canada) Ltd.

Pruf 10
INC.
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WORLO'S MOST PRACTICAL SOLDER HANDLING TOOLS

SOLDERING +

VACUUM STROKE

MNUVE@@AL
SACOLDAPULLE

EDSYN@

15950 ARMINTA BT.. VAN NUYS, CALIR, 91408
24 HA. PHONES Local (212)909-2324 L.A.{113)873-5 118
CABLE: EOSYNER VAN TELEK 63-1489

The DELETE command takes out lines between
specified line number limits. The DELETE com-
mand is particularly useful in removing the
instruction preamble of Micro-Set | after it
has- been loaded and read by listing. The
program INFO command displays the number
of lines in the program, the first and last line
numbers, and the number of free bytes remain-
ing. Lastly, the RENUMBER command is proba-
bly the second really useful function. Even
though at the outset you may have to number
your program statements by tens to leave
spaces in between adjacent lines for editing,
it’s not unusual for a few of these gaps to be
filled during program development. Without a
renumber capability, it is impossible to add a
line between sequentially numbered state-
ments without extensive messy editing. The
RENUMBER command lets you renumber all
lines at selected increments and starting at a
desired line number. Program jumps and con-
ditional jumps are not automatically updated,
however. If a program statement ends with a
GOTO, the target address remains unchanged.
Micro-Set I does help by displaying a list of
the numbers of the lines to be corrected. As
the instructions suggest, it is a good idea to
copy this list onto paper since it can only be
displayed once. This is not necessary if you are
fortunate enough to have a printer connected
to your PET.

On execution, the first key command letters
are displayed in a novel fashion: The first key
command letters are displayed in reverse video.
Instructions are included on how to add the
Micro-Set I routines to your own program.

Micro-Set I is priced at $15 per cassette
copy produced by Micro Software Systems,
Box 1442, Woodbndge VA 22193. R-E

DESOLDERING +
RESOLDERING =

SDLDERAblh{"J ELEMENTARY 70 ELITE

"éss-ecm.w'
DESIGNED
ADJUSTABLE

DESOLDERING TOOL

Compact tool for convenient tool
box storage. Precision molded
plastic barrel and low-mass
plunger creates rapid vacuum
impulse with negligible recoil.
Three position plunger adjusts
loading span to fit large or small
hands. Ample vacuum for most
circuit board desoldering require-
ments.
inquiries

your neaiPDISTRIBUTORDoiicd

Covered by U.S. and Foreign Patents and Pending Applications

] QVER 1000
NEW/! 552
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Automotive “"brain” astounds the
experts, puts both computer and and
cruise control at your fingertips!

For the first time ever, you can put a true com-
puter in your car, truck or RV which gives you the
most effective and functional cruise control ever
designed, plus complete trip computing, fuel
management system, and a remarkably ac-
curate quartz crystal time system. It is called
CompuCruisery.

So simple a child can operate, the new
CompuCruise combines latest computer
technology with state-of-the-art reliability in a
package which will not likely be available on
new cars for years to come.

CRUISE CONTROL WITH A MEMORY, UNIQUE
SEEK-AND-HOLD CAPABILITY.

CompuCruise remarkable cruise control per-
forms in a totally different manner than any
other unit because it is more than a simple
speed maintaining device. With CompuCruise,
you establish your desired cruising speed even
before you reach the highway and activate the
system any time by simply pressing a button.
CompuCruise then seeks and maintains the
desired speed untll you override or shut off the
system. You resume crulse control again at any
time by pressing the same button. Com-
puCrulse, unlike most vacuum-mechanical
systems, is fully electronic, more accurate and
more rellable than any other unit you can buy.

INSIDE TEMPERATURE
SENSOR

COMMAND

VACUUM SERVO

FLOW SENSOR

Ou!
TEMPERATURE
SENSOS

" CRUISE CONTROL

DISENGAGE SWITCH SPEED SENSOR

AIRLINE PILOTS COMPARE COMPUCRUISEy
TO SOPHISTICATED AVIONICS EQUIPMENT.

Similar to types of computers used on modern
alrliners, the CompuCruise slim panel-mounted
control module contains a digital readout and
back-lighted control buttons, both readily visible
in the dark. By quickly learned systems of in-
quiry, the driver can elicit virtually any intorma-

@l
Ele@ @ @

() &0 () (2) (3

EEEeT (]
w%.""

(415) 935-4960

Technically competent personnel
available to answer your questions.

tion relating to time, distance, fuel and perfor-
mance of his vehicle.

There are a number of digital-type instruments
on the market which can be purchased for your
car, purporting to provide functional data on per-
formance, but all are basically calculators,
operating on fixed Information provided by the
driver.

CompuCruise is a true computer, operating
from automatic data sensors which constantly
react to changing conditions, automatically
recomputing vital data every second. Each func-
tion operates Independently, with data dis-
played and updated constantly until you change
your request of the computer.

Fuel management takes on new significance
because CompuCruise tells you the most effec-
tive driving speeds, the type and brand of
gasoline most suitable for your vehicle. It will
tell you the effects of different types of tires and
different tire pressures, road conditions, and
engine tune-up condition. You can get instan-
taneous computations on current gas mileage,
fuel required to arrival, and actual fuel remain-
ing

Battery condition can be checked regularly,
saving you from the potential embarassment of
being stranded without warning.

TYPICAL DATA:

+ Cruise Controf

+ Time, E.T., Lap Timer, Alarm

+ Time, Distance, Fuel to Arrival

+ Time, Distance, Fuel to Empty

+ Time, Distance and Fuel on Trip

+ Current or Average MPG, GPH

+ Fuel Used, Distance since Fillup

+ Current and Average Vehicle Speed
+ Inside, Outside or Coolant Temperature
+~ Battery Voltage

+ English or Metric Display

COMPUCRUISEy DIGITAL QUARTZ CRYSTAL
TIME SYSTEM IS INCREDIBLE.

CompuCruise digital time system performs
four independent time functions encompassing
{a) stop watch and lap timer functions, {b) hours,
minutes and seconds, (c) alarm or warning func-
tion, and {d) trip time indicator. The time system
operates full time, whether your vehicle is
operating or not. It will even wake you up after a
short roadside nap.

YOUR COMPUCRUISE IS SMART! IF YOU PUSH THE WRONG BUTTON
IT WILL LET YOU KNOW BY DISPLAYING "ERROR™

COMPUCRUISE;, WORKS ON FOREIGN OR
AMERICAN CARS; IS PRICED FOR THE
AVERAGE MAN’'S BUDGET

You do-lt-yourselfers can readily install the
unit, but complete and detailed instructions are
also included for the automotive service facility.
CompuCruise units are fully operable on most
foreign or American cars, trucks or RV’s. At
$199.95 the unit is only a few dollars more than
the cost of crulse control alone on most
vehicles, yet offers a whole new world of com-
puterized management functions.

This is an exclusive system, fully warranted
for 90 days from installation, dellvered to you
complete with all required hardware. You need
only basic tools for the total job.

When you receive your unlt, inspect it com-
pletely. It you are not 100% satistled, return the
complete unit before installation and your
money will be refunded without question.

TO ORDER YOUR UNIT, complete the coupon
below, enclosing $199.95 (ADD $5.50 it tront-
wheel drive). This covers all shipping, Insurance
and handling costs. Your unit wlili be shipped
within three weeks.

NOTE: Mountable on foreign or domestic
vehicles Including standard trans. EXCEPT
FOR DIESEL OR FUEL INJECTED ENGINES.

PRy

Pt Comeugruse

t Compucruse
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r——_----------
I TO: ZEMCO,Inc. (415) 935-4960
I 1136 Saranap Avenue

Walnut Creek, CA 94595

CompuCruisery units @ $199.95
Model 44 (WITH CRUISE CONTROL)
Add $5.50 for front-drive
CompuCruisery Units @ $159.95
Mode! 41 (WITHOUT CRUISE CONTROL)
Add $5.50 for front-drive

Total enclosed: $
(CA residents add Sales Tax)

Master Charge

Ship

Ship

Charge to my Visa
Card Number

Date Expires

Signature

Make vehicle:

Name:

Address:

City State & Zip

6461 HOHVIN
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PHILIPS

DORIC

DIGITAL MULTIMETERS

8020A

* 26 Ranges—S5 Functions plus New Conductance Function lor up to
10.000 M1t Leakage Measurements

Extensive Overioad and Transient Protection

Rugged Construction—1 Year Warranty

Hi/Lo Power Ohms for In-circuit Resistance and Diode Testing
10 M1 AC/DC Input Impedance Doesn't Load Circuit

200 Hour, 9v-Battery Lite—Low Battery Indicator

Large LCD Readout—2000 Counts

1 Year Calibration Cycle—Only 3 Adjusiments

One Hand Operation

Compiete with Batiery and Test Leads

P I Y

The new Fiuk® 8020A continues the standard of @xcellence set by the highly success
ful BOOOA multimel mily. Meny features set the B020A apart as @ ifuly exceptiona
+ ranges and 5 lunctions include measuring capadility up to
1000V dc. 750V ac, 2A ac/dc and 20 MR MIZLO ohms are included for iN-Gircult
est capability. In addition, a new Conductance funciion aliows
measurem@nis up lo 10,000 Mil. a must for cirGuit board work

resis1ance and lagha
and component che

The 8020A has been designed he user in mind and fealures exclusive one-hand
eration For harsh s A has & ruggedai; nd
entensive overioad/tran protection backed up b vear warranty. Long
ye ee cal adjustment
o1 Gontin 8 e exp i ngle 9V arke

-— S
SPECIFICATIONS

1 5C Yoty AL vens | BC Currem | AL Corremt oy ctance* |
$ 1 6 9 . hold o v | 2k ) M
Resolution v ¥ ok 1 u 1.
Accuracy i 2541 7542 075+1 1542 2410 |

FLUKE DIGITAL MULTIMETERS

\ 8010A and 8012A
e
Troa et =

Sl e s
- - — S e e
. e Rt i
. o COMMON foautie to SO0V
* Recessed pachs reduce Shock hezsrd
& : ] § Bpeemeasiesicaistomiberany.
- | R e i
. *  Aulozero and sulopo v
e 4 o

FLUKE MULTIFUNCTION COUNTERS

1900A, 1910A, 19114, and 19124

RADIO-ELECTRONICS
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LCR-740 ——

Transistorized LCR Bridge [
LEADER
Instruments Corp.

$269.%

Regular price $320,

* Highly accurate 3 unit digital readout.
* Measures inductance (L), Capacitance (C),

and Resistance (R), within +0.5% accuracy.
* Operates on one 9V battery

HICKOK FLUKE

®

Non-Linear Systems

New Portable Digital Capacitance Meter

Reg. price $130.

$109.*

o<y
@ Specisllead Insertian jachs of
s

bensns fack:

nergesble o
ries

® Ovarrange indication

a4 PReCision

Solid-State RF Signal Generator
**E200D

MO
B & (00RMz [0 S4MHs COver.
' b oge in § tundemantal

©ands ang harmanics to

- — T . neMHz
- ® Complersty ahinided RF
P - outPul with modulation

Percent metering snd

MMz crysta callbration
aystem

® Essy-setting 2-color §°

$ 2 4 9.95 anti-backlash vernier dial
e s300.

3-1/2 Digit DMM with .5% Accuracy

MOOEL ® 3% dgt saey to reed LED dispiay

@ 0.3% DC sccuracy typical
2810 :inxr
® 10 ohm mnga Bnd control to rero

® Selectabie Migh-/Low-power ohmy
on lour ranges
® Auto zeroing

$109.%

Laboratory Power Supplies

MODEL

1601

1650 el "

o

i NN W -3
=

. Mred output ® Pty ot - -,

 Dveme v Ao e e o1 PRECISION

Reg, price $275 Reg. price $265,

$229.95 $224.95

New Sweep/Function Generator

New Low Distortion Function Generator

="

& Four inatrumanta in one
echage—

e, hunc:
generstor,
3

& Covere 0.02Mr-2MMz

® 1000 1 tuning renge

® Low-Slatortion high-accuracy
outpu

& Thres-atep shenueter plua
verniar control

& internsi linesr and log aweepn

& Tans-buret sutput is front-panel or
extemally progremmebie

Regular price $325. $ 269. 2

MODEL

3010

& Genatates sing, square and trisngla
-

2 emplitude and hed TTL square

toule

@ 0.1H210 1MM2In eix renges

@ Push buton range and tunction seisction

& Typicel sina wive dlstortion under 0.6%
om 8.9 Me fo 100 kN2

& Variebia OC ofteat tor anginearing
appiicationa

@ VCO external inpul tor awaap-fraquency

‘o

Regular price $175, $149.95
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TRIPLETT VIZrsha \EEDATAPRECISION

o1 PRECISION

: OMHz Dual T ith Delay Li
Dual-Trace 5" 30MHz Triggered Scope... 2 2oua Macew oy o

LEADER —
MOOEL instruments Corp. 5

i mos20  ig)

o0 time
® Triggers on .n.n-u up 10 50 MMa
2 [eVic ceiaTloxasieE u'

° nor:on'c:c';‘::; n‘:nnm $ 889.95 ‘ O 9 T "'.I'%
.

o 4qn e ©
¢

2 you change sweep

!’CO

o Chacslinem dighs logic circultry. Tk - 4
hciuding ECL o — L 4 Sas
uracy ten pasition vertcel —
tor
P @ with emooth rolioft .
® Single Shot Trigger on CH-1 8 CH-2 helps capture transient phenomena withOut

® PDA CAT with P31 phosphor Quesswork or ime wasting double Checks
® Buitlin nign- end low-pess finers . By
® Meinteins CRIIBOBOR BCCUTECY 10
Dver 105-130 YAC end 03-260 VAC
ameeps —0.2 uSicm ® 5SmV/cm sensitivity lacifitates accurate igna nQ trom low |evel SourcCes

& 20nS/cm sweep capabillly. 19 7nSec rise time tor observation ol the f8stest Signa|

120nanoSec detay fine simplities viewing of leading edge of pulse
e lrain.

®5 PDA LRVM.,wesm(g.\l shatp Irlice at atl sweep speeas
® 2 Axis modulat
® Numerous n\ ter:

95
QUANTITIES LIMITED $7 9 9 sl aboratory andl eld semce
Probes not included in price —
20MHz Dual Trace

LBO-508

Yy

$639.°°

|

) Non-Linear Systems
4 BATTERY OPERATED ® Automatic tngger from CH-1 or CH-2, including TV synch.

MS-215 MS-15 © Add & sublract modes, {with CH-2 invert). 1or quick analy$is Of signals, ampiitude. etc

Reg. price $4315 Reg. price $318. @ Automalic seiect in Gush mode. of aiternate & Chop.

$3 59 5 : 15 megahertz e ® Front panel. pusnbutton. X-¥ operation for phase shitt, analysis, sweep slignmeni
o

95 tical sensifivi 2 2
QUANTITILS LIMITED $2 690 : :g”;v:i’osec R :e T|m:I;v‘:as:v::f:guor;-qn speed pulses lkEﬁgEoer‘
CRT, 8x 10 Div t d tay.
PORTABLE OSCILLOSCOPES Loty aroupet, comeament ontpaneContrs taciale aach 35y oeraion

ol « | {w "‘ With the purchase of $750 or more you get
< [7 < b b these quality tools worth over $34 :
WELLER 25 watt soldering iron kit, (SP23K)
XCELITE 4" cutters and 4'' pliers. (54, 41CG)

- <==~" 1fl.l; ELE/ Offer ends April 31, 1979

Shipping not incl luded in prices.

5MHz Solid State 3" Oscilloscope New 15MHz portable 3" dual-trace scope

1432

. mnun c-mn-nh Aoty
oll-o# aaponsae atlends

1403A

@5 MM with high sensirvity

@ For produd CMIM as, achoots, fiewd
service work. hobbyists

808 moduistion montor

# Urrecompect and lignteeight

goss snywhe

B Use iha 14034 Io ralease mote

epprels sy trom montioning
s¥o

bevons et
8 2m¥igw. verticet sensitivity
® Opereten o0 11TVAC, 234 VAC,
12¥0C or oplionat Internet be fery
pack
® Fulty reguisted bhigh' snd iom-
Pivas mcm .n‘mvn' of tomVigiuision voftage supplies
ond

y up
Pl 2o nrym.a uleton

$Sub X .. -
124 PRECISION R oo e viro

$214.5

THE TEST EQUIPMENT SPECIALISTS "™
TOLL FREE HOT LINE
800-223-0474 cADVA ¥

6461 HOHVYIN

W
w0



RADIO-ELECTRONICS

&
o

SIMPSON
260 VOM

Choice of Professionals for Over 40 Years!

e Fast accurate measurements
on 27 popular ranges

Rugged taut-band varistor-protected
movement

e Optional 5 KV probe

COMPLETE LINE OF PROBES, LEADS, CARRYING CASES AND
OTHER ACCESSORIES AVAILABLE

SEE THEM AT YOUR LOCAL SIMPSON DISTRIBUTOR

-

INSTRUMENTS THAY STAY ACCURATE

SIMPSON ELECTRIC COMPANY

853 Dundee Avenue, Elgin, lllinois 60120

(312) 697-2260 e CABLE SIMELCO e Telex 72-2416

IN CANADA: Bach-Simpson, Ltd., London Ontario

IN ENGLAND: Bach-Simpson (U.K.) Ltd., Wadebridge, Cornwall
IN INDIA: Ruttonsha-Simpson Private, Ltd., Vikhroli, Bombay

External access battery and fuse
compartment

Multi-purpose color-coded test leads with
combination and screw-on alligator clips

K Audio, TV and
b . Communications
- Service

Electrical
Maintenance

Production and
Quality Control

260-6VOM — $95.00

260-6M with mirror scale —$98.00

260-6P overload protected —$141.00
260-6PM overload protected with

mirror scale — $145.00

260-6RT in roll top case — $106.00
260-6PRT overload protected in

roll top case —$153.00

260-6MRT with mirror scale in

roll top case —$110.00

260-6XL with extra ranges and features-$111.00
260-6XLM with mirror scale—$115.00
260-6XLP overload protected —$152.00
260-6XLPM overload protected with

mirror scale —$156.00

KATY INQUSTRIES

INDUSTRIAL
EQUIPMENT
GROUP

CIRCLE 33 ON FREE INFORMATION CARD



SOMEHOW, THE NEWS THAT SOMETHING
that used to be big is getting smaller and
smarter isn’t as much news as it used to
be. The humble multimeter is an excel-
lent case in point. Those of us who
remember the early days—or who have
seen old-relic instruments in museums—
know that in the beginning, there were
separate meters for voltage, current and
resistance (or, just as often, conduc-
tance). In fact, there were often separate
meters for separate measurement ranges.

But meters were expensive. So, out of
necessity, early experimenters built
switchboxes with the resistive networks
and patchwork needed to allow one meter
to do the work of many.

Over the years, these evolved into the
moving-coil multimeters of more recent
times. As recently as the 1940’s, though,
these contraptions were often bigger than
the proverbial breadbox; especially when
vacuum-tube amplifiers were added to
increase the input impedance of these
instruments.

Transistors in the 50’s and 60’s, and
IC’s in the 60's and 70’s, began the
shrinking process. But what’s made the
most difference is the special attention
given to the large-scale integration of
analog-to-digital (A/D) conversion cir-
cuitry in just the last few years.

From A to D with an LSI IC

If the history of IC’s could be viewed
geographically, we'd see many paths con-
verging on the goal of a monolithic
meter-on-a-chip. For one thing, advances
in the scale of integration, especially dur-
ing the 70’s, made it possible to include

all the digital circuitry for multiple-
decade counters, complete with display
and logic circuits (but less the actual
displays); and also the necessary oscilla-
tors, references and A /D converter com-
ponents (minus a handful of external
parts)—all on a single IC. At a manufac-
turing level, a high level of repeatability is
required to let each batch of chips pro-
duce enough yield to be economically
feasible. In other words, such an IC has to
be mass-produced at low cost, because the
end product must be price-competitive to
survive in the marketplace.

Advances in CMOS technology, and in
technological combinations of CMOS
with NMOS and PMOS (on the same
IC) also played an important role. While
well-suited for digital functions, CMOS
technology alone is not well-suited for
amplifier and buffer applications.

Lasers were first applied to the preci-
sion trimming of resistors on the mono-
lithic IC, meaning that high-precision
resistor values were becoming, at long
last, economically feasible.

And in the laboratory, methods of
performing A/D conversion were being
compared for suitability in terms of accu-
racy, economy and ease of realization.

The stage set, the first LSI “meter-on-
a-chip” IC’s began appearing in 1976 and
1977.

The Intersil ICL7106/7107

Typical of the best of the meter-on-
a-chip IC’s (even at this writing) is the
Intersil pair of 3'/:-digit single-chip
CMOS A/D Converter IC’s, ICL7106
and ICL7107. In Intersil’s Application

New Trend
In DMM’s

Digital multimeters are grow-

ing smaller and less complex as more
on-chip circuitry is developed. Here is a
look at the latest in DMM technology.

MARTIN BRADLEY WEINSTEIN

Bulletin 4023, “Low Cost Digital Panel
Meter Designs” (May 1977), Intersil’s
David Fullagar and Michael Dufort in-
clude this description:

“Intersil's 7106 and 7107 are the

first IC’s to contain all the active

clrcuitry for a 3':-digit panel meter
on a single chip. The 7106 is de-
signed to interface with a liquid crys-

tal display (LCD) while the 7107 is

intended for light-emitting diode

(LED) displays. In addition to a preci-

sion dual-slope converter, both cir-

cuits contain BCD to seven segment
decoders, display drivers, a clock
and a reference. To build a high
performance panel meter (with auto
zero and auto polarity features) it is

only necessary to add a display, 4

resistors, 4 capacitors, and an input

filter if required.”

This Application Note presented arith-
metic to demonstrate that at May 1977
prices, a 3'/-digit LED display panel
(single fixed range) meter could be built
for $18—including labor, assembly and
testing. Indeed, Intersil offered simple
evaluation kits featuring the new IC for
under $30, minus only a 9-volt “transis-
tor” battery that could be wired into
working digital voltmeters in about half
an hour. Of course, while excellent as
projects, these are unprotected single-
range meters, and not suitable as full-
fledged consumer products.

The impressive data-sheet specifica-
tions for the ICL 7106/7107 tell another
part of the story:

e Accuracy guaranteed to * 1 count

over entire * 2000 counts

e Guaranteed zero reading for O-

volt input

6.61 HOYYIN
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FIG. 1—A COMPACT DMM, the Hickok LX303, based on the Intersil ICL7106 and 3'4-digit LCD display.
It features auto-zero, auto-polarity selection and automatic over-range indication.

s True polarity at zero count for
precise null detection

o Ditferential input from 200 mV to
2.000 volts full scale

The more detail we study, the more
impressive are the electronics Intersil has
packed into these 40-pin DIP packages.
Let’s emphasize, however, that this is
only one case. National Semiconductor,
RCA, Signetics, Motorola and other
manufacturers have also introduced me-
ter-on-a-chip IC’s and IC sets (in some
cases, two smaller packages can mean a
smaller end product than one LSI IC).
And all these developments came about
to meet the trend toward smaller, cheap-
er, more power-efficient digital meters.

Low power means LCD displays.
But. ...

For these meter-on-a-chip IC’s 1o work
in portable instruments with legible dis-
plays and reasonable battery life (with
batteries small enough to fit small pack-
ages), LCD’s were a logical display
choice. But liquid-crystal display technol-
ogy in its youth had many problems that
had to be overcome.

Many phenomena plagued early
LCD’s. For example, extremes of cold,
heat and humidity. and of dry heat can
permanently blotch an LCD. Exposure to
moisture, oxygen and ultraviolet light;
imperfections in the glass or the glass
seal; impurities in the organic-compound
blend used in the displays; dust motes
inside the display; imperfect segment
contacts; difficulties in mounting and
connector arrangements: these are the
bugaboos that manufacturers in this
fledgling industry had to overcome.

Slowly, as more experience was gained
with materials and techniques, the many
LCD construction tradeoffs began giving
ground. Reliable, survivable LCD’s be-
came available for wider (or tailored)
drive voltage ranges, temperature ranges
and connector options. Lifetime expec-
tancy was on the way up, and prices on
the way down.

Now, LCD’s are available that are
totally moisture-resistant. They are read-
able in bright sunlight over viewing an-
gles greater than 160°. They offer operat-
ing lives of more than 50,000 hours. They
are capable of storage from —55°C to

+90°C without permanent damage; and
of operating from —20°C to
+90°C.They are also operable at volt-
ages from 2-60. And they are fast enough
to respond to 10 or more updates-per-
second.

Not all these extremes can be met by
any one LCD. The point is that now inex-
pensive LCD’s make low-cost handheld
portable instrumentation practical.

From the possible to the practical

In the real world, technology cannot
bring us a finished product overnight. If
it could, there would be no manufactur-
ers, only parts buyers, because we could
build ourselves what we needed as we
needed it. And, as far as LSI IC’s are
concerned, there is more to the story. For
example, let’s take a look at the schematic
diagram of the Hickok model LX303
DMM. (See Fig. 1.) This circuitry is
based on the ICL7106 and a 3'/:-digit
LCD; but let’s take a closer look at what
has been added.

Note, for example, that the range
switch (S101) selects taps along a voltage
divider from R101-a-R101-f. Network



R101 is really a network of six laser-
trimmed resistors on a single substrate,
providing precision values, close match-
ing and extremely good temperature
tracking.

The instrument shield provides a
ground plane behind the ICL7106 IC to
prevent stray fields from confusing its
high-impedence CMOS inputs. This was
considered a necessary precaution since
the model LX303 is housed in a plastic
case. Notice also R107, R108, R113,
CR102, CR103 and CR104, which are
only in the circuit with the function
switch in the OHMS position. With the
values indicated, the metering circuitry is
protected even if it is connected to a live
voltage source while in the ohmmeter
configuration.

For all of its capabilities, the Hickok
DMM resides on a remarkably unclut-
tered PC board, in a small 5/ X 3% X
1¥«-inch package.

The DMM has come a long way, espe-
cially when you consider that with a
suggested resale price of under $75, the
little model LX303 outperforms some
VTVM’s of 20 years ago (and since) that
cost much more.

Just a trend?

Are we really seeing a trend? It's very
possible, especially with so many instru-
ment manufacturers beginning to offer
similar products. The following is a list-
ing of what’s available in battery-porta-
ble, palm-sized, 3'/:-digit LCD DMM’s.
All of these instruments feature auto-zero
capability, auto-polarity, very low current
drain (with typical battery life over 200
hours) and automatic overrange indica-
tion.

1. The Data Precision model 935 at
$149 offers 29 ranges of AC or DC voit-
age plus current and resistance measure-
ments including both high and low-ohms
capability.

2. The Fluke model 80204, advertised
at $169, features 26 ranges and 7 func-
tions, including conductance plus high-
and low-ohms capability.

3. The Triplett model 3400 at $140
offers 24 ranges and 6 functions, includ-
ing high- and low-ohms capability.

4. The Hickok model LX303 costs
$74.95 and features 19 ranges.

Also, Table 1 lists the full-scale ranges
of these meters.

MODEL 935 DMM by Data Precision.

THE TRIPLETT MODEL 3400 DMM.

Why it’'s come to this

It’s agreed, hand-held DMM’s are nif-
ty, but this isn’t a good enough reason to
bring out a new product. The fact is,
there are significant practical advantages
to these new small instruments, which are
offered at prices that also make them
significant values.

The relatively low current drain of this
new technology yields one important ben-
efit: a long life on small, inexpensive
batteries. As mentioned earlier, these
manufacturers all indicate a battery life

TABLE 1—A comparison of full-scale ranges on “new-trend” DMM’s.

I o o
Manufacturer | Model | Price DC Volts |AC Volts DC mA ACmA Ohms
Data Precision | 935 $149.00 |100.0 mV- |100.0 mV- | 1.000 mA- | 1.000 100.0-
1000 1000 1000 mA |mA- 10.00 M
| 1000 mA | j
Fluke' 8020A |$169.00 |199.9 mV- |199.9 mV-(1.999-  [1.999- | 199.9-
1000 750 (RMS) |[1.999 A  [1.999 A [19.99 Ml
Hickok LX303 |$ 74.95 [199.9 mV-{199.9-  |19.99 nA- | [
1000 600 (RMS) [199.9 IN/A 1199.9-
i [19.99 M|
Triplett 3400 |$140.00 |199.9 mV-|199.9 mV-/1.999-  |1.999- |199.9-
600 |600 [1.999 A [1.999 A [19.99 M|
] I |

'Note: Also measures conductance (Siemens). 1.99 ms, 199.9 ns

in excess of 200 hours. You could inter-
pret this as six months of a couple-of-
hour-per-day service. Compare this with
the 40-hour rating typical of LED me-
ters. And compare the advantages of 9-
volt “transistor” versus muitiple-size C
batteries, even beyond their cost.

One of those advantages is that the end
package is smaller and lighter, which
means less trouble right away if you drop
your meter as much as we all tend to. The
smaller package also makes one-hand op-
eration very natural. Many times, you can
even hold the meter and one of the probes
in the same hand.

The large LCD displays arc generally
more legible than LED readouts, and
specifically so in high ambient-light con-
ditions such as outdoors in direct sun-
light. Under low-light conditions, the
LCD displays are as legible as any large
print; basically, if there’s enough light to
work by, there’s enough to read the
display.

The new DMM’s are especially easy to
calibrate. It takes just three adjustments
to calibrate the Fluke model 80204, and
only one adjustment for the Hickok mod-
el LX303.

So these new DMM’s are smaller, sim-
pler and smarter. Which, alas, isn’t as
much news as it used to be. R-E

FCC declares RF modulator
sales are illegal

The Equipment Authorization branch of
the FCC has notified RF modulator manu-
facturers that selling these devices is lllegal
(although modulators in kit form are not in
violation of FCC rules). Additionally, manu-
tacturers of home computing systems that
require modulators for hookup to TV sets
will have to redesign their products to
incorporate them.

John T. Robinson, chief engineer of the
branch, says that in order to be used with
TV sets, RF modulators cannot be sold
separately from their video source (i.e., the
computer). Home computers, on the other
hand, can be sold without a modulator
because technically they don’t have to be
hooked up to a TV set and thus don’t come
under FCC jurisdiction. What's been hap-
pening Is that consumers purchase com-
puters (legally) from one source, the RF
modulator (lllegally) from another, and then
hook up the entire package to a television
set.

Since home computers up until now have
not had to conform to FCC regulations, the
requirement that they incorporate RF de-
vices will definitely make them candidates
tor FCC inspection procedures and eventu-
al approval or disapproval. So far, the
computer industry response to this require-
ment has been mixed—some manufactur-
ers have already started attaching modula-
tors to their systems and submitting the
equipment to the FCC; others, particularly
smaller companies, have been slower to
react, the fear being that having to wait for
FCC approval of their equipment could
prove too costly, especially if they have to
make major design changes before they
can market their equipment. R-E
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App Note

Description
The GL-112R3 is a red LED (GaP) arranged in a 12 dot bar

GL-112R3
IR-2406

LED Array
LED Driver

graph configuration. The IR-2406 is an integrated circuit
LED driver with 12 outputs. Each successive output turns
the LED’s on in steps equal to:

Vref (Max) — Vref (Min)/13
The combination of the GL-112R3 and IR-2406 can be
used for linear tevel indicators or with a logarithmic converter
added to the IR-2406 for logarithmic level indications.

Package Dimensions

Absolute Maximum Ratings (Ta=25°C)
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Ratings Symbol Value Units

Power Dissipation P 25 mW
Continuous Forward Current lF 10 mA
“Favard Current o

Derating Factor il L
Reverse Voltage Vg 5 v
Operating Temperature Topr | —20~+70 J ¥
Storage Temperature | Tstg ~20~+80 | G
Electro-Optical Characteristics (Ta=25°C)

Characteristics Symbol| Min. | Typ. | Max. | Units Condition
Forward Voltage Ve - |1.85) 25| V |lg=bmA
Reverse Current ) Tl ~* 100 | pA | VR=3V
Terminal Capacitance c - | 80| - g V=0V

t R
Luminous Intensity ly I0.15 030 - mced { Ig=5mA
Peak Emission Wavelength L Ap { — 1695 — | am | IE=5mA
i i I
Spectral Radiation | | L
Bandwidth AX | - |100 | - nm | [g=6mA
Pin Configuration
Pin No. I Function l Pin No. [ Function
1 | DotAAmsde | M No Pin
3 2 T_ Dot B Anode 12 | Dot H Anode
| 3 Dot C Anode 13 Dot H Cathode
4 No Pin T 14 | Dot ! Anode
5 | DotD Anode 15 | DotJ Anode
6 | Dot D Cathode 16 |  NoPin
7 | DotE Anode 17 | DotK Anode |
8 | Dot F Anode | 18 i Dot L Anode |
=l Jr _ _NoPin | 19 | Dot Cathode |
10 Dot G Anode |

6060 MANCHESTER AVENUE, LOS ANGELES, CALIFORNIA 90045

(213) 670-7880 TWX (910} 328-6161 TELEX 696397



1R-2406 LED DRIVER

Absolute Maximum Ratings

Package Dimensions

Ratings Symbol
Supply Voitage Vee 18 Vv
= e e = =t 1 N
\ ~
2 4o p
Input Veltage Vag Vee v [ O ‘ W
v qi 3P
. A L gIl®b
Collector Power Dissipation™ Pc 650 mW < ‘E >+g 3’
Dperating Temperature Topr —20~+75 glv | a % ‘ o0
Storage Temperature Tstg —25~+100 °c l E | %
*Ambient temperature: 25°C, Derating factor: 6.5 mW/ C _i_Ed | =
Electrical Characteristics (Vp=12V, Ta=25 C) '
Characteristics Symbel | Min. | Typ. | Max. | Units L_1 0.16 -~
a8 6
Supply Current i22 - 55 | 8.2 mA ™ 8‘_6
i3 - l
Input Current* 120 - 03 1 A
0° ~15°. 2 ,
121 - " - ’\\’“ Unit:mm
Output Current Ip - 10 - mA
*Condition: V3 — Vg <2V .
Application (Display of Illuminance) Pin Configuration
Ve Vin VRef(Min) Pin No. Function I Pin No. Function
1 NC l 22 vee
> - 2 | Vg cont. a1 | Vin
No5| Nob 3 | Vpemax. || 20 Vgef min.
No1|No2|No3|No4d __4 = N e EE Sl R
Output 12 19 Output 1
PIOICICICICICICICICIC, T W T T
i 6 N Outnutiﬂ 17 Output 3
0101610161610101010I0 7 [ owws |6 | Gwpud ]
i 8 Output 8 15 Output 5
No | No | No No8 No7 ’——9— - NE— - 7714 NC_—
12| 11| 10 {NoS ——— - I L R—. - S —
10 Output 7 o3 Qutput 6
—— — 1T 1
Vg cont Vggs(Max.) n GND 2 | NC
A Vi, ={VpefMax.) ~Vge(Min.)}/13
A Vi,: Voltage to light a LED by turns.
0EM PRICING
LED Array and Driver 1-24 | 25up | 100up |1000up | goopors 1-24 | 25up | 100up | 1000 up
GL-112R3 $6.00 | $4.90 | $4.00 | $3.60 A20STL-T n .67 .58 49
- |
+
IR-2406 $5.40 | $4.50 | $3.60 @ $3.20 A22ZT 33 1 .32 i .30 27
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TRS-80...the affordable classroom computer!

Have you considered how
valuable a computer would be in
your classroom —if only it weren't
so expensive? Computers are a
fact of life. Tomorrow's adults
must be prepared to accept them,
and you should rake full advantage
of them. Now — today — the
affordable classroom computer
exists, and its name is TRS-80.

“Stand-Alone” Computer

TRS-80 isn't a terminal, tied 10 a
‘host” computer (bur it will adapt
to this use if you wish). TRS-80 is
programmed in BASIC, a
plain-English language anyone can
learn easily, should you decide to
teach programming. TRS-80 can
be programmed to give quizzes
and drills in any subject. It will
perform complex calculations in
math, science and lab courses. It
can catalog specimens or lists and
analyze data. TRS-80 will test
students with randomly generated
math problems which almost
never repeat. ln addition, TRS-80
can report each student’s score.

lete Proposal
ting You

Radio fhaek

The biggest name in little computers™

Inexpensive Audio
Cassettes Store Programs
and Data

Build your own library of subject
matter.

A great advantage of the
classroom computer is that it’s
fun! It maintains the student’s full
atcention long beyond the normal
artention span limit.

TRS-80 provides career
training in computers.

When class is over, TRS-80
becomes a tireless teacher’s aid,
maintaining student records and
parent lists, grading tests,
compiling class statistics and
freeing hours of a teacher’s
valuable time from “pencil
pushing” rasks.

TRS-80 classroom computer
systems start at only $599,
including everything pictured
below plus an outstanding
232-page manual written by an
educator. Cost per student or per
student-hour 1s astonishingly low.

NAME

SCHOOL
ADDRESS
CITY/STATE/ZIP
INTENDED USE

CIRCLE 45 ON FREE INFORMATION CARD

Send to: Radio Shack, Division of Tandy Corporation
Dept. C-183, 1400 One Tandy Center
Fort Worth, Texas 76102

' ] Send me your 20-page Microcomputer Catalog
yes. (] Send Title Funding Information

TRS-80 can be expanded to
include a more powerful language,
more memory, very fast
Mini-Disk storage, printers and
more. Expand as far as your use
dictates, now or in the furure,

Local Availability

Radio Shack’s nationwide network
of stores means one is just around
the corner. We have over 50 repair
centers with another 50 coming
soon. TRS-80, as your classroom
computer, is backed by Radio
Shack’s 58 years of electronics
leadership, where you need it —
locally.

Our New Catalog

Read about all of TRS-80's
hardware . . . 20 volumes wouldn't
list all the possible uses. Or better
yet, visit your local Radio Shack
store and try TRS-80 yourself.
Ask to see our pre-programmed
study aids for math, algebra and
TRS-80 programming. Now thart
it's available and affordable, isn't it
tume low-cost computing was
going to your school?

Complete system prices start at

PHONE
DEPT. _
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Introduction To

The personal computer is a recent elec-
an active role in our everyday lives. Its appli-
tion. Here is a look at what the personal computer is all about
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JEFFREY MAZUR

IF YOU THINK MICROCOMPUTERS ARE JUST A FAD OR
you’re waiting for them to die out like 4-channel hi-fi,
don’t hold your breath. They are here to stay and if you
plan to keep up to date in electronics you must start
learning to deal with computers. Perhaps one of the best
ways to do this is to go out and buy one. If you have been
thinking about buying a personal computer but can’t
decide on which one, then the following pages are just for
you. In this special section we will investigate personal
computers and some of the peripherals available to
expand their capabilities. To help you through the confu-
sion of choosing a computer system we will review a few
computer basics and outline the factors that should go
into making your decision.

The first step towards selecting a computer is simple—
STOP! Before you lay down a single dollar on equipment,
stop and think carefully about what you are going to do
with the computer. Make a list of what you think a
computer should do for you and how much you are will-
ing to pay for it. With this in mind, examine the various
systems that are available within your budget. When
comparing systems, try to normalize their capabilities
whenever possible (i.e., don't compare one manufactur-
er's 4K RAM system to another’s 32K RAM system).

The second rule is to use CAUTION when comparing
specifications. Unfortunately, there is no standard for
rating computers; if you’re not careful, you may be misled
by the information you receive from manufacturers and
dealers. Also beware of claims for fantastic new machines
or peripherals that are “not quite available yet.” Almost
every personal computer manufacturer has had delivery
problems on new products (some are still having problems
keeping their two-year-old products in stock}. Although
you will be mainly concerned about the equipment that
you are buying, don’t forget about the programs (soft-
ware) that are needed to make your system wark. Some
computers come complete with much of the pperating
software already “inside the box,” that is, in ROM (Read
Only Memory); with others you have to buy it separately
and load it into the computer. The amount of commercial-
ly available applications software may also be important if
you don’t plan on writing your own.
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RADIO SHACK’S TRS-80 microcomputer system.

Finally, when you have decided upon the system that is
right for you, go to a reputable computer dealer in your
area. Computer sales are seldom a one-shot deal; you will
probably be back to buy additional items or may need
help in getting your system running. The dealer who sells
you a computer knows this and will usually bend over
backwards to help you get started. If you know exactly
what you want and price is the primary eoncern, then you
can buy from one of the many mail-order firms selling
computers. Don’t be afraid of losing your money—espe-
cially when you can charge it to your credit cards—but be
prepared to wait a while if what you want is not in stock.
Remember, however, that if you haven’t received your
order within 30 days, you have the right to ask for your
money back. Also remember that the money saved means
assistance forfeited.

Uses for a computer

As a quick guide, some of the more common uses for
personal computers are listed below. With each is a brief
description of the factors that will be of most importance
when selecting the type of system you'll need.

Educational —One of the reasons most people buy a
personat computer is simply to learn about comput-
ers. Any computer can be used as a learning tool, but
your degree of experience will usually dictate how



Personal Computers

tronic marvel that is capable of taking
cations are often limited only by ones imagina-
and what you need to know to select the system that’s best for you.

HEATHKIT H9 CRT terminal.

you plan to communicate with the computer. if you
are comfortable progremming in binary, hexadeci-
mal, or mnemonics, than you could get by with a
small single-board computer. If you want your com-
puter to communicate in more English-like terms and
let you know when you make a mistake, then you will
require extra hardware and software. Another impor-
tant factor is the documentation and instruction
manuals supplied with the computer. Someone with
no experience might want a manual that explains the
computer’s operation step by step without going into
the details of how the computer works. Another
person might be more interested in detailed docu-
mentation (schematics, software listings, etc.) on the
computer he or she selects. Wherever the manufac-
turer’s information is lacking, there are numerous
books and magazines that may provide a more suit-
able description.

Personal recordkeeping, filing, data processing—
The key words for these applications are memory and
speed. Translated into hardware, that spells a floppy
disc. If you also want printed output, or hard copy,
then you should also investigate what will be required
to connect a printer to the computer. There is soft-
ware available in this area; it might save you days or
weeks from writing your own. For small business use,
the software should be tailored to the specific needs
of the business.

Home security, menu planning, checkbook balanc-

ing, etc.—If your main desire for a computer is to do
things llke this— save your money. Unless you have
some extremely complicated system in mind, the
above tasks would be better handled with dedicated
devices that cost less.

Playing games (nongraphic)—All computers can be
programmed to play games (in fact you rarely see a
computer demonstration that doesn’t include one).
Nongraphic games range from the simple question-
and-answer variety to pseudographic displays using
normal ASCII characters. Since all but the simplest
games require some form of alphanumeric input or
readout, this means having a terminal of some type. If
games are your primary concern, then one of the
prepackaged home computers such as the Apple II',
TRS-802, PET?, Atari or Challenger |I* would be the
least expensive way to get into computing.

Playing games (graphic)— Alithough many computer
hobbyists hate to admit it, personal computers are
used to play games more than anything else. One of
the reasons is because most of them can display
graphic images on a video screen. This makes the
computer rival (and sometimes exceed) the most
sophisticated TV video games on the market. The
inclusion of graphics commands in many versions of
BASIC ( a high-level programming language that uses
English-like commands) has made writing your own
game programs even easier. Again, the prepackaged
home computers have brought graphics (some in
color too!) to a low-cost computing system.

The complete system

A computer system can be roughly divided into four
parts as shown in Fig. 1. The first choice you will have to
make is the mainframe or actual enclosure that the
computer will sit in. Choosing a mainframe generally
implies selecting a particular bus structure (more on this
later) as well as which microprocessor IC is going to be
used. Mainframes range in complexity from the simplest
one-board computer such as the KIM-1%, up through the
Altairs-type “box" with its elaborate front panel, to more
conventional turnkey (simple front panel) systems. Pre-
packaged home computers also qualify as mainframes
although they include much more within a single enclo-
sure.

One aspect of the mainframe that deserves special
attention is expandability. Since the mainframe is only
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SOUTHWEST TECHNICAL 6800 system
and options.

PERIPHERALS MAINFRAME
|
PERIPHERAL MEMORY
MASS STORAGE i MAIN MEMORY
CASSETTE | RAM
DISK [ ROM
PAPER TAPE '

1/0 CPU&
KEYBOARD SUPPORT CIRCUITS
VIDEQ DISPLAY
PRINTER
MODEM

SPEECH RECOGNIZER
VOICE SYNTHESIZER

AC CONTROLLER

REAL TIME CLOCK
LIGHT PEN

VIDEO CAMERA I
A/D & D/A |

POWER SUPPLY

FIG. 1—COMPUTER SYSTEM broken down into
components contained within mainframe and

peripheral devices.

the beginning of a system, you must allow for the
expected additions that you may want in the future.
Expandability can be measured by the number of slots
available for additional boards, the type and number of
external connectors, and by another important factor,
power supply capabilities. The power supply is something
you want to choose wisely from the beginning, so that you
won’t have problems later as the system grows. Most
large mainframes use standard power supply designs
which tend to make them big and heavy. They can easily
be compared by the amount of current that they can
supply. You can determine what you will need by adding
up what all of your components will draw and adding a
large safety margin. Don’t overlook the possible need for
a fan to cool the power supply and all of the various
boards. At least one manufacturer (Apple Computer)
uses a highly efficient switching power supply in their
prepackaged computer system.

Central processing unit

Although your cheice of computer may not be based
upon what CPU it uses, you should be aware of the capa-
bilities of the particular microprocessor IC that you get.
The most important specification of a microprocessor is
its data word length. For most of the computers we are
discussing here, this will be 8 bits. However, there are
many 16-bit CPU’s coming out now as well as older 4- and
12-bit devices. As you might guess, a 16-bit machine has
about twice the computing power of a similar 8-bit unit.
Another important characteristic of a CPU is its address-
ing capabilities. This includes its total range of addresses

(usually 64K) and the varigus addressing modes sup-
ported by its instruction set. Other factors of concern are
the clock frequency (or mores importantly, the average
instruction time) and the CPU’s I/O structure. These
factors are only given for reference; in reality, almost any
CPU can be used for a given task.

If you plan on buying most of your equipment from a
single company, then you may not be too concerned with
the bus structure or CPU type. Everything will be
designed to “‘plug in and go.” However, if you want to
take advantage of the enormous amount of hardware and
software availaktle from ndependent suppliers, then you
will definitely be concerned with these two factors. As for
the former, the present king is the S-100 bus. Any
computer designed around this bus can make use of all the
various peripherals manufactured to this standard. There
are many other bus standards (although it seems like
everybody is starting their own lately), and if the periph-
erals you desire are available for any particular computer,
then that’s all that matters. As for CPU selection, the
same thing applies. Here, the 8080 has reigned but other
microprocessors such as the 6800, Z-80, 6502, etc., are
finding their own place. When you go to buy software,
you will run into a similar prablem of compatibility with
your CPU. The main point here is that when you go
looking at both hardware and software, remember that
not every add-on you see will work with every computer.
Check out what is available before you decide on your
computer.

Memory

A computer would be worthless without some sort of
memory to hold a program and data. In particular, we can
define internal memory which the processor has direct
access to, and external memory, or mass storage, which
the computer must load into its internal memory before it
can be used. Internal memory consists of RAM (Random
Access Memory) and ROM (Read Only Memory). All of
the data that the computer manipulates is stored in RAM
along with essential information that allows the computer
to keep track of what it is doing. Most of the time, the
actual program is stored here too.
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A major question you might ask is: “How much RAM
do I need?”” There is no simple answer to this question as
it depends on the particular computer, program and data
requirements that you have. Most computer dealers can
help you make this decision. Fortunately, RAM can
usually be purchased in blocks of 2, 4, 8, 16 and 32K
bytes at a time (a byte is roughly equal to one character).
Thus, you can start with a small amount of memory and
add more as the need arises.

Of less importanc: is the type of RAM that you get. It
will either be static or dynamic. Dynamic RAM’s are less
expensive (per bit), are available in higher density pack-
ages (more bits per chip), and consume less power. For
these reasons, they are becoming more popular than static
RAM’s. Their major drawback is that they require peri-
odic “refreshing” or else they lose the information that
was stored in them. This means that extra circuitry is
usually needed to insure that the memory is refreshed
properly. However, microprocessors like the Z-80 are
eliminating this problem entirely with “invisible refresh™
circuitry already contained within the IC. Static RAM’s
are still widely used, especially in older machines that
were not designed for dynamic memory. Static RAM’s do
not require any refresh.

All RAM’s lose their memory when power is removed
(i.., they are volatile). Therefore, to keep a program
permanently in the computer requires some sort of non-
volatile memory. For mass-produced programs such as
monitors, BASIC interpreters, etc., a ROM can be used
to store the information. A ROM acts just like a RAM
whose data has been permanently stored at the time of
manufacture. If you wish to store your own programs,
PROM’s (Programmable ROM) or EPROM’s (Erasable
PROM) are used. PROM’s can be programmed only
once—some of them use fuses and are programmed by
burning out the appropriate ones. Thus, if you make a
mistake or want to change data, they usually have to be
thrown out. EPROM’s on the other hand are reusable.
When you want to reprogram them, they are first erased
by exposing the chip to strong ultraviolet light. Newer
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devices are just coming out that will make nonvolatile
storage just as easy to use as RAM’s.

When the amount of data exceeds the internal memory
capacity, or for permanent storage of programs and data
when not in use, we turn to mass storage devices such as
magnetic tape, disc, or paper tape. The availability of
ordinary cassette recorders has made them a popular
choice for mass storage. They are inexpensive, easy to
interface, and one cassette can hold millions of bytes.
However, they are very slow in transferring data to and
from the computer and even slower in finding the correct
data on the tape. Some specialized digital cassette systems
are available with higher data transfer rates and searching
capabilities, but a more popular alternative is the flexible,
or floppy, disc drive. This offer is one of the best tradeoffs
between price, speed and capacity. Paper tape is used by
a small percentage of computer hobbyists; its major
advantage is compatibility with larger minicomputer
systems. Other devices such as hard discs, bubble memo-
ries, etc., are beyond the reach (in terms of cost) of most
hobbyists at this time. The increased use of computers,
and thus a large amount of memory devices, has made
memory technology one of the fastest growing areas in
electronics.

input/output

Getting information to and from the computer is the
job of I/O devices. On the input side, a keyboard or
terminal is usually used that makes talking to the comput-
er as easy as typing. Other forms of input could come
from a modem (telephone linkage), external switches, A/
D converter, etc.

The most common form of output from a personal
computer is via a video display (either a modified televi-
sion set or a special CRT terminal). For hard copy, a
printer and/or plotter can be added. These are described
in greater detail elsewhere in this section.

Specialty devices

For special requirements, there is a wealth of peripher-
als that can be added to your computer. For instance,
several manufacturers make speech recognition units and
voice synthesizers, making it possible to talk and listen to
your computer. Light pens make data entry easy as do
digitizers, and even video cameras can be used to give
your computer “eyes.” For applications requiring precise
timing or time-of-day information, there are real-time
clocks; and AC controllers allow the computer to turn
appliances on and off. For the true hardware enthusiast,
blank breadboards are also available to build up your own
customized circuits.

Software

So far, we have only discussed the actual equipment
that goes into making a computer system. However, this
is only half of the story. Without a program (software),
the computer would just sit there and do nothing. In
general, there are two kinds of software: system and appli-
cations. As their names imply, system software consists of
programs that allow the computer to function as a
complete system,; in particular, to make your job of writ-
ing application software as easy as possible. Some of the
system software that you will want to look for are:

Monitor—A monitor (not to be confused with the
television device used for video display) is any
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program that allows you to communicate with your
computer in terms other than binary 1's and 0's. In
most cases, a monitor will allow you to examine, write
into, or start execution of a machine language
program at any location in memory. Other features
such as debugging aids and cassette tape load and
store routines may aiso be included. A monitor is an
essential tool when it comes down to seeing exactly
what the computer is doing.
Assembler/Editor—Writing programs in machine
language Is tedious and hard to debug. Changing one
instruction in the program can necessitate rewriting
much of the rest of the program. With an assembler,
the program is written into a text file that can easily
be read, documented, altered, and debugged. The
text file (source code) is then transiated into an actual
machine program (object code) by the assembler. If
there are any errors in the source code, the assem-
bler will identify them, making debugging easier.
1/0, DOS, etc.—These programs are designed for
the particular devices to which the computer is
connected. They provide the software necessary for
transferring data between the computer and the
peripheral.

High-Level Languages—To many people, this
means BASIC. The purpose of any high-level lan-
guage is to make programming faster and easier.

COMPUCOLOR SYSTEM has full color graphics.

Languages like BASIC use English-like statements
(e.g., LET X=5, A=B+C, etc.) that make learning
how to program literally child’s play. High-level lan-
guages must somehow transform the program into
machine language that the computer can under-
stand. This is done with either a compiler or interpret-
er. A compiler takes a program written in the high-
level language and converts the whole program into
its equivalent machine code. An interpreter, on the
other hand, runs simultaneously with the high-level
program interpreting each statement into appropri-
ate machine code one line at a time. Most personal
computers with BASIC use an Interpreter. Although
slower than a complier, it allows the computer to
warn the user immediately when certain mistakes are
made.

Remember that unless the system software is in ROM,
you will have to load it into the computer from either
cassette tape, paper tape, or disc, which will use up some
of the RAM that you have. System software is only useful
in making the computer easier to program. The actual
task that you want the computer to perform must then be
programmed into the computer. This is the application
software.

Application software

Getting a computer to keep track of payroll, calculate
prime numbers, or play chess requires a unique program
for that particular application. These may be programs
that you write yourself or commercial programs that you
can buy and load into your machine.

For doing your own programming, your main concern
will be with the languages in which the computer can be
programmed. When using assembler/editors and high-
level languages, be aware that they are not all equal.
There are many versions of the BASIC language for
instance; some may be very limited (sometimes called
Tiny BASIC) while other versions equal or exceed the
original Dartmouth language.

Another concern is with debugging aids that are some-
times included with the language to help you find out why
a program doesn’t work the way you think it should.
Editing, cursor control, graphics and file structures are
also important to making programming easier.

Although it may take days, months, or even years to
develop a particular program, it takes only minutes to
mass-produce copies of it. Because of this, commercial
software may be extremely valuable if you don’t have the
time, skill, or desire to write your own. Prices for personal
computing software is relatively inexpensive: usually
under $10.00.

Conclusion

Choosing a computer system is not easy. But no matter
what computer you get, it will put a new and exciting
world of electronics at your fingertips. Buying a comput-
er, however, is only the beginning. As your needs (and
budget) grow, you will be interested in adding other
peripherals to the system. To help you understand termi-
nals, printers, etc., read on as the next pages describe
them in detail. R-E

'Apple Il is a registered trademark of Apple Computer, Inc.

2TRS-80 is a registered trademark of Tandy Corp.

*PET is a registered trademark of Commodore Business Machines.
“Challenger Il is a registered trademark of Ohio Scientific.

SKIM-1 is a registered trademark of Commodore Business Machines.
SAltair is a registered trademark of Pertec Corp.



Printers

For Personal Gomputers

The CRT video display is the most-often-used
read-out for personal computers. If you want hard
copy, you'll need a printer. Here’s how they work.

JEFFREY G. MAZUR

NOT TOO LONG AGC, THE MOST COMMON
method of interactive communication with a computer
was via a printing terminal (Teletype ASR-33 and Select-
ric terminals). At first glance, watching one of these
machines “type” at 10-15 cps (Characters Per Second, or
120-180 words per minute) was rather impressive. How-
ever, waiting several seconds for the computer to make a
simple reply, or minutes for a small program listing, left
much to be desired. At that time, a CRT or video termi-
nal was considered a luxuryj; its writing speed of 1000 cps
or more made it an excellent means of communication.
But when you were through working with the computer,
you had no written record of what transpired.

Today the situation is quite different. Advances in
microelectronics have made the video display much less
expensive and almost all personal computers use them as
the primary output device. This leaves most hobbyists
without any way to generate hard copy. Printers have
become the luxury of home computerists, especially when
you consider that the price of a good printer may equal or
exceed the cost of the computer itself. Whether printed
output is your primary goal (generating mailing labels,
invoices, tickets, etc.) or strictly a convenience (listing
long programs to make them easier to read and debug),
the following information should help you choose the
right printer for you.

Printer basics

Printers can be classified as either impact or non-
impact, with either complete or matrix character forma-
tion. Impact printers operate much like an ordinary type-
writer; they rely upon a hard object striking against a
ribbon to transfer ink ontc the paper.

Non-impact printers use a variety of other technologies
to convert electrical signals into readable copy. As for
character formation, fully formed characters are printed
with a single stroke of an appropriate die. Matrix printing
divides the character field into a finite number of cells
(dots) in the same way mest CRT and video displays do.

These two basic parameters represent many of the
tradeoffs that can help you narrow down your choice of

printers quite rapidly. For example, while offering good
printing speed at low cost, non-impact printers usualiy
require special paper and cannot generate simultaneous
multiple copies. So if you want to print mailing labels or
multipart forms, you must use an impact printer. For
highest quality printing, fully formed characters are
desirable; but matrix printers allow special characters and
graphics to be printed along with the ordinary text.

Almost all non-impact printers have matrixed charac-
ters. Thus we can divide printers into three categories:
fully formed impact, matrix impact and matrix non-
impact.

Fully formed impact

This type of printer can range from modified electric
typewriters to high-speed drum and band printers.
Changing fonts (where possible) calls for replacing the
print die. Paper advance can be either friction feed or
tractor feed. Furthermore since this is the oldest printer
technology, there are many of this type of printer avail-
able.

Cheap and dirty

Probably the least expensive approach to making a
printer is to add a bank of solenoids to an electric type-
writer. The solenoids are positioned over each key and
connected to the computer so that they can be actuated at
the proper time. Mechanical limitations keep printing
speed rather slow (less than 10 cps) and the mechanisms
are fairly noisy. But print quality can be very good and the
ability to use almost any kind of paper is a real plus for the
hobbyist. Some newer models have interchangeable char-
acters on one or two keys that can be used for special
applications. If your main desire is to print a large number
of letters on your own stationery, this might be an
economic solution.

Selectric based printers

Along these same lines, the ball-type Selectric (an IBM
trademark) typewriters were made into portable comput-
er terminals. With a top speed of 15 cps, they also double
as an excellent typewriter for standard use. Without
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CHARACTER WHEEL HAS THREE CHARACTER SETS,
ARRANGED IN SIX SEGMENTS OF 32 CHARACTERS EACH.
SIX HAMMERS INTERACT WITH SIX BANDS OF CHARACTERS.

FIG. 1—CYLINDER BASED PRINTING is used in
many terminals.

modification, Selectrics require a different electrical code
than microcomputers. Additional circuits must be added
to make them work with the standard ASCII code.
Because of this, most Selectrics can be used for printing
only (the keyboard cannot be used as input to the comput-
er). Many suppliers have used or refurbished units for
sale at a reasonable price; some include the ASCII
conversion. Interchangeable type-balls are available and
you can change character fonts easily and quickly.

Teletypes

While on the subject of full-character impact printers,
we should mention the Teletype mode/ 33’s. These are
complete send/receive terminals that were the workhorse
of the computer industry not too many years ago. Because
there are so many used model 33’s available at low cost,
many hobbyists have used them as printers. Painfully
slow (10 cps) and even more painfully loud (they can
make any room sound like a network newsroom), they
offer fine print quality and an extra keyboard if you want
to use it.

Cylinder drum printers

These printers use a character-studded, rotating cylin-
der or drum (see Fig. 1). A series of hammers strike the
paper against an inked ribbon and the drum to transfer
the character onto the paper. The hammers are fired
under electromechanical control so they strike the paper
at the precise time when the appropriate character on the
drum is opposite the hammer. A cylinder printer may
contain one to ten complete sets of characters on its face.
Thus several characters may be printed before the cylin-
der must be moved horizontally to its next position.

A drum printer (see Fig. 2) has up to 132 character sets
(one for each column that it can print). An entire line is
printed at once without any horizontal carriage move-
ment. This type printer consists of a wide range of print-
ers—both in price (from under $400 to over $10,000) and
speed [10 cps to 2000 Ipm (Lines Per Minute)].

Daisy wheel

These devices get their name from the petal-like
construction of their printheads (see Fig 3). A servo-
mechanism controls the position of the character wheel so
when the correct character petal has been spun into place,
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FIG.2—THE BASIC DRUM IMPACT LINE PRINTER compares the
contents of a butfer containing the data to be printed with the
position of the desired characters in each print column. At the
proper time, the appropriate hammers are activated and the line
is printed.
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FIG. 3.—A TYPICAL DAISY-WHEEL PRINTER. Many printers use
a microprocessor to control the printwheel and the print
hammer’s impact force.
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FIG. 4—BAND OR CHAIN PRINTERS are among the fastest units
available.

a hammer forces the petal into contact with the ribbon
and paper. Their high speed translates into high cost
(32000 +) making daisy-wheel printers a prize that is
usually beyond the reach of most hobbyists.
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FIG. 5—IN A TYPICAL SERIAL DOT-MATRIX PRINTER MECHA-
NISM like this one from Centronics, a ROM contains the charac-
ter codes that command the printhead’s seven print wires. The
ROM’s output, fed through power amplifiers, activates solenoids
that cause the print wires to impact ribbon and paper.
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FIG. 6—THE PRINTHEAD OF A THERMAL PRINTER may contain
35 resistive heating elements.
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FIG. 7—AN ELECTROSENSITIVE PRINTHEAD creates a spark
between the head and the paper. Metal rolter completes circuit
by contacting paper surface across its full width.

Band printers

At the high end of the impact printer field are the band
printers (see Fig. 4). Although currently too expensive
for personal computer systems, a brief description of their
operation is included. The major difference with band
printers is that the character elements are mounted on a
continuous band or chain. The band constantly rotates in
front of a bank of hammers, one for each column. Again,
precise timing is needed to strike the hammers when the
appropriate character is in place.

Matrix impact

All printers in this category use a technique similar to
that shown in Fig. 5. Because each character is formed by
several strokes, more sophisticated electronics are needed
to control the printhead. The head itself consists of seven
to nine print “wires.” Each one is activated separately to
print a small dot on the paper. The wires are oriented
vertically and the entire printhead moves horizontally
along the carriage. After five to seven printing steps, an
entire character has been printed and the head moves on
to the next column. The most common matrix dimensions
are 5 X 7 and 7 X 9. Obviously, the greater the number
of printing points, the better the resolution and character
quality.

Although there is no mechanical way to change charac-
ter fonts, different characters can be generated (within
the limitations of the matrix) by simple software changes.
Graphics are easily printed since most computers gener-
ate them in dot-matrix form. Friction or tractor-fed paper
as well as labels, tickets, etc. pose no problems.

Fairly high speeds can be obtained with this method
and at relatively low cost. In general, dot-matrix printers
are much quieter too.

Non-impact printers

The increased need for low-cost, ultra-quiet and ultra-
fast printers has spawned the growth of several new print-
er technologies. Fundamentally, these non-impact tech-
niques prohibit muitiple form copying and many require
special paper. However, where each method excels, it
usually makes up for any drawbacks. Because of the need
for special paper, friction feed is used, and the lack of
fan-fold paper makes long listings hard to handle. On the
pro side, these printers are the quietest ones you can
buy.

Thermal printers

Thermal printing requires a specially treated paper.
This heat-sensitive paper changes color when heated to a
temperature of about 200°F. A thermal printhead, there-
fore, consists of a series of heating elements mounted so
that they can create matrixed characters (see Fig. 6).
Speed limitations are imposed by the fact that the
elements must cool down sufficiently (after being acti-
vated) before the printhead can move on to the next posi-
tion.

To lower cost, many models print “on the fly”; that is,
the head is moved at a constant rate from left to right and
the elements are activated while the printhead is moving.
Although this causes the dots to smear a little, it can
actually improve the print quality. Thermal printers boast
high reliability, low cost, nearly silent operation and fairly
good readability.

Electrosensitive printers

As with thermal printers, electrosensitive printers
require special paper and use a matrix printhead to create
hard copy. In this case, a dark paper is coated with a thin
conductive layer that gives it a shiny metal-like appear-
ance. This paper is passed in front of a printhead that
consists of tiny electrodes connected to a switchable volt-
age source (see Fig. 7). A pressure roller contacts the
surface of the paper to complete the circuit. When the
electrodes are switched on, a small spark jumps between
the electrode and the paper. This spark burns away the
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metallized coating at that point leaving the dark paper
showing through. Since the gap between the paper and
printhead is very small, only about 50 volts are needed to
generate a spark.

Most electrosensitive printheads create a column of
dots at a time. Moving left to right, they can easily print
characters on the fly. An alternative approach is to use
one large, stationary printhead, with enough electrodes to
cover the complete width of the paper. In this manner, a
complete row of dots are created (for all the characters on
one line). Several vertical paper motions are needed to
complete the line. To print a line at a time, a buffer is
needed to store all the characters for that line: therefore,
printing cannot start until the entire line has been
received. The biggest disadvantage of electrosensitive
printers is that the metallized paper makes for poor read-
ability. Making a photocopy of the printed output helps.

Ink-jet printers

The latest advances in non-impact printing have been
the ink-jet-type devices. We have included a description
of such printers although their cost prohibits use in a
personal computer system (see Fig. 8). Basically, ink-jet
printers attempt to imitate the operation of a CRT screen.
Charged particles of ink are deflected electrostatically to
land on the paper in the shape of the desired character.

FORMATION
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§ NOZZLE e
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=
=
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e
CHARACTER
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1

i ]
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/

UNUSED INK RETURNED TO /
RESERVOIR FOR RECYCLING

FIG. 8—ONE OF MANY ink-jet printer designs.

Several different schemes have been developed to create
the charged ink drops, deflect them and collect the
unused ink. This technology promises to greatly increase
printing speeds while eliminating all noise except that
generated in moving the paper.

Xerographic printers

Another related, and still too expensive, type of printer
is the xerographic printer. As you might guess, these
devices use an electrostatic/toner design similar to the
way photocopy machines work.

Let’s wind it up

Other things to look for when buying a printer are
paper-feed mechanisms, carriage control and data-han-
dling capabilities. For most applications, friction feed is
fine (you can use tractor-feed paper in a friction-feed
printer). Tractor feed is only needed when precise align-
ment of the paper or special forms are used. Above all, be
sure that the printer will handle the maximum size paper
that you wish to use.

GLOSSARY OF PRINTER TERMS

BAUD RATE—Speed of serial data transmission in
bits-per-second. 7 data bits plus a parity, start and stop
bit make for 10 bits-per-character. Therefore, the baud
rate dlvided by ten yields characters per second (data
rate, not necessarily printing speed). l

BI-DIRECTIONAL PRINTING—Printing characters ei-
ther left to right or right to left. Normally a printhead
travels left to right while printing and then returns to the
left margin to print the next line. Bi-directional printers
will usually check the length of the next line to be printed
and then, depending on its current position, either print
the next line backwards (right to left) or return to the left
margin and print the next line in the normal direction.

CPS—Characters per second. A unit of speed used to |
quantify printers.

FONT—Character style and size (gothic, script, etc.).

HANDSHAKING—Signals used to coordinate the op-
eration of a peripheral with the computer. A printer
might require a signal from the computer to tell it when
data is going to be sent and in return might signal the
computer when it is ready to receive the data.

HARD COPY—A slang term used to describe any type
of written output from the computer.

INSTANTANEOUS PRINTING SPEED—The rate that
the printhead can actually print characters. It does not
include the time needed to return the carriage to its

| starting position.

LPM—Lines per minute. Another unit of speed for
printers, especially those that print a line at a time.

PARALLEL PRINTER INTERFACE—Connection to the
computer whereby the character data is transferred ail
at one time along seven or eight data lines. Handshaking
signals are also used to coordinate printing.

RS-232—A widely used serial interface standard. This
standard specifies the voltage levels (bipolar) and con-
nector wiring so that all RS-232 devices will work prop-
erly with each other.

SERIAL PRINTER INTERFACE—Connection to the
computer whereby all data is transferred over a single
pair of wires. Data from the computer is serialized (bro-
ken up into individual bits), and synchronization infor-
mation is added to allow the receiving device to recon-
struct the original data.

TELETYPE OR CURRENT LOOP—A serial interface
standard which uses a 20 mA (or 60 mA) current to
transmit information.

If precise horizontal or vertical tabbing is required,
then check out these capabilities of each printer.

Finally, be careful when judging a printer’s overall
speed. Don’t confuse a printer’s maximum or instanta-
neous printing speed with its sustained throughput capa-
bilities. Furthermore, serial printers have a baud rate
which may be quite a bit higher than the speed at which it
can actually print. If there is any type of input buffer,
then the printer can accept a large amount of data in a
rapid burst and then print it all out at its own rate.

Not wishing to overlook the obvious, it is imperative
that you have the proper interface between the computer
and the printer. This will be either a serial current loop or
RS-232 standard, or a parallel interface with proper
handshaking. Once connected and operating, a printer can
be the most valuable addition to your computer. R-E



All About Floppys

When you need more storage capability for your personal
computer and require faster access speed than a
cassette tape recorder, a floppy disc is for you. Here’s how to select one.

KARL SAVON
SEMICONDUCTOR EDITOR

ABOUT THE TIME YOU'VE ADDED A SIZABLE CHUNK
of memory to your microcomputer system, your tape
cassette is working fine with an organized index system,
and you spend three-quarters of your waking hours
searching tapes and copying from one to another, you're
ready for a floppy disc.

Short of a very high capacity hard-disc system, adding
a floppy marks the turning point to a new dimension in
microcomputing. It is at this juncture that you graduate
to professional capabilities. Besides the luxuries of quick
filekeeping that are a giant step up in convenience,
completely new techniques are opened to you.

Now Fortran, BASIC and Pascal compilers replace the
BASIC interpreter you have learned to live with. The
ability to load and overlay versatile operating system
programs rapidly into your computer memory really gets
you cooking with gas. And for those of you with real-
world business and scientific applications, this is the point
where you begin solving those extra complicated prob-
lems you’ve been putting aside.

Regardless of specific discipline, most computer users
are interested in text editing software; we all have the
occasion to write reports and letters. Unfortunately, this
software can eat up as much as 75% of your random-
access-memory space, and leave room for a mere two
pages or less of text.

You may also have a nagging desire to do something
substantial in machine language, but find that your
sophisticated assembler takes up most of your machine’s
memory and only lets you assemble a couple of hundred
words of code. A floppy ends these kinds of limitations by
filling computer memory with only the particular routines
needed at any one time. Once the contained function at
hand is completed, the next program segment is automat-
ically loaded to attack the next sequential task.

During each processing function, the disc provides
convenient addressable storage for numbers or text that
don’t require the ultra-rapid access of semiconductor
memory, but must be close at hand. Business applications
use the disc to store a repertoire of bookkeeping programs
and provides quick retrieval for statistical processing of
the thousands of pieces of information that have been
collected.

A floppy disc is similar in appearance to a phonograph
record, but is more flexible, and in most cases is physi-
cally deformed as the magnetic head and pressure pad
contact the disc surface. There are some notable floating

MECA MODEL DELTA 1 floppy disc system

head exceptions that, despite superior media longevity,
are not going to fit into your long-term compatibility
plans, not to say anything about cost. The disc spins about
360 rpm and stores data on one or both of its surfaces.

A disc is a random-access device much like program
memory. In contrast to the sequential nature of tape, you
can locate anything stored on a disc much faster than on a
tape and without rewinding. The magnetic head is posi-
tioned over circular tracks with a servo-controlled step-
per, or voice-coil head positioner. The magnetic disc
surface has a life expectancy of 10% loaded passes.

Be sure that the disc system has an automatic head
lifter that separates the head from the disc after some
predetermined time following a read or write operation.
Whenever the disc spins, even with the head lifted, there
is a certain amount of unavoidable wear caused by the
friction between the disc and its protective jacket. The
access time to get from one track to another, added to the
settling time to load the head in contact with the disc,
varies between 10 and 100 milliseconds from product to
product. The faster the better.

What size disc for you?

One of the first decisions is to select disc size. Fortu-
nately there are only two: the full size 8-inch disc, and the
5'/:-inch minidisc. Obviously the larger disc holds more
information than the smaller one and has the higher price
tag. The 8-inch disc holds some 3.2 megabits of unfor-
matted data. That is, there are somewhat over three
million binary storage locations. However, to keep every-
thing in its proper place requires an indexing and data
identification system. Cyclic redundancy codes must be
set up to help you know when 'the data is reliable.

In the widely adopted IBM format, identifiers are writ-
ten in front of each record; and records are separated by
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DISCUS 2D floppy system

gaps. Error checking is done by reading the data back just
after it is written (usually on the next disc revolution).
Soft error specifications are between 1 in 10 to 10 bits,
indicating how often a bit is read incorrectly. Soft errors
are caused by noise and are overcome by simply repeating
the read operation. Hard errors, on the other hand, repre-
sent permanent defects on the disc and typically occur
once in 10" to 10" bits. Seek errors occar about once
every 10® accesses and are the times when the head under-
shoots or overshoots the correct track and must go back to
track O and try again.

AN 8-INCH FLOPFY DISC system by Smoke Signal Brecadcasting

By the time you're finished, the formatted disc capacity
has been pared down to 1.9 megabits. When this is
divided by 8 bits-per-word, you have some 250,000 words
of storage. Transfer rates for the full size disc are about
250,000 bits-per-second. The standard format consists of
77 concentric tracks, each with 26 sectors, and each sector
containing 128 bytes. Some discs use hard sectoring
where a series of physical holes identify sectors so that
less disc overhead is used. If you foresee the need to be
compatible with hard sectored formats, make sure the
system is expandable to control hard sectored drives.

The 5%-inch floppy

The 5'%-inch disc works out to about one-quarter the
8-inch capacity; about 72K formatted bytes, with a 125
kilobit-per-second transfer rate. A 5Y-inch drive costs
roughly 60% the price of an 8-inch drive, but before you
make your size decision let’s make one more observation.
In the course of using your system you will discover that
two disc drives add up to more than just doubled storage
capacity. Once you have a single disc drive set up with
your favorite programs, operating system, or data, and
you finally sit down a moment to think, you will find
yourself beginning to shake. On that one record, you
figure out you’ve invested about three months of your life.
You realize that it is vulnerable. What should happen if
that disc gives you an unrecoverable load error, or one of
the kids tries to play it on his phonograph?

Yes, it would be nice to have a copy stowed away.
Copying, by loading one program at a time and then
saving it on another disc is a long, tedious, annoying
procedure at best. Two discs give the invaluable flexibility
of copying one automatically to the other, using utility
copy programs in a completely painless manner. Running

THE DYNABYTE DBB8/4 disc-drive system

system programs such as assemblers and compilers, two
discs have the advantage of being able to input data from
one disc and storing output on the other. One disc can
hold the operating system elements that are called up as
required, and the other stores the text, data or other
outputs.

A dual disc system that can load both heads at the same
time will carry out copy operations with even higher effi-
ciency. Another alternative to consider is to use a single
disc, but do archival storage on tape. The tape writing and
disc regeneration procedures will be slower than with two
discs but still manageable. So when you list the system
alternatives be sure to consider multiple disc expansion.

If the cost of a dual-drive 8-inch floppy is just too much
of an investment, see if the capacity of a dual minifloppy
is sufficient. There are, of course, exceptional situations
where a restricted application requires only large storage,
and a single-drive is justified.

Several disc systems use double density recording tech-
niques. By using improved, modified FM (MFM) or
group code recording (GCR) encoding methods, they
pack twice the number of bits on the same size disc.
Double density recording methods make room for addi-
tional information by eliminating the clock signal. The
clock, though, can be recovered through clever decoding
algorithms. There seems to be a general feeling that the
present reliability is not quite up to what it is for single-
density recording, but that should soon be at an equal
level.



Check the reliability figure comparisons between single
and double density recording, when available, and don’t
be fooled by reliability claims that cover just the electron-
ics. A couple of clever drives have discovered that the disc
has two sides and access twice normal capacity with two

MODEL EAS-EDDS from Electro Analytical Systems

heads. There are reports, though, of disc damage due to
the loss of the cushioning effects of the single head and
pad combination. Combining double density and double
side recording gives the minifloppy the same capacity as
the full size floppy disc (with slower throughput).

interfacing to your computer

The disc must get connected to your computer. Many
varieties and degrees of interfacing are available. Unless
you're a glutton for punishment, don’t go out and
purchase a basic disc drive mechanism hoping to save a lot
of cash by doing your own interfacing. Several reasonably
priced systems are on the market that have been designed
by experts, and have been debugged for many, many
hours. You would go a long way to duplicate their perfor-
mance. Many include complete hardware and software
packages. The disc controller carries out the head posi-
tioning, head loading, sector identification and motor
control functions.

Relatively new floppy disc controller IC’s have greatly
reduced controlier complexity and price. They eliminate
many IC packages and result in a more reliable, less
densely packed controller board.

Usually some form of read-only-memory bootstrap is
used to get things started. Until some minimum of soft-
ware is loaded into the computer, it and the disc will not
be able to communicate. Once the basic link has been
established, more efficient loaders and operating system
program modules can be transferred from disc to comput-
er memory. Many systems require a large chunk of user
memory, which may still work out to be cost-effective.

Some elemental systems require various machine lan-
guage sequences to control disc operations and may
require substantial machine language programming effort
on the user’s part. This is not for most of you. You have
the option of obtaining operating system software from
the disc drive manufacturer or from some other source.
Generally, the first choice is more desirable, since it
offers a higher confidence level that the bugs have been
ironed out or that you will be kept informed of corrective
patches as they are developed.

Most operating systems use a monitor that is trans-
ferred into memory. The monitor responds to keyboard
commands by either carrying out the simpler tasks itself
or calling a more complex executing operating system
module from the disc. Know the computer memory
requirements to support the program modules. Twenty-
four kilobytes is not unusual to support disc BASIC, for
example.

The operating system should include utilities for mem-
ory and program listings. Look for an initialization proce-
dure that not only formats a blank disc, but allows you to
later reconfigure the system when other peripherals or
additional discs are added. Usually subtle software
changes have tq be made in the operating system, and it is
highly desirable to be able to go through a documented
procedure without having to scrap the whole thing. It is
very important to recognize that the floppy disc software
not only controls the disc itself, but the entire microcom-
puter system. In effect, the floppy disc operating system
becomes the controller for all other peripherals.

All operating systems should include basic delete,
rename, directory and copy programs to perform the rudi-
mentary day-to-day jobs you’re buying the disc for in the
first place. Look for some version of a chain command
that lets one program module call in a second from the
disc, giving large virtual memory appearance. Operating
systems should include methods for keeping track of hard
disc errors. A defective sector table is conventionally
composed to flag those places on the disc found to be
unusable.

Watch the mechanics of the interface. Several disc
varieties include single or double board controllers that
plug into standard S-i00 motherboard slots. Others
include the controller as part of the disc system and have a
cable and connector that runs over to the computer. Be
sure you have included the costs of all the interface
components in your estimates. It is not unusual for the
interface electronics to cost as much or more than the disc
drive itself.

Power supplies are another consideration. Some units
may require 30 watts, and some 300 watts, depending on
the number of drives and the extent and efficiency of the
system. Power supplies are often not included as a part of
the disc system and represent additional cost and space.

A couple of floppy systems operate optionally or exclu-
sively through serial RS232C ports. This is OK for some
basic data storage requirements where the disc is replac-
ing an outdated paper tape system, but it is too slow for
general versatility. After all, the system should give its
full performance potential, not just replace paper or
magnetic tape.

At the outset try to access your ultimate goals. Does
the system you've selected have the capability to expand
to 4 or 8 drives for the sophisticated application you have
in mind for the future? Exactly what is required to carry
out that expansion? Try to combine the technical specifi-
cations with the perspectives of experienced floppy users.
Experienced users are in a position to quickly point out
the weaknesses and advantages of specific systems, which
are not mentioned in the data sheets. Talk it over with
several members of a local computer club or a computer
user at a nearby high school or college. Your choice will
rapidly narrow to the two or three systems that are being
universally accepted due to their relative freedom from
problems, and you will enjoy an exciting new dimension
of an already mind-boggling activity. R-E
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To many newcomers to the field of
more experienced users, the CRT terminal
discusses the CRT terminal and
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KARL SAVON

THE INNER SECRETS OF YOUR MICROCOMPUTER SYSTEM
are best viewed through the eyes of a CRT terminal.
Input commands, output listings, and program writing
and execution are all supervised from the keyboard and
displayed on the screen. The terminal’s ease of operation
and reliability directly affect the overall utility of the
complete computer system.

Theoretically, a computer system can be controlled
completely with a series of simple switches and some
LED indicators. In fact, that is exactly the way many
early microcomputers were equipped. But you can’t get
much useful work done with such primitive handles. To
address these shortcomings, the CRT terminal has
emerged as the system focal point, with input facility at a
conversational rate and with output capability essentially
limited by the calculative speed of the particular program
being executed.

Your present computer input/output device may be an
intermediate combination of a simple keyboard and an
LED alphanumeric display. You're now ready for a high-
er level of communication. Or you may be in the process
of expanding an elementary learning system, having just
added memory and maybe a BASIC interpreter in ROM,
and are ready for better computer interaction. In either
case, the display of a full page of information in response
to typed commands announces your arrival out of phase-
one and hopefully into the productive application phase.

The transmitter keyboard unit and the display CRT
receiver are entirely separate entities except for common
power supplies. You can actually purchase the two
elements separately. The display looks peripherally like a
TV receiver, but don’t assume it will have similar perfor-
mance.

Screen brightness must be high enough for comfortable
viewing under prevalent ambient light conditions. Ideally,
brightness and contrast should be user adjustable. Color
is available where graphic complexity warrants it to
emphasize significant display features, or simply for its
attraction in personal computer applications. Examine the
screen for linearity and resolution. Even though the
CRT'’s tend to use standard television deflection methods
and have scan rates close to NTSC standards, many suffer
from linearity deficiencies when compared with your

living room instrument. Resolution may be greater than
most TV receivers, but large screen sizes are generally
unjustified except for group demonstrations.

The most common screens measure 12 inches diagonal-
ly and use a P4 white phosphor. Many can be optionally
equipped with P31 green. If possible, as with any expen-
sive product, examine the terminal through a hands-on
trial, preferably connected to a computer similar to your
own.

Characters are most often displayed as dot matrices. A
character decoder-generatar uses a read-only-memory to
convert ASCII or other codes into their equivalent dot
matrix patterns. Even normally nonprinting character
codes are displayed on some terminals. The dot matrix is
usually 5 X 7 dots dedicated to the character itself with at
least one additional horizontal and one vertical line sepa-
rating characters and lines. Other common formats are 7
X 10 and 9 X 9 matrices. Larger matrix formats have
room for standard lower-case characters. Others simply
use smaller versions of the format or font used for capitals
as pseudo lower case.

Deluxe character generators give more detail and fanci-
er letters and have correspondingly larger matrix sizes.
They are available in languages other than English,
including French, German, Swedish and Japanese. If you
are interested in APL (A4 Programmers Language) pro-
gramming, search out the terminals with the nonstandard
APL characters. There may be 64, 96 or 128 characters in
the sets, and terminals with graphic capability typically
include 256 characters. Screen format consists of 1000 to
2000 characters arranged in lines that may be 40, 64, 72
or 80 characters long.

Some terminals let you define your own characters on a
dot by dot basis, or by groups of dots. Graphics users
must know the number of controllable dots along both
axes. And if your graphic applications are serious and
extensive, you may want to consider vector graphic capa-
bility which lets you do things like define end points and
the terminal fills in the rest. Business users will want to
explore the terminals that are specifically designed to
simulate business forms on the screen.

Automatic right-margin wraparound is a fairly stan-
dard feature that permits multiple line entry before a
keyed carriage return terminator signals the true end of
the line. This feature is very important when a relatively



electing The Right One

personal computers as well as many
is the most visible component. This article
tells what to look for when selecting one for your system.

wide column printer is used to create hard copy. For
example, using an 80-column printer, it is necessary to
accept two 40-character CRT generated lines without an
embedded carriage return and line feed. In other words, a
carriage-return line feed combination is autamatically
generated for the CRT screen but is not transmitted to
the printer interface.

Terminal types

There are three basic terminal classifications: Dumb,
smart and intelligent. Regardless of “intelligence” level,
any of the three types may well be microprocessor
controlled. Integrated circuit video display controllers are
also helping cut component counts roughly in half.

The dumb terminal is the least expensive, little more
than a keyboard and CRT display, appropriately called a
glass teletype. The glass teletype is much, much quieter
than the venerable device it replaces, and for the 80% of
the time that hard copy is not needed, the quiet is a
welcome relief. Fan cooling may be used to increase reli-
ability, but make sure it is quiet. If the fan noise level is
going to be disturbing in a relatively quiet room, you had
better select a fanless terminal.

The smart terminal has self-contained editing hardware
and firmware usually implemented through a movable
cursor. The cursor may take the form of a blinking square
or blinking or nonblinking underline. Editing techniques
include inserting, writing over and deleting on-screen
information. Editing results are displayed immediately
with little chance for misinterpretation. System applica-
tions that do not tie up the CPU processor during editing
sessions offer the alternative of using the computer
processor as a controller to make a dumb terminal look
smart.

The intelligent terminal approaches a complete micro-
computer in function. In addition to the editing facility of
the smart terminal, it is programmable. Intelligent termi-
nals may include built-in peripherals such as floppy discs
and magnetic-tape-cassettz drives. The two higher termi-
nal classes may have addressable cursors. Designated
control character codes give left, right, up, down, home
and clear functions as well as direct addressing.

Data is normally entered starting with a clear screen at
the top left and fills the screen downward, line by line.
When the bottom screen perimeter is reached, the entire

page scrolls upward, eliminating the top line leaving room
for a new entry at the bottom. Page-mode is sometimes
supplied as 2 switch-selectable feature. Page-mode fills
the screen from top to bottom but when the page is filled,
the screen is cleared and entry begins anew at the top.
Memory options for off-screen storage are nearly essen-
tial on a CRT terminal using page mode, which may
explain its relative unpopularity.

About keyboards
The keyboard has 50 or more keys and may include a

separate numeric keypad for voluminous arithmetic

input. Touch typists will find formats that put numbers
only on the separate keypad very annoying. In fact, many
keyboard layouts which may appear similar to a typewrit-
er intermix graphic symbols as upper-case characters and
define normal upper-case typewriter symbols as lower
case. These arrangements will give the experienced typist
headaches as he switches between typewriter and termi-
nal.

Some keyboards have an upper/lower-case switch to
generate letters, graphics and control characters from a
limited number of keys. Nearly standard typewriter key-
boards can be found though. They have a capital lock key
and a separate (5th) row of keys for control characters.

Keyboard layout may resemble a typewriter’s, but, for
example (although unusual), may be simplified b
arranging keys in vertical columns. Keyswitch feel varies
considerably and you certainly want the switch contacts
to be reliable. The quality of the key switches themselves
are vital. Some of the most sophisticated keyboards
include quadruple redundant reed switches that even
operate perfectly if one or more of the contacts become
noisy or fail. Highly reliable noncontacting keyswitches
use capacitive, photoelectric or Hall-¢ffect sensing mech-
anisms. The keyboard should incorporate 2-key or n-key
rollover so data can be entered at high rates with a mini-
mum of errors. Several keytops are often removable for
special application customizing.

Important extra features

Reverse video is a common feature for emphasizing
characters or groups of characters as well as extending
graphic effects. Sophisticated terminals permit protection
of designated screzn areas from accidental erasure and
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can selectively blink several characters simultaneously. A
rare feature is the ability to emphasize text by doubling
the character width. Character dimming or brightness
modulation is another fairly common feature.

There are a couple of seemingly unimportant features
that are of interest to specific groups of users. For exam-
ple, when the cursor approaches the end of the line an
audio tone may sound, analogous to the typewriter bell.
Tone trigger position is occasionally programmable.
These terminals invariably can trigger the tone from a
computer instruction, normally the ASCII 7 print com-
mand. Several or all keys may be auto repeating. After a
prescribed time out following key closure, the keyboard
system generates a fixed rate character repetition.

Once in a while problems are caused by the convention
of automatic line feed following carriage return. You
normally expect the CRT display to increment or line
feed once each time the return key is hit in typewriter
fashion. However, some tabbing operations require car-
riage returns without line feeds. If the computer automat-
ically sends out carriage-return line-feed combinations
for either carriage return or line feed, the display format
will alternate blank lines with printout. The terminal
should include a switch or jumper option to disable auto-
matic line feeds. But you may have to add this feature
yourself; it isn’t difficult.

Interface connections

The terminal may interface to the computer through
serial or parallel connections. Serial formats are conven-
tionally RS232C asynchronous sequences of start, data,
parity and stop bits. Word format may be DIP switch or
jumper selectable since universal asynchronous receiver
transmitter IC’s are easily programmed by voltage levels
on specific terminals. Even or odd parity and the number
of stop bits are selected to be compatible with 9, 10 or
11-bit computer formats. The standard RS232C interface
uses bipolar signal levels but the same basic format is used
in TTL-compatible single polarity systems. Another wide-
ly used serial interface is teletype-compatible where series
current loops of 20 or 60 milliamps are established.

Serial communications between the computer and
terminal is half or full duplex. In half duplex, the comput-
er and CRT receive data at nonoverlapping intervals.
While typing the keyboard signal is routed to both the

CRT and the computer so that the input is displayed. If
the connection between terminal and computer were
broken, the CRT would still respond, and it would only be
later due to lack of computer response that you would
know something is wrong. In full duplex, the two direc-
tional paths can operate at the same time. When the
computer receives a character from the keyboard it
responds by echoing the same character which is then
displayed by the CRT. Serial transmission rates are
between 75 and 19,200 bits per second.

Parallel interfaces can handle much higher data rates
and are usually carried out with eight parallel data lines
and a couple of handshaking leads. Parallel interfacing is a
synchronous operation and signals are generated to tell
when data has been accepted, when the receiver is busy
and cannot accept data, and when data is valid. Parallel
outputs are often three state; they have an open state so
several terminals or other 'peripherals can operate in
parallel on the same data lines.

Terminals can interface directly to the JEEE Bus when
properly equipped or through adapters. The JEEE Bus is
a parallel 8-bit bus that can send device selection address
information over the same leads. Crystal-controlled baud-
rate generators offer the best tolerance to variable envi-
ronmental conditions. Some serial terminal interfaces
have separate transmit and receive baud-rate generators
that allow the two paths to be split or operate at different
data transfer rates.

The 7-bit American Standard Code for Information
Interchange (ascll) is the nearly universal standard now
in use. Five-level Baudot code is just about extinct for
CRT computer terminal applications. Several graphics
terminals expand ASCII to an 8-bit code that doubles the
character-set boundaries to 256. IBM EBDIC format is an
8-bit encoding format offered by a number of manufac-
turers.

Modems and data transmission

Modem options allow terminals to be connected via the
phone lines to remote computers or other terminals.
Modems use frequency and phase-modulation techniques
that when combined with error detection and correction
techniques give reliable data transfers. While this is the
method overwhelmingly used by time-sharing systems,
more and more private computer users are turning to
modems to access their machines when away from home.
Acoustic couplers provide nonelectrical phone-line con-
nections at limited data transmission rates. Computer
information exchange networks are becoming common
where club members access a disc-based computer system
over phone lines.

Data transmitted from the terminal to the computer is
sent on a character-by-character basis as in the glass tele-
type or may be sent a line or page at a time. Larger block
transmission gives the operator the opportunity to correct
errors before digestion by the computer.

CRT terminals often have parallel or serial hard-copy
adapter interfaces that directly drive printers to create
hard copy of selected pages. This interface is similar to
the computer interface except simpler, being one way.

If you plan to do your own maintenance ask about
serviceability. Are sockets used? Do the printed circuit
boards slide out for easy access? Is there built-in diagnos-
tic software? And most important of all be sure that the
terminal you select will be capable of easily handling the
tasks you intend to set before your computer. R-E
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CRT TERMINALS

CAN USE
AS STAND VAR-
INCLUDES ALONE IABLE
KEY- TYPE-~ TYPE-
BOARD WRITER CHAR. CHAR. FACES LINES
MANUFACTURER MODEL TYPE TYPE {Y/MN) {Y/N) PER LINE PER INCH {Y/N) PER MINUTE INTERFACE
BOOTSTRAP
ENTERPRISES 9112 THERMAL | MATRIX{ N N 12 10 N 60 PARALLEL
INC.
9120 THERMAL | MATRIX| N N 20 10 N 50 PARALLEL |
ELECTRO. =
CENTRONICS Pl STATIC | MATRIX| N N 80 8-10 N PARALLEL
ELECTRO
$1 sTAviC | MATRIX| N N 80 8-10 N - PARALLEL
7791 IMPACT | MATRIX| N N 80 8-10 N . PARALLEL
779-2 IMPACT | MATRIX| N N 80 8-10 N PARALLEL
703 IMPACT | MATRIX| N N 80 8-10 N 600 PARALLEL
COMMODORE
BUSINESS 2020 IMPACT | MATRIX| N N 80 10.6 N 70 PARALLEL
MACHINES
2022 IMPACT [MATRIX| N N 80 10.6 N 70 PARALLEL
2024 IMPACT | MATRIX| N N 80 10.6 N 70 PARALLEL
ELECTRONIC TRENDATA WHOLE 134 OR 10 0R
SYSTERE i IMPACT | e Y Y i 4 Y K SERIAL
e - e ——
FINDEX INC DEC IMPACT | MATRIX| ¥ v 132 10 N - SERIAL
' WRITER
GRE DATA PRINTER-
PROBIETS S IMPACT | MATRIX{ N W 40/80 5110 Y - $-100
HEATH 80, 96 PARALLEL
Cneadk: WH14 IMPACT | MATRIX| N N o N B sehil
LA36
DEC IMPACT |MATRIX| Y Y 132 10 N + SERIAL
WRITER
10 STD
INTEGRAL DATA 4 80 (STD) 50-80 SERIAL,
sysTems inc. | 'P-125 IMPACT |MATRIX | N N 132 (0pT) | 83,12, N CPS PARALLEL
16.5 (OPT)
10STD
5 80 (STD) 50-80 SERIAL
1P-225 IMPACT | MATRIX N N 83,12 N ]
RN 2. n 13240PT) | 1.5 (0PT) RNy PARALEEL |
INTERNATIONAL
ELECTRONIC gl'jllloﬂATA IMPACT |MATRIX| N N 80 10 N 70° PARALLEL
EQUIPMENT CORP.
INTERNATIONAL o
PERIPHERAL 1622 IMPACT A Y Y UPTO300| 5TO 15 Y Tois0 | pERSE e
SYSTEMS INC.



LB N e e W L 0 g T - i silleirar Al i ek warl - 4L R L T | S Al | &

CHAR. PAPER
BUFFER-| HALF |PROPORT. HOUSING
ING SPACING | SPACING | MECH- {INCLUDED SHEET | WIOTH

(Y/N) | ANISM

MANUFACTURER |(ENCODED (Y/N) (Y/N}

(Y/N) (Y/N) | (Max.In)| OTHER PAPER PRICE

$ 349.00

ELECTRO-

Y Y - - - STATIC $1,245.00 UP

$1,245.00 UP

COMMODORE
BUSINESS ASCII Y N
MACHINES

ROLL | $ 695.00

TBA

EITHER

FINDEX INC.

HEATH

COMPANY ASCH

INTEGRAL DATA

SYSTEMS INC. ASCIL | Y N

INTERNATIONAL
ELECTRONIC
EQUIPMENT CORP.



CAN USE
AS STAND VAR-
INCLUDES ALONE IABLE
KEY- TYPE- TYPE-
BOARD WRITER CHAR. CHAR. FACES LINES
MANUFACTURER MODEL TYPE ‘[YPE (Y/N) {Y/N) PER LINE PER INCH (Y/N) PER MINUTE INTERFACE
INTERNATIONAL
PERIPHERAL 1612 IMPACT . Y Y UPTO300! 5T015 Y T0 150 SERIAL
SYSTEMS INC.
M.P.I. INC. TP-40 IMPACT |MATRIX| N N 40 12 y! 75 SERIAL
1P-40 IMPACT |MATRIX| N N 40 12 y! 75 PARALLEL
BP-40 IMPACT |MATRIX| N N 40 12 v! 75 PARALLEL
| ssp-40 IMPACT | MATRIX| N N 40 12 y! 75 SERIAL
MP-40 IMPACT [MATRIX| N N 40 12 y! 75 PARALLEL
MICRO WHOLE 1350R 100R SERIAL
COMPUTER 9710 IMPACT | a0 Y Y Y . i
DEVICES, INC. 155 12 PARAL
10
N =
MICROMAIL T€810 IMPACT | MATRIX| N N 132 {46 Ty SERIAL
PRINTER
TERMINALS 8719 IMPACT |MATRIX| N N 80 OR A N 75 SERIAL
CORP. 132 PARALLEL
DAISY
PROCESSOR 170 SERIAL
soL IMPACT |WHEEL | N = 130 Y -
TECHNOLOGY RATRIX 120 PARALLEL
RADID 00T
SAGK 261150 IMPACT | \oreix| M N 132 16.5 N = PARALLEL
| 361 152 impacT | BOT N N 132 16.5 N o PARALLEL
MATRIX -
ELECTRO- | DOT
261151 Shatinl bl N 64 9 N & PARALLEL
261153 ELECTRO- | DOT N N 20-60 35-11 N VARIES PARALLEL
STATIC | MATRIX
SOUTHWEST
TECHNICAL PR-40 IMPACT | MATRIX| N N 40 12 N 70 PARALLEL
PRODS
TELPAR INE. PS-48C THERMAL | MATRIX | Y Y 48 10 N 30 ALL
VAMP INE. IBM 745 IMPACT &'2;5 Y Y 135 12 Y 3 PARALLEL
NOTES:

'DOUBLE WIDTH CHARACTERS
2200 CHARACTERS
31 CHARACTER
“FRICTION FEED

STRACTOR FEED

SBIDIRECTIONAL

CPS (CHARACTERS PER SECOND)
TBA (TO BE ANNOUNCED)

TEULL LINE (80 CHARACTERS)
BMATRIX (YES), DAISY WHEEL (NO)




PAPER
CHAR.
BUFFER-| HALF | PROPORT. HOUSING
ING SPACING { SPACING | MECH- | INCLUDED |[ROLL| WIDTH | SHEET | WIDTH
MANUFACTURER |ENCODED| (Y/N) (Y/N) (Y/N) ANISM (YN} (YN ] (Max. Ind| (Y/N) | (Max. 1n) OTHER PAPER PRICE
INTERNATIONAL | oo\
PERIPHERAL Shome 'Y Y Y | NEW Y Y | Wk | Y | 4% 5 = .
SYSTEMC INC.
M.P.L INC. Ascil | ¥2 N N | NEW Y Y| n Y 17 - ANY |$ 749.00
ASCII v? N N NEW Y Y 4 N = 4 ANY | $ 585.00
ASCIL ¥ N N NEW Y Y 4 N ; A ANY |S 585.00
ASCIH y? N N NEW Y Y 4 N il s ANY | S 485.00
ASCII ¥3 N N | NEW Y Y 4 N = ‘ ANY | $ 425.00
MICRO
COMPUTER ASCII Y N N | NEW | Y Y | 15 Y 15 & ANY | $1,850.00
DEVICES, INC.
MICROMAIL ASCI1 Y N N | NEW Y L - Y 15 < chmn $1,695.00
PRINTER
TERMINALS e = = £ - - A = = = = $1,395.00
CORP.
PROCESSOR ASCII 8 Y Y | NEW | Y o = Y 147 > ANY | $3,695.00
TECHNOLOGY OIRECT
RADID e i . |LABELS 1
SEreN ASCH Y N N | NEW Y Y | -8% | Y B% |camaon| ANY | $1:299.00
LABELS
ASCII Y N N | NEW | Y vy | 8% | Y 8% |camson| ANY $1,599.007
A Y N N | NEW ] Y Y 4 N NA _  |ELECTRO-
SCIl STATiC | S 599.00
A Y N N | NEW Y Y 6 N NA — | ELECTRO-|g 49900
Seu : sTatic |°
|
SOUTHWEST
TECHNICAL ASCII Y N N | NEW Yy | v!| 3| - - = ANY |$ 250.00
PRODS
TELPAR INC. ASCII Y N N | NEW Y ¥ {55 < - E THERMO | § 700.00
REFUR-
VAWP INC. asct | v | vy | Y [eas| Y |Y] w [ Y| | - = |'s 15000
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String
Synthesizer
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Part 2— Continuing the discussion of the electronic string music
synthesizer. This unique instrument gives the soloist and
small groups the background needed to enhance performance

MARVIN JONES

BEFORE PRESENTING THE CONSTRUCTION
details, we will conclude the circuit dis-
cussion started last month with a descrip-
tion of the middle-octave mixing and
chorusing circuit and the power supply.

The middle-octave piano keying circuit
is exactly like the high- and low-octave
circuits, but the middle-octave strings
section is slightly different to accommo-
date the switchable split-keyboard fea-
ture. The string keying starts off the
same; C6 charges through R15 and D17,
and the'sustain control affects the dis-
charge time of C6 via R16 and DIS8.
Resistors R17 and R18 apply the enve-
lope voltage of C6 to two diode keying
networks—one for violins, one for cellos.
Here the differences begin. The two
diode keying circuits are designed to each
provide two identical outputs. The basic
philosophy behind the split keyboard cir-
cuitry is: “Feed an identical signal to both
the upper AND lower mix buses, and
remove the one you DON'T want.”

So where the low-octave strings are
connected to the appropriate low-mix
buses and the high-octave strings are
connected to the high-mix buses, the
middle-octave strings are simultaneously
applied to both. The logic level available
on the split select bus (SPL) is used to
determine which of the two signals will be
grounded out. The voltage levels on the
SPL bus are directly related to the front
panel switch position. Low-octave split
point is represented by a low voltage.

High-octave split point is represented by
+V appearing on the SPL bus. The
single NAND gate (IC3-c) remaining
from the waveshaping circuit is used to
invert the SPL signal. When the front
panel split switch is at position |, the
keyboard is being split between the low
and middle octaves. Thus, you want the
middle octave to be applied to the high-
mix bus.

So, the ground potential appearing at
the SPL bus is used to forward bias the
shunt diodes, D31 and D32, causing the
jow-string mix signals from the middle
octave to be shunted to ground. The
diodes connected to the high-string mix
buses, D29 and D30, are being driven by
the SPL inversion which is now at a high
level. Thus, the diodes are inactive. When
the SPLIT switch is in the high, or No. 2
position, the SPL bus is at a high level
allowing the signal to pass to the low-mix
bus. The inverter now produces a low
output, shunting the high-mix signals to
ground.

The chorusing circuitry is shown in
Fig. 4. Most of this circuitry is contained
on one PC board, with the exception of
front panel controls, jacks, and so on. The
resultant signal mixes from the front
panel HIGH and LOW mix controls are
applied to string inputs A, B, C and D.
IC10-a serves as a unity-gain mix and
buffer amplifier. Capacitor C20 rolls off
the high-frequency content of the input
signal to avoid any intermodulation with

the clocking frequency of the anajog
delay lines. Bias trimmer, R66, setsa DC
level at the output of the buffer (IC10-a)
so the analog delay lines will be biased for
minimum distortion and maximum dy-
namic range. The buffered input signal is
applied to two delay lines (1C8 and I1C9)
plus the output amplifier, IC11.

Thus, the composite string signal at the
output consists of one original signal and
two independently delayed and modu-
lated signals. In one path, the signal is
delayed by IC8-a and dropped across the
delay line load, R69. Capacitor C23 elim-
inates the high-frequency clocking signal
that is superimposed on the audio signal
as it passes through the delay line. Op-
amp-IC10-b is a gain stage to make up for
losses encountered in the delay line and
C25 provides additional fiitering of high
frequencies to help smooth the audio
signal. The output of IC10-b, which also
rides the bias level determined by R66, is
passed through another stage of analog
delay, 1C8-b. The delay line output is
again filtered and applied to the output
mix amplifier, IC11. Delay time 1C9 and
its associated circuitry operates identical-
ly to the delay line circuitry of 1C8. This
second independent delay line has its
signal alsa applied to the output mix
amplifier.

The remaining stage of 1C10 is used to
buffer and drive the piano signal outputs.
The signal from the piano mix bus
(MXP) is dropped across R86, and buff-
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FIG. 4—THE CHORUSING CIRCUITRY where tones from the note generators are combined and

processed. The analog delay lines are in IC's 8 and 9.

ered by IC10-d. At the output (pin 12) of
the buffer, the piano signal is split and
supplied to two possible paths. One is
directly to the PIANO solo output, and the
other is to the master output mix amplifi-
er, IC11. PIANO MIX control, R60, can be
used to shunt various amounts of either
signal path to ground. Also note that the
on-board piano signal path that leads to
the master output mix is connected to the
piano jack via point K. This connection

would normally connect to the ring sec- mixing and buffer amplifier, IC11 also
tion of a 3-conductor phone plug inserted serves as a noise gate.
in J3. However, when the more common- Due to the operational characteristics

ly used 2-conductor plug is inserted, the of the analog delay lines, there is typically
ring connection will be shorted to the  a good deal of switching noise superim-
grounded sleeve connection thus dis- posed in the audio signal when it comes
abling the piano signal at the MIX OUTPUT.  out of the delay IC’s. This translates into
The combination of three string signals  a ‘‘hissing” effect which is normally
and one piano signal which are to be masked by the larger amplitude signal.
applied to output amplifier IC11 are However, when there is no signal present
dropped across R92. As well as being a at the delay lines the hissing output can



be annoying—especially if you are on
stage, running the synthesizer through
several hundred watts of amplification.
So the noise gate action of IC11 allows a
signal to pass to the output ONLY when a
key is depressed on the keyboard. Nor-
mally, C40 will be discharged and there
will be no control current being applied to
pin 5 of the CA3080, IC11. With no
control current applied to the IC, there is
no amplification by the IC—and thus no
output. When any key of the keyboard is
pressed, the trigger bus switch contacts
will close. The resultant shorting of
points “G" and “H” causes a voltage to
appear at the GATE output jack, J5, and at
the base of Q4.

When Q4 conducts, Q5 will also turn
on. When Q5 conducts, C40 will charge
through R96 towards +V. The charging
time constant of C40/R96 is selected to
be slightly less than the attack time of the
diode keying in the string sections of the
tone blocks. When C40 is fully charged,
the current through R95 to 1C11 drives
the output to the desired level for inter-
face with most guitar amplifiers or PA
systems. When all keys on the keyboard
are released, Q4 and Q5 turn off. The
impedance looking back into the collector
of Q5 is very high, thus leaving R95 as
the only discharge path for C40. The
discharge time constant of R95/C40 is
selected to be slightly longer than the
longest sustain times available from the
string tone block circuitry. Therefore, the
long sustained string passages should nev-
er be “cut off”” by the output noise gate.

The circuitry shown in the lower half
of Fig. 4 is the control circuitry for the
analog delay lines. Front panel RATE con-
trol R58 sets the desired control voltage
to be applied to low-frequency vibrato
oscillators IC15 and IC16. The variations
in voltage drive the vibrato oscillators to
selected frequencies. Although the tim-
ing capacitors for these oscillators (C53,
C58) are the same, the timing resistors
(R121, R126) are slightly different. This
causes the pseudo-random beating and
chorusing required to get the string
effects. Capacitors C54 and C59 suppress
parasitic oscillations at each oscillator
IC.

Since the pitch deviations generated
within the analog delay lines are related
to the mathematical derivative of the
signal used to modulate the high-frequen-
¢y clock, we need to have a sinewave
modulation signal in order to obtain the
common smooth sinewave type (actually
cosine would be mathematically correct)
vibrato. The closest thing available as an
output from the vibrato oscillator IC’s is
a triangle wave at pin 4. This signal is run
through a 2-pole passive filter to smooth
it into a sine shape, and the resulting
signal from each oscillator is applied to a
section of the dual-section DEPTH control,
R59. The squarewave output of IC15 at
pin 3 is used to control the LED driver
Q! for a visual indication of vibrato rate.

Ic17
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FIG. 5—POWER SUPPLY for the synthesizer uses center-tapped transformer and a full-wave bridge
rectifier to deliver equal positive and negative voltages.

The selected amount of low-frequency
modulation signal is fed to the high-
frequency delay line clocks, IC13 and
1IC14. Transistors Q2 and Q3 serve as
current sources which replace the cus-
tomary timing resistors at pin 7 of the
high-frequency oscillators. The small val-
ue timing capacitors, C44 and C47, result
in clock frequencies up around several
hundred kHz.

With the use of current sources to
drive the timing resistor inputs of these
IC’s, a fairly small voltage fluctuation can
be used to effectively sweep the clock
frequency over a wide range, as opposed
to the modulation inputs of the IC’s at pin
5 which typically only cause deviations of
about 2:1.

The delay lines require a bi-phase clock
signal, preferably providing squarewaves
and generating as little overlap during
switching periods as possible. To accom-
plish this, the squarewave outputs of the
high-frequency oscillators are fed
through a CD4013 D-type flip-flop. With
the flip-flop connected as a frequency
divider, the two output pins (pins 1 and 2
for one divider, pins 12 and 13 for the
other) provide nice, clean complementary
squarewaves to drive the delay lines.

The continuous changing of the clock
speeds for the delay lines causes a period-
ic shifting of the pitch of the audio signal
applied to the delay line. The input signal
for the delay line is sampled periodically
at a rate determined by the delay-line
clock frequency. If, when the signal gets
to the end of the delay line, the clock
happens to be running faster than when
the signal was clocked in, the pitch of that
signal will be shifted up slightly. The
signal is being pushed OUT of the IC
faster than it was taken in. Similarly, if
the clock happens to be running slower
than when the signal was clocked in, the
pitch will be shifted down slightly.

Ratio trimmer, R116, is a means of
providing slight adjustments in the center
frequencies of the two high-frequency
clocks. Since these two clocks are con-

tained on the same circuit board near
each other and near the audio circuitry of
IC10 and IC11, it is possible that the two
independent clocks could beat against
each other and induce or transmit audible
beat frequencies into the signal path.
With R116, you can slightly alter the
ratio of one clock frequency to the other,
thus setting up a ratio where the beat
frequencies fall outside audibility and
make the chorusing circuit even quieter.

Networks R102/C42 and R103/C43
provide current limiting and supply line
decoupling for the high-frequency cir-
cuitry. The current limiting also reduces
the power consumption of the 566 high-
frequency oscillators and puts them in a
safer operating range.

The power supply for the entire string
synthesizer is shown in Fig. 5. All active
components for the supply are contained
on the same PC board that contains the
chorusing circuitry. A 24-volt RMS cen-
ter-tapped transformer drives a bridge
rectifier (D57-D60) and primary filters
C60 and C61 to initially provide *+18
volts DC. Transistors Q6 and Q7 provide
regulation of the supply. Although these
are S-volt regulators, the resistive net-
work at the outputs biases the reguiators
up to around 10- or 12-volt outputs,
depending on resistor tolerances, Capaci-
tors C64 and C65 increase the transient
response of the supply, while C62 and
C63 help stabilize the new reference volt-
ages which are increasing the output volt-
age of the regulators. A small degree of
trimming is allowed for in the power
supply. The ratios of supply voltages can
aid in achieving minimum switching
noise and intermodulation from the
chorusing circuit. This is a relative ad-
justment and is interactive with the ratio
trimmer, R116. In most cases, the supply
trimmers can be left at mid-position.

The PC boards

Most of the circuitry and construction
techniques are straightforward so little
explanation is required. Note well that
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The two large boards are almost identi-
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on the 1550A and 1550B PC boards. The
1550A board has some additional circuit-
ry on each end and so is a little longer
than the 1550B board. Figures 7 and 8
show the foil patterns for the circuitry at
the right and left ends and for the G and
C tone blocks. The foil pattern in Fig. 9 is

repeated four times between the G and C
tone blocks.

Similarly, Figs. 10 and 11 are the foil
patterns for the F and C tone blocks at
the ends of the 1550B board. The pattern
in Fig. 9 is repeated four times as on the
1550A board. Figure 12 shows the parts

placement on the ends of the 1550A
board. The components in all twelve tone
blocks are positioned as in the C-note
block in Fig. 12. Figure 13 shows the
connections to the left end of the B
board.

continued on page 104
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FIG. 12—PARTS PLACEMENT diagram shows the location of components on each of the twelve tone i n" ’.:’mf - —G"" uj
blocks and the main tone generator and the high-C generator on the ends of the 1550A board. & A - et

FIG. 13—CONNECTIONS that are to be made on
the left end of the 1550B circuit board.

PARTS LIST FOR ONE OF 12
IDENTICAL TONE BLOCKS

Resistors /4 watt, 10% or better

R1, R11, R27— 1000 ohms

R2, R3, RS, R7, R8, R12, R13, R16-R18,
R28, R29, R32-R34— 10,000 ohms

R4, R14, R19-R26, R30— 100,000 ohms

RS, R15, R31—2200 ohms

R9, R10, R35, R36—220,000 ohms

C1, C2, C4, C5, C7, C8—10 uF, 10 volts
electrolytic

C3, C6, C9—33 uF, 10 volts electrolytic

D1-D43—1N914 diode

. CAUTION
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Q
3
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Y
g
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X

FIG. 14—HALF-SIZE FOIL PATTERNS tor the 1550C board. Power supply components are on the
extreme left edge. Mixing and chorusing circuits occupy the balance of the board.
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NOTES: °IC17 AND 1C18 REQUIRE HEATSINKS.
TERMINALS MARKED BY CIRCLED LETTERS CONNECT TO SIMILARLY MARKED TERMINALS ON OTHER BOARDS.

FIG. 15—PLACEMENT OF COMPONENTS on the “C": board. All points marked by letters enclosed in
circles must be connected to similarly indicated points on other boards.
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PART 3—A continuation of the series describing the operation and
construction of the model 101 audio test system. This month we
cover the pulse generator, sweep shaper and audio sweep generator.

RAY DAVISON

THIS IS THE THIRD OF A SERIES OF ARTI-
cles describing the mode/ 10! Audio Test
System by Fidelity Sound. In the January
issue we presented an overall picture of
this versatile instrument. Last month we
began with a technical description and
construction details on the power supply
and timebase generator.

This month we will cover the pulse
generator, sweep shaper and the audio
sweep generator—providing technical
discussions, assembly details and calibra-
tion and alignment instructions.

Pulse generator

The pulse generator (Fig. 5) is simply a
monostable multivibrator (one-shot) that
produces a single pulse at the beginning
of each cycle of the timebase. The one-
shot is triggered by the output from time-

base squarewave buffer Q201. The one-
shot has complementary outputs; that is,
they are always at an opposite logic level.
When the one-shot is triggered by Q201
the outputs change state. They remain in
this new state for a period of time that is
determined by the combination of the
capacitor selected by S7 and the total
resistance between pin 11 and the positive
supply.

After this period of time has elapsed,
the outputs return to their original state.
This is why the device is called a monost-
able. It is stable in one state. It can be
forced to change state and held in that
new state. However, it returns (0 its origi-
nal state after the charge on the capacitor,
which was holding it in the new state, has
sufficiently diminished.

With the components shown, the pulse
generator is capable of providing pulse
widths ranging from about 40 nanosec-

RS
+5V
1 4 _i__ _]4'.[ 50K T
[ R3O PULSE
FROMOQ2OT_ 3 WIDTH J
ANO R231 =
(c301 ©
—y 12121 sz @2 oy |
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’ - L o—\_.{m 001
- | % |
O*__
V30 0V3[]l | C306
! l 1.0uF o
’ g_——J T D
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FIG. 5—THE PULSE GENERATOR 18 perhaps the simplest of the system’s circuits. Pulse widths are

adjustable trom 40 nS to 3 seconds.

onds to about 3 seconds. The front-panel
controls show a minimum pulse width of
20 nanoseconds. However, the rise and
falltimes converge at about 30 nanosec-
onds and this establishes the minimum
pulse width.

Pulse-width accuracy is a simple func-
tion of the cost of the timing components.
Slide potentiometer RS is quite linear and
therefore poses no inherent restriction.
The remaining variable then is the capaci-
tor selected by switch S7.

These capacitors need not be of any
particular type. For the values from 10
pF thru 0.1 uF 5% ceramic or film is
probably adequate for most applications.
For the values of 1 uF to 100 uF, alumi-
num electrolytics are the smallest and
least expensive. They are available in
tolerances from *10% to —20% and
~+100%. If greater accuracy is demanded
in these ranges, then tantalum is probably
the best choice.

Both outputs have over-voltage sensors
to protect against the application of an
external voltage, as was discussed in the
timebase section. The recommended de-
vices are $20 cach. They are optional and
not part of the standard parts kit, and the
circuit board has been set up to accom-
modate several different types.

The sweep shaper

The audio sweep generator shown, in
Fig. 6, has both log and linear sweep
modes. One of these is selected by switch
S12. The oscillator produces a frequency
change proportional to the sweep voltage
applied to it. Therefore, for a linear
sweep, the sweep shaper (the timebase-
to-sweep-generator interface) need only
provide the proper amplitude and offset.
Trimmers R10 and R409 establish the
magnitude of the sweep signal while R11,
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R410, and R411 establish the offset.
Resistors R10 and R11 are 20-turn trim-
mers accessible through the front panel.
Resistor R10 is labeled LINEAR SWEEP
wIDTH and R11 is LINEAR SWEEP CENTER
frequency.

For a log sweep, the change in frequen-
cy at any point on the frequency scale is
proportional to the frequency at that
point. For example, if a straight line is
divided into 10 equal length segments,
there will be 11 marks including the one
that closes off the 10th segment. If the
first mark is labeled 20 Hz, then ecach
successive mark is twice the frequency of
the preceding mark. The end marks will
have a frequency of 20 Hz and 20,480
Hz. The change in frequency between the
first two marks is only 20 Hz. The change
between the last two marks is 10,240 Hz.
This then is a /0-octave range because
the frequency doubled 10 times. This
function is generally referred to as a log
sweep.

For linear sweep voltage to sweep a
linear VCO (voltage-controlied oscilla-
tor) in the above manner, the sweep voit-
age must be conditioned so that it
changes very slowly at the beginning of
the sweep and increases the rate of
change as the sweep continues. The ac-
tion just described is nor a log function
but an antilog function. Therefore, to
convert a linear sweep to a log sweep we
need an antilog converter not a log con-
verter.

1C402 is an antilog amplifier. Op-amp
1C401 inverts the incoming control volt-
age before it is applied to 1C402, the anti-
log amplifier. Pots R8 and R9 are the log
sweep set trimmers. The output of 1C402
is effectively clamped at zero. Therefore,
R8 effects primarily the peak amplitude
of the waveform and hence the high-

frequency end point of the sweep. Trim-
mer R9 adjusts the base of the waveform
around zero. It shifts the entire wave-
form, but we call it the low-frequency
sweep end-point control because its effect
on the high-frequency end-point is rela-
tively insignificant compared to its effect
on the low-frequency end-point. Trimmer
R412 provides a slight amount of linear
sweep at the beginning of the sweep to
compensate for a slight lag in the overall
sweep generator Circuit.

Audio sweep generator
The schematic in Fig. 7 shows the

sC TG BdleNV.

-

audio sweep generator circuit. The wave-
forms are generated by oscillator 1C502.
The frequency range is set by C501
connected between pins 2 and 30. The
minimum frequency is established by
R507. The frequency is: increased by
applying a negative control voltage to
R506. This resistor changes the voltage
signal to a current signal. With switch
S11 in the SWEEP position, the linear or
log signal, as selected by S12, is applied
to the inverting input of [C501. Feedback
resistor R505 combines with the various
output resistors of the sweep-signal con-
ditioning section to provide the desired

LIMN SWEEP WIDTH
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FIG. 6—THE SWEEP SHAPER processes the timebase signal and drives the sweep generator with

either a linear or log-sweep.

6261 HOHVYWW

~
~



RADIO-ELECTRONICS

~
[--]

2 —»T0 21 +6V ANALOG +6v
RS04 S - o ! 14 N —_— - SWITCH |2 |6 |8 R7
6V 1.2K R525 50K
+ 3 +6V 100K 16506
50K 50K v LEVEL
2 13 R SOUAREWAVE 6 A% g LEVEL
cso1 L | 1 souARewAve| msz7 @< DCOFFSET i BVP-PLTD 2
09T 3 12| BV AMPLITUDE | 100K 5 TL670
2 3 L
R531
16502 R508 —— 1 =  RSs3% 3
MANUAL 1K u €502 . 100k ¥ 16K
FREQUENCY XR2207p ot 6V 00k
R501 UPPER 3o +6V 1AV p Lt
24K LIMIT R534
5[]K 50Kk ¢ @
6 9 X S14 o— Wy - AN -
MANUAL 1 +6v =  WAVEFORM N RS28 | |+6V gurpur BV
raeuusncv[ 7 8 ELECTOR AMPLIFIER
R502 g , DC OFFSET
50K LIMIT — ]
; gou i 1cs07
3.3MEG | TRIANGLE 9
-sv* [ ( | eiae SINEWAVE SHAPING V2377 352324:
Y6V , LEVEL +6V gemat] g ]
1"_ - L
MANUAL :’Rgﬂ TIS97 TIS97 R517 7 Ovs1
FROM __:0 & R506 J 50K Q501 = Q502 100K = RT
stz | T :
ol o > 82002 L
SWEEP ' - 1 < R532  F501 =
. R513 = 0503 a3k 2A =
o0 s K| 11587 - T0 516
HEgS ] CLING 2 - -
50K € TRIANG LE RENAE] g @ | b
AMPLITUDE s KNEE - a | JumPER| ZRsgg*
AMPLITUDE | ¢ $  [FVes 3 1¢505 al, $rs99 ;
R505 A SINE J 24013 o | 8V %)
g >
18 oy Rsi6g OIS pgigg  AMPLITUDE ouT i)
§ 0kE K e E o B o
3 ) | R521€ [ T0 VOLTMETER =
RS11 l @ 10K e =
= icson | 50K FTLIPPING R519 ¢4 Lo i
P R530 +6V
1 SV‘ SYMMETRY ¢ i SOKJ_ INEWAVE $130 10K . (-
L DC OFFSET BLANK s PNORZT @ s
R523 TRIANGLE T 50K
OFFSET NULL
*SEE TEXT L BV

FIG. 7—THE AUDIO SWEEP GENERATOR Is basically a voltage-controlled function generator that

provides sine, square and triangular waveforms.

current to the oscillator sweep input.

When S11 is switched to MANUAL the
sweep voltage is provided by R6, the
MANUAL frequency control on the front
panel. The other half of S11 grounds the
limebase sweep signai when it is not being
used. Otherwise, this signal can be cou-
pled across the contacts of S11 and modu-
late the oscillator frequency.

The front-panel markings on frequency
control R6 have no numerical calibration,
but rather just minimum and maximum
points. It is customary for a function
generator to have a calibrated frequency-
control dial. However, with this system,
the built-frequency counter gives far
greater accuracy and resolution than
would be possible with a calibrated dial.
Trimmers R502 and R503 allow the user
to select his own minimum and maximum
points. For instance, if the unit is going to
be used for telephone frequencies, the
sweep can be narrowed to that spectrum.
Resistor R504 is in parailel with R501,
R 502 and the bottom portion of R6. With
R502 set for a 20-Hz low-frequency lim-
it, the result is a logarithmic frequency
control from R6. The various signals,
thru their respective trimmers, are
summed into ICS03 to provide equal
amplitude waveforms with zero offset.

The circuit at the output of the oscilla-
tor provides a tone burst. The osciilator
output passes thru analog switch 1C506
and on to the IC507 output stage. The

signal used to gate analog switch (1C506)
originates at Q201. Flip-flop IC505-a is a
data or D-type flip-flop. It will pass data
from the D input to the output only
during the positive transition of the clock
input. Op-amp IC503 is connected as a
comparator that is used as a zero-crossing
detector. The 748 op-amp, incidentally,
makes an excellent comparator. It will do
an excellent job at 20-kHz, whereas most
of the comparators that have been consid-
ered standard for some time ccase to
function well below that.

That data to be transferred by 1C505 is
the tone-burst gating signal from the
timebase section. The clock is a square-
wave corresponding o the zero-crossings
of the waveform or burst to be gated.
Assume that the gating signal at the D
input switches from high to low. This is
ignored until the output of 1C504 switch-
es from low to high, thus indicating that a
waveform out of 1C503 has crossed zero
in a negative-going direction. At this
point the outputs of the flip-flop change
state: Q goes high. This causes analog
switch (IC506) to close and pass the
output of 1C503 as it crosseés zero in the
negative direction.

When the gating signal and flip-flop
output go high. this data is likewise held
until the output of 1C504 switches from
low to high. This indicates that a wave-
form from 1C503 has again crossed zero
in a negative-going direction. Thus, the

tone-burst circuit produces only complete
waveforms with the beginning at zero and
ending at zero.

Note that IC504 is an inverting com-
parator and that IC507 is also an inverter.
Thus, the waveforms as scen at the output
start and end in a positive-going direc-
tion, which isn’t any more useful but
seems more “‘comfortable™ when viewed
on the scope.

Note that switch SI13 on the front
panel is labeled BLANK. Its function is to
blank the output of the audio sweep
generator during the return sweep to
provide a zero reference line and to avoid
overlaying a retraced plot. Recall that
IC506 is switched on when the gating
signal at SI3 goes low. The output of
Q201 (in the timebase generator, Fig. 4)
goes low as the ramp output of the time-
base begins a positive-going ramp. There-
fore, with switch S13 in the BLANK posi-
tion the output of the audio sweep gener-
ator is on during a positive-going time-
base ramp.

The output of IC506 goes to R7, the
front-panel LEVEL or amplitude control.
The output circuitry is identical to that of
the timebase section, except that there is
no DC offset. The combination of R531
and R7 produces an audio taper at R7.
This produces a potentiometer curve sim-
ilar to a volume control. Again the output
over-voltage protection is optional, and
the board accepts alternate devices.

(continued on page 81)



R301—3000 ohms
C301—10 pF
C302—100 pF
C303—.001 uF
C304—.01 uF
C305—0.1 uF
C306—1 uF
C307—10 uF

PARTS LIST FOR PULSE GENERATOR
R5—50,000 ohms, linear pot

C308— 100 uF

IC301—74121 monostable multivibrator

D301, D302— 1N4001

0v301, OV302—LVC-1A5.1 (MCG
Electronics, 160 Brook Ave., Deer Park,
NY 11729)

F301, F302—0.5 amp fuse

J2, J3—panel-mount BNC connectors

S7—single-pole 10-position rotary switch

CIRCUIT LOCATION of the pulse generator, sweep shaper and audio sweep generator with respect to

the entire PC board.

AUDID SWEEP
GENERATOR

Ll AR Y
—R833—
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| L
L-1
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*Components on back of board. All trimmear resis-
tors except RO--R11 are on back side of PC
board
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COMPONENT LOCATION. Use the diagram above to locate these sections on the PC board.

PARTS LIST FOR SWEEP SHAPER

All resistors i-watt, 5% carbon film
unless otherwise noted.

R8-R11—50,000 ohms, 10-turn pot

R400— 1,000 ohms

R401, R403—50,000 ohms, linear slide
pot

R402—10,000 ohms

R404 —51,000 ohms

R405— 1000 ohms

R406— 180,000 ohms

R407 — 10,000 ohms

R408— 18,000 ohms

R409—43,000 ohms

R410—220,000 ohms

R411—24,000 ohms

R412—2 megohms

R413—47,000 ohms

R414—27,000 ohms

C401, C402— 100 uF, 16 volts or higher

C403— 100 pF disc

1C401—741

1C402 —8049 (Intersil)

LEDA401-

S10—DPST toggle

S$12—SPDT toggle

PARTS LIST FOR AUDIO SWEEP
GENERATOR

All resistors i-watt, 5% carbon film
unless otherwise noted.

R6, R7 —50,000 ohms, linear slide-type
potentiometer

R501—24,000 ohms

R502, R503, R510, R511, R519, R520,
R522, R524-R526, R534— 50,000 ohms,
trimmer pot

R504, R514, R515— 1200 ohms

R505— 19,000 ohms

R506—820 ohms

R507 —3.3 megohms

R508— 1000 ohms

R509, R512, R517, R523, R527, R530,
R535— 100,000 ohms

R513— 1000 ohms, trimmer pot

R516, R521, R528, R529— 10,000 ohms

R518—51,000 ohms

R531—16,000-ohms

R532—4300 ohms

R533—62,000 ohms

C501—.039 uF disc

C502—5 pF disc

IC501—741

IC502—XR2207P

1IC503—LM318

1IC504—LM748

1IC505—4013

1IC506—TL610 (Texas Instruments)

1IC507 —377

Q501-Q503—TIS97 (Texas Instruments)

0OV501—LA10 (MCG Electronics)

F501—2 A fuse

J4—panel-mount BNC connector

S$11—DPDT toggle switch

S13—SPDT toggle switch

S$14—DP 3-position toggle switch

The following are available from FSI,
1894 Commercenter W., No. 105. San Ber-
nadino, CA 92408: Complete kit, $495.00;
cabinet and circuit board, $115.00. Set of
semiconductors, $195.00; seven slide
pots with knobs, $17.00, set of trimmers
including four muititurn pots, $17.00.

California residents add state and local
taxes as applicable.
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The following is a list of all the compo-
nents and the quantity necessary to build
the complete mode/ 101 Test Station.
However, it is not necessary to build a
complete Test Station. Each section will
work independently of the other sections
(except for the power supply) so that you
can build any or all of the sections you
desire. Subtract any components you al-
ready have. What you will need to com-
plete the model 101.

All resistors Y.-watt, 5% carbon film un-
less otherwise noted

1—100 ohms
2—310 ohms
7—330 ohms, 1 watt
2—820 ohms
9— 1000 ohms
5— 1200 ohms
1— 1500 ohms
2—2200 ohms
1—2700 ohms
2—300 ohms
2—4300 ohms
§—7500 ohms

19— 10,000 ohms
1—12,000 ohms
3—15,000 ohms
2— 16,000 ohms
3—18,000 ohms
2—22,000 ohms
2—24,000 ohms
1—27,000 ohms
2—30,000 ohms
1—43,000 ohms
1—47,000 ohms
3—51,000 ohims
2—62,000 ohms
1—75,000 ohms
1—82,000 ohms
17—100,000 ohms
1—180,000 ohms
1—200,000 ohms
1—220,000 ohms
1--330,000 ohms
1-—~1 megohm
2—1.5 megohms
1—2.0 megohms
1—3.3 megohms
Trimmer pots
31—50,000 ohms, MuRata type
RVA0911H 306-7 503M

MASTER PARTS LIST

2—1000 ohms, MuRata type RVA0911H
306-7 102M

4—50,000 ohms, Weston type 8501

Slide pots

7—50,000 ohms linear, Alps type LD14R
50K B

Resistors Vi.-watt, 1% or better

1— 1000 ohms

1—3000 ohms

2—10,000 ohms

1—12,000 ochms

2—30,000 ohms

1—48,000 ohms

1—192,000 ohms

1—768,000 ohms

Capacitors
5—5-pF disc
4— 10-pF disc
1—82-pF disc
3— 100-pF disc
1—680-pF disc

9—0.001-uF disc
2—0.005-uF disc
7—0.01-uF disc
1-—0.039-uF disc
3-—0.1-uF disc
1—5-15-pF trimmer
1—7-40-pF trimmer
1—2.5-10-pF trimmer
2—100-400-pF trimmer
Electrolytic capacitors, 16 volts or higher
3—1 uF

1—2.2 uF
1—4.7 uF
1—22 uF

10— 10 uF
3—33 uF

9—100 uF
1—470 uF
3—500 uF

Semiconductors

4-—741 operational amplifier

4—748 operational amplifier

6—318 precision high-speed operational
amplifier (Fairchild, Nationat)

2—XR-2207 VLO (Exar)

1-TL610 analog switch and driver (Texas
Instruments)

1-—8048 logarithmic amplifier (Intersil)

1—8049 antilogarithmic amplifier (Intersil)

1—LH0091 true RMS-to-DC converter
(National)

1—ULN2004 10-channel printer/driver
(Sprague)

1—UDN2982 digit driver (Sprague)

1—4013 dual ‘D" flip-flop

1—MK50395 counter/disptay driver
(Mostek)

1—4194 dual-tracking voltage regulator

2—7812 positive 12-volt regulator (Tt,
National, Motorola)

1—309H positive 5-volt regutator
(Motorola, National, Signetics)

1—7912 negative 12-volt regulator
(Fairchitd, National, Tt)

1—377 2-watt dual-channel audio
amplifier (National)

1—74121 monostable multivibrator

1—4528 dual monostable multivibrator
(T, Fairchild)

1— 14556 timebase generator (Motorola)

1—4030 or 4070 quad exclusive oR gate

9—TIS97 NPN silicon transistor

8— 1N4001 diode

9— 1N4 148 diode

5—LED’s

6-—MAM-72 7-segment LED display

1—VP130A 10 transient-suppressor
varistor

2—LA10 overvoltage protector

2—LVCO1A5.1 overvoltage protector

1—LAS5.1 overvoltage protector

Miscellaneous

3—single-pole, 10-position rotary switch
Alco MRB-1-10-PC

1—SPST toggle switch C & K 7101L1C

7—SPDT toggle switch C & K 7101SC

1—DPODT toggle switch C & K 7211SC

7—DPDT toggle switch C & K 7201SC

2—DP3T toggle switch C & K 7411SC

1—SP3T toggle switch

1—transformer, 24-volt secondary, Triad
F45X

6—panel-mount BNC connectors

1—panel-mount 3-conductor microphone
connector

6—fuse holders

3—250-volt Yz-amp fuse

2—2-amp fuse

1—35-volt 15-amp fuse

1—PC board

1—cabinet

1—voltmeter with linear, log and dB
scales.

Calibration

Most of the audio sweep circuitry is
identical to the timebase section so the
same calibration procedure applies. Out-
put level and symmetry calibration pro-
ceeds from the output circuits back. That
is, set R7 to zero and adjust R534 for
zero DC level. Then set R7 to maximum
(with switch S13 set to not-blank) and
adjust the trimmers between oscillator
ICS02 and S14. The only difference in
this area is that RS13 must be adjusted,
whereas its counterpart in the timebase
was fixed. Interaction between R510 and
R513 is rather subtle. It is not enough to
adjust cach independently for minimum
distortion. Often by actually increasing
the distortion with one of these pots
subsequent adjustment of the other pot
will result in lower distortion.

The optimum calibration procedure

uses a2 harmonic distortion analyzer and a
dual-trace scope. First, a sinewave is
mathematically plotted on the face of the
scope and the output of the function
generator is adjusted so that the period
and amplitude correspond to the peaks
and zero-crossing points of the plotted
sinewave. This same signal is simulta-
neously fed to the input of the distortion
analyzer. The output of the distortion
analyzer is applied to the second trace of
the scope. The first adjustments are made
with a screwdriver in each hand,and RS10
and RS513 are adjusted simultaneously to
provide the best visual fit between the
generator waveform and the plotted
waveform. Observing the output of the
distortion analyzer at the same time pro-
vides some understanding of the effect
and interaction of these two controls. The
final adjustment is made by the meter on

the distortion analyzer. However, if there
is a visual deviation between the genera-
tor waveform and the plotted waveform,
this indicates that further improvement is
possible.

A simpler but less precise test is to use
only a single-trace oscilloscope with a
sinewave plotted on its screen. This single
waveform should cover as much of the
CRT face as possible. (See Fig. 8) On
most scopes this would be 8 X 8 centi-
meters. A visual match between the gen-
erated and plotted waveforms will pro-
duce distortion components that are low
enough to be insignificant in frequency-
response measurements.

Frequency sweep

The following procedure will calibrate
the manual frequency sweep. This in-
volves both the timebase and audio sweep



generator sections since both can provide
a manual frequency sweep of the audio
sweep generator. Recall that during the
discussion of the timebase section, fine
tuning of the manual timebase mode was
set aside until a later time. That function
will now be covered as well.

[T

1
T\

1

FIG. 8—SINE FUNCTION can be plotted on the
CRT screen and used to adjust the sweep
generator for minimum distortion.

==

FIG. 9—CALIBRATION WAVEFORMS. Log func-
tion is shown in &, triangular wave is shownin b
and antilog function is shown in c.

This procedure assumes that the fre-
quency counter is already part of the
overall system. It will provide the calibra-
tion standard for the sweep circuit be-
cause it measures the ultimate result of
those circuits. Since it is voltage levels
that are to be calibrated, the frequency
counter can be thought of as a digital
voltmeter.

Set S11 to manual

Sweep R6 thru its maximum travel.

Observe the end-point frequencies.

Adjust R502 and R503 for the desired
end-points.

R 503 sets the total sweep width.

R 502 affects mainly the low-frequency
end-point.

If a full 20-Hz to 20-kHz sweep is
desired, the voltage at the output of
IC501 goes slightly positive so as to cut
off the current from pin 7 of oscillator
1C502. This voltage will pass thru zero at
approximately 30 Hz. With the output of
ICS01 at zero volts, check the symmetry
of the oscillator by observing the triangle
wave. This is a test that the manufacturer
of the oscillator IC does not perform and,
hence, a relatively large number of de-
vices arc significantly nonlinear at this
point. The devices can be very lincar at 20
Hz and at 40 Hz but quite nonlinear at 30
Hz.

Place a scope on the output of IC501

Set the vertical amplifier for 1 volt-
per-division and move the trace to one
division from the top of the screen with
no input.

Run R6 thru full travel and note the
end-point voltage levels.

Set the timebase frequency for 1 kHz.

Set S4 to symmetrical.

Set S9 (o SWEEP.

Set S12 1o LINEAR and S11 to SWEEP.

There should now be a triangle wave
that can readily be positioned and scaled,
using R10 and R11, so that its peaks
correspond to the end-point voltages that
were produced by sweeping R6 thru its
full travel.

Switch S12 to LOG.

Run R8 (the front-panel high-frequen-
cy log sweep set) to the end of its travel at
maximum sweep width and then back off
three turns.

Plot an antilog function as shown in
Fig. 9-a on the face of the oscilloscope
and align the generated waveform with
that plot. (An 8 X 8-centimeter film
overlay of log, antilog and sine functions
is available from Fidelity Sound for
$5.00). To provide a stable overlay of the
plotted and generated waveforms, it is
generally helpful to trigger the scope
from the triangle output of the timebase
gencrator. Use the manual trigger level
rather than automatic. Also it is often
helpful to switch S8 to INVERT. A dual-
trace scope is also helpful here. The peak
of the antilog function is easy to locate,
the low point of the valley is not. If the
triangle wave is adjusted on the scope as
shown (Fig. 9-b), it establishes the end-
points of the antilog function.

Adjust R401 and R403 so that the
antilog waveform has approximately the
same span as the R11 sweep voltage and
has no clipping at the peak.

Use the variable vertical amplifier
attenuator on the scope to scale the
generated antilog waveform to that of the
plotted antilog function.

Adjust R401 and R403 for best visual
match between the plotted and generated
waveforms. Note what effect each direc-
tion of each pot has on the generated
waveform. This accomplishes the approx-
imate adjustment of the antilog wave-
form. Final adjustment will occur later in
this section.

At this point everything is at lcast
approximately calibrated so that the
timebasc will sweep the audio generator
either manually or automatically, and lin-
ear or logarithmic. The following will
calibrate thc manual sweep control:

Set S3 to 100 and R to its lowest posi-
tion

Set S4 on symmetrical.

Set S9 10 SWEEP.

At this point we are going to use the
audio swecep generator and the counter as
a digital voltmeter. The sweep generator
then acts as a voltage-to-frequency con-
verter. This will be used to match the
manual and sweep modes of the timebase.

Since the log sweep has the greatest reso-
lution at low frequency and the linear
sweep has the greatest resolution at high
frequency, that is how they will be set.

Set the horizontal amplifier on the
oscilloscope to external.

Apply the timebase triangle wave to
the vertical and horizontal scope inputs
simultaneously. If a line is traced from
the lower left to the upper right, this indi-
cates the positive voltage drives the hori-
zontal amplifier in a right-hand direction.
A line from upper left to lower right indi-
cates that a positive voltage drives the
horizontal amplifier in the left-hand di-
rection. In this case switch S8 to INVERT
so that there is a line traced from lower
left to upper right. That way a response
plot will have the low frequencies at the
left and the high frequencies at the
right.

Set R4 at zero.

Switch S3 t0 10 Hz. Use R3 to estab-
lish a 10-centimeter sweep (it may be
necessary to use horizontal-expand mode
on scope).

Switch S3 t0 .002.

Set S22 10 '/: second.

With the beam traveling to the right
and the counter increasing in frequency
and with S12 in linear, observe the end
point of the beam and the highest fre-
quency attained.

With the beam traveling toward the
left side and the frequency of the audio
sweep generator decereasing and (with
S12 set to the LOG position), note the
turn-around point of the beam and the
lowest frequency reached by the audio
sweep generator. It is possible to interpo-
late fractions of a Hz by observing the
bobble of the counter between two fre-
quencies. If, for instance, it bobbles be-
tween 20 and 21 Hz every time the count-
er refreshes, which is one-half second,
then the frequency is 21.5 Hz. Or if it
stays on one number longer than the
other, then it is closer to the displayed
number at which it stays the longest.

Repeat the slow sweep a couple of
times to confirm the end-point frequen-
cies. Remember to switch S12 when the
trace switches directions.

Switch S9 to manual.

Turn R4 thru its full travel. The
frequency of the audio sweep system
generator should track the movement of
R4.

Set S12 to LoG and R4 to its lowest
position. Note the frequency of the audio
generator.

Switch S12 to LINEAR and move R4 to
its upper position. Note the frequency of
the audio generator.

Adjust R206 and R209, in the time-
base section, so that as R4 is moved thru
its travel and S12 is switched, the same
end-point frequencies are produced as
were produced during the automatic
sweep mode. Trimmer R209 establishes
the total sweep width and R206 sets the

continued on page 113
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IN THE NOVEMBER 1978 ISSUE OF RADIO-
Electronics, we discussed a new type of
recording tape, variously described as
“metalloy,” “metal particle,” or by the
trade name assigned to one of its manu-
facturers (3M Company)-—Merafine.
We described how this tape can improve
the dynamic range capabilities of both
cassette and open-reel tape recordings,
and suggested that at last, analog tape
recording may not pose any of the limit-
ing factors that it has in the past and that
has prompted tape recording engineers to
expiore alternatives to analog recording
such as digital or PCM recording.

We also discussed problems of compat-
ibility that the new tape posed with
respect to existing tape decks and tape
heads. While we suggested that the tape-
head problems have already been solved
by several manufacturers, we did not
touch on how tape recorder electronics
can be modified to take the fullest advan-
tage of the capabilities of the new metal-
particle tape.

Two manufacturing approaches

Recently we had an opportunity to
Interview representatives from two tape-
equipment manufacturers who have done
something about the potential problems
that may be created when the new metal-
particle tape becomes commercially avail-
able. The companies are Tandberg (of
Oslo, Norway) and Nakamichi Research
of Japan.

Tandberg recently announced that they
would soon have available a stereo cas-
sctte deck, the model TCD-340AM, that
would be compatible with 3M’s Merafine
tapc. We have also learned that other

Tandberg cassette and open-reel models,

HIEEIRSTHERE®

Cassetie Player
For Metal Tape

A new recording tape composed of metal particles provides higher
output, lower distortion and better S/N ratio. Here are details
on a recorder that takes advantage of these and other improvements.

LEN FELDMAN
CONTRIBUTING Hi-FI EDITOR

although not specifically equipped to han-
dle this tape, use a new recording system
(in their electronics) that Tandberg calls
“Actilinear,” and on which patents are
pending. The two models already using
this recording system are the model TD
20-A, a 10'/»-inch two-speed open-reel
tape recorder and the model TCD-340-A,
a three-motor, three-head cassette system
shown in Fig. I.

Tandberg claims that the Actilinear
recording system, as incorporated in the
open-reel model TD-20-A, offers a 20-dB
improvement in headroom over conven-
tional record amplifiers. In addition to
this advantage (which, in itself, means a
greater dynamic range providing the tape
can handle the increased recording level),

CONVENTIO

EQUALIZATION AND
RECORD AMPLIFIER

g ',\_/
VOLTAGE VOLTAGE

FIG. 2—CONVENTIONAL RECORDING SYSTEM
sums the bias current and signal current in the
recording head.

ACTILINEA
RECORD AMPLIFIER AND
EQUALIZATION TRANSCONDUCTANCE
AMPLIFIER CONVERTER

o
—

R

-

VOLTAGE CURRENT

FIG. 3—ACTILINEAR SYSTEM uses transcon-
ductance amplifier to provide necessary volt-
age-to-current conversion to drive the record
head. Passive network provides isolation be-
tween bias osciliator and record amplifier.

Ak

the following advantages are cited:

1. Less intermodulation caused by
slew-rate limitations.

2. Less interference with the audio
signal from the high-frequency
bias and erase oscillator.

3. Substantially greater possibliities
of adjusting the recorder to high-
er coercivity tapes, such as the
new metal-particle tape.

How Actilinear works

In conventional systems, the recording-
signal current and bias current are
summed in the recording head by passive
components such as a resistor, as shown
in Fig. 2. This however leads to such
difficulties as small headroom margin,
slew-rate limitations for strong signals
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TANDBERG

and high frequencies, poor isolation be-
tween the oscillator and the recording
amplifier, which, in turn, leads to those
familiar beats when high frequencies are
recorded with a low available margin in
bias and recording currents.

The Tandberg Actilinear system con-
sists of separate modules for record
equalization and a transconductance
module that provides the necessary volt-
age-to-current conversion to drive the
heads (see Fig. 3). In addition, a filter
circuit helps prevent bias current from
mixing with the signal current. This
results in reduced interference or beat-
tones. The recording amplifier can work
at lower signal levels and therefore pro-
duces less intermodulation caused by
slew-rate limiting.

Figure 4 shows the Actilinear system
in more detail. In the equalizer module,
capacitor C2 and resistor R4 provide

proper low-frequency record equaliza-
tion, while components R2, R3, Cl and
L1 provide the desired equalization from
mid-frequencics upwards. The transcon-
ductance module has two main functions:
It converts a voltage from potentiometer
RS to a current (i,) that is the required
recording current. It also provides isola-
tion between the oscillator and the re-
cording amplifier.

The transconductance circuit consists
of two transistors—Q! and Q2. Transis-
tor QI is in a common-emitter design and
has as its collector load, R9 and Q2. The
collector appears as a low resistance to
DC but as a high impedance to AC
signals. The two collectors are connected
at point P, which is at 12 volts DC, but
can swing between 2 volts and 22 voits,
and thus its high dynamic range is avail-
able to drive current i, through the record
head. The DC current through Q1 and

———
I - _1. - —24vDC OSCILLATOR
l N o {123.5kHz)
=S 3§
— Q2 2
r 3 | ¢ :-t ; = )
= IC1 3 = WP | r o :
| . cz L—] £9 /p
R2  R2 A

e 2
MODULE

EQUALIZER TRANSCONDUCTANCE
MODULE

12K| ¢ ) s L2 L‘
"‘IH_—LW TUTUUT 919 RECORDING
L | HEAD

| cs |
o
a | RC7 c9 /=

" "Iid

R10 b il

FILTER

el

FIG. 4—SIMPLIFIED SCHEMATIC of the Actilinear recording circuit.

FIG. 1—TANDBERG MODEL TCD-
340A stereo cassette deck with
Actilinear recording system is ca-
pable of handling new metal parti-
cle tape.

Q2 is about 10 mA, so that each transis-
tor represents an equivalent resistance of
1.2K at DC. The output impedance for
AC, however, is 20K ohms for each tran-
sistor so that the total output impedance
seen at point P is approximately 5K
ohms. Since the recording-head imped-
ance is much lower than 5K ohms, the
circuit acts as a current source. A coni-
stant voltage at the input results in a
constant current at the output and
through the recording head.

The filter module is a low-pass circuit
with a trap tuned to the bias frequency of
123.5 kHz. This circuit prevents bias
oscillator signals at point R from entering
or returning to point P, While the oscilla-
tor output voltage at point R is approxi-
mately 20, it is reduced to around 50 mV
at point P.

New Nakamichi technology

Nakamichi Research, Inc., has also
been investigating the problems and the
promise of metal-alloy tapes. In one of
two prototype stereo cassettc decks re-
cently demonstrated (the Nakamichi
model number tentatively assigned is
“1000 I1 *ZX' ") newly designed heads
are used. A subminiature Crystalloy head
that can handle the additional bias cur-
rent of metal-alloy tape is used as the
record head. A unique double-gap erase
head is also used, plus a 0.8-micron Crys-
talloy playback head.

Figure 5 compares the frequency re-
sponse and headroom characteristics be-
tween Nakamichi’s SX tape (a treated-
ferric low-noise high-energy tape) and
the company’s ZX tape (a prototype of a
metal-alloy tape tentatively to be mar-
keted under the Nakamichi brand name,
ZX). The ZX tape was recorded (on the

6.61L HOHVYN

=]
[3,]



% RADIO-ELECTRONICS

+|u[|[u 1T
ol M TS T T
I S
o - + il oy
= —20(+ e
= i Bl e
SO T T
—aoU L LTI TT T L
1DHz 50100 500 1kHz 5 10 20kHz
FREQUENCY
a
TAPE ZX
+10 S— SR
[ ]]] I[] ]
a u ]T' 11
o | I (¥
10 ‘l.!l .1‘ .
l;' P I :‘ ||"
w20 1 r‘l T l[]n 1 LfJ I
il il
304+ e ‘
B 1 RN
10Hz 50100 500 1kHz & 10 20kHz
FREQUENCY

b
FIG. 5—FREQUENCY RESPONSE of Nakami-
chi's type SX treated-ferric tape (shown in a)
and their prototype ZX metal-alloy tape (shown
in b).
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FIG. 6—HARMONIC DISTORTION comparison
between Nakamichi's type SX ferric and type
ZX metal-particle tapes.

prototype machine) with 3-dB more bias
than the conventional SX tape. Playback
equalization was the same for both tapes,
specifically, 3180/70 us, and appropriate
modifications in the record equalization
were made for the ZX tape.

Figure 6 shows the low-distortion char-
acteristic of the ZX tape when it is used
with a record head that can provide the
required high bias.

Compatibility problems

To avoid creating chaos in the metal-
tape market, Nakamichi also suggested
that tape manufacturers consider offering
a broad-bias version of metalloy tape.
This tape should be capable of being used
in current cassette decks set to the
chrome-tape position as well as in future
tape decks with the additional bias-
current capability. Currently available
tape decks would still require new erase
heads in order to make full use of this
broad-bias tape. The company has desig-
nated this broad bias tape as ZX/BB and
believes that it may well bridge the gap
between the great potential of the new
tape formulation and the current state of
cassette hardware.

Noise-reduction system

Nakamichi has also proposed that a
new noise-reduction system be intro-
duced at this time. Back in 1970, Dolby
became popular in home cassette ma-
chines at just about the time that the

TABLE 1—TOTAL DYNAMIC RANGE* (dB) comparisons

Frequency (Hz) SX/Dolby ZX/Telefunken Improvement
1K 80 89 9
2K 78 91 13
3K 7/ 91 14
5K 74 86 12
10K 68 77 1
12K 61 76 15
15K 55 70 15
20K 46 63 17

*Total dynamic range refers to the difference in dB between the maximum output level and the noise

floor at the specitied frequency.

then-new ‘‘chrome” tapes were intro-
duced, requiring a major redesign of
cassette hardware.

Nakamichi now believes that the next
major step for the cassette format de-
pends upon the combined impact of a new
magnetic tape and head technology plus
an improved noise-reduction system. To
achieve this, the company has selected
and been involved with a consumer ver-
sion of Telefunken’s noise-reduction sys-
tem, the professional version of which is
known in Europe as Telcom C4D. The
Nakamichi version, like most tape noise-

COMPRESSION (ENCODE)RECORD

+10
| ssninimaERsImEEEN,) 22
oH T T T - +
= k- InN) T -
gl BRE
| o e 3 -
2 TR HHHE
§ 301 =T~
A0 1 AT T
g 4 [T
50t~-ri£f bt
oL LTI LTI
10 Hz 50100 500 1kHz 5 10 20kHz
EXPANSION (DECODE) PLAYBACK
TT T 17 T T} .-T
+10 [ l [ T
o
=)
-
w
>
w
g
10Hz 50100 500 'kHz 510 20kHz
b
)DE/DECODE UVERALL
101 -
=it H——
0 t
tH “f.u;-n-”."-l
IO TTTIM ‘l &
2 20|t
= “ ID-H-Hmrfj:r” iR
w o ™1 T
z I-O——T”'—' f—,...n—qf-s..t-mrar'
- 40 11
w—fmm—’ e
50~ T T T
60 T
70 :
10Hz 50 100 500 1kHz 5 10 20kHz

FIG. 7—THE TELEFUNKEN NOISE-REDUCTION
compression, expansion and encode/decode
curves—a, b and c, respectively.

reduction systems, is basically a compres-
sor/expander that uses an encode process
during record and a decode process dur-
ing playback. Nakamichi feels that this
system satisfies three important criteria:
Full complementary action of the com-
pressor and expander under steady-state
and dynamic conditions; a circuit design
featuring high repeatability and therefore
compatibility from unit to unit; and,
finally, suppression of the ‘“‘breathing”
noise that is often caused by modulation
of tape noise by the recorded signal
during expansion.

The Telefunken system is similar to
Dolby-B systems in that it works only on
the upper end of the frequency scale. It
differs from Dolby because it has a faster
attack time and uses a 2:1 compression
and expansion ratio. The system can pro-
vide a 20-dB improvement in signal-to-
noise ratio (as compared with the 10-dB
afforded by Dolby-B systems).

Figure 7 shows the Telefunken noise-
reduction system’s encode, decode and
overall amplitude characteristics at vari-
ous signal levels. As is true of the Dolby
system, the Telefunken processor de-
pends upon the accurate matching of
record and playback reference levels. If,
however, such level calibrations are accu-
rately made, the overall record/playback
response should be as error-free as shown
in Fig. 7.

FREQUENCY: |
400Hz

RECORD/
PLAYBACK

FIG. 8—COMPARISON between source and re-
cord/playback signal with none, 10 dB and 20
dB of noise reduction.

In the interest of providing compatibil-
ity, when Nakamichi installed this noise-
reduction system in their prototype mod-
el 1000 Il ZX cassette deck, a selector
switch was also incorporated to provide a
choice of either 10-dB or 20-dB noise
reduction. The company believes the 10-
dB position is compatible with existing
Dolby-B systems. With a 10-dB position,
a user could play back Dolby-encoded
cassettes or record cassettes that could

continued on page 114
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Lafayette LR-1200B
stereo Receiver

WE RARELY TEST AND REPORT ON SO-CALLED
private label audio cquipment simply because
past performance of, many such nonbrand
items has been disappointing. However, the
Lafayette model LR-120DB is an exception.

SPEAKERS “A”

This unit outperformed many similarly priced AM & FAM
receivers produced by well-known stereo com- _?g‘gam‘:lhs
ponent manufacturers and is extremely well ~

built. It has just about every control feature
you would want in a top-grade receiver. In
addition, the fact that Lafayette stores are
located throughout the country and their mer-
chandise can be purchased from a mail-order
catalog led us to do a full test report on this
receiver.

Figure | shows the model LR-120DB has a
large, casy-to-read dial area containing a well-
calibrated linear FM dial scale and a conve-
niently arranged AM frequency scale. Located
above the frequency scales on the left are
signal-strength and center-of-channel tuning
meters, and on' the right a pair of power-output
meters calibrated to 240 watts. A row of small
pushbuttons and indicators to the left of the
dial handle the Dolby FM mode (a Dolby
decoder as well as 25-us FM de-emphasis are
included), a high-blend circuit for weak-signal
stereo FM reception, a mono/stereo mode
switch, FM muting with an associated muting-
threshold control that varies the signal

LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

TAPE DECK 1

»

TURNTABLE 1

TURNTABLE 2

2

SPEAKERS "B”

SPEAKERS "C”

TAPEDECK 2

8 TRACK
TAPE PLAYER

MANUFACTURER’S PUBLISHED SPECIFICATONS:

FM TUNER SECTION:

Usable Sensitivity: mono, 1.8 uV (10.3 dBf); stereo, 4.0 uV (17.2 dBf). 50-dB Quieting:
mono, 2.8 uV (14.1 dBf); stereo, 38 uV (36.8 dBf). Selectivity: 80 dB. Capture Ratio: 1.3
dB. IF Rejection: 85 dB. Image Rejection: 80 dB. Spurious Rejection: 30 dB. AM
Rejection: 55 dB. S/N Ratio: mono, 74 dB; stereo, 70 dB (10-dB more with Dolby).
Distortion at 1 kHz: mono, 0.15%; stereo, 0.3%. Mute Range: 10 uV to 200 uV (25.2 to
51.2 dBf). Frequency Response: 30 Hz to 15 kHz, +0.5, — 1.5 dB. Stereo Separation:
45 dB at 100 Hz and 1.0 kHz; 35 dB at 10 kHz.

AM TUNER SECTION:
Sensitivity: 20 uV. Image Rejection: 75 dB. Selectivity: 32 dB. S/N Ratio: 52 dB.

AMPLIFIER SECTION:

Power Output: 120 watts-per-channel into 8 ohms, 20 Hz to 20 kHz. Rated Distortion:
0.09%. Input Sensitivity: phono, 2.5/5.0/10 mV; high level, 150 mV; microphone, 5 mV.
Phono Overload: 150/300/600 mV. S/N Ratio: phono, 70 dB; high level, 90 dB, “A”-
weighted. Bass Range: + 12 dB at 50 or 100 Hz. Treble Range: + 10 dB at 10 or 20
kHz. Midrange Control: +6 dB at 1 kHz. Low-Filter Cutoff: —3 dB at 15 or 70 Hz.
High-Filter Cutoff: —3 dB at 7 or 12 kHz. Low Boost: + 12 dB at 50 Hz; + 10 dB at 100
Hz. Audio Muting: — 15 dB or —30 dB.

GENERAL SPECIFICATIONS:

Power Requirements: 105 to 120 volts, 50 to 60 Hz, 475 watts maximum. Dimensions:
21% W X 7 H X 17% inches D. Net Weight: 41 Ib., 14 oz. Suggested Retail Price:
$650.

strength required to overcome muting, and a
stereo indicator light.

To the right of the dial area are speaker-
selector switches (for up to two sets of speak-
ers), a remote speaker system selector switch, a
meter range pushbutton (this control increascs
meter sensitivity so that full-scale readings
correspond to 24 watts instcad of 240 watts),
and a main POWER on/ofl switch with an indi-
cator light.

The remaining controls are arranged along
the lower section of the panel. These controls
include a microphone input jack with a mike
mixing-level control; a program selector
switch; two tape monitor and dubbing lever
switches with settings for up to two tape decks;
a balance control; a master volume control;
bass, midrange and treble controls; a large
flywheel-coupled tuning knob; and twin stereo
phone jacks. Additional lever-type controls
select either of two turnover frequencics for
the bass and treble controls as well as defeating
or bypassing these control circuits entirely.
The bass-control turnover frequencies are ci-

ther 500 Hz or 250 Hz; while the treble-
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A new infroductory
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LOGIC DESIGNER'S MANUAL. By J. D.
Lenk. 502 ﬁp. 424 illus. Here's a special
manual to show you how to take off-the-shelf
logic circuits and interconnect them to form
any logic system you want. Packed with tech-
niques to create superior designs at less cost
and with fewer comﬁonents, this huge manual
covers It all—from how to design networks to
applying every type of logic device!

784/671 Pub. Pr., $18.95  Club Pr., $15.75

IC SCHEMATIC SOURCEMASTER. By K.
W. Sesslons. 557 pp., 1,500 schematics. All
1,500 circuits here—from the simplest to the
most complex—are based on currently man-
ufactured, inexpensively acquired ICs. Many
are the equivalent of even more complex cir-
cuits containing up to several thousands of
individual transistors if built with discrete com-
nents.
84/922

\\}

\

Pub. Pr., $26.95  Club Pr., $19.95

BE SURE TO CONSIDER THESE IMPORTANT TITLES AS WELL:

DIFFERENTIAL EQUATIONS FOR ENGINEERS.
By T M. Creese & R. M. Haralick.
135/10X Pub. Pr, $17.50 Club Pr, $13.50

APPROXIMATION METHODS FOR ELEC-
TRONIC FILTER DESIGN. By R. W Daniels
153/086 Pub. Pr., $31.50 Club Pr.. $19.50

MANAGEMENT OF ENGINEERING PROJECTS,
2/e. By V G. Hajek

255/342 Pub. Pr.. $16.95 Club Pr.. 12.50

CIRCUITS FOR ELECTRONIC ENGINEERS By
Electronics Magazine

191/573 Pub. Pr, $24.50 Club Pr, $17.00
APPLIED ELECTROMAGNETICS By M. A Plonus
503/451 Pub. Pr, $21.00 Club Pr, $16.50

PRACTICAL ELECTRICAL PROJECT EN-
GINEERING By L. B. Roe

533/92X Pub. Pr, $19.50  Ciub Pr, $15.50
DIGITAL INTEGRATED ELECTRONICS By H. Taub

& D. Schilling

629/218 Pub. Pr, $23.50  Club Pr, $16.95

POWER TRANSISTOR AND TTL INTEGRATED
CIRCUIT APPLICATIONS By Texas Instruments
637/547 Pub. Pr, $19.50 Club Pr, $12.95

MICROPROCESSOR AND MICROCOMPUTER
SYSTEMS By G. V. Rao
783/659 Pub. Pr, $24.50 Club Pr, $19.50

MODERN DIGITAL COMMUNICATIONS By E_J.

oss
783/853 Pub. Pr, $10.95 Club Pr, $9.30
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MICROELECTRONICS

Digital and Analog Circuits and
Systems By J. Millman. 887 pp., 700 illus.
This glant book takes you step by step from a
qualitative knowledge of a semi-conductor, to
an understanding of the operation of devices,
and finally, to an appreclation of how these are
combined to form micro-electronic chips.
423/27X  Pub. Pr., $24.50  Club Pr., $19.50

HANDBOOK OF OPERATIONAL

AMPLIFIER CIRCUIT DESIGN. By D. F
Stout. Edited by M. Kautman. 434 pp., 223
illus. Compact, concise, highly concentrated,
and containing a storehouse of information,
this one-stop volume will help you solve any op

amp circuit problem!
617/97X  Pub. Pr., $29.65 Ciub Pr., $17.50

CRYSTAL OSCILLATOR DESIGN AND
TEMPERATURE COMPENSATION. By
M. E. Frerking. 240 pp., MMus. With this guide
you can desi%n virtually any crystal oscillator
encountered in commercial or military elec-
tronics, including logic gatejand integrated cir-
cuit oscilators. An important part of this book Is
Its authoritative and thorough treatment of
temperature compensation.

784/973  Pub. Pr,$16.95  Club Pr., $13.50

STANDARD HANDBOOK OF
ENGINEERING CALCULATIONS. By TG
Hicks, Editor-in Chief. 1,200 pp., 428 illus. Tells
you what to do, when to do it. and how to do
it—giving step-by-step solutions to the design
and application problems that engineers en-
counter daily. Containing some 1,000 calculation
procedures accompanied by worked-out numer-
ical examples. it also features 4,000 related cal-
culation procedures.
287/341 Pub. Pr., $27.50  Club Pr., $19.95

ELECTRONICS DESIGNERS' HAND-
BOOK. Edited by L J. Giacoletto. 2nd Ed.
2,344 pp., 1,686 illus. Now doubled in size and
with 90° of its material new, this famous classic
(first edition by Landee. Davis, Albrecht) has
been thoroughly revised and updated to give
you not only the how and the why of all your
design work but also the how much of every
design step you take!
231/494 Pub. Pr.. §52.50  Club Pr., $39.50

DIGITAL INTEGRATED CIRCUITS AND
OPERATIONAL AMPLIFIER AND OP-
TOELECTRONIC CIRCUIT DESIGN.
Edited by B. Norris. 206 pp., 400 illus. Having
this vast amount of case-tested data, proven
shortcuts, worked-out circuit designs, and cir-
cuit diagrams handy saves you valuable time for
your other, more vital, areas of creative de-
sign—and cuts down costs in all areas!

637/539 Pub. Pr., $19.50  Club Pr., $14.50

OPTOELECTRONICS Theory and
Practice. By Texas Instruments Incorporat-
ed. Edited by A. Chappell. 442 pp., 475 illus.
Right here is where you'll find all the knowl-
edge and know-how you need to take any of
today s optoelectric components and develop
your own circuits and uses. You get both the
background and the technical specifics {with
all the proven circuits you want!)

637/555  Pub. Pr., $21.50  Club Pr., $17.00

MICROCOMPUTER-BASED DESIGN. By
J. P. Peatman. 604 pp., 400 illus. Do alt your
best day-to-day and supercreative designs
around today’s microcomputers with the spe-
cific “how-to” help here! Big new printing has
more pages. lots more new material. including
data on such “hot" third generation micros as
Intel 8048/8748, Zilog Z80. and a first and val-
uable overview of the Motorola 6809!

491/380 Pub. Pr., $24.50 Club Pr., $17.50



offer to new members of the
and Control Engineers’ Book Club

ELECTRONICS ENGINEER’'S HAND-
BOOK. Editor-in-Chief, D. G. Fink. 2,704 pp.,
2,026 iflus. Huge in every sense, this instant-
reference volume gives you every latest essen-
tial in the field, 2,100 formulas and equations, a
2,500-ltem bibliography, and every illustration
you need to clarify all of modern electronics!
209/804  Pub. Pr., $49.50  Club Pr., $35.00

GUIDEBOOK OF ELECTRONIC CIR-
CUITS. By J. Markus. 1,018 pp., illus. Are you
constantly on the lookout for circuits that wil
meet your needs? Here's a giant collection of
themto use "asis” or to adapt to your own ideas.
Complete with values.

404/453  Pub.Pr., $37.50 Club Pr., $27.50

DESIGN TECHNIQUES FOR
ELECTRONICS ENGINEERS,
Electronics Book Series. By ELEC-
TRONICS Magazine. 370 pp., illus. The whole
gamut of complex techniques required when
you're designing a circuit or System is explained
and shown in the superb collection of the “best
of the best” from Electronics magazine.
191/58%  Pub. Pr., $24.50 Club Pr., §$ 17.50

DIGITAL COMPUTER ELECTRONICS. By
A. P Malvino. 404 pp., illus. The only prerequi-
site for your daily use of this book Is dc-ac
theory and an elementary knowledge of di-
odes and transistors. With just these you can
take full advantage of every sentence, dla-
gram, circult, and table in this introductlon to
computers in general and to MICroprocessors
in particular.

398/615  Pub. Pr., $14.95  Club Pr., $10.95
PROFESSIONAL ENGINEERS' EXAM-
INATION QUESTIONS AND ANSWERS.
By W. S. Lalonde, Jr., and W. J. Stack-Staikidis.
3rd Ed. 601 pp., 276 illus. Over 500 questions
and complete answers—suitable for all
states—prepare you for passing your exams for
the E.I.T. certificate and your PE. license
360/936 Pub. Pr., $19.50  Club Pr., $14.50

MICROPROCESSORS & SMALL

DIGITAL COMPUTER SYSTEMS

FOR ENGINEERS & SCIENTISTS. By G A.
Korn 390 pp. This exceptional book is your
quick reference for expert advice on product
seiection, interfacing, and programming. Con-
taining a huge varlety of computer possibilities,
system features, and costs. it's also aterrific tool
for career updating.

353/670 Pub. Pr., $27.50  Club Pr., $18.95

ELECTRONICS DICTIONARY. Edited by
John Markus. 4th Ed.. 768 pp., 1,173 illus.
17.090 terms. With the new edition of this
world-renowned dictionary you'll be able to
quickly find the meaning and correct usage of
any electronics term, no matter how obscure!

404/313 Pub. Pr., $24.50  Club Pr., $19.50

A USER'S HANDBOOK OF D/A AND
A/D CONVERTERS. By E. R. Hnatek. 472
pp., illus. Keep this guide handy for help in
designing, using, and applying D-to-A and
A-to-D converters. The stress is on the
simplified designs made possible by today’'s
high-quality precision ICs

767/149  Pub. Pr., $24.95  Club Pr., $18.50

HANDBOOK FOR ELECTRONICS EN-

GINEERING TECHNICIANS. By M. Kauf-
man and A. H. Seidman. 520 pp., 695 illus.
Rely on this technician's godsend for all your
work with analog and digital integrated and dis-
crete circuits. Here are the stiff brush-up you
want and the solutions to every possible prob-

lem
334/013  Pub. Pr..$23.50  Club Pr., $16.50

MASTER OP-AMP APPLICATIONS

HANDBOOK. By H.W. Fox. 467 pp., 320 illus.
There's enough practical build-it information in
this book to keep you breadboarding and exper-
imenting and creating for years! It shows you
how to put op amps to work In literally hundreds
of different circuits. in hundreds of hardworking

applications.
784/477 Pub. Pr., $16.95  Club Pr., $13.50

ELECTRONICS AND CONTROL

ENGINEERS’ BOOK CLUB
saves you both time and money!

Here is a professional book club designed to meet your on-the-job engineering
needs by providing practical books in your field on a regular basis at below
publisher prices. If you're missing out on important technical literature—if today's
high cost of reading curbs the growth of your library—here's the solution to your
problem.

The Electronics and Control Engineers’ Book Club was organized for you, to
provide an economical reading program that cannot fail to be of value. Adminis-
tered by the McGraw-Hill Book Company, all books are chosen by qualified
editors and consultants. Their understanding of the standards and values of the
literature in your field guarantees the appropriateness of the selections.

How the club operates: Thirteen times a year you receive free of charge The
Electronics and Control Engineers’ Book Club Bulletin. This announces and
describes the Club's featured book for that period as well as alternate selections
available at special members' prices. If you want to examine the Club's featured
selection, you do nothing. If you prefer one of the alternate selections—or if you
want no book at all—you notify the Club by returning the card enclosed with
each Bulletin.

As a Club member, you agree only to the purchase of four books (including
your first selection) over a two-year period. Considering the many books pub-
lished annually, there will surely be at least four you would want to own anyway,.
By joining the Club, you save both money and the trouble of searching for the
best books.

e e ik |

any one

of these great
professional books

for
only

SI_BQ

values up
to $52.50

Special $1.89bonus

book comes to you
with your first
club selection

MAIL COUPON TODAY

ELECTRONICS ANO CONTROL ENGINEERS' BOOK CLUB
P0. Box 582, Hightstown. New Jersey 08520

Please enroll me as a member and send me the two books ndi-
cated. | am to receive the bonus book at the Introductory price of
$1.89 plus my first selection. plus tax. postage and handling. If not
completely satisfled, | may return the books within 10 days and
request that my membership be cancelied. If | keep the books, |
agree 10 take a minimum of three additional books during the next
two years at special Club prices (guaranteed 15% discount, often
more}, | will receive the Club Bulletin 13 times a year. It | want to
examine the featured selection, | need take no action. It will be
shipped automatically. If. however, | want an alternate selection—or
no book at all—| simply notity the Club by returning the convenient
card always enclosed. | will always have a minimum of ten days in
which to return the card and you will credit my account fully. includ-
ing postage. it this is not the case. Membership in the Club is
continuous but cancellable by me at any ime after the four-book
purchase requirement has beenfilled. This order subject to accep-
tance by McGraw-Hill. Orders from outside the continental U.S.
must be prepaid. All prices subject to change without notice
Offer good for new members only. Postage and handling
charges are added to all subsequent shipments.

WRITE BELOW:
Code No. of $1.89 book Code # of 1st selection

l ] 1

NAME

L

e g iy SRR VRS PSSP i, SO S R~

ADDRESS — =

CITY =
STATE 21P.
EXTRA SAVINGS: Remitin full with your order, plus any local and
state tax, and McGraw-Hill will pay all regular postage and han-
dling charges
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RADIO-ELECTRONICS

w0
N

control frequencies are 2.5 kHz or § kHz. A
loudness-control lever switch offers a fixed
degree of bass boost that is independent of the
master volume control setting as well as the
usual loudness compensation, and a two-posi-
tion muting switch provides either 15 dB or 30
dB of fixed signal attenuation.

The rear panel (see Fig. 2) of the model
LR-120DB contains input- and output-connec-
tion terminals separated by heavy heat-sink
structures. On the left-hand side are three sets
of spring-loaded speaker terminals and a pair
of AC convenience outlets (one switched, the
other unswitched). The antenna terminals
(also on the left) permit connecting AM, 300-
ohm and 75-ohm FM antennas. An attenuator
switch alongside these terminals reduces signal
strength in case of tuner overload. Also provid-
ed are two pairs of phono input jacks, auxiliary
and recording input jacks, and two pairs of
tape-output jacks. A three-position slide
switch alters the phono-input sensitivity ard
lets you choose either a 2.5 mV, S.0 mV or 10
mV input level for rated output. In addition, a
chassis ground terminal and a pivotable AM
ferrite-bar antenna are provided. Figure 2
shows the various types of equipment that can
be connected to this receiver.
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TABLE 1
RADIO-ELECTRONICS PRODUCT TEST REPORT

Manufacturer: Lafayette Radio

Model: LR-120D8

FM PERFORMANCE MEASUREMENTS

SENSITIVITY, NOISE

AND FREEDOM FROM INTERFERENCE
IHF sensitivity, mono (uV) (dBf)
Sensitivity, stereo (xV) (dBf)

50-dB quieting signal, mono (uV) (dBf)
50-dB quieting signal, stereo (uV) (dBf)
Maximum S/N ratio, mono (dB)
Maximum S/N ratio, stereo (dB)
Capture ratio (dB)

AM suppression (dB)

Image rejection (dB)

IF rejection (dB)

Spurious rejection (dB)

Alternate channel selectivity (dB)

FIDELITY AND DISTORTION MEASUREMENTS

Frequency response, 50 Hz to 15 kHz ( +dB)
Harmonic distortion, 1 kHz, mono (%)
Harmonic distortion, 1 kHz, stereo (%)
Harmonic distortion, 100 Hz, mono (%)
Harmonic distortion, 100 Hz, stereo (%)
Harmonic distortion, 6 kHz, mono (%)
Harmonic distortion, 6 kHz, stereo (%)
Distortion at 50-dB quieting, mono (%)
Distortion at 50-dB quieting, stereo (%)

STEREO PERFORMANCE MEASUREMENTS
Stereo threshold (uV) (dBf)

Separation, 1 kHz (dB)

Separation, 100 Hz (dB)

Separation, 10 kHz (dB)

MISCELLANEQUS MEASUREMENTS
Muting threshoid (uV) (dBf)
Dial calibration accuracy (+ kHz at MHz2)

EVALUATION OF CONTROLS,
DESIGN, CONSTRUCTION

Control layout

Ease of tuning

Accuracy of meters or other tuning aids
Usetuiness of other controls
Construction and internal layout

Ease of servicing

Evaluation of extra features, if any

OVERALL FM PERFORMANCE RATING

R-E R-E
Measurement Evaluation
1.7 (9.8) Excellent
3.2 (15.3) Excellent
2.7 (13.8) Excellent
31.0 (35.0) Excellent
75 Very good
70 Very good
1.3 Good
56 Very good
83 Very good
85 Very good
92 Excellent
80 Excellent
1.2 Good
0.12 Very good
0.20 Good
0.15 Very good
0.12 Excellent
0.13 Excellent
0.25 Excellent
0.47 Very good
0.3 Very good
2.0(11.2) Excellent
50 Excellent
56 Superb
41 Excellent
10-150 (25.2—48.7) Very good
100 Very good
Excellent
Very good
Excellent
Very good
Excellent
Very good
Excellent
Excellent

Circuit highlights

Although a complete schematic diagram of
the model LR-120DB was not available, cer-
tain features and circuit designs are described
in the owner’s manual. A dual-gate MOSFET
is used in the RF amplifier of the FM front
end, along with a four-section variable tuning
capacitor. Two 2-element ceramic filters and a
6-pole linear-phase L—C filter are used in the
IF section. A single special 1C functions as an
IF amplifier, a quadrature FM detector cir-
cuit, and a driver circuit for the tuning meters,
as well as providing muting that can eliminate
inter-station noise and mute sounds when the
tuner is not properly set to center-channel. The
power amplifier section uses direct-coupled
(output capacitorless) output stages that are
protected by dual relay and clectronic-overload
circuitry.

FM measurements
Table | summarizes our FM performance

measurements. In comparing test results with
published specifications, we noted that virtu-
ally every specification was either met or
exceeded substantially.

Figure 3 is a scope photo of FM frequency
response (upper trace), normal stereo separa-
tion (lower trace), and stereo FM separation
when the multiplex blend filter is introduced.
In Fig. 3 and in all scope photos in this report,
frequency is plotted along the horizontal axis
(from 20 Hz to 20 kHz) while relative ampli-
tude is shown vertically, with each major divi-
sion equal to a 10-dB amplitude change.

Figure 4 shows the built-in Dolby FM
decoder response. As required in Dolby broad-
casting, the de-emphasis is changed automati-
cally to 25 us and, at 100% modulation levels,
the response curve is flat (upper trace). As
modulation levels are decreased (correspond-
ing to quieter musical moments), high-fre-
quency response is successively rolled off in
increasing amounts (lower traces), restoring
flat overall response, since those high frequen-
cies had been correspondingly preboosted at
the broadcast station. The overall effect is that
there is a significant noise reduction at every
level without any sacrifice of flat response.

As for the AM section, published specifica-
tions were generally met, with 50-dB signal-
to-noise ratios observed for strong input sig-
nals. However, as typical of most hi-fi stereo
receivers, frequency response was not included
in the published specifications. The AM fre-
quency response curve of Fig. 5 shows why:

Response was already rolling off at 2 kHz.

Amplifier measurements

Table 2 summarizes the measured perfor-
mance of the receiver’s power amplifier and
preamplifier/control sections. Lafayette could
easily have claimed a + 140-watt power rating,
instead of the conservative 120 watt-per-chan-
nel rating they assigned. Furthermore, the
power bandwidth of the amplifier (frequency
extremes at which rated power was still avail-
able at or below rated harmonic distortion) was
extremely wide—from below 10 Hz to SO
kHz. Considering that this receiver does not
use a DC-configured power amplifier, these
results are quite outstanding.

Figure 6 shows the range of bass and treble
controls when 500-Hz and 2.5-kHz turnover
frequencies are selected. However, when the
alternate turnover frequencies are chosen (see



Fig. 7), it becomes possible to boost or cut
extreme bass or treble frequencies without
affecting the musical midrange tones. This
form of tone-control adjustment proves to be
more useful in most stereo systems than the
broader adjustment range. Figure 7 also shows
the action of the midrange tone control whose
maximum boost or attenuation frequency is
exactly 1 kHz, as claimed.

Figure 8 shows the response of the two-posi-
tion high-cut filter and that of the low-cut
filter. Attenuation slopes are all 12 dB-per-
octave; the attenuation of the subsonic (15-
Hz) setting of the low-cut filter could not be
shown since it begins at a frequency below the
20-Hz lower limit of our spectrum analyzer. In
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TABLE 2

RADIO-ELECTRONICS PRODUCT TEST REPORT
Model: LR-120DB

Manufacturer: Lafayette Radio

AMPLIFIER PERFORMANCE MEASUREMENTS

R-E R-E
POWER OUTPUT CAPABILITY Measurement Evaluation
RMS power/channel, 8-ohms, 1 kHz (watts) 159.0 Superb
RMS power/channel, 8-ohms, 20 Hz (watts) 150.0 Superb
RMS power/channel, 8-ohms, 20 kHz (watts) 144.0 Excellent
RMS power/channel, 4-ohms, 1 kHz (watts) N/A N/A
RMS power/channel, 4-ohms, 20 Hz (watts) N/A N/A
RMS power/channel, 4-ohms, 20 kHz (watts) N/A N/A
Frequency limits for rated output (Hz-kHz) 10-50 Superb
DISTORTION MEASUREMENTS
Harmonic distortion at rated output, 1 kHz (%) 0.055 Superb
intermodulation distortion, rated output (%) o1 Very good
Harmonic distortion at 1-watt output, 1 kHz (%) 0.055 Very good
Intermodulation distortion at 1-watt output (%) 0.03 Excellent
DAMPING FACTOR, AT 8 OHMS 141 Good
PHONO PREAMPLIFIER MEASUREMENTS
Frequency response (RIAA +dB) 0.2 Excellent
Maximum input before overlaod (mV) 220/400/780 Superb
Hum/noise referred to full output (dB) 75 Very good

(at rated input sensitivity)

HIGH-LEVEL INPUT MEASUREMENTS
Frequency response (Hz-kHz, +dB) 15-40, 1.0 Excelient
Hum/noise referred to full output (dB) 90 Excellent
Residual hum/noise (minimum volume) (dB) 94 Good
TONAL COMPENSATION MEASUREMENTS
Action of bass and treble controls See Figs. 7&8 Excellent
Action of secondary tone controls See Fig. 8 Excellent
Action of low-frequency filter(s) See Fig. 9 Excellent
Action of high-frequency filter(s) See Fig. 9 Excellent
COMPONENT MATCHING MEASUREMENTS
Input sensitivity, phono 1/phono 2 (mV) 2.5/5.0/10.0
Input sensitivity, auxiliary input(s) (mv) 150
Input sensitivity, tape input(s) (mV) 150
Output level, tape output(s) (mV) 150
Output level, headphone jack(s) (V or mw) 120 mW
EVALUATION OF CONTROLS,
CONSTRUCTION AND DESIGN
Adequacy of program source and monitor switching Excellent
Adequacy of input facilities Excellent
Arrangement of controls (panel layout) Very good
Action of controls and switches Excellent
Design and construction Very good
Ease of servicing Very good
OVERALL AMPLIFIER PERFORMANCE RATING Excellent

listening tests, however, the 15-Hz setting
provided audible improvement when used with
a turntable having subsonic rumble.

Summary

Table 3 contains our overall product analy-
sis, along with summary comments. We be-
lieve there would seldom (if ever) be a need for
a higher-powered receiver in a home music
system than can be provided by the model! LR-
120DB. The receiver (unlike many) is Under-
writers’ Laboratory (UL) listed for safety. In
their latest mail-order catalog, Lafayette lists
the model LR-120DB as “‘the finest receiver
we’ve ever offered,” and we agree. The unit
also carries a two-year warranty, which is
somewhat unusual for an electronic audio
instrument. Best of all, the cost of this receiver
is remarkably low. R-E

TABLE 3

OVERALL PRODUCT ANALYSIS
Retail price $650
Price category Medium/high
Price/performance ratio Superb
Styling and appearance Very good
Sound quality Excellent
Mechanical performance Excellent

Comments: The Lafayette Radio mode/ LR-120D8 stereo receiver is one of the best values in a

high-fidelity component we have ever tested. This is all the more remarkable since our
experience with other so-called private label audio products has often been disap-
pointing. Traditionally, the serious audiophile has looked down upon such non-
branded equipment as being Inferior to that made by the better-known domestic and
toreign manutacturers. While we do not know which Japanese manufacturer designed
and built this receiver, it probably was one of the better companies that also produce
their own identified line of receivers. FM reception, and particularly stereo FM, was
superb, using our standard outdoor five-element antenna. We logged nearly 55 usabie
signals in our metropolitan New York testing area. Interstation muting is positive and
precise, and the threshold is narrow enough to allow even the weaker signals through
while still taking advantage of the nolse-tree tuning feature.

As for the ampilifier, power output is extremely conservatively rated and power
bandwidth extends well beyond hearing limits. The selectable phono sensitivity is a
welcome feature, both for matching phono levels to other program sources and in
providing enormous headroom for high-output cartridges. The 10-mV input setting,
however, is a bit of overkill and not really required with any cartridge we know.
Selectable tone-control turnover plus a midrange control are features you might find in
a receiver costing much more. Audio reproduction was tight and well balanced at all
listening levels. The Dolby decoding circuitry for Dolby FM adds greatly to the actual
worth of the receiver and was precisely calibrated.

This receiver deserves extremely high ratings in terms of price and performance.
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Here’s a look at four different ways of making prototype
printed-circuit boards. EARL “DOC” SAVAGE, K4SDS, HOBBY EDITOR

BEFORE GETTING TO THE MAIN TOPIC FOR
this month, I am again reminded that the
world can sometimes run away and leave
you behind. I do suppose, though, that I
am not back here all by myself. If you are
also trying to figure out just what a
microcomputer is, what it can do for you
and what the different characteristics
mean, a new free publication can help you
out:

Radio Shack’s new TRS-80 Micro-
computer Catalog No. RSC-2 is actually
more a source of general information than
a catalog. It did clear up several points for
me—perhaps it will do the same for you.
You can pick one up at your local Radio
Shack store.

More PC prototyping systems

By this time you know that I am a
strong advocate of “the easy way” in
doing anything and everything. On the
subject of IC and transistor projects, that
is why I have always recommended using
the pencil-wiring system. This technique
on plain perforated boards or universal
PC boards is hard to beat. For instance,
when you are going to build only one or
two similar boards, pencil-wiring is fast-
er, easier and/or less costly than laying
out a dedicated PC board.

Yet there are times when a dedicated
(especially made for a particular circuit)
board is desirable or even necessary. For
example, this is the way to go if a circuit
must undergo vibration or rough han-
diing. This means getting the circuit
down on the board with few, if any, wires.
There are several photosensitive and
transfer systems for making dedicated PC
boards. You should use one of them if
you plan to make multiple copies of the
same board. However, this is a lot of work
for prototyping, making one or two copies
of a board.

In my never-ending search for the easy
way, I have discovered several methods to
accommodate my laziness and still make
good dedicated PC boards on a prototype
basis. Because each of these methods has
its own advantages, I'll tell you about
them and then you can choose the one(s)
that meets your needs. First, however,
there is a task that you must perform
regardless of the method you use.

Only if you are copying a preplanned
circuit from a magazine or handbook can
you get by without planning your layout.
Laying out your PC board can be simple
or extremely difficult depending upon the
circuit, but starting the PC board without
such planning is pure folly. The idea, of
course, is to have a minimum number of
crossovers (jumpers) and adequate space
for all components—all in the minimum
size PC board.

You may have to draw and redraw the
circuit several times. The time spent
designing a good layout is certainly
worthwhile. When (and onl/y when) you
have created a satisfactory pattern, are
you ready to make the board. We’'ll now
look at four different so-called *fast”
systems for making prototype PC
boards.

Cut-’N’-Peel method

The Circuit-Stik Division of Bishop
Graphics produces a neat prototyping
system called Cur-"N’-Peel. All you do is
draw your circuit pattern on a special
board, cut through the copper foil with a
razor knife, and peel away the unwanted
copper. You now have a dedicated PC
board ready to use. The process is almost
as simple as it sounds—just be careful to
prevent the knife from slipping (although
you can repair the foil if you do cut too
far), and you do have to drill the holes if
you choose one of the plain boards to
start.

The Cut-"N’-Peel PC boards are avail-
able in a number of sizes both with and
without edge-connector contacts. The
boards come plain or drilled with the
standard DIP spacing and with copper

coating on one or both sides. Altogether
there is a wide variety of types to meet
any need. For further information, circle
number 147 on the Free Information
Card in the back or write Circuit-Stik
Division of Bishop Graphics, Inc., P.O.
Box 5007, Westlake Village, CA 91359.

Circuit-Stik method

The very name of this outfit comes
from an “instant circuit board” system.
In this system, you literally “stick” a
circuit together on an unclad plain or
drilled board. There are many subele-
ments included, such as socket patterns of
all shapes and sizes for discrete compo-
nents and IC’s, component strips, “do-
nut” pads, connector patterns, and many
others.

Making a dedicated PC board requires
just a few simple steps: Draw the circuit
pattern on an unclad board, select the
necessary subelements and stick them on
the board; drill for components (if using
an undrilled board), mount the compo-
nents and solder. The subelements can
even be repositioned if you happen to put
them in the wrong place.

One very nice feature of this Circuit-
Stik system is that you can have cross-
overs in the foil pattern. Just place some
insulation over a trace, then you can run
another foil strip across it.

This system is very convenient for
making quick prototype boards although
you may find it more costly to get started
than some other methods. Further infor-
mation is available from Bishop Graph-
ics.

Drill-mills

Another etchless system for making
PC boards comes from A. F. Stahler
Company. This method uses “drill-mills™
that are made in several sizes and types.

PAD———»
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These devices fit into a drill just like a
regular drill bit, but they drill a small
hole through a plated board and, at the
same time, mill the copper surface plated
on the board.

One type of drill-mill produces an
isolated pad (see Fig. 1) and the other, an
insulated spot. The isolated-pad drill-mill
is used when the component lead is to be
soldered as it passes through the board.
With the small bit removed, this same
tool can make isolated solder pads with-
out a center hole. The latter process is
difficult to do without a drill press or a
stand for your hand drill (which is also
the best way to use drill-mills in any
case). If the component lead is not going
to be attached to the board (as in wire-
wrapping, for example) the insulated-spot
drill-mill is used.

The smallest drill-mill is suitable for
the 0.01-inch spacing required to make
the pads for IC sockets. There is a choice
of bit sizes, and of pad and spot sizes, plus
a rubber stamp is available for stamping
IC-socket drilling templates on the PC
board.

Boards made with Stahler drill-mills
have several differences. Components are
mounted on the copper side of the board
and leads are soldered to the isolated
pads. Most of the wiring is done on the
unclad side of the board using the lead
tails themselves. This produces a beauti-
ful ground plane, of course, and the parts

END PAPER POLLUTION!

are solidly fastened. That ground plane
can be especially advantageous in cre-
ating radio-frequency circuits as well as
some digital and linear circuits.

Full details on use, sizes and prices of
the drill-mills are available from A. F.
Stahler Company, P.O. Box 354, Cuper-
tino, CA 95014.

Stamp-Etch system

The fourth ‘“‘easy-way’ dedicated
printed-circuit board system requires
etching, but it is probably the fastest and
simplest method to prepare a blank board
for the etching process. All you do is to
stamp and draw the circuit pattern on the
board; the secret to the ease of using this
system lies in the stamping.

Freehand drawing with a “resist pen”
would work by itself if it were not for the
transistor, IC and connector patterns.
(Have you ever tried to draw an 1C socket
accurately on a 1:1 scale?) Fortunately,
there is a better way. Now you can actual-
ly stamp the socket patterns (and others)
right on the copper using a special etch-
resistant ink pad, then draw just the inter-
connecting lines, and you are ready to
etch. It’s that simple!

Rainbow Industries (P.O. Box 2366,
Indianapolis, IN 46206) produces rubber
stamps in many different patterns. They
are used just like ordinary name and
address stamps, except that you use spe-
cial etch-resistant ink and take a little

extra care during stamping.

This Stamp [1-Eich It system really
fills the bill for one- or two-of-a-kind
dedicated PC boards. Stamp, stamp, draw
the lines and then etch. What could be
quicker?

Of course, you can use the stamps on
paper as well as on copper-clad boards.
This means that you can save time in
planning layouts. No more socket-pattern
sketching-—you just stamp your patterns.
If the first (or second or third) layout
doesn’t work well, just stamp another. In
addition, if you plan to make multiple
boards with a photographic process, you
can use the stamps to make the original
master pattern.

When planning layouts on paper, usc a
regular stamp pad. For photographic
originals, however, the ink in most pads is
not thick enough for a solid impression.
For better results, use Rainbow Indus-
tries’ resist-ink pad and a nonabsorbent
paper.

Rainbow's Stamp li-Etch It system is
altogether quite versatile. Several kits as
well as individual stamps are available. If
you follow the instructions provided, you
will get good results. Pay particular atten-
tion to two instructions: keep the stamps
clean and use a light impression.

Summary

There you have the gist of four easy
continued on page 97

in Office, Home, Lab, Workshop

HANDY, HUSKY, HEAVYDUTY

SHELF FILES

KEEP MAGAZINES, CATALOGS,
% MANUALS, JOURNALS, PLANS

= NEAT and FULLY
i oRrGANIZED!

Eliminate the mess of loose magazines,
newspapers, catalogs, etc. in office, lab,
workshop. Find what you want when you
want it by using these handy shelf or desk
files. Ends personal paper pollution prob-

EIGHT

INSTRUMENTS IN ONE

e Out-of-Circuit
Transistor Analyzer

e Dynamic In-Circuit
Transistor & Radio Tester
Signal Generator
Signal Tracer ¢ Voltmeter
Milliammeter
Battery. Tester
Diode Checker

Transistor Analyzer wese: 212

factory Wired & Tested— $32.71
Easy-to-Assemble Kit— $21.79

YOU DON'T NEED A BENCH FULL OF EQUIPMENT TO TEST TRANSISTOR RADIOS! All the

lems once and for all! Adhesive 1D labels
included. Letter size: 9" X 112" X 33"
Use credit card to order. Mail coupon be-

facilities you need to check the transistors themselves — and the radios or other cir-
cuits in which they are used — have been ingeniously qngmeered into the compact,
6-Inch high case of the Mode! 212. It's the transistor radio }roubleshpoter with all the
features found only in more expensive units. Find defective transistors and circuit
troubles speedily with a single, streamlined instrument instead of an elaborate

low. Satisfaction guaranteed.

[ 2 N N B ¥ N N N N N N N N B QNS
Professional Aids Co., Suite 131

I 1S Wacker Dr., Chicago, Ill. 60606 C ((::nle%k for Free l
atalo
] Piease rush postpaid Fiberboard Desﬁ an_d Sneli__Filgs as _cnecked below: . |
B[ HowMany | Oty | Sue Price | Total Price | lencloses
1 ] 8 [ LeterSue $1295 | full payment. Ship o
25 Lefter Sue | 28,97 | ped-
| === Bill Company 1
[] O Charge it to [J Visa (] Mastercharge TOTAL: We are rated. 1
J] Acct. No._ _— _— == Exp. Qate
l Name - - — — . e . — - l
1 Address = - . — = 1
j City State/Zip_. o p— o —1

lilinois Residents add 5% Sales Tax. please. Other sizes trom digest 10 newspaper available
----------------------J
CIRCLE 34 ON FREE INFORMATION CARD

hook-up. r
Features:“ - high of 1 |
Checks all transistor types — high or low

power. Checks DC current gain (beta) to | Sel"d m:c::‘ffzgﬂaéilﬂgeﬂ at:“g %0.""‘1%‘03
200 in 3 ranges. Checks leakage. Uni- ::cgle.gistr'bumr '

versal test socket accepts different base I )

configurations, Identifies unknown tran-

EMC, 625 Broadway, New York 12, N.Y.

sistors as NPN or PNP. NAME. —_RE-3
Dynamic test for all transistors as signal
amplifiers (oscillator check), in or out of ! ADORESS

circuit. Develops test signal for AF, IF,
or RF circuits. Signal traces all circuits.
Checks condition of diodes. Measures
battery or other transistor-circuit power-
supply voltages on 12.voit scale. No ex-
ternal power source needed. Measures
circuit drain or other DC currents to 80
milliamperes. Supplied with three exter-
nal leads for in-circuit testing and a
pair of test leads for measuring voitage
and current. Comes complete with
instruction manuai and transistor listing.

ELECTRONIC MEASUREMENTS CORP.
625 Broadway, New York, N Y 10012
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Tiny BASIC?* VP-700
Color. VP-590 add-on Color Board allows program \ Expanded Tiny BASIC Board
control of 8 britliant colors for graphics, 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—including
color and sound controlt
Requires external ASCII
encoded alpha-numeric
keyboard. $39°

Sound. VP-595 Simple Sound Board provides 256
tone frequencies. Great for supplementing graphics
with sound effects or music. Set tone and duration
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 each
channel. Program directly from sheet music! Sync provision
for controlling multiple VIPs, multitrack recording or other
synthesizers. $49°

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

EPROM Programmer. VP-565 EPROM Programmer Board
comes complete with software to program, copy and
verify 5-volt-2716 EPROMs—comparable to units
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 interface
Board locates two 5-voit 2716 EPROMs (4K
bytes total) anywhere in 32K of memory.
VIP RAM can be re-allocated. $34"

pAuXillary 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°).

ASCII Keyboard* Fully encoded, 128-character ASCII
encoded alpha-numeric keyboard. 58 light touch keys
including 2 user defined keys! Selectable upperand lower
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-

easy to programand 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

ist. And the basic VIP com- Y L X 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.
S|mp|e but powerfu'_not iust a toy :'s:vgagileasb'f::;(glu‘;:.t‘;er ::9[3;188711 does not include video monitor or cassette recorder.

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.



HOBBY CORNER
continued from page 95

ways to make dedicated printed-circuit
boards when you need them. Each system
will make good, serviceable boards. Only
one of the four systems actually requires
etching a blank board.

Producing a PC board using any one of
the systems described in this column is
much less expensive than having someone
else make it for you. The only less costly
PC board is one ordered from someone
who spreads the cost over a large number
of boards. Of course, such boards are
available for only a few specialized cir-
cuits.

As far as the relative cost of each
system is concerned, it is difficult to
gauge. The Cut-'N'-Peel system is proba-
bly the least expensive alternative for
creating only one or two boards. The cost-
per-board for the other three methods
decreases rapidly as you produce more
(different) boards. The Stamp It-Etch It
system involves the mess of etching, but
gets the circuit on the board more quick-
ly. The drill-mills require more actual
wiring than the other methods, but no
more supplies are needed unless you
break the drill bit. The Circuit-Stik
method allows you to make changes on
the board and permits crossovers. So,
take your pick—to each person, his own
brand of poison!

As mentioned earlier, any and every
PC board system requires layout planning
as the first step. If, like me, you don’t
make many PC boards and, therefore,
have to make a number of trial layouts,
using those Rainbow stamps to plan lay-
outs saves considerable time. Even if you
use another PC board method to make
your dedicated boards, consider the pat-
tern stamps just for layouts. Several
stamps and different-colored pens or pen-
cils will make your efforts much less
confusing and speed up the whole process
significantly.

We have had space only to hit the high
spots of these systems. Write the manu-
facturers for more detailed information
and prices.

In winding up this discussion of proto-
type boards, | can’t resist saying that |
still prefer pencil-wiring printed-circuit
boards unless the specific circuit or appli-
cation considerations require a dedicated
printed-circuit board! R-E

If you would like more information
on any of the printed-circuit board
prototyping systems mentioned, you
can obtain it by circling the appropri-
ate numbers on the Free Information
Card in the back of this issue.

Bishop Graphics—Circle Number

147

A. F. Stahler—Circle Number 148

Rainbow Industries—Circle Num-

ber 149

fact:
February and March are
be-kind-to-your-records/

cleaning wherever you see this sign:

A cartridge is forever—your stylus isn’t! Even

though you can't see stylus wear, it affects the per-
' formance of your entire hi-fi system. A worn stylus
could even ruin your records! We urge you to have

your stylus professionally inspected no less than
once a year.

During February and March, audio dealers dis-

playing this sign will have trained personnel and
the equipment necessary to examine your stylus
for wear or damage. They'll professionally clean
your stylus and tell you if it's time to replace it.

check-your-stylus months...

E‘

YR‘:’ stylus cleaning brush
l A practical and safe way to clean your stylus! 3

Synthetic bristles with the right amount of stiff- |,
ness to remove dust and lint buildup effi-
ciently without damaging the stylus tip.
Free when you have your stylus in-
spected at a participating Shure
dealer.

Bring your cartridge back to original specs

The performance of your cartridge depends largely on the stylus assembly and only
a genuine Shure replacement stylus can restore your cartridge to its original perform-
ance! Give your record collection the protection it deserves, insist on the words "This
| Stereo Dynetic® stylus is precision manufactured by Shure Brothers inc” on the
box, and the name SHURE on the replacement styius you buy. Don't settle for sub-
stitutes—your record collection is too valuable!

SPECIAL NOTE:

write to us.

Replacement styli by...

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 25 ON FREE INFORMATION CARD

Genuine Shure replacement
styll are available for virtually
all Shure stereo magnetic car-
tridges—whatever their age. If
your dealer doesn’t have yours,

6461 HOHVWWN
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RADIO-ELECTRONICS
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Switching supplies are tricky, but you have to know how to
handle these circuits. More and more of them are turning up

in recent models.

LET'S TAKE A LOOK AT ANOTHER PULSE-
width-modulated DC power supply that
has been around since 1972. It's the
Quasar electronic DC power supply used
in their TS938 and other chassis. Its full
name is *“High-Frequency Electronic-
Switched Pulse-Width-Modulated DC
Power Supply,” but we'll refer to it as the
JA panel.

Compared to other power supplies, this
one is simple and not difficult to service
using the right methods. It runs at 15,750
Hz, synchronized to the horizontal oscil-
lator. The power transformer is a *“fly-
back™ unit, in which the primary current
is switched by a power transistor. The
secondary voltages supply all the DC

JACK DARR, SERVICE EDITOR

power, even the picture-tube heater. This
means the chassis is completely isolated
from the AC line.

The switch is controlled by driver tran-
sistors and pulse shapers; plus it has its
own 15,750-Hz oscillator. Because this is
a blocking oscillator, it free-wheels; a
*“starter” circuit for the horizontal oscil-
lator on the set is not necessary. After the
horizontal oscillator starts, it syncs the
free-wheeling oscillator. All the drivers,
etc., on the JA panel are also completely
isolated from the AC line. In fact, these
circuits have their own “isolated ground,”
which is on terminal 7 of the JA panel
(Fig. 1). All DC voltages and waveforms
here niust be measured to this isolated

ground; all chassis DC voltages and wave-
forms are read to chassis ground. This is
important to remember!

The DC voltage is regulated with a
pulse-width modulator. A voltage sample
from a tertiary winding (terminals 3 and
12) on the power transformer is rectified
and used as a control voltage for the regu-
lator stage. Under a heavier load, this
voltage drops, so the regulator circuit
widens the drive pulse to deliver more
energy and bring it back up. The oscilla-
tor develops a pulse that is shaped and
controlled by the regulator and a pulse-
shaper stage. This is a squarewave, feed-
ing a driver stage that controls the switch-
ing transistor.

The high-voltage shutdown used in all
solid-state sets is as follows: An SCR is
connected across the drive circuit of the
switching transistor whose gate senses the
emitter voltage of the switch transistor. If
something happens to make the switch
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transistor conduct too heavily (thus rais-
ing the voltage), the emitter voltage rises,
the SCR fires and shunts the drive. The
switch is turned off; because an SCR
stays on until its anode voltage is cut off,
the set must be turned off to reset the
SCR.

Figure | is a diagram of the JA panel.
The basic power supply for this (not
shown) is a voltage doubler on the chas-
sis. Note the isolated-ground symbol, the
hollow triangle, on terminal 7; the key
waveforms for the oscillator, shaper and
driver stage. Note in particular the clean
squarewave pulse on the collector of the
pulse shaper. If this key waveform lacks
amplitude or is rounded or distorted,
watch out! The actual drive pulse on the
driver is rounded; this may be due to the
inductive loading of the transformer.
These were taken from a working JA
panel on our bench, and confirmed by the
factory in the TS938 manual!

The first test for this circuit is with the
seven DC voltage outputs, including the
pilot lights. If one pilot light is out, check
its rectifier diode. If this diode is bad,
replace it only with a fast-recovery type,
because ordinary ‘sinewave” diodes
won’t do. Incidentally, if the pilot light is
burning, this means that at least one of
the panel’s secondary supplies is OK.

If none of these voltages are present or
if they’re off, make sure that the blocking
oscillator is running at the proper fre-
quency. Use your scope for these tests.
Follow the waveforms through the pulse
shaper, the driver, etc., to the base of the
switch. If the waveform appears on the
driver base but not on the collector, and
there are no pulses on the switch base, the
SCR has probably fired or shorted. The
gate pulse comes through a Zener diode
from the switch emitter; check this too.
Normal emitter voltage for the switch
transistor is 1.1 (read this to the isolated
ground). If this voltage is OK but the
SCR still fires, check the SCR. The
normal anode voltage on the SCR when it
is not firing is +24. When it is firing, this
voltage should read almost zero.

These DC power supplies are vulnera-
ble to high-transient voltages from a
lightning hit on the AC power line. One
came in recently with three transistors,
two diodes and some other parts blown on
the JA panel. After these components
were replaced, the set would not work
normally—the high voltage was low, etc.
The waveform on the shaper collector was
badly off. This transistor was quite leaky;
replacing it restored normal operation.

After repairs were “completed,” a very
odd symptom showed up when this set
was tested. The picture was good, but it
had an intermittent loss of both syncs.
The vertical lines in the picture showed
five or six large bends or waves in each
line that constantly moved. If this kind of
symptom turns up, check the tuning of
the free-wheeling blocking oscillator on
the JA panel. The cause is that this oscil-

PTS 8001
Component Analyzer

Solid state component tester

works ity or out of circuit. Simple

hook-up to any standard oscilliscope.

High, medium and low range switch for matching
the impedance to the component being tested.
DealerNet $564.95

See the Yellow Pages for the PTS Servicenter Nearest You or Contact:

PTS ELECTRONICS, INC.

PO. Box 272  Bloomington, IN 47401  812-824-9331
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Students...
You...
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Happiness is...a computer mage

Step into the exciting world of computing with INTERFACE AGE Magazine. Written and
edited expressly for those who want to get more out of their life and business through the use of
computers. Join the 85,000 plus who make reading INTERFACE AGE a priority each month.
Enjoy articles that not only tell you how, but show you how. Each issue of INTERFACE AGE con-
tains: projects, programs. games and reports on and about people and their computers.

Learn how easy it is to own and operate your own computer system at home or in your
business. Explore the many ways a computer can make money for you. Keep up to date withthe
latest new products and developments. Only INTERFACE AGE brings you all this plus much,
much more.
The magazine leading the way, bringing people and technology together.

fREE! EXCLUSIVE '79 BONUS!

INTERFACE AGE brings you a complete home corres: Receive a certificate of completion at the end of lhe\

throughout 1979, serialized in each issue from National 1f you want to know more about computers for tomor-
Technical Schools. the oldest and largest technical cor- row. then you need to subscribe to iNTERFACE AGE
respondence school in the U.S. Magazine today. J/

Please enter my subscription to INTERFACE AGE for:

r 1 year U.S. $18.00

2 years U.S. $30.00
2 years Canada/Mexico $34.00
1 year International Air Mail $50.00

1 year Canada/Mexico $20.00
1 year International Surface Mall $28.00

Make Check or Money Order (U.S. Funds drawn on U.S. Bank) payable to:
INTERFACE AGE Magazine P.O. Box 1234. Dept. IA 42, Cerritos, CA 90701

pondence course on electronics and microcomputers series absolutely Iree. See detaiis in each issue. I

Charge my: Visa Card Master Charge American Express

Card No. Expiration Date. Signature

Name (Print) Title

Company

Address

City State Zip. /

CIRCLE 66 ON FREE INFORMATION CARD
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INCLUDES VIDEO

Now Available o Text Editor, Assembler & Disassembler!

INTERFACE

/

Now available! Text Editor. Assembler, Disassembler and a new Video
Display Board!

The TEXT EDITOR gives you word processing ability and the ability to edit
assembly language programs while they are displayed on your video maonitor
Lines and characters may be quickly inserted. defeted or changed. Add a printer
and ELF It can type letters lor you-error tree~plus nsert names and addresses
from your marling hist!

ELF #t's ASSEMBLER translates assembly language programs into hexidecimal
machine code for ELF Il use. The Assembler leatures mnemonic abbreviations
rather than numencs so that the instructions on your programs are easier 1o
read -this is a big help in catching errors.

ELF #'s DISASSEMBLER takes machine code programs and produces assembly
language source fistings. This helps you understand the programs you are
working with  and improve them when required

The new ELF Il Video Display Board lets you generate a sharp, professional 37
or bd character by 16 line upper and iower case display on your ty sCreen ot
videa monitor —dr g your panded $99 95 ELF Il When you
gel into longer programs, the Video Display Board is a real blessing!

Get Your Hands On A Computer That

Grows As Fast As Your Own Understanding!

Stop reading about computers and gel your hands an one! With ELF I and our
new Short Course On Microprocessor & Lompuler Programming. by Tom
Piliman, you can master computers in no time at all! ELF Il can execute all 91
RCA 1802 commands. The Short Course quickly teaches you how to use each of
these capahifitres

Featuring the 1802
ELF II RCA COSMAC

m/croprocessor/mini-
;l'.l;;. /‘/ COMPUTER ONLY 99

ELECTRONICS and PERSONAL COMPUTING and understand the anticles.

It vou work with large computers, ELF I and our Shart Course will help vou 10
undersiand what makes them tick
Get Started For Just $99.95, Complete!

ELF N was developed as a tramer lor engineers, hobbiests, techmicians and
students. Yet it ollers advanced features not yer available elsewhere at any
price

With ELF 11, you learn to use machine language, the lundamental language of
all computers. (Hhgher level languages such as FDRTRAN and BASIC must be
translated into machine language before a computer can understand them.} With
ELF 1 you build a solid loundation in computers so vou'll seally know what
you're doing

For $99.95 your ELF I also includes wideo output and you can connect it
directly 10 the video input of your tv set without additional hardware. Dr, with
an $8.95 RF modulator, you can connect ELF Il o yous tv's antenna terminals
nstead.

ELF 1's 5card expansion bus (connectors not inctuded! lets you expand ELF 1)

as yous needs grow. If you're an engineer or hobbiest, you can also use ELF Il as
a counter. alarm, lock, thermostat, limer, telephone dialer or for countless other
apphcations
ELF Il Expands Into A Glant!
Once you've mastered compuler fundamentals, €LF Il can give you mare power
10 make things happen in the real world than famous name computers that
would cost you 3 /of more money! Thanks 10 the ongoing RCA 1802 research
and development by Netronics, ELF Il can now be expanded with some of the
most technically advanced small computer add-ons on the market,

Plug in the GIANT BDARD™ 1o record and play back programs. edit and

ELF II's $99.95 price includes video outpul -se you can display
and graphics on your ty screen of video momitor. You can also enjoy video games
including a lastinating new rarget/missile gun game that was developed speci
tically tor ELF It

But games are only the icing on the cake. ELF Il 1s a small but powerful
computer. It gives you a highly eflective learming tool for anly $99.95-1hen
expands as your undesstanding of compulers grows

It vou want power to solve real world problems. ELF Il has a lot more 1o offer
than “tamous name” computers sellng for many times ELF II's low price. ELF Il
add ons are among the most sophistialed on the markel today  al any price!
No wonder IEEE chapters plus hundreds of unversities and major corporations
now use ELF Il to wiroduce students and employees to microprocessor
computing.

Start working with the incredibly versitile and lool-prool ELF 11 and you'll
undersland why!

More Powerful Than Your Coliege Degree!

A knawledge ol computers may soon be more important 10 your earning power
than a coltege degree. It doesn’t matier whether you'se a scienlist, engineer
businessman or prolessional. Understand computers and you can command
MONEY!

Master This Computer In A Flash!

Regardless of how minimal your computer background is now, you can learn to
program an ELF 11 in almost na time at all. Our Short Course On Microprocessor
& Computer Programming was written in non-technical language and it leads
you through each ol the RCA COSMAC 1802's capabilities, so you'll understand
everything ELF W can do. .and how 1o gel ELF I to do 11! Don't worty it you've
been stumped by computer books betore. The Short Course represents a major
advance i hierary ctanly i the compuier field. You don't have to be 3 computer
engineer in order to understand it

Keyed to ELF 1).it's loaded with “hands on™ illusirations. When you're finished
with the Short Course, nedher ELF Il nor the RCA 1802 cpu will hold any mys
tenies for you

In tact. not only will you be able to use a personal computer creatively, you'll
also be able 1o read magasines such as BYTE. INTERFACE AGE. POPULAR

"“Netronics R&D Lt Ltd., Dept RE- 3

- % 333 Litchfield Road New Milford, CT 06776

Yes!t wam my own computer! Please rush me—

debug i i with remole devices and make things happen n

the outside world. Add Kluge Board and you can use ELF Il to solve special

problems such as operating a more complex 3larm system or conlfrolhng a

printing press. Add 4k RAM Boards lo write longes programs, store more
and solve more

Expanded, ELF Il is peslect tor engineering, business, industrial, scientilic and
personal apphications. No other small computer is backed by such an advanced
research and development program!

ELF 11 add ons already include the ELF )i Light Pen and the amazinn ELF
Buqm Monlitor - two extremely recent breakthroughs that have not yet been
duplicaled by any other manufacturer

The ELF-BUG™ Monitor lets vou debug programs with tightening speed be
cause 1he key 1o debugging rs 10 kn0w whal's inside the registers of the micro
processor. And_ with the ELF-BUG'™ Monitor_ instead ol single stepping through
your program, you can now display the entire contents ol the registers on your
Iv sereen. You find out immediately whal's going on and can make any neces
sary thanges

The incredible ELF 11 Light Pen lets you wiite or draw anvthing you wanl on a
tv screen with just a wave of the “magic wand.” Netromics has also introduced
the ELF 11 Color Graphits & Music System-more breakthroughs that ELF 1
owners were the first fo enjoy!

ELF N Tiny BASIC

Like all computers, ELF Il understands only machine language ~the language
computers use lo 1alk to each other. But. 10 make fite easier for you. we've
develaped an ELF JI Tiny BASIC that lets you talk with ELF It in simple words
that can by typed out on a keyboard such as PRINT_ RUN and LDAD

Ask Not What Your Computer Can Do.

But WHAT CAN IT DO FOR YOU?

Oon't be trapped into buying an expensive dinosaus, simply because you can
attord it. ELF 1l is more advanced and more tun to use 1han big name computers
that cost a lot more money. With ELF 1) you learn to write and run your own
programs. You're nol just a keypunch operator. No matter what your particular
interests are. ELF Ii is the lastest way lo get into computers. Order from the

counnn below!

PHONE ORDERS ACCEPTED!
Call (203) 354-9375 |

A MAC ELF anguage. 1 s armng dreakthrough lor engineers and laymen
ang  gike 0: olat Enclosed $ I
uxe Melal Cabme! with plexiglas gust Cover for ELF 1. {Conn res. agd tax)
$29.95 plus $2 50 p&h
1
O 1am aiso enciosing payment {including pastage & handnng) for CHARGE |T ‘E)EL‘ Dale |
| the items checked below! O visa O Master Cnarge
Tom Py Short Course Bn Microprocessor & Compuler [ | want my ELF 11 wired and fested with power supply. ACA Bank
Programming feache eryining ihere 15 10 know 1802 User’s Manual and Short Course—all for just $149.95 plus I
n 0 n ! $3 p&h, AcCount #

ALSO AVAILABLE FORELF It

DMOGrams ani produces assembly ianguage source iisi- I
Ings lo Neip you understand and improve your programs.

519, 95 on cassefte lape

SAVE $9.90—Text Edilor. Assembier & isassembier

RADIO-ELECTRONICS

-
(=]

GIANT BOARD'M 4 wiih cassette (/0. RS 232 L LET.F/THEN. INPUT. PRINT. GO TO
TTY 170, 80 P 170 decoders lor 14 separate ul JRN. ENO. REM CLEAR. LIST. RUN
struCtions and a system edilor $39.95 piys  PLOT PEEK. POKE. Comes lully documented and i
| $2p&h Judes dlphanumenc generalor required lo uysmav
alphanumerc CharaClers Oirecly on your tv screen wih.
,K[',':,"". s Y 8oard accepts up 1o 36 out additional haroware AlSo plays HCk-tack-toe Pius a
- arawing game Ihal uses ELF Il s hex keyboaro as a
4k Stanc nmnm Adaressable 10 any k Dage to gy ﬂfwmw UL ssmsfge-u 1oy
64 389 95 pius $3 ol Tom Pittr Short Course on Tiny Basic lor ELF
ated 86 P conneclors (onie required lof each  gg paginaig
Sisia T ELF-BUGT™™ Deuze System Monitor on cassetr
Expansion Powev Supply (required when adding 4k 1ape Allows dispiay ,':"y (,:V_ lenis _' Al ,eg':‘;s:,f
RAM! $34.95 52 p& your tv at any pomt in your program AlSo dispiays 24
Pmless»oml ASCII Keybwd kit with 128 A DV'! of memory wiih full agdresses: bhnking cursar
Dpe: /lower case set 96 puniabk € cnarac 00210 and auto scroiing. A must tor he serious programmert

$64.95 pius $2 p&h
I Deluxe metat cabinet for ASCH Keyboard. $19.95

v‘lden D»splzy Board «il lets you generate a Sharp.
] P
ve:mndeﬂ 399 95 '. En
eyDoard cabine! ) $89.95
plus $2 p&h
ELF N Tiny BASIC sefte lape Com.
* x -

$14.95 posig
O3 Test Editor on cassetle 1ape ques you the abily 1o
nsert delete of €0 ines and words Irom your programs
whie Ihey are displayed on your video monitor (Add
prntes and you can use ELF 11 10 type erfor-tree tellers
Dlus insert names ang addresses Irom your mang iist.)
$19.95 postoand

Assembier on casselle tape lranslales assembly

e programs into Mexicecimal machine code for

[4 use Mnemonic abbrevialions lor instructions
{rather Ihan numencs) make programs easwes to reac
and help prevent errors: $19.95 posipand

Oisassembter on setfe fape lauer macnme coge

Purchased together. Only $49.95! (Require Vioeo (rs-
Dlay Board Dlus 4k memory

CJ ELF 1 Light Pen. assembied & tested. $7.95 pius §1
pdh

1 ELF It Cotor Graphics & Music Sysiem Board kil
$49.95 piys $2 p&h

ELF 1l connects directly to the video nput ol yout tv
sel wilnoul agdhiona hardware To connect ELF 1l 10
YOour antenna terminals instead. order RF Modulalar,
$8.95 posipa
Coming Soon: A-D D-A Converter Controiier Boarg |
and more!

Print I
Name

Aaoress I
Oty l

DEALERINOU(RIESINVITED — _J
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lator is actually hunting and won't lock
into the horizontal sync as it should. The
factory service data lists this adjustment
as “the regulator sync-level adjust™; it’s a
large coil (shown as T2 on the schematic)
opposite the output-voltage control pot on
the panel. If you must adjust this small
pot, which is factory-sealed and preset.
don’t break the seal; if you do you also
break the control! Just remove the origi-
nal control, put in a new one, and then
adjust it for the proper DC voltage levels.
Then seal it using the cement that comes
with it.

The JA panel is a replaceable module.
However, you can troubleshoot it on your
bench, and save a good deal of time and
money. If you use the proper methods
and test equipment, this troubleshooting
doesn’t take very long. Although the
circuitry looks quite complex, it is actual-
ly quite simple, and the necessary wave-
forms and voltages can be traced and
checked without much trouble. Good
luck. R-E

service
questions

EVERYTHING WEAK

Here’s one for the books. This Zenith
model 19DCI1 had low vertical sweep,
low boost voltage, poor color, poor video,
etc., etc., and it took far too long to come
on. The B+ voltage was OK. Of course,
all this was intermittent.

Guess what? The filament transformer
winding on T204 had a very bad ground
connection! The heaters read only 4
volts.

Thanks to Tom Niderost, Tom’s Audio
Service, Ukiah, CA, for this one.

DEAD TUBES

I've got a problem! The tubes won’t
light up in this GE table model (model
M151SBK). The B+-voltage js OK, and
the whole heater string checks out all-
right from the on-off switch. I'm lost.—S.
W., Dallas, TX.

First, because the tubes don't light, and
second, the tube heaters check out OK,
we know there’s an open circuit some-
where.

In this chassis, your problem could be
in the INSTANT-ON switch, which is be-
tween the on-off switch and the interlock.
Check this with an ohmmeter, or just
turn the set on and see if you don’t read
the full AC line voltage across the closed
switch terminals. | suspect that you will.

TRANSISTOR SUB NEEDED

I've got a GE QA chassis with a bad red

driver transistor in the video. | haven’t

been able to locate a substitute or a

factory part number for it. Can you
help?—F. W., Bronx, NY.

The GE part number for this transistor

continued on page 102
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Put a benchtop

DMM in your

pocket.

Only $169.

Our new 8020A digital multimeter
puts typical benchtop-type measure-
ment capability in your pocket, your
briefcase or your tool kit. And it puts
true Fluke value in your hand.

At only $169, the 8020A has fea-
tures you won’t find on any other mul-
timeter, at any price.

Features like 26 ranges for seven
functions, including conductance that
measures leakage to 10,000 M(2. De-
pendable CMOS LSI single-chip inno-
vation, custom designed for the 8020A.

It’s only 13 ozs. of reliable, shock-
resistant measurement perfection. All
guaranteed for a full year, including

tion.

Benchtop performance for $169.
And Fluke’s dedication to after-sale
support, with service centers located
worldwide for fast, cost-effective sup-
port. A priceless combination.

Call (800) 426-0361*, toll free. We'll
tell you the location of the closest Fluke
office or distributor for a personal feel
for the best DMM value around.

Price U.S. only.

*Alaska, Hawaii, Washington resi-
dents — please call (206) 774-2481.

SERVICE QUESTIONS
continued from page 100

and the other video drivers is EP15X18.
You can replace it with an RCA SK-
3044, a Sylvania ECG-154 and others.
Oddly enough, the GE Transistor Guide
does not show a replacement for this part
number!

DISAPPEARING RASTER

There’s an odd problem in this Quasar
model TS-915F. The raster is present but
it’s out of focus. When | adjust the focus
control, the raster disappears. | can’t find
any change in any DC voltage except for
the picture tube cathodes, which change
from +150 volts to +240 volts.—R. F.,
Hialeah, FL.

The model TS-915F chassis has a
focus-dropping resistor network. From
the low end of this, they go through a
focus control. That seems to adjust the
picture tube screen voltages. The focus
voltage is taken off at a fixed tap on the
focus-dropping network. Your trouble is
probably in the focus voltage. Check if
the screen voltage drops very low on the
picture tube. If so, this causes the tube to
be cut off, the beam current drops to zero
and the cathode voltage rises with no
load. Make sure to check the focus volt-
age. If you lose it, the raster cuts off, even
though the high voltage is still up.

continued on page 106

Use Quick Wedge to repair
a control panel, hook up a power
monitor, connect a power
supply, install a motor starter

TR p —

They do all that ordinary
screwdrivers do, PLUS they
hold and start the screw

B specs and its NBS-traceable calibra- E - .

Z

2 Fluke 8020A DMM for QUICKWEDGE '~ ==

» Home Electronics EXperts: $169 | ..o screndiers

g 2522-8020 ; Unconditionally guaranteed.

o BUY A SET TODAY

) FLUKE See your dealer or write to ~

z ® Kedman Company, P.O. Box 25667, 2
CIRCLE 61 ON FREE INFORMATION CARD Salt Lake City. Utah 84125 ©
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More information on new lit is
available from the manufacturers
of items identified by a Free Infor-
mation number. Use the Free In-
formation Card inside the back
cover of this issue.

REPLACEMENT COMPONENTS, Catalog 10,
contains 6 pages crammed with over 400 original
Japanese IC's, transistors, tape heads, ceramic
filters, special devices and repair kits for servic-
ing all electronic equipment and TV sets. Each
part is illustrated and described together with
prices. An ideal source book for many hard-to-
find components.—Ora Electronics, 7235 Canby
Ave., Reseda, CA 91335.

CIRCLE 29 ON FREE INFORMATION CARD

POWER TOOL CATALOG is a handy 20-page
guide for hobbyists, experimenters and lab tech-
nicians, describing a wide variety of Moto-Tool
kits, accessories and attachments that can be
used in many hobby, woodcarving, lapidary,
leatherwork and do-it-yourself projects. Featured
are a complete multipurpose tool workshop, a
aeavy-duty tool kit with accessorles, a tool hold-
er, a drill press, plus patterns and how-to books.
Price: $1.—Dremel Manufacturing, 4915 21st
St., Racine, Wi 53406.

NEW CB RULES, Plain English Rules—Citizens
Band Radio Service, approved in August, 1970,
by the FCC, written in question & answer format
in plain language. Rules are listed numerically
and include such topics as: how to apply for a
license, what kinds of operations does a license
cover, use of power amplifiers, how to use a CB in
emergency situations, etc. Price: $1.25 (make
check/money order out to Superintendent of
Documents).—CB Handbook, Consumer Infor-
mation Center, Dept. 109 F, Pueblo, CO 81009.

HEATHKIT CATALOG, No. 841, has 96 pages
describing hundreds ot electronic kits and other
products designed for home improvement and
entertainment. Included among the kits are per-
sonal computers, hardware/software, and floppy-
disc systems; oscilloscopes and frequency count-
ers; weather instruments; a greenhouse, etc. New
items fteatured are: a 3-way linear-phase hi-fi
speaker system; a logic probe for checking TTL/
CMOS digital circuits; an FM intercom; a hand-
held aircraft navigation computer; and two mo-
bile FM amplifiers.—Heath Co., Benton Harbor,
M| 49022.
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WORKSHOP/HOME TOOL CATALOG, 56 illus-
trated pages showing hundreds of tools and
products for workshop, craft and hobby, héme
improvement, automotive, kitchen and outdoor
applications. Among some of the items described
are chisels, drill bits, pliers, glass cutters, screen
repair kits, soldering aids, a drill press, center
punch, planes, sanders and many more. A handy
order form is enclosed.-—Consumers Bargain
Corp., 109 Wheeler Ave., Pleasantville, NY
10570. R-E
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Announcing four
tiny advances with
room-filling benefits!

RN
oy A

In the tiny world of the stereo car-
tridge, microscopic differences in dimen-
sions are all-important. Which is why
the extremely low moving mass of the
new ATI5SS is a major achievement in
stereo technology.

Our new stylus, for instance, is the
smallest whole diamond used in series
production, known to us. In cross-
section, it’s 36% smaller than our best
previous mode!. It is also nude-mounted
to further reduce mass at the record
surface. And the square-shank design
insures exact alignment with groove
modulations.

All this is so small you'll need a
microscope like the one above used by
many A-T dealers to see the details.

If you look very closely you'll also see
we’ve slightly revised the contour of the
Shibata tip. The combination of mini-
mum mass and new contour which we
call Shibata+ offers outstanding stereo
reproduction, especlaily of the latest
high level recordings.

But there's more. Extremely low dis-
tortion results from a new ultra-rigid

3.New low-mass
magnet assembly

New SHIBATAD stylus with
1. minimum mass and
2.improved contour

4,New Beryllium
cantilever

Beryllium cantilever which transmits
stylus movement without flexing. And
flatter response plus better tracking is
achieved by a new method of mounting
our tiny Dual Magnets to further
minimize Moving mass.

Four tiny differences, yes. But listen
to the new ATI15SS or the hand-selected
AT20SS for ultra-critical listening. You’ll
find out that less IS more. At your
Audio-Technica dealer now.

Note: If you own a current AT15SS or AT20SLa,
you can simply replace your present stylus assembly
with a new “SS” stylus assembly to bring your
phono system up to date.

Model AT15SS
$200.00

Model AT20SS
$250.00

(haudio-technica

AUDIO-TECHNICA U.S., INC., Dept. 39EG-2, 33 Shlawassee Avenue, Falrlawn, Ohlo 44313
CIRCLE 2 ON FREE INFORMATION CARD
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Software and  Applications. Pragmatic, well
documented programs with complete listings on data
base systems, word processing, communications.
simulations, investment analysis, games, music syn-
thesis, computer art. business functions. building
control and more

System Evaluations. In-depth, probing evaluations of
personal and small business systems every issue. No-
nonsense reviews of software from jndependents as well
as the majors

Regular Features. Operating Systems Q and A
Columns on the TRS-80, Apple and PET. Book reviews

STRING SYNTHESIZER

board. There are thirty-seven terminals
marked 1 to 37 which connect to corre-
spondingly marked (K1 to K37) on the
tone blocks. Terminal pads K1, K13 and
K25 are on the C tone block as you can
see in Figs. 2 and 12. Terminal pad mark-
ings for the twelve keys are, reading left
to right from the component side of the
boards:

The board is mounted with the foil side

Get the continued from page 75 facing the body of R58 and away from

Most Out of the rear surface of the control panel. The

= ., o There are three points where each tone three LED’s are mounted from the com-
% Your Computer block differs from the others. These  ponent side of the LED board. The resis-
gl points are the coded markings for the tors and all other connections are tack-

B with connections to coded points on the key- soldered to the foil on the etched side of

the board. Note that the flat side of the
LED casing identifies the cathode lead
which corresponds to the negative mark-
ings on the placement diagram.

)
_Q_’..
A

Programming techniques. Short programs. Computer Tone Block Pad Markings
'games New products. Even a dose of fiction and C K1, K13, K25
oolishness.
B K12, K24, K36
We guarantee that Creative C Computing will help you ’ ' “
get more out of your personal, school, or business A*® K“' K23- K35
computer or we'll glve you your money back! A K10, K22, K34
=
3 years $40 (Save $32 over retail price) G K9, K21, K33
2 years $28 (Save $20 over retail price) Gt K8, K20, K32
1year §15 (Save $9 over retail price) E zé' 5:3' :g;
Foreign Surface add $9/yr. Air add $24/yr 3 I ” n
To order, send payment or bankcard (Visa or Master = K5, K17, K29 t
Cnarge) number and expiration date with yourname and D* K4, K16, K28 t k 4 T
address to Creative Computing, Attn: Connie P.O. Box D K3, K15, K27
789-M, Morristown. N.J. 07960 P K2 K14. K26
Save time! Phone bankcard orders toll-free 1o S }' " 1.5INCH e |
800-631-8112 Figures 14 and 15 are foil pattern and 16 15 FoIL PATTERN for the Leo board that

(In NJ call 201-540-0445)

creative compating

P.O Box 789-M. Mornistown. NJ 07960
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HOLD
Anywhere
want it.

PanaVise tilts, turns, rotates.
One quick turn of the control
knob and you securely position
your work exactly where you
want it. Holds firmly but gentiy
the most delicate electronic
parts and P. C. boards.

|  Whether you're into building
home electronics, trouble
shooting, or professional serv-
icing . .. you'll wonder how
you got along without this mod
estly priced ‘extra hand.

Model 396 Wide Opening PanaVise
shown. An ingenious variety of other
interchangeable bases, holders and
accessories also available. See your
electronics distributor, or wrile

Ior FREE brochure

IMSE Dept. CE2 -~ -

2850 29th St., Long Beach, CA 90806

[%.":" iﬁe ’Qi:
LSNP

IT!

you -

parts layout for the 1550C board. Figure
16 is the foil pattern for the 1550LED
board that is mounted on the shaft of
R 58, the MODULATION RATE control. Fig-
ure 17 shows thc component location.

CIRCLE 65 ON FREE INFORMATION CARD
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mounts on the shaft of potentiometer R58.

1650 LED

?I & ven
“;5'23 @—#
§:

4

Y=o i

- ®:
i) ®:
o
3 - ! ,_#‘ 10
3 5 Z
s ‘:f - 8

055 psp N>

SMALL HDLES (#60)
AT (+) AND (-}
(6 PLACES)

NOTE: SEE FIGS 1§ AND 19
FOR CONNECTIONS TO
LED BOARD

FIG. 17—PARTS PLACEMENT on the Lep board.
Note the LeD’s are on the component side; the
resistors are tacked to foil side of board.

Figure 18 shows the positioning of the
controls on the panel along with intercon-
nections between the various compo-
nents. The connections shown should be
made before adding the connections from
the control panel to the PC boards as
shown in Fig. 19. Note that the first on-
board connections have been deleted for
clarity. The coding at the end of each lead
indicates the point of origin of that lead.
The letters in parenthesis denote the
board from which the wire originates. Be
sure to use shielded cable or small-diame-
ter coax where indicated in Fig. 19.

continued on page 108



THE COMPLETE HANDBOOK OF VIDEOCAS-
SETTE RECORDERS, by Harry Kybett. TAB
Books, Blue Ridge Summit, PA 17214. 280 pp.
5% X 8'; in. Hardcover $9.95.

Written in easy nontechnical language, this
book tells students, educators and industrial
users of videocassette and closed-circuit TV sys-
tems how to operate and maintain these systems.
The book Is divided into two sections: the first
d=als with operation and practical examples of
copying, editing and close-to-broadcast situa-
tions; the second section concerns itself with the
simple care and maintenance required by a mod-
ern TV system using cassettes.

USING DIGITAL AND ANALOG INTEGRATED
CIRCUITS, by L. W. Shacklette and H. A. Ash-
worth. Prentice-Hall, Inc., Englewood Cliffs, NJ
€7632. 305 pp. 6 X 9 in. Softcover $10.95.

This book, which is geared to scientists and
technicians, Is an illustrated guide to digital and
analog IC's, with the emphasis on practical appli-
cation. The text contains many ‘‘do-it-yourself"”
lab exercises and projects. TTL and COS/MOS
circuits are covered in the section on digital IC's;
only inexpensive series 300 and series 700 op
amps and series 7400 TTL and series 4000 COS/
MOS circuits are used. Appendixes include a
section on equipment and supplies, data sheets,
references, a logic probe, regulated IC power
supplies and a glossary.

DBUG: An 8080 Interpretive Debugger, by
Christopher A. Titus and Jonathan A. Titus. E&L
instruments, Inc., 61 First St., Derby, C7T 06418.
100 pp. 9 X 6 in. Softcover, $5.00.

This first of the Bugbook serles on microcom-
puter assembly language programming can be
used to enter and single-step a program instruc-
tion-by-instruction. Data and program steps
stored in RAM can be entered and changed using
the breakpoint feature to observe the effect of an
instruction on the microprocessor’s internal reg-
isters. One complete instruction is stepped-
through regardless of the number of cycles.

The 170 routines were written for reading and
punching paper tape with a teletypewriter, but
can be easily adapted for use with magnetic tape
cassettes or CRT terminals. Two complete DBUG
listings are contained in the appendixes—one in
octal code, the other in hexadecimal format.

8080A/8085 ASSEMBLY LANGUAGE PRO-
GRAMMING, by Lance A. Leventhal. Osborne &
Associates, Inc., p.0. Box 2036, Berkeley, CA
94710. 439 pp. 5'7. X 8 in. Softcover, $7.50.

Although there are many textbooks that deal
with the principles and uses of BASIC program
language, assembly language programming has
had no such accompanying text—this book fills
that gap. It is a primer that is geared to those with
a computer background but with little or no
knowledge of assembly language programming.
However, it can also be used as refeérence materi-
al by those who are already familiar with this type
of programming. Chapter 1, which is a general
introduction, discusses program instructions.
Chapter 3 deals with the B0BOA and B085 instruc-
tion sets; and other chapters examine simple
programs, loops, character-coded data and data
conversion, subroutines and interrupts, and de-
bugging. Chapter 16 outlines two sample pro-
jects.

How
do you really use a
multimeter?

Usually at your bench, in the shop,
shared with others. And, if it's a Fluke
multimeter, you use it with confidence.

Now you can carry that same bench
precision on the job. Introducing the
new Fluke 8020A DMM for only $169.

This rugged beauty packs more field-
valuable features than any cther DMM
available, at any price. And that means
field versatility when you need it most.

The 8020A has six resistance ranges,
including a 20 megohm range for those
special high-resistance TV components.
Plus, you can measure focus dividers,
peb and capacitor leakage clear up to
10,000 megohms with the new conduct-
ance function. And conductance allows
you to measure transistor beta—unique

with the 8020A.

Ever damaged your meter in the fly-
back circuit? Rest easy. The 8020A is
MOV-protected to 6000V against hid-
den spikes and transients.

Your 8020A comes with a full-year
warranty, with worldwide service back-
up. Regardless of what happens to it,
we'll fix it inexpensively and quickly,
making the 8020A a truly cost-effective
investment.

FLUKE

8020ADMM $169.

212-687-22

TOLL FREE HOT LINE
800-223-0474

Wes! 45 Stueet. New York. N.Y.
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SERVICE QUESTIONS
continued from page 102

FOCUS PROBLEM

Too much focus voltage is the problem
in this Zenith 19EC45; 7500 to 8500 volts.
The picture tube is OK, and I've checked
and subbed everything I can think of in
the high-voltage circuit, except the high-
voltage tripler. Do you think this is the
cause?—C. H., Ocie, MO.

“Yes!”

SHORT-LIFE TUBES
This Sears model 9180 has frequent
failures of the 6AWS video-amplifier tube.
The first time this happened, the video
was weak; so | changed the 6AWS tube

and it worked. Three weeks later the
6AWS8 tube was bad again. | was out of
6AWS’s, so | tried a 6LF8. The set worked
for three months, then it came back again
with a bad 6JE6. The video was still OK.
The 6LF8 tube isn't listed as a substitute
for the 6AW8 in the substitution manual.
So | put the 6AWS tube back in the set.
Three weeks later, the same problem
occurred! This time I put a 6LF8 tube in it
and it’s still working. Incidentally, all DC
voltages around this stage are very close
to specifications. What do you think is
wrong?—MW. S., Hillsboro, MO.

I wish you hadn’t asked! The only half-
way logical explanation I can see is a bad
run. of 6AWS8 tubes. I recall that some
time ago we ran into similar problems

This Helper Goes 'Round
The Corner To Get To Work

When you’ve got to go ‘round an obstacle in
order to get to the job, reach Tor this bent nose
helper. Long. fine pointed nose. Precision
matched, serrated jaws. Drop forged of high
grade steel with full polished, high luster finish.
Blue dipped plastic cushion grips optional. All of
the painstaking attention to details you expect—
and get—in tools by CHANNELLOCK.
CHANNELLOCK, INC., * Meadville, Pa. 16335

Send For Qur Free Catalog

JCHAN yeL LOCK |

No. 386 Curved Long Nose Plier

CIRCLE 9 ON FREE INFORMATION CARD

with 6AWS8’s. They finally cleared up. I
do not understand why the 6LF8 tube
isn’t listed as a substitute; it’s about as
close to a 6AWS tube as possible.

GUNS MOUNTED VERTICALLY

A man who rebuilds picture tubes tried
to sell me a rebuilt in-line, GE Portacolor
tube. | noticed the three guns were
mounted verticallyl So, | wouldn’t buy it.
He said the vertical mounting would
make no difference. Was | correct?—
E.M.L, Mexico City.

Yes, indeed!

BLANKING PROBLEM

The raster in this GE model 19JA chas-
sis is very odd-shaped! The upper third is
blanked out—on a line from the top right-
hand corner to the middle of the left-hand
side! You suggested checking the blank-
ing circuits. | found that if I disconnected
R190 (which feeds collector of blanker
transistor Q112) the raster filled out and
the picture was fine. | found later that |
could disconnect C164, 1.0 uF (this feeds
the blanking into the base of the video
oulput) with the same result. Now, | don’t

know where | am.—R. R., Waring, TX.
Both of these parts will disable blanker
transistor Q112. Therefore, your problem
is 1n the blanking. Since these parts are
good, the most likely cause of your trou-
ble is a leaky blanker transistor (Q112).
continued on page 134

i The worid of §
electronics
gee-wizardry

st EQuIoment . Busiar Fine Acrms HobEys! & Adamotve Fectorecy

-YOURS FREE

32-pages of test instruments — from the
latest digital multimeters té the famous
EICO scopes. Security systems. Auto-
motive and hobbyist products. Kits and
assembled. EICO quality. EICO value.
For FREE catalog, check reader service
card or send 75¢ for first class mail.

L ¢ /108 New South Road

/) Hicksville, N.Y. 11801
—
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Capacitors * Controls

One Call.

Your Mallory distributor’s
got themall.

Take the search and wait out of your
electronic parts finding.

Go straight to your Mallory distributor,
by phone or in person.

Get to know the convenience and econ-
omy of simplified s.ngle-source buying. To

Mallory fastening devices

" §

PTC semiconductors

i
Computer- *
grade
capacitors

AC motor
start/run
capacitors

Sorgaie
Audible Signals

deliver exactly what you want in parts.
quality, and quantity. Immediately from
stock on hand, or in most cases within 24
hours from the factory.

Your Mallory distributor goes all out for
his Number 1 VIP . .. you. Get in touch with
him soon. Mallory Distributor Products
Company, a division of P. R. Mallory & Co.
Inc., Box 1284, Indianapolis, Indiana 46206.
(317) 856-3731.

Resistors

»

Ceramic capacitors

@

e

Aluminum and tantalum
electrolytic capacitors

Controls and switches

Fastening Devices « Resis:ors * Security Products « Semiconductors * Solderless Terminals « Ewitches
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The Best of the Microcomputer
Book Field

170 Titles

Self-published Works

Posters & T-Shirts

Special Interest Books & Items
All Orders Shipped in 24 hours
WATS Line for Charge Orders

N7 BITS

w;gz,»«s‘\__

A\

e

Circle the Reader Service Card number
or write fora FREE CATALOG to:

BITS inc.
Box 428 Dept. R.E.3
Peterborough, N.H. 03458 Luwiiant
Name _ -
Address AN .
ZIP
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Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

Earn Your

DEGREE

by correspondence, while continuing your
present job. No commuting to class. Study
at your own pace. Learn from complete and
explicit lesson materials, with additional
assistance from our home-study instructors.
Advance as fast as you wish, but take all the
time you need to master each topic. Profit
from. and enjoy, the advantages of directed
but self-paced home study.

The Grantham electronics degree pro-
gram begins with basics, leads first to the
A.S.E.T. degree, and then to the BS.ET.
degree. Our free bulletin gives complete
details of the program itself. the degrees
awarded, the requirements for each degree,
and how to enroll. Write for Bulletin R-79,

Grantham College of Engineering
8 CIRCLE 62 ON FREE INFORMATION CARD

STRING SYNTHESIZER
continued from page 104

Putting it all together

The assembly of the 12 chromatic tone
generator blocks involves a lot of repeti-
tive assembly work. Be forewarned that
it’s boring during this stage of assembly,
and remember to get up and take a break
when you feel yourself getting tired.
Attention to detail will save a lot of trou-
bleshooting in the final stages. Second,
notice that there are a lot of CMOS IC’s
used in this instrument. Thus, remember
to use handling precautions with the 1C’s.
Store them in conductive foam or tinfoil;
don’t wear synthetic materials (nylon,
rayon, etc); use a grounded or DC sol-
dering iron if possible, or let your stan-
dard iron warm up before unplugging and
then solder a few IC's while the iron is
still warm. Alternatively, use sockets on
the 1C’s to help eliminate much of the
handling. Observe orientation markings
on all IC’s and the many diodes required
for this circuit.

There are seven bare-wire jumpers in
each tone block on the 1550A and 1550B
circuit boards, and fourteen jumpers on
the 1550C board. In each tone block, the
input signal comes from the appropriate
tone output of the top octave generator
1C7 on the 1550A board. These connec-
tions should be made with insulated wire.
Note that the A and B boards are
designed to be “stacked” over each other.
The B board is mounted above the A
board using No. 4 X l-inch or 1%:-inch
machine screws and “-inch spacers.
Once these boards are sandwiched, the
connections from the inputs of the 6 tone
blocks on the B board can be connected to
the appropriate tone outputs of [C7.
Also, there are 10 buses that run the
length of each board. Short insulated
jumpers are used to tie the B-board buses
to similar points on the A board. The
duplicate holes on the A board are then
used to make the connections to various
points on the front panel and C board.
The four audio signal buses should have
their connections made with shielded
wire to avoid noise pickup (MVH, MVL,
MCH, MCL).

On the 1550C board the CMOS and
semiconductor soldering precautions still
apply. The two voltage regulators
mounted on this board have small clip-on
heat sinks (Thermalloy 6043 or similar)
to aid in heat dissipation.

In addition to five jacks, eight controls,
and two switches, the front panel should
serve as mounting for R101, R119, R50,
R129, R51, R53, and R57. The small
1550LED board will hold R119 and R50
in addition to the three LED’s. This
board is mounted on the shaft of R58 and
positioned to allow the LED’s to protrude
through front panel holes. See Figs. 17,
18 and 19.

In preparing the organ keyboard, note

PARTS LIST FOR MAIN AND
HIGHEST C TONE GENERATORS

Resistors, '/ watt, 10% or better
R37— 1000 ohms

R38, R39, R42, R44, R47— 10,000 ohms
R40, R57— 100,000 ohms

R41, R50—2200 ohms

R45, R46—220,000 ohms

R48— 1800 ohms

R49, R52, R54-R56 —5000 ohms pot
R51-R53—4700 ohms

C10, C11—10 uF, 10 volts electrolytic
C12—33 uF, 10 volts electrolytic
C13—47 pF disc

C14—.01 uF disc

C15—.05 uF disc

D44-D54— 1N914 or 1N4148 diode
D55, D56, D61—TIiL209B LED
IC5—4013 dual flip-flop

IC6—4011 quad NaND gate
IC7—MK50240 top-octave generator
S2—SPDT switch

J1, J2—closed-circuit jack

that two switch buses are required. In
each case there should be a common bus
running the length of the keyboard. One
set of switches on each note provides for
37 independent terminals to contact a
main bus rod. The other set of switches
are all common, such that ANY key being
pressed will cause a switch closure be-
tween the second *trigger” bus and a
38th terminal. The trigger bus is used to
enable the output noise gate and gate trig-
ger, and connects to board C at points G
and H. The individual key outputs are
connected to the proper tone blocks of the
A and B boards. The bus associated with
these key outputs is connected to +V.

Testing and calibration

After completing assembly, double
check for cold solder joints, loose wire
clippings and so on. Apply power and
look for a pulsing rate LED and one of
the split select LED’s as a power indica-
tor. Check the voltages on the C board at
points *“+V™ and **—V.” These should
be about *10 or 11 volts. The actual
voltage is not as important here as the fact
that it is regulated. Resistors R131 and
R134 should give a voltage variation of
about 1 or 2 volts. Set these trimmers to
midpoint and proceed.

Connect the MIX output to a standard
guitar or hi-fi amplifier. Set all controls
to midrange except PIANO, which should
be at minimum. Playing a few notes on
the keyboard should now yield a reedy
organ-type tone. Adjust BIAS trimmer
R66 on the C board. At one point during
the rotation, you should notice a consid-
crably fuller sound as the chorusing cir-
cuits come into bias and add another two
voices to the overall sound. Set R66 for
the center of the “fullness” area and
proceed.

The four trimmers near IC8 and 1C9
on the C board are primarily for the
perfectionists among us. If you do not
have access to a scope, set R68, R73, R78
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FIG. 18—COMPONENTS ON THE CONTROL PANEL—where they are mounted and how they are
interconnected. Be sure Leo board mounts with foil side to the rear.

SSB(A)
B{C) +V(C)
N \

GROUND P(C) HIA K(c)
T{C) == (C) n(c)
| \ __L y L(O)

S(C)
PSB{A) J
MVH(A) 3
:"
A(C)
N\ 7
]
SWIC) 2\
R58
9
NZ T
48 %
S2
5 D{C} MCL(A) %
I 4 .
NOTE: SHIELDED AUDIO CABLE IS USED ONE MVL(A) c(c)

K, L MVL, MVH, MCL AND MCH CONNECTIONS.
LETTERS IN PARENTHESIS DENOTE BOARD
FROM WHICH WIRE ORIGINATES

FIG. 19—ON-BOARD CONNECTIONS eliminated so

parenthesis designate destination PC board.

and R83 to mid-rotation and proceed.
These trimmers are used to balance the
outputs of the delay lines, a process which
minimizes distortion and clock feed-
through. To set these trimmers, view the
signal at the wiper of the trimmer. At
either end of the trimmer’s rotation, you
will see two representations of the audio
signal, each riding at a different DC level.
Near the middle of the trimmer’s rota-
tion, the two signals will converge and
appear as one. This is the correct setting.
Repeat the procedure for the remaining
three trimmers.

The final trimmer on the C board is the
RATIO trimmer, R116. This adjustment is
interactive, and best made over a period
of time to allow optimum adjustment for

you can clearly see Interconnections. Letters in

all applications and environments. In or-
der to actually hear the effect of this
control, a small clip lead should be used
to jumper point G to + V. This will turn
on the output noise gate without having
any keyboard signal present. You will
hear two noises. One is a hissing due to
the clocking and switching occurring in
the delay lines. This is normal and easily
masked when keyboard tones are present.
The second noise will be a periodic pop-
ping or ticking. This is actually an audio
beat frequency which is caused by the
two high-frequency clocking oscillators
that are being independently modulated
for the chorusing effect. If the ratio
between these two oscillators is just right,
the beat frequencies dip into the audio

PARTS LIST FOR MIXING AND
CHORUSING CIRCUIT

Resistors . watt, 10% or better

R61—R65, R70, R76, R78, R80, R88, R91,

R94, R100, R104, R107, R110, R113,
R122, R127— 10,000 ohms

R66—50,000 ohms trimmer pot

R67, R72, R77, R82, R103— 10 ohms

R69, R74, R79, R84—2700 ohms

R71, R81, R86—22,000 ohms

R87, R88, R97, R99, R105, R108, R111,

R114, R120, R123, R128— 100,000 ohms

R89, R90, R92, R93, R96, R106, R109,
R112, R115— 1000 ohms

R95—270,000 ohms

R102—100 ohms

R117, R118, R124, R125—4700 ohms

R121—15,000 ohms

R126—8200 ohms

R130, R132, R133, R135—470 ohms

RE8, R73, R78, R83, R116— 1000 ohms
trimmer pot

R131, R134—1000 ohms trimmer pot

Capacitors, electrolytic, 10 volts or
greater unless otherwise noted

C16-C19, C24, C29, C32, C36, C37, C38,
C40—1 uF

C46, C49, C50, C55—10 uF

C51, C52, C56, C57—5 uF

Capacitors, disc ceramic unless
otherwise noted

C20—500 uF

C21, C41—0.1 uF

C22, C26, C30, C34, C42, C43—.05 uF

C23, C25, C27, C31, C33, C35, C45, C48,
C54, C59—.001 uF

C39—0.1 uF Mylar

C44, C47—100 pF

Semiconductors

Q1-Q3, Q5—2N5139

Q4—2N5129

IC8, IC9—SAD-1024 delay line

IC10—4136 quad op-amp

IC11—CD3080 transconductance
amplifier

1C12—4013 dual flip-flop

IC13-1IC16—NE566 VCO

passband. Slight adjustment of R116 will
shift the frequencies of the VCO's in an
inverse proportion. Listen for the quietest
point and leave the trimmer. Note that
this adjustment may need to be altered
after about 20 hours of operation. This is
due to the aging of components which
may cause slight changes in values and
slight changes of frequencies, etc. The
power supply trimmers, R134 and R131,
are interactive with the RATIO trimmer. If
you have trouble finding a quiet spot
along the rotation of R116, the power
supply voltages can be shifted very slight-
ly to throw the RATIO trimmer into a
whole new range. However, in most cases,
the voltage trimmers may be left at mid-
point.

At this point you are ready to experi-
ment with the front panel controls, and
begin experiencing the versatility they
offer. R-E
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Surprised? Don't be. Because
today. Ungar has one of the broad
est, most complete lines of sol
dering and desoldering equipment
and accessories in the business.
Product by product, you'll find
application-oriented designs that
let you neatly handle any job that
may come along.

Take, for example, the
Ungar soldering irons. Modularl
designed to give you a complete
choice of handles, heaters and
tips. You get the versatility you
need. And fast. easy, economical
on-line replacements. Plus, the

The On

Thinlg
S

-~

right tool for every job — micro

electronics, bench or field service.

repairs of energized circuits,
compatibility with sensitive
components.

Or consider Hot Vac® 2000.
A revolutionary new design in
desoldering tools. Lightweight.
Pistol-grip. Easy to clean. Extra
long life tips. And try our versatile,
lightweight Heat Gun on vour
assemblies and repairs.

There's an Ungar tool for

special jobs too. Like our highly
sophisticated Ungarmatic*
Soldering Station. And special kits
for desoldering DIPs and ICs.

The point is, where there’s
solder, there’s Ungar. Tools and
accessories that let vou handle
every job. Drop us a line and we'll
send you our new catalog. It’s
free. And it includes evervthing
vou need for successful soldering.
Except the solder. For our com
plete catalog, write to Ungar,
Division of Eldon Industries, Inc.
PO. Box 6005, Compton, CA
90220 (213) 774-5950.

ly

We Don't Make
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Try this exciting
new hobby! .«

your own electronic concert
* organ. Its easy. No technical
knowledge required. Just
follow the clearly pictured
instructions of the famous
Wersi do-it-yourself system.
Choose from seven different
models. Send $2.00
(refundable) with coupon for
colorful 104 page catalog.

OWERSI

Wersi Electronics, Inc.
Dept.42,

1720 Hem pstead Road
Lancaster. PA 17601

Enclosed is $2.00 for my copy of your 104 page catalog.

Name
Address

City State Zip

e

CIRCLE 53 ON FREE INFORMATION CARD

FREE Bal#

CATALOG

Audio—Computers
Instruments
Kits & Assembled

Southwest Technical Products Corporation
219 W. RHAPSODY
SAN ANTONIO, TEXAS 78216
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More information on communications products is available
from manufacturers of items identified by a Free Information
number. Free Information Card is inside the back cover.

CENTER-LOADED CB ANTENNA, Enterprise,
features a bullt-in PC board as the center-loading
coil sealed inside a tough weather- and tempera-
ture-proof plastic shell. The antenna has a tunea-
ble bandwidth to SWR 1.5:1 on Channels 1 and
40, with a drop to 1:1 in the center. The Enter-
prise antenna is 40 inches long; Its upper rod is
made of stainless steel, the lower shaft of black-
anodized aluminum bonded to a chrome-plated
brass ferrule that is rust-retardant and corrosion-
proof. List price for the Enterprise is $16.

?

T
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Also available are the models 52188, 52288,
52388 and 524SS, all featuring the Enterprise
antenna with various mounts. The mode/ 52158
includes antenna, the mode/ 101 mirror mount
cable and connector. The model 522588 is a
doubile kit with two antennas, mirror mounts, co-
phase harness and connector. The mode/ 5238S
contains antenna, the mode/ 114 trunk mount,
hardware, miniconnector, cable and connector.
The model 524SS kit includes antenna, the mode/
301 magnet mount, cable and connector. Retail
prices: model 52188, $26, model 52258, $50;
model 52388, $27; model 524SS, $30.—Valor
Enterprises, Inc., 185 W. Hamilton St., West
Milton, OH 45383.

SCANNING MONITOR RECEIVER, mode/ PRO-
2001, uses microprocessor technology to scan 16
programmed channels; digital keyboard enters
up to 16,560 frequencies. Six-band capability
ranges from 30-50 MHz (low VHF) and 470-512
MHz (high UHF). The unit features Zeromatic
tuning with crystal and ceramic filters, variable
squelch, automatic/manual scan, scan-delay,

CIRCLE 144 ON FREE INFORMATION CARD

channel lockout, high-speed skipper circult,
speaker and Input jacks. Power requirements are
120 VAC or 12 VDC, and cables and mobile
mounting bracket are Included. The model/ PRO-
2001 measures 3% X 10%.s X 10% inches and
sells for $399.95.—Radio Shack, 1400 One Tan-
dy Center, Fort Worth, TX 76102.

SIGNAL STRENGTH INDICATOR, Signal Hunter
Digital S-Meter, is designed to operate with elther
a CB base station or mobile transceiver, and can
be used in conjunction with or replace a standard
S-meter.

A 3-digit LED readout provides highiy visible
displays to 1/10 of an S-unit, with signals greater
than S9 displayed in dB. Controls include bulit-in
on-off switch and calibration control. Power is
supplled by 12 VDC; the unit measures 10.8 cm W
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X 38 cm D X 46 cm H, and comes with a
magnetic mount. Price: $49.95 plus $2 post-
age.—Digi-Comm, Suite 110, 720 Ste. Catherine
St. West, Montreal, Canada H3B 189.

COMMUNICATIONS RECEIVER, model FRG-
7000, has a frequency range from .25 kHz to 29.9
MHz on SSB, AM and CW (code) modes. Specifi-
cations include: Sensitivity—SSB/CW, better
than 0.7 uV for 10-dB S/N ratio, and for AM
better than 2 uV for 10-dB S/N; drift is less than
+500 Hz; audio output is 2 watts. Operates at
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100-234 VAC 50-60 Hz. The unit measures 360
ecm X 125 cm X 295 cm and weighs 7 kg.
Amateur net price: $629.—~Yaesu Electronics
Corp., Box 498, 15954 Downey Ave., Paramount,
CA 90723. An ideal receiver for hams, SWL's and
mariners. R-E



MORSE CODE TRANSCEIVER, model MARS-100,
comes as a partial kit, full kit or assembled and is
designed around a microprocessor to generate
signals using ASCII or Baudot terminals.
On-chip 2048-byte ROM contains Send and
Copy modes, plus software UART and 4-MHz
crystal for generating timing signals. Copy moge

For
faster
service

USE
ZIP
CODE

on
all
mail
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provides automatic sync from 1 to 150 words-
per-minute while the machine is continuously
computing and displaying the corresponding
WPM value. Send mode controls output frem 1to
150 words-per-minute.

Also included is a special RTTY Emulate mode
to transmit 60-character ASCII subset using stan-
dard Morse code plus "new’ codes defined by
special symbols and control characters (line feed,
space, etc.) Applications include military, ama-
teur and some commercial communications sys-
tems. Suggested retail prices: for the partial kit,
$95; full kit, $225; factory assembled, $295.—
Xitex Corp., 13628 Neutron, Dallas, TX 75240.

Goir;g doty overthe
quality of your printing?
Be SELECTRIC” inthe future.

Any microcomputer can interface with any model
IBM SELECTRIC®

Prices* §-100 $496.00
Parallel $525.00
R5-R32 $549.00

IEEE-488 $560.00

All prices include mechanical assembly, elec-
tronics, cables and manuals.

Units tested and assembled.
*Prices valid in USA only.

Escon Products, Inc.
171 Mayhew Way, Suite 204,
Pleasant Hill, CA 94523

(415) 935-4590
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The most complete |/O interface available for S-100 systems.

1L SWITCHBOARD

The SwitchBoard™ interface provides 4
parallel ports and 2 RS232/TTY serial ports.
Plus strobe and attention ports. Plus, on
board facilities for 4K of optional static
RAM and 4K of user-supplied EPROM
(sockets provided)

And every port is switch-programmable
for total flexibility in interfacing complex
peripherals . . . such as 12-bit daisywheel
printers.

In kit form, it's just $199. $259 assem
bled. 2114 4K static RAM option $70.

A product of Morrow’s Micro-Stuff for

Thinker
TOYS ~ 1201 10th St

Berkeley, CA 94710

Ask your local computer shop 1o place your order for you
CIRCLE 74 ON FREE INFORMATION CARD

Discover the World
on
Short Wave Radio

R
Lo
t;_ YAESY
3

Receiver FRG-7—%$319.00

Whether you are a novice or a seasoned pro. TUFTS ELECTRONICS has it all for
the short wave enthusiast. Come to our modern showroom to view and
operate New England’s most complete assortment of short wave receiving
equipment. famous names like Panasonlc. R.L. Drake. Yaesu and more
assembled In working displays

TUFTS ELECTRONICS Is also New England’s leading supplier of Amateur
Radio equipment and has a complete stock of police/fire monitor receivers
Send for our free mail-order catalog of amateur radio and short wave prod-
ucts

209 R Mystic Ave.
Medford MA 02155
(817) 395-8280

Radio Electronics

et

\
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BYTE, the leading magazine in the
personal computer field, will keep you
aware of fast-paced changes in the
ever growing world of microproces-
sors. You'll find BYTE tutorials invalu-
able, reports on home computer
applications instructive, and the re-
views of computer products stimulating.

Tutorial information in BYTE is of
interest to both the beginner and
experienced computer user. BYTE's
editorial content explores the fun of
using and applying computers for
personal satisfaction in activities from
electronic music to electronic mail,

of BYTE. If it is everything you expected, honor our
invoice. Ifitisn't, just write “Cancel” on the invoice and

it back You won't be billed and the first ssue
1S yours at no charge

L Fillin and mail the coupon today Read your first copy

Please enter my subscription for

1 One year $15 (12 1ssues) O Two years $27

BYTE Subscription Dept. P.O. Box 590 Martinsville, NJ 08836

Get the inside story...

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

systems design and scores
Read BYTE.

from games to pragmatic personal
business. In BYTE is found authori-
tative yet easily read coverage of
principles of computer hardware
and software design, approaches to
novel applications, and essentials of
proven interest to personal computer
enthusiasts.

Each month serious computer users
read BYTE. Theyre rewarded with
timely articles by professionals,
computer scientists and competent
amateurs. Isn't it time you got the in-
side story? Subscribe now to BYTE,
the Small Systems Journal.

Allow 6 to 8 weeks for proces: nss If you have any
questions, dial toll free 800-258-5485. This is the
umber of the BYTE Subscription Department

€ BYTE Publications, Inc. 197/

O Three years $39

O Check enclosed entities me to 13 issues for price of 12 (North America only,

0O Bill Visa OJ Bill Master Charge

Card Number

O Bill me (North America only)

Expiration Date

Name (please print)

City State/Province/Country Code

Foreign Rates (To expedite service, please remit in U.S. Funds,

O Canada or Mexico 1 One year $17.50
O turope, one year (ar delivered) $25

O Ali other countnes, one year (surface delivered) $25. Air delivery available on request.
e e e SRR EES o o o e Lo ) (o) e e (I ) ) L' v J v ¥ ]

i

Signature
E Address
L

O Two years $32

O Three years $46.50
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METAL TAPE PLAYER
continued from page 86

then be played back on existing Dolby
cassette decks.
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FIG. 9—RECORD/PLAYBACK RESPONSE of
Nakamichi’'s prototype model 1000 Il ZX cas-
sette deck using type ZX metal-particle tape.

Nakamichi prepared a diagram (see
Fig. 8) that compares the advantages of
an additional 10-dB of noise reduction.
Figure 8 shows that a 400-Hz signal
recorded at —30 dB (0-dB reference =
200 nanoWebers-per-meter) without
benefit of any noise reduction is virtually
buried in modulated noise. With 10-dB of
noise reduction, the identical signal is
considerably improved, while with a full
20-dB of noise reduction, the signal

" ELCETRONICS |
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chi’s compilation of dynamic range com-

dynamic range that can be achieved at
various frequencies using Nakamichi’s

system and the company’s SX tape (simi-

results with what you can presently
achieve on your own cassette deck (even a

you will have to admit that the future
looks bright for the recordist whose
favorite medium is the cassette.

almost resembles the original source sig- |

nal waveform shown in the top portion of
Fig. 8.
Table 1 is a reproduction of Nakami-

For

parisons. The left-hand column shows the

highest-quality deck, using the Dolby-B

lar to TDK Type SA and Maxell type
UD-XL-II). The column labeled “ZX/

Telefunken” shows the dynamic range
achievable at the same frequencies using
a metal-alloy tape plius the proposed Tele-
funken 20-dB noise-reduction system.
The right-hand column shows a net im-
provement ir dynamic range at each
listed frequency. The vast improvement
indicated suggests that perhaps we should
take a second look at whether or not there
is a real need for home digital tape
recording at the present time.

USE
ZIP
CODE

on
all
mail

Figure 9 represents the record-play-

back response and noise characteristics of
the Nakamichi /000 II ZX prototype
machine using ZX formulation metal-
particle tape and the built-in Telefunken

noise-reduction system. Compare these
fairly expensive, high-quality model) and

Our new test
equipment
catalog. Free!

With this catalog you can browse through one of the
nation’s largest electronics warehouses, packed floor to
ceiling with the finest test instruments. Everything from
probes to dual trace scopes; and everything at sensational
savings made possible only by mail order selling. Volume
pricing on orders over $500 gives you even greater
savings. Every item is
backed by a big brand

from stock, always

never is a handling
charge on orders over

big free catalog of the
big brands that offers
you the big savings.

=1 NORTH AVIERICAN Dot RE-181

1468 West 25th Street
ELECTRONICS Cleveland, Ohio 4411

Yes! Send me your big catalog.

.§ Name

] Address
U City .
(]

— State _Zip.

~ faster
service

name. Shipment is prompt

freight prepaid and there

$200. Write today for the

I
1
al
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VECTOR
PACKAGING MATERIALS
SAVE TIME & MONEY

R New 8801-1, $14.95 S8

P

S100 CARDS—100 PLUG CONTACTS—Convenient universal
tinned pads and bus lines. For interface, memory expansion,
breadboarding. Mount almost anything anywhere on card.

$100 CONNECTORS for WIRE WRAPPING or SOLDERING

BEAUTIFUL Modet VP2

NEW VECTOR-PAK

CASES for micro-computer
circuitry, assembled. Constructed
of aluminum, finished in vinyl.
access.

Stide out covers for easy
Includes card guides, heavy chassis plate, perforated
bottom cover for cooler operation.

Card guides perpendicular to front panel, Model VP1, $163.00.
Card guides parallel to front panel, Model VP2, $159.00.

$100 MOTHERBOARD, $29.50. 11 positions ready for
connectors. Glass epoxy, etched circuityy for passive or
active termination, 12 tantalum capacitors and instructions.

PLUS revolutionary Slit-N-Wrap wiring tools, Micro-Vector-
bord® printed circuit kits, |.C. sockets, extenders.
Prices subject to change without notice.
Send for new catalog.

@VECTOR ELECTRONIC COMPANY, Inc.
12460 Gladstone Avenue, Sylmar, CA 91342

phone {213) 365-9661, twx 910-496-153
Ous toll-tree number which can be used by customers

outside of California is 800-423-5659 30727
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RADIO-ELECTRONICS

b
b

AUDIO TEST STATION
continued from page 83

centerpoint. When this is accomplished,
R4 (with S9 in the manual mode) will
produce the same sweep as the triangle
timebase did with switch S9 in the sweep
mode.

Set S9 to MANUAL.

Sweep the horizontal amplifier of the
scope by running R4 thru its full travel.
Be sure that when R4 is at its end-points,
the beam rests on an end vertical line on
the CRT graticule.

Switch S12 to LINEAR.

Set R4 to zero.

Adjust R11 for the desired center
frequency.

Move R4 to its lowest position.

Set R10 for the desired low-frequency
limit.

Move R4 to its upper position. Check
for desired high-frequency limits. Several
adjustments of RI10 and RI1 may be
necessary.

Adjust R9 to its low frequency and
then back off three turns.

Run R4 thru its full travel. Watch the
beam as it moves horizontally across the
scope and stop at each centimeter mark.
Observe the frequency of each mark. A
perfect log sweep would have the fre-
quencies shown in Table 1.

Adjust R401 and R403 for best fit with
those frequencies listed, It is valuable to

be able to occasionally look at the wave-
form at the output of IC501 as was done
when the first approximate adjustments
of R401 and R403 were made. This is
because it is easy to grossly misadjust
R401 or R403. Looking at the output
waveform out of IC501 provides a close
approximation from which to perform
final adjustments.

With S9 on SwEEP, run R4 on its
lowest position. Set the desired low-
frequency end-point by using R9.

Move R4 to its upper position and set

TABLE 1

cm Hz

DD WN -
w
N
o

- © 0~
(4]
-
n
o

o

20,480

the upper frequency end-point using R8.

Recheck the lower end-point.

This wraps it up for this month. We
still have to cover the voltmeter and
frequency counter sections and will then
conclude with additional calibration data
and application details. R-E

.

Now

You can do it thanks to SGL WABER"—
the finest quality

multipie outlet strip
available! There are 240
versatile models—each
unit exceeds National
Electrical Code standards a
is safety tested. Ideal for
organizing your work area and
having extra outlets when and where
you need them. Over 2000 electronic
distributors carry the SGL WABER line
Send for your free 24 page catalog
today!

SGL WABER Electric
A division of SGL INDUSTRIES, INC.
Dept. H—300 Harvard Avenue
westuille, New Jersey 08093

(609) 456-5400

=

/ yOUu can safely plug away
without the problems of
overload or coming up short.

SGL WABER"
MULTIPLE OUTLET STRIPS

Cﬁ'

k SGL waber...THE POWER SOURCE IN ELECTRICAL OUTLET STRIPS J

~
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Get every excitement-packed issue
of Radio-Electronics delivered to
your door. And save money, too—
up to $18 off newsstand prices! Use
the handy coupon and subscribe
today!

Mail to: Radio-Electronics

SUBSCRIPTION DEPT., P.O. BOX 2520,
] BOULDER, COLO. 80323 (ptease print)

Name |
Address T -
L — - —_—
[ City State Zip Code _i
Indicate the offer you prefer:
1 Year—12 issues ONLY $9.98 (You save $5.00
off newsstand price.)
[J2 yvears—24 issues ONLY $19.00 (Save More!
$11.00 off newsstand price.)
[J3 Years—36 issues ONLy $27.00 (Save Even More!
Save $18.00 off newsstand price.)
Payment enciosed [} Bill me
Check here if this Is a new subscription.
Check here if you are extending or renewing your
subscription.
Extra Shipping: Canada $3.00 per year, all other
| countries $5.00 per year. 4089

NATCAM

Mcdlalog

Shepisg conter for small 2ed precisian oais

A fine selection of small tools,
measuring instruments, hard-to-find
items for shop, home and lab.
Convenient one-stop shopping for
technicians, engineers, craftsmen,
hobbyists. Major credit cards ac-
cepted, satisfaction assured. Get
your NATCAM catalog today.

#\ National Camera, Inc.
2000 West Union Ave., Dept. GBF
Englewood CO 80110 USA
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SERVICE MANAGEMENT REFERENCE INDEX, compiled by the Educa-
tion Committee, National Association of Service Managers, 8850 North-
west Highway, Chicago, IL 60631. 67 pp. NASM members price, $3;
nonmembers, $4.50.

This comprehensive checkiist is in looseleat form, which makes it conve-
nient for use not only as a reference book, but for later insertion of new
reference material. The series of aiphabetically arranged checklists covers
26 service management topics, including Budgeting, Installation, Customer
Relations, Labor Relations, Personnei, Technical Assistance, Warranty, etc.
A separate three-ring looseleaf binder is aiso available for $10, plus shipping
charges.

MICROPROCESSOR PROGRAMMING FOR COMPUTER HOBBYISTS, by
Neill Graham. TAB Books, Blue Ridge Summit, PA 17214, 378 pp. 5 X 8%
in. Softcover, $8.95; hardcover, $12.95.

This book contains much detalled, while simply written, information on
intermediate and advanced programming and data-structure techniques. It
is divided into six sections, proceeding from basic number systems to inter-
nal and external sorting methods. Topics covered are data structures, from
simple arrays to compiex multiple-linked chains for '‘string variables’;
searching, indexing and storing techniques; how to retrieve information; an
arithmetic-based "linear congruential’” random-number technique for com-
puter game enthusiasts. Most important, it gives a simple direct method for
writing programs; sample programs are included for each technique. While
the language used is PL/M, there are instructions for conversion to assem-
bly code for any variety of computer.

EXPERIMENTS WITH DIGITAL CIRCUITS, A LABORATORY MANUAL FOR
USE WITH THE DIGI-DESIGNER, Second Edition, by Dr. Jack Cazes,
supplemented by Bill Grubbs and Gerald Pullen. E&L Instruments, Inc., 61
First St., Derby, CT 06418. 143 pp. 9 X 11 in. Softcover, $9.

This revised volume {in punched-paper format for three-ring binder inser-
tion) was specitically designed for use with the mode/ DD- 1 Digi-Designer. it
combines a serles of 26 experiments together with background data and
exercises for a complete introductory course in digital eiectronics. Thirteen
of the experiments concern combination logic, from simple gates to a 32-
function ALU (Arithmetic Logic Unit). The next 13 experiments in sequential
logic pass from filp-flops to counters, scalers, shift registers and decoders.
The text contains complete diagrams on how to set up the experiments on
the Digi-Designer; truth tabies; and supplementary exercises. These exer-
cises accompanying each of the twenty-six experiments provide additional
questions and require the student to analyze and make deductions from the
experiment he has just performed. In addition, the student is encouraged to
study ciosely related topics In references and to analyze variations in the
basic experiment. The appendix provides discussions of Boolean algebra,
binary and BCD notation, binary/decimal conversion and binary arithme-
tic.

THE ABC BOOK OF HI-FI/AUDIO PROJECTS, by George Delucenay Leon.
TAB Books, Blue Ridge Summit, PA 17214. 182 pp. 5 X 8V in. Softcover,
$4.95; hardcover, $7.95.

This "'roll-your-own" guide to building more than 100 projects is designed
for the hi-fi buff, beginner or advanced. Each project comes with a complete
schematic wiring diagram and parts list; some projects even have PC board
layouts. You learn how to design circuits, create new audio power supplies,
build amplifiers, use timer circuits, plus many more projects. Not only utility
circuits are covered, but also those designed for entertainment: a party lie
detector, toy organ, metronome, white-noise generators, etc. The appendix
explains resistors and capacitors, shows IC pin connections and lists
components supply sources.

THE DESIGN OF OPERATIONAL AMPLIFIER CIRCUITS, WITH EXPERI-
MENTS, by Howard M. Berlin. E&L Instruments, Inc., 61 First St., Derby CT
06418. 55 pp. Softcover, $8.50.

This latest in the Bugbook series deals with the design and operation of
operational amplifiers, an essential electronic system building block. While
mainly directed at the beginning experimenter or hobbyist, the book can
aiso be used to supplement college lab courses. Among the topics covered
are op-amp fundamentals; linear amplifiers; differentiators and integrators;
voltage and current converters; comparators; rectifiers; oscillators; active
filters; and power supplies. A series of 35 experiments Is given that can be
performed using inexpensive, easlly obtained components and breadboard-
ing aids. The mathematical derivations of op-amp closed-loop responses
are included in the text. R-E

Nobody does it

etter than\IZ

NEW SUPPLYSTS DO
TWO JOBS

External DC
Voltmeters

Measure voltages up to 99.9vDC

Supply
Set desired voltage within 0.1 V;
set current within 0.01A

.. cost less than other power supplies alone!

Save money. Why buy a power supply and a volt-
meter when a SUPPLYST will do both jobs. Every
SUPPLYST is both a laboratory quality, fully regu-
lated source of DC power and a dual digit