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Computer logic has

added a new fun way to
control remote control products.

The Remote Control Racer is a competi-
tion scale model! race car controlled by a trans-
mitter using computer logic.

Think of it. Remotely drivea model race car
from as far assixty feet—turning left and right,
going forward and reverse. It's great fun for
haobbiests, children and the whole family.

DIGITALLY PROPORTIONAL CONTROL
The steering is controlled as you control
the steering wheel on your remote control
unit. Turn the wheel slightly to the right and
the car wheels turn slightly to the right. Turn
your control fully to the left and the car
wheels turn fully to the left.

There is no transmission required to go
from forward to reverse as the high quality
servo motor simply reverses polarity to change
gears. Press the forward lever on your remote
unit and you go forwara. Press the reverse le-
ver and you go in reverse, It's just that quick.

BUILT TO THE FINEST DETAIL

The camber caster-action front wheels par-
allel a full-sized car’s suspension system and
they actually tilt on the turns. An indepen-
dent floating rear axle maintains positive trac-
tion even on rough terrain.

The Remote Racer replaces the gasoline
powered remote control race cars that have

o |

The remote control unit (left) controls the race car’s electronics (center).
The four “C* cell batteries fit in the underside of the Racer.

SOPHISTICATED ELECTRONICS

The sophisticated electronics in the Remote
Control Racer consists of 40 transistors. When
you operate the control unit, the transmitter
generates computer digital logic in a train of
digital pulses which then are amplified and
transmitted to the racer. The racer then has
a sensitive receiver which receives the pulses
and in turn translates them into data that
eventually translates into power for the car.

The sleek lines of the Remote Control Racer
follows the designs of some of the more popu-
lar race cars. The car measures 3%''x5"'x12"",

sold for well over $100 a unit. Remote gas
powered models give off odors and are often
temperamental. The Remote Racer is quiet so
it can be run indoors and it is not dangerous
so even children can safely play with it.

START A RACE CLUB

You can run as many as six different cars in
a race as each car will be on a separate remote
control frequency. There are four different
colors available, red, white, blue, and yellow
and each racer comes equipped with its match-
ing remote control unit.

Start a local competition race club, entertain
guests with your new adult toy, or give it to
your children as one of their most prized pos-
sessions. There are many fun ways to use your
Remote Racer.

There are two separate circuits used for for-
ward and for reverse. Each circuit utilizes two
“C" cell batteries available anywhere. If you
only go forward, the two forward batteries
will last approximately two hours.

-,

A new fun
leisuretime activity
made possible by
the new electronics.

The Remote Control Racer is a well built,
well engineered electronic instrument with a
90 day limited warranty. JS&A further guaran-
tees your satisfaction—if you are not absolute-
ly satisfied with the value, quality or fun you
are having, fine—return your racer within ten
days for a full refund. You can't lose.

To order, credit card buyers simply call our
toll-free number below and specify the color
and quantity you want. Or send a check for
$52.45 ($49.95 for each Racer plus $2.50 for
postage, insurance and handling to the address
shown below. (lil. residents add 5% sales tax).

By return mail, you'll receive a Remote
Control Racer, the remote control unit, bat-
teries, a 90 day limited warranty and simple
operating instructions. Your unit should never
require service butif it should, JS&A’s service-
by-mail facility is as close as your mail box.
JS&A is America’s largest single source of
space-age products and a substantial compa-
ny—further assurance that your modest in-
vestment is well protected.

Find out the thrill and fun of racing model
race cars remotely. Order one or two Remote
Control Racers today.
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Now you can buy an
Altair'8800b or an Altair
680b computer right off
the shelf. Altair plug-in
boards, peripherals,
software and manuals
are also available.
Check the list below

for the MITS

dealer in your area.
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Sylvania
introduces the first

o-year warranty
on picture tubes.

How can we give you a limited
warranty this good?

Because we have complete con-
fidence that our Color Bright 85°
picture tubes will outlast this 5-year
warranty and keep on giving your
customers beautiful pictures.

We produce these tubes on the
same equipment as our All-New line
which is sold as original equipment
to TV set manufacturers.

It's terrific to be able to offer your
customers a high-quality tube with a
warranty like this at no risk to you.
There's good profit in it, too. So get
in touch with your local distributor
today, and get cracking on your first
five years.

*Limited Warranty, naturally.
It doesn’t cover labor for replacing a tube.

SYLVANIA

GTE Sylvama, Electromc Components Group. 100 First Ave., Waltham, MA 02154
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Electronic music organs
have been around for quite
awhile, but portable organs
are really unique. This one
is completely self-contained
with speaker, battery and
keyboard, and it covers a
five-octave range. The con-
struction details start of
page 31.

Spice up your car with this Digital LED Clock.
The construction details start on page 35.
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You can't compare noise specs for hi-fi gear
uniess you know how they are measured. Anin-
depth look at how noise measurements are
made starts on page 49.
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looking ahead

A T LY R T T
Projection report
S T R T

Advent says it produced
about 6,000 projection televi-
sion systems in 1976, and it's
doubtful whether the rest of
the projection-TV industry—
consisting of up to 30 or 40
companies, mostly small—
made much more than that all
together despite their opti-
mistic forecasts early in the
year. Most of the other
“home" projection TV manu-
facturers actually assemble
their systems from modified,
small-screen color sets,
lenses, screens and cabinets.
Sony was probably the inspira-
tion for this type of set, having
had one on the market for two
years (but using a special trini-
tron tube for high brightness).
Some of the larger corpora-
tions are beginning to take an
interest in projection. Admiral,
a subsidiary of Rockwell Inter-
national, has been experiment-
ing with giant-screen TV, and
several months ago Sega En-
terprises, a subsidiary of Guif
& Western, purchased a pro-
jection television company.

The company it purchased
was Muntz Home Theatre,
founded by the same
“Madman" Muntz who starred
in TV's early days with the first
low-priced mass-marketed
television sets and later intro-
duced car stereo. Now Sega
has started to distribute its
“Segavision" line of projection
TV at $995 to $2,395. Mean-
while, Muntz has started up a
new company and is back in
the projection-TV business. Al-
though his firm's name is
Muntz Electronics, he can't
advertise it because Sega ob-
tained an injunction, claiming
it bought the Muntz name as
well as the business. So, with
his usual flair for turning a
liability into an asset, Muntz is
now advertising his company
as “Madman Electronics,”
with sets priced from $795 to
$1,595,

EIEE R RS SR
7-hour VTR?
AT RN T T SR

While the debate continues
over the optimum playing/

recording time for home video-
cassette recorders, Sony is
expected to introduce soon an
accessory for its enormously
successful Betamax that ex-
tends unattended recording
time to as much as seven
hours. The accessory is a
changer. In at least one pre-
production version seen in To-
kyo, the changer’s bin permit-
ted the stacking of up to seven
one-hour cassettes. The cas-
settes are changed automati-
cally—a new one drops into
place as the previous one is
rejected.

The changer, as viewed in
prototype, incorporates a digi-
tal timer with LED readout,
permitting either uninterrupted
or on-off-on-off recording
while wunattended. Thus a
night-shift worker could tape
alt evening programs on one
channel from 6 PM to 1 AM for
viewing after he came home
from work,

A e AN S T ¢ TR
Magnetic disc recorder

For the last three years, this
column has reported occa-
sionally on the magnetic disc
recorder (MDR) being devel-
oped by Erich Rabe as a TV
attachment to both record and
play back in color. With each
demonstration, picture quality
has improved (although it has
never seemed quite good
enough for commercializa-
tion), and the major drawback
has been its extremely short
recording time. Now, even be-
fore the short-playing version
has been introduced, Rabe
has developed an LP version
designed to have a playing
time of two hours per disc.

The LP disc is understood to
be about Ys-inch thick, looking
something like an old Edison
record. The outside three
inches are composed of mag-
netic material with deeply-cut
grooves. Each groove is de-
signed to accommodate 24
spiral magnetic tracks, which
are deposited into the groove
wall by the magnetic recording
head. The head presumably
travels the spiral groove from
start to center of the disc, then
changes to track two and

repeats the process, and so
on, until all 24 tracks have
been recorded. The system’s
promoters say some versions
of MDR should be on the
market in Europe and the U.S.
during 1977. But, as this
column has so often warned,
don't ever hold your breath
waiting for a videodisc.

Kloss leaves Advent
5 R AATRER B PR

Henry Kloss, founder of Ad-
vent Corporation and one of
the leading innovators in
American consumer electron-
ics, has left the company of
which he was once president
and more recently technical
director. His main work, he
said, was finished with the
successful launching of two
models of the VideoBeam pro-
jection television system. Un-
der Kloss's supervision, Ad-
vent also introduced the first
consumer Dolby adaptor and
the first Dolbyized cassette
recorder. Before founding Ad-
vent, Kloss was a co-founder
of Acoustic Research and
KLH, which pioneered air-
suspension speakers and
compact stereo, respectively.
Wherever he shows up next,
you can be sure there'll be
more innovation.

T iRAO L S e e
TVI crackdown?

Some hints that the FCC
may push to force television
receiver manufacturers to in-
clude interference filtering in
all sets were contained in a
recent FCC order reiterating
its expansion of CB to 40
channels and temporarily re-
jecting proposals to increase
60-dB harmonic suppression
requirement for Class-D CB
transmitters. The Commission
took a stronger stand than
ever before that most of the
fault for TVI lies in the TV
rather than the transmitter.
Said the FCC's decision:
"Although it is quite true that
harmonic radiation from some
Class-D transmitters causes
TVI some of the time to some
television receivers, it is equal-

ly true that the majority of the
TVI complaints received by the
Commission result directly
from poor TV receiver design,
lack of adequate filtering in TV
receivers presently on the
market, and inability of TV
receivers adequately to reject
unwanted or adjacent-channel
signals. Indeed, in fiscal 1975,
82% of all RF interference
complaints were traced to
home entertainment equip-
ment design deficiencies."

In the last Congress, three
bills aimed at putting the onus
of TVI on the TV receiver
manufacturers’ backs failed to
reach a hearing or a vote—
possibly because the FCC de-
clined to take a stand on them.
The Commission currently has
no power to require receiver
manufacturers to include inter-
ference-protection in their
sets. Set makers generally pro-
vide filters on request, usually
without charge.

With the rapid growth of CB,
the FCC's recent statements
may indicate it plans to take a
stronger stand and possibly
request authority to regulate
receivers. At the same time,
the Commission proposes to
tighten up harmonic suppres-
sion standards in CB transmit-
ters, perhaps to 100 dB—but
probably not this year.

Antenna warning

Be careful—your CB anten-
na could be lethal. The Con-
sumer Product Safety Com-
mission says it's studying the
problem of what to do about
the hazard of electrocutions
from base-station antennas as
result of their coming into
contact with high-voltage
lines. The Commission says
about 30 people were killed in
the first four months of 1976 as
the result of such mishaps.
The most likely outcome will
be a requirement that a strong
warning label be printed on
packages containing commu-
nications antennas, or at-
tached directly to the anten-
nas.

DAVID LACHENBRUCH
CONTRIBUTING EDITOR




Now...push-button

remote TV control...
or all channels...
for all TV sets.

Jerrold’'s new all-channel Univer- The TRC-82 can be attached to Contral, your customers won't
sal TV Remote Control, Model the back of any Color or Black and want to be without it!
TARC-82, provides instant push White TV set in minutes. It turns

It's packaged in a sturdy, colorful,

button selection of all TV channels, the set on and off and fine tunes, in :

UHF as well as VHF. Your cus- addition 1o changing channels. COLE Mg I en
tomers will love the ease with The TRC-82 also amplifies incom:-

which UHF channels pop in ing signals and eliminates direct

Tuning is electronic with direct pick-up ghosts for better picture

access to the desired channel. quality

There are no motors and no move-
ment, eliminating wear and tear
on the TV tuner.

Once you demonstrate this new
electronic, all-channel TV Remote

JERROLD ELECTRONICS

GENERAL INSTRUMENT CORPORATION

JERROLD ELECTRONICS CORPORATION - 200 Witmer Road * Horsham, Pennsylvania 19044 « (215) 674-4800
CIRCLE 28 ON FREE INFORMATION CARD
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new & timely

Third Marisat now In orbit;
will aid Navy, act as standby

An addition to the two Marisat satellites
now in use was launched by NASA last
October into an orbit over the Indian
Ocean. It will be used by the Navy. Its
position is 73 degrees east longitude, near
the Maldive Islands, south of India. The
present Atlantic Marisat is at 15 degrees
West and the Pacific satellite at 176
degrees East. They are relaying high-
quality voice, Telex, facsimile and data
over both oceans for ships and off-shore
oil drilling crews. They also serve the
Navy's fleet communications require-
ments.
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THE THIRD MARISAT SATELLITE undergoes
during tests at the space facllity of its builders,
Hughes Aircratt Co. The new satellite is
stationed over the Indian Ocean, where it will
handle Navy communications and serve as
standby for Comsat commercial service.

Besides its Navy use, the new satellite
will be an in-orbit spare for commercial
service, and can be moved to an Atlantic
or Pacific position if needed.

Comsat General Corp., for whom
Hughes Aircraft Co. built the satellite,
reports that some 26 commercial vessels
were equipped with shipboard terminals
for Marisat use by early Fall 1976.
Customers were paying $10 a minute for
telephone calls and $6 a minute for Telex
messages.

Users of the system report a notable

improvement in speed and reliability over
surface radio. Exxon, testing the system
on five of its tankers, reports that Telex
messages by satellite were being received
immediately, while messages by the older
marine radiotelegraph took over five
hours to get through in some cases.

One thousand CB clinics to study
40-channel band

Sencore, manufacturer of electronic
testing and manutacturing equipment, will
hold more than 1000 CB service clinics
throughout the country, beginning late
1976 and continuing through this Spring.
The clinics will be directed at the new 40-
channel Class-D CB spectrum and will te
carried on with the help of Sencore's two
new pieces of equipment, the CB41 Auto-
matic Performance Tester and the CB42
CB Analyzer.

The clinics will cover the technical
needs of both field service and bench
technicians, the CB41 being adapted to
field work, including installations, and the
CB42 totally equipping a bench for CB
servicing. Both are designed to save the
technician’s time, making measurements
by pushbutton that formerly required
adjusting several controls.

Information as to dates and locations of
the clinics may be obtained from any of
Sencore’s Full Line Promotional Distribu-
tors.

CB CLINIC IN ACTION. The CBA41, left, and CB42, right, with PS43 p

ISCET names Technician of the
Year

James E. Harris, CET, service manager
of Tarpley's TV, Temple, TX, was named
“Technician of the Year" by the Interna-
tional Society of Certified Technicians
(ISCET) at their convention in San Anto-
nio, TX, last August 15.

The award winner is determined on the
basis of scores received in professional
proficiency, efficiency, product produc-
tivity and customer relations, and in
industry and community involvement.

Mr. Harris was nominated by the Twin
Lakes chapter of the Texas Electronics
Association (TEA) which he serves as
secretary-treasurer and ISCET certifica-
tion administrator, and was selected in
balloting conducted by Service Shop
magazine and ISCET.

The new Technician of the Year,
besides his professional and association
work, serves on the technical education
advisory board of Central Texas College,
teaches night classes at Temple Junior
College and conducts numerous training
sessions for area technicians.

Both the Technician of the Year and the
runnerup received watches incorporating
the ISCET logo and the statement
“Technician of the Year 1976." Both
awards are provided by Radio-Electronics
magazine.

continued on page 12

pack bety , and

Sencore’s chiet field engineer Greg Carey in foreground.




All SBE
23-channel
CB units
have a
40-channel

with all the talk within 1977.

about 40-channel You send in the
CB units tomorrow, cefdificate, we'll set
why should you up the update of
buy SBE 23- your unit to a full
channel units - 40 channels. All,

today? for a reasonable
Simple. We just charge,depending

give you the on the model
chance fo buy involved.
today with to- Simple as that.
mormow in mind. Allin all, the SBE

Which is what the Future-40 CB

SBE FUTURE-40 CB
UPDATE PROGRAM
is all about. Here's
how it works: We're

Update Program is
aimed to hit those
people who'd like
to buy now, but are

including a special a bit confused
Future-40 Cerifi- about what's
cate with all SBE around the corner.

23-channel units. | b And thinking

It entitles the SBE S ahead, about
buyer to UPAate ;.. 40 csusaate srogram Certcate comes packedin each of e following SB uni what's around the
his 23-channel unit  (s8e-10C8). Corter (8E-21C o D" (SBE-2 ato ( ouch.C corner, that's what

] (SBE-11CB). Tnicdad BE - 3( aer A

i ‘ SBE is all about.

(SBE]

Better Communications through Creative Technology
For information write: SBE, Inc., 220 Airport Blvd., Watsonville, CA 95076
INTERNATIONAL OFFICES: E.S. Gould Marketing Co. Ltd.. Montreal Canada/Linear Systems S.A Geneva 1, Switzerland

CIRCLE 48 ON FREE INFORMATION CARD

to 40 channels
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Learn to service Communications /CB
equipment af home...with

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

The field of communications is bursting out all
over. In Citizens Band alone, class D licenses
grew from 1 to over 2.6 million in 1975, and the
FCC projects about 15 million CB’ers in the U.S.
by 1979. That means a lot of service and
maintenance jobs . . . and NRI can train you at
home to fill one of those openings. NRI's
Complete Communications Course covers all
types of two-way
radio equipment
(including CB),
AM and FM

Transmission and Reception, ’ -
Television Broadcasting, y - &
Microwave Systems, .
Radar Principles,
Marine Electronics,
Mobile Communica- -
tions, and Aircraft Electronics. ' J
The course will also qualify you for

a First Class Radio Telephone Commercial FCC
License or you get your tuition back.

Learn on your own 400-channel digitally-
synthesized VHF transceiver.

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

NRI’S COMPLETE
COMMUNICATI

-

y

special instruction so you can go on the air.

The complete course includes 48 lessons, 9
special reference texts, and 10 training kits.
Included are: your own electronics Discovery Lab,
Antenna Applications Lab, CMOS Frequency
Counter, and an Optical Transmission System.
You'll learn at home, progressing at your own
speed, to your FCC license and into the
communications field of your choice.

NEW (B SPECIALIST
COURSE NOW OFFERED

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




NRI offers you five TV/Audio
Servicing Courses

NRI can train you at home to service TV
equipment and audio systems. You can
choose from 5
courses, starting
with a 48-lesson
basic course, up
to a Master Color
TV/Audio Course,
complete with
designed-for-
learning 25" diago-
nal solid state color TV and a 4-speaker SQ "
Quadraphonic Audio System. NRI gives you
both TV and Audio servicing for hundreds of
dollars less than the two courses as offered ty
another home study school.

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

NRI’s complete computer electronics course
gives you real digital training. e

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

way to learn digital logic and computer operation.

You pay less for NRI training and you get more
for your money.

NRI employs no salesmen, pays no commissions. salesman will call. Do it today and ger started on
We pass the savings on to you in reduced tuitions that new career.
and extras in the way of professional equipment,
ing i APPROVED UNDER Gi BILL
teStlng ll:]StTUmentS, etC.. .YOU (A0 pay LEOESS bUt if taken for career purpuses Check box on card for details
you can’t get better training.

More than one million students have enrolled NH
NRI SCHOOLS
N r‘ McGraw-Hill Continuing Education Center

with NRI in 62 years. v !
Mail the insert card and discover for yourself why + ¥ 3030 Wisconsin Avenue.
NRI is the recognized leader in home training. No l‘!n .Wosm"g'm' b.C. 200
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Bartlett, Kelley and Porter
get Gernsback awards

Bob Bartlett, of Walton, NY, is this
month’s winner of the Hugo Gernsback
Memorial Award, a prize given annually to
an outstanding student in each of eight
leading electronics home-study schools.
39 years old, with four children, and a
member of the Midstate Electronic Tech-
nicians Association, he is at present
enrolled in the National Radio Institute
Master TV Servicing Course, and has just
completed Unit Ill with honors. He will
receive a check for $150 from Radio-
Electronics.

BOB BARTLETT

Born and raised on a dairy farm near
Walton, NY, he operated his own farm for
eight years, when iliness forced him to
quit work. After receiving cobalt treat-
ments for Hodgkin's disease, he attended
the State University at Delhi. He became
interested in electronics while studying
physics there, and enrolled in the NRI
Master Color TV course. Starting to repair
a few TV's and radios, by 1974 business
had increased to the point that it became
a full-time operation. Again he had to stop
work for some time for health reasons, but
at present is working nearly full time and
hopes to complete his course in 1976.
Bob's only regret is that he did not get
started in electronics earlier.

Through the generosity of two test
equipment manufacturers, it is possible to
make awards to the second and third
place entrants in each of the monthly
contests. Runner-up this month is Joseph
M. Kelley of Grafton, WV. He receives a
B & K model 280 Digital Multimeter. After
taking an industrial training course in
radio and electronics, Mr. Kelley enrolled
in the NRI Master course, constructing his
own test equipment in the evenings. He
now expects to purchase a local TV
service business on completing his

course and become "'a multi-faceted elec-
tronics technician.”

JOSEPH M. KELLEY

Third-place winner, who will receive a
VIZ WV-529A special service VOM, is
Richard R. Porter, Jr., a high school
senior in Whitesboro, NY. Electronics has
been his hobby from the age of 11, and at
16 he decided to make electronics his
career. Finding no suitable training local-
ly, he enrolled in the NRI Master TV/Audio
servicing course and hoped to have it
completed before starting college this
Fall. He is working at a local fast-food
outlet to pay for the course, and adds to
his income by fixing radios and 8-tracks.

RICHARD R. PORTER, JR.

He plans to use his TV training to work his
way through college by repairing TV's and
stereos in the dorms, and to graduate as
an electrical engineer with an electronic
technician’s training.
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Now you can service with
a TEKTRONIX Oscilloscope for as little as $695°

Cost ot service instruments is an impor-
tant factor in any purchase. But so is
reliability. Now T900 Oscilloscopes give
you both Tektronix quality and reliability
at prices designed for cost sensitive appli-
cations.

T921—Ds to 15 Mhz; single trace,

single time base.............. $695*
T922—Dc to 15 MHz; dual trace,

singletimebase .............. $850"
T932—Dc to 35 MHz; dual trace,

singletimebase ............. $1195*
T935—Dc to 35 MHz; dual trace,

delayed sweep time base ... .. $1395*

T912—Dc to 10 MHz; bistable stor-
age; writing speed to 250
cm/ms; dual trace, single time
base ........ciuiiiiiaaaaen $1300°

Performance to Spare

All T900 scopes feature large (8x10 cm),
bright crt’s; sensitivity of 2 mV/div to 10
V/div in twelve calibrated steps; regu-
lated power supplies; and 3% accuracy.
T900 Oscilloscopes are also equipped

T

*All prices
include 10X
probes. Prices
FOB Beaver-
ton, Oregon.

with important convenience features;
beam finder, single knob triggering, auto-
matic selection of chopped or alternate
moce, and automatic selection of tv line
or frame display (except T912 Storage
model). T900 scopes are compact (7x9x
19 in.) and lightweight (only 16 Ib.). They
are available with a full selection of ac-
cessories.

For a demonstration of any T900 Oscillo-
scope or a free copy of the new T900
brochure, write to Textronix, Inc., P.O.
Box 500, Beaverton, OR 97077. For im-
mediate assistance, call (503) 644-0161,
extension T900.

T900 Series
the quality low cost
Oscilloscopes

W

EKTRONIG

technical excelience
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THE
CB
PROFIT
ENERATOR

Hickok introduces the
first low-cost RF generator
designed specifically for

40 channel CB service.

Model 256 S$199.

Here’s every signal you
need to service CBs with
edsy precision tuning over
all 40 CB channels. Four
additional bands cover 100
kHz to 16 MHz to cover any
IF. A counter output gives
exact frequency monitoring
for precision control
Calibrated RF attenuator
output provides stable
signals from under 1
microvolt to over 100,000
microvolts. An internal
modulator gives a 1 kHz,
0-100% tone, and there are
provisions for 20 Hz to 10
kHz external modulation. It's
all the RF Generator you
need, so why pay more? See
your Hickok distributor for
more information or contact
us directly.

Part of the
HICKOK

Comm[ ine

the full line of professional
CB service instruments

HICKOK

R N e
the value innovator

INSTRUMENTATION & CONTROLS OIVISION
THE HICKOK ELECTRICAL INSTRUMENT CO
10514 Dupont Avenue « Cieveland, Oho 44108
(216) 541-3060 TWX 810-421-8286

RADIO-ELECTRONICS
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letters

4-CHANNEL SOUND

In his article on AM Stereo in the
October 1976 issue, Harry Maynard men-
tioned an interview with 500 people who
have lived with quadriphonic systems over
a period of time. In this article, Mr.
Maynard said that 95% of those inter-
viewed would not want to go back to
regular stereo. Although | wasn't one of
those interviewed, | agree entirely. I'm a
proud owner of an expensive, do-every-
thing quad system, and | couldn't see
myself reverting to two-channel sound.
But something seems wrong somewhere,
and I'm one quadri-freak who isn’t going
to sit on his woofers and let it happen!

What am | referring to? I'm glad you
asked. It's all to obvious that the interest
in quad is declining, but it seems to me it's
the fault of a closed-minded industry that
couldn't care less. No, | DON'T think it's
the economy that's killing it. After all,
stereo was also somewhat more expen-
sive when it first came out than it is now. |
think it's more likely that the bulk of the
hardware and software manutacturers are

save on gas!
save on tune-ups!
save on maintenance!

Electronic ignition is “IN""|
Detroit.

So says

Update your car with either a TIGER
CD or a TIGER | breakerless system,

Enjoy the benefits of better gas mileage,
quicker starting, elimination of tune-ups,
50,000 miles on points and plugs, and
reduced maintenance expenses.

TIGER MAX CD $69.95
TIGER 500 CD 59.95
TIGER SST CD 42.95
SIMPLIKIT CD 31.95
TIGER | 45.95

Postpaid U.S.A. only.

Tri-Star Corporation

Dept. WW, P.,O. Box 1727
Grand Junction, Colorado 81501
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the ones who are trying their best to lay
quad to rest and pull the sod over the
grave, but it's a mistake for them to think
they can do it.

First point: The industry has failed to
come up with a standard for all quad
records. If a standard quad system were
to be adopted, it would have to offer as
much as it can without compromises. |
doubt the buying public would settle for
less tha: a totally discrete system that
offers compatibility with stereo and mono
players. Only one does, and that's CD-4.
RCA had the right idea when they first
introduced the Quadradisc, and they
should have stuck by their guns when
WEA made the decision to go double
inventory. RCA had also planned to
release most new recordings in a single-
inventory compatible quad-disc form that,
as they said, could take full advantage of
any modern stereo or discrete quad
system. But RCA reneged on their prom-
ise. | wonder it they know it isn't too
late?

Second point: Several manufacturers
have made quadriphonic receivers and
amplifiers that were of very high quality
and suddenly pulled them from the
market. Sherwood was one of those; they
had a fine quadriphonic receiver out that
had some good features, such as SQ full
logic, and moderate power output, but
they yanked it from their line rather
suddenly. If the units weren't selling, the
blame would have to fall on the retailers,
most of whom couldn't be bothered in
setting up proper demonstration areas in
their stores, and lack of education on the
part of both retailer and manufacturer in
how to properly present this new medium
of sound reproduction. The sales person-
nel couldn’t answer the consumers’ ques-
tions, and therefore no sale.

Third point: Too many recording com-
panies took a "wait and see' attitude
about quad. Capitol released seven
“token” efforts, all from their “Custom
Products” division, and most were sam-
pler-type albums. MCA's sales department
puts the blame on the artists, claiming
they were afraid to try four-channel
recording. United Artists is about to make
their first quad release, an album by Paul
Anka, which will be QS-encoded. Perhaps
this is just the beginning of a long line of
quad recordings yet to come from UA.
Polydor/MGM have released two albums
in QS, but without mentioning it on either
the album cover or the record label. If they
plan to go all quad, | know their efforts will
be appreciated by many, including myself.
A&M started off with QS, tried some SQ,
and finally settled on CD-4. But they've
had no new quad releases in the past few
months. Sounds fishy to me, Herb. There
are many more, but it all boils down to the

continued on page 16




TheRealistic SCT-M gives you
far more than just Dolby

ARCORAD AEWIND FR8T-# oLay Laues

POWS R ocounyY ~ne (== ] ou — romesg "1 ..__‘. . |

—EDEALISTIC_ wcr-ra

at a surprisingly low price!

The Realistic SCT-14 is not just another “me-too” Dolby deck —it's a
full-feature model with lots of built-in fiexibility to match your stereo
system and your taping interests. Switchable Dolby. Selectable bias for
CrO2 and standard tapes. Dual VU meters and exclusive Glide-Path®
controls for precise, quality recordings. Five sure-touch function keys,
including pause for quick editing. A special cassette eject button.
Auto-Stop at end of tape. Resettable digital counter. And for a
professional touch, the indicator/meter panel is angled forward for easy
viewing. An output level control matches the deck to any amplifier or
receiver. Response: 40-13,000 Hz. Wow and flutter: <0.2%. Simulated
walnut grain end panels. And more. it's a Realistic way to enhance your
stereo system. Only 149.95t%.

FREEI SOLD ONLY WHERE YOU SEE THIS SIGN:

Come in for your copy :
of our colorful 1977
| catalog and see what's

g really new in electronics.
i A TANDY COMPANY o FORT WORTH, TEXAS 76107
S } 164 pages. 2000 items OVER 5000 LOCATIONS IN NINE COUNTRIES

demark of Dolby aboratories
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of high

VOLTAGE |
TesT |

probes |

In 1967 we introduced the first
high voltage test probe with a
built-in meter. It became so
popular that we have been
adding new models ever since.
Now there are five different
versions to satisty the demands
of radio, television, appliance,
audio, and electrical repair
men in a wide variety of high
voltage testing applications.

The five models are briefly
described below. Our general
catalog contains complete
applications information, illus-
trations, specifications, and
prices. Write for your

free copy.

MODEL 4242-—~42,000volts DC.
Negative ground.

MODEL 3157—15,000 volts DC.
Negative ground.

MODEL 4312—15,000 volts DC.
Positive ground.

MODEL 3163—6,000 volts DC.
Negative ground.

MODEL 3200—10,000 volts AC.

AVAILABLE THROUGH YOUR
FAVORITE ELECTRONIC PARTS DISTRIBUTOR

ITT POMONA ELECTRONICS

1500 East Ninth St., Pomona, Calif. 91766
Telephone (714) 623-3463, TWX: 910-581-3822
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LETTERS
coniinued from page 14

same thing: WE WANT MORE QUAD
SOFTWARE, AND WE WANT IT NOW!
The U.S. Military Overseas market is
perhaps the largest for audio compo-
nents, and quad systems make up a fair
portion of the total number of systems
sold through the Army and Air Force
Exchanges and Navy Resale System. Here
in Iceland, the largest and loudest gripe is
that there just isn’t enough in the way of
quad records, particularly CD-4 discs,
stocked in the Exchange Stereo Shop. If
they were more plentiful they would sell
up here like hotcakes. The sales person-
nel know this and are always trying to get
more in, but it's a losing battle. Thing is, it
doesn’t have to be. If the record compan-
ies would get off their duffs and produce
more quad recordings, they would seli!
There are enough quad lovers around
who would scarf new quad LP's up
hungrily, myself included. It we can make
the bigwigs at the record companies know
that we're out here, the quad lovers of the
world, and that we want more of what we
paid good cash for to take advantage of
our investments, then maybe we can
convince these companies to start push-
ing again. The second time has to work.
To sum it up, quad doesn’t have to die.
With hardware vanishing because there
isn't enough software, and software van-
ishing because the hardware is getting
scarce, it seems likely that software and
hardware manufacturers have to get to-
gether and make this thing work. For the
software people, it means pushing quad
as a single-inventory item, stressing its
compatibility (with regard to discs) with
existing stereo systems, and getting to-
gether on a common system that
everyone would use. My vote is for CD-4,
but if a matrix system must be adopted, let
it be Sansui's QS matrix. As for the hard-
ware folks, they have their work cut out for
them as well. They have to make sure
these retailers will also present quad with
a more positive outlook than they have in
the past. Maybe then we can see quadri-
phonic sound take its rightful place in
home entertainment.
JAY L. RUDKO
FPO, NY

CORRECTION

Reader Brian Appleman has called our
attention to two errors in the Automatic
Telephone Dialer article in the November
issue. Two resistors marked R12 are
shown on the schematic in Fig. 1 and on
the component layout in Fig. 6. The
resistor connected from ground to pins 6
and 14 of IC12 should be R22. Resistor
R22 (100K) is not listed in the parts list.

The schematic in Fig. 1 has diode D20
effectively shorted out by a line connect-
ing its anode and cathode. Remove this
line from your schematic.

Reader Richard Alston spotted two
circuit elements marked IC6-c in Fig. 1.
One is the inverter in the lower left corner
of the schematic and the other is the NOR
gate used as the blank detector. The
inverter is IC6-d with pins 12 and 13 tied
together as the input white pin 11 is used
as the output.—Editor




THE NEW HEATHKIT CATALOG

the world’s largest selection of
fun-to-build, money-saving
electronic kits!

o VOM’'s & VTM’s
@ Elactronics Service Instruments
® Electronics Learning Programs
® Programmable Color TV e Hi-Fi Components
e Amateur Radio @ Radio Control Modeling Eguipment
e Digital Clocks & Weather Accessories ® Marine, Auto & Aircraft Accessories

Read about the nearly 4C0 electronic kits you T I S N N U G N G SN S
can build and service yourself. The famous Schiumberger Heath Company, Dept. 20-25

Heath assembly manuals guide you every step Benton Harbor, Michigan 49022

of the way, and our quality design assures top

a .
performance from every kit you build Please send me my FREE Heathkit Catalog.

| am not on your mailing list.

: ;
send for your copy today! N =
1 |

Address =
City. = Stat Zi
Heath Co., Dept. 20-25 I b . e CL-602B I
Benton Harbor, Michigan 49022 N N D I T O G NN NN DN N B
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The better the trainin
the better you'

COMPU-TRAINER

IN-CIRCUIT TRANSISTOR TESTER
TROUBLESHOOTER
VOM

t LN
SOLID-STATE

OSCILLOSCOPE

e - :l"-
‘. !y {bt » GR2000
O | R ‘ Digital
I Tl i€, Solid-State
NESERLEE : . Color TV
Al - - 315 sq. in.
a Il @ .1 Picture
L BV 3T A 3 ]
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T r )
'
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- 3 ‘&;;
(Simulated TV Reception)
ELECTRO-LAB

As an NTS student you'll acquire the know-how that
comes with first-hand training on NTS professional
equipment. Equipment you’ll build and keep. Our
courses include equipment like the NTS/Heath
Digital GR-2000 Solid State color TV with first-ever
features like silent varactor diode tuning; digital
channel selection, (with optional digital clock), and
big 315 sq. in. ultra-rectangular screen.

Also pictured above are other units — 5" solid state
oscilloscope, vector monitor scope, solid-state ster-
€0 AM-FM receiver with twin speakers, digital multi-
meter, and more. It's the kind of better equipment
that gets you better equipped for the electronics
industry.

This electronic gear is not only designed for train-
ing; it's field-type — like you'll meet on the job, or
when you’re making service calls. And with NTS
easy-to-read, profusely illustrated lessons you learn
the theory behind these tools of the trade.

Choose from 12 NTS courses covering a wide range
of fields in electronics, each complete with equip-
ment, lessons, and manuals to make your training
more practical and interesting.

Compare our training; compare our lower tuition.
We employ no salesmen, pay no commissions. You
receive all home-study information by mail only.
All Kits, lessons, and experiments are described in
full color. Most liberal refund policy and cancella-



and the equipment
be equipped.

- v ‘B HIGH FIDELITY
® | SPEAKERS
t L ]
e e
e o f
; SOLID-STATE STEREO
" . AM/FM/MULTIPLEX
RECEIVER
COLOR BAR/DOT
GENERATOR

- AM/FM/SW PORTABLE
/ . SOLID-STATE RECEIVER
' ===z 74 sq. in.
VECTOR MONITOR Solid-State
SCOPE B&W TV

SIGNAL
GENERATOR

5" OSCILLOSCOPE DIGITAL \ SOLID-STATE 2-METER FM
MULTIMETER TRANSCEIVER & POWER SUPPLY ,,%%&22}5,‘.25.‘0

tion privileges spelled out. Make your own com- rnxmm:nzL SC%OLS- N - l- -—
Dept 206-017

parisons, your own decision. Mail card today, or 4000 South Figueroa St., Los Angeles, Calif. 90037

clip coupon if card is missing. | Please send FREE Color Catalog and Sample Lesson.
NO OBLIGATION. NO SALESMAN WILL CALL

Color TV Servici Electronics Technol
NO OBLIGATION. NO SALESMAN WILL CALL I H §W'TV and Radio Servicing Eomputer Electronics
[} Electronic Communications Basic Electronics
APPROVED FOR VETERAN TRAINING ] FCC License Course Audio Electronics Servicing
Get facts on new 2-year extension l
NAME AGE
m | ADDRESS APT =
NATIONAL G0 SCHOOLS ...
TECHNICAL-TRADE TRAINING SINCE 1905 Please fill in Zip Code for fast service
[J Check if interested in G.I. Bill information

Resident and Home-Study Schools
4000 So. Figueroa St., Los Angeles, Calif. 90037

[ Check if interested ONLY in classroom training in Los Angeles
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The
IMSAI 8080.

A commercial
vet personally
affordable
computer.

If you thought you could never afford
a computer at home, think again. The
IMSALI 8080 is built for rugged industrial
performance. Yet its prices are competitive
with Altair's hobbyist kit. Fully assembled,
the 8080 is $931. Unassembled. it’s $599.

The IMSAI 8080 is made for
commercial users, and it looks it. Inside
and out. The cabinet is attractive, heavy
gauge aluminum. The heavy duty lucite
front panel has an extra 8 program
controlled LED’s. It plugs directly into
the Mother Board without a wire harness.
And rugged commercial grade paddle
switches are backed up by reliable
debouncing circuits.

The system is optionally ex-
pandable to a substantial system with

22 slots in a single printed circuit board.

And the durable card cage is made of
commercial-grade anodized aluminum.

The IMSAI 8080 power supply
produces a true 28 amp current, enough
to power a full system. You can expand
to a powerful system with 64K of software
protectable memory plus an intelligent
floppy disk controller. You can add an
audio tape cassette input device, a
printer plus a video terminal and a
teletype. And these peripherals will
function with an 8-level priority interrupt
system. BASIC software is available in
4K, 8K and 12K.

Get a complete illustrated
brochure describing the IMSAI 8080,
options, peripherals, software, prices
and specifications. Send one dollar to
cover handling to IMS. The IMSAI 8080.
From the same technology that developed
the HYPERCUBE Computer architecture
and Intelligent Disk systems.

Dealer inquiries invited.

IMSAI

Manutacturing Corp.

14860 Wicks Boulevard

San Leandro, CA 94577

(415) 483-2093 Dept. RE-1
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RUNPUTER KURNER

PAUL E. FIELD, DAVID G. LARSEN,
PETER R. RONY, and JONATHAN A.
TITUS*®

THIS MONTH, WIRETURN TO THE SUBNCT OF
the substitution of software for hardware. i.e..
the substitution of machine-level routines
and subroutines for specific digital hardware
devices that store. manipulate. transmit or
receive digital information. The hardware
device that we will discuss is the universal
assnchronous  receiver/transmitter.  or
UART-a 40-pin integrated circuit that
contains an independent 8-bit asvnchronous
receiver and an independent 8-bit asvachro-
nous transmitter. Data rates range from DC
10 60.000 bits per second. The receiver and
transmitter  sections of the 1C can be
programmed for 5, 6. 7. or 8 data bits: | or 2
stop bits: even or odd parity: and parity or no
parity. The [C contains a variety of Hags
An interface circuit for a simplified sofi-
ware UART is shown in Fig. 1. Owing to the
nature of the specific application that the
circuit was designed for. there was no need
for special flag-bits or error checking. Thus,
the interface circuit consists of a single three-
state input buffer gate (SN74126). a single
output  data-latch  (SN7474). wo input
device-select pulses. and one output device-

select pulse. With appropriate modifications
of the device select pulses. this circuit can be
used with almost any microprocessor 1C. In
our case. an 80%0A-based  microcomputer

INPUT
DS 003
1
3 2 SERIAL ASCH IN
SN74126
2 SERIAL ASCII OUT
Do D [\ Fe—
5
SN7474
3
oUTPUT K
DS 004 PR

4

U

INPUT
DS 004

FIG. 1

TABLE 1—MICROCOMPUTER SUBROUTINE that demonstrates the asynchronous serial trans-
mission of an eleven-bit ASCIl word at a teletype speed of 110 Baud.

LO
memory Instruc-
address tion byte Mnemonic Description
L L L
L L L
L] Accumulator contains 8-bit ASCH word. Bit 8 is the parity bit that can be
set for even or odd parity, or no parity.
144 056 MVI L Set ASCil word bit counter to 013
145 013 013
146 267 ORA A Set carry bit to logic 0
147 027 RAL Rotate carry bit to DO in accumulator
150 323 ouT Output carry bit to SN7474 latch
151 004 004
152 315 CALL Call 9.09 ms time-delay subroutine
153 ‘B2’ ‘B2 LO address byte of time-delay subroutine
154 ‘B3 ‘B3’ Hi address byte of time-delay subroutine
155 037 RAR Rotate bit in ASCIl word to DO in accumulator
156 067 STC Set carry bit to logic 1
157 323 ouT Output bit to SN7474 latch
160 004 004
161 055 DCR L Decerement bit counter by 1
162 302 JNZ It bit counter has a value of zero, ignore this
instruction. If all of the bits in the 11-bit ASCH
word have not yet been transmitted, jump to
address LO = 152 above.
163 152 152 LO address byte
164 ‘B3 ‘B3 H| address byte
[ At this point, the 8-bit ASCIl word contained in the accumulator has
[ been transmitted. Two stop bits have been added at the end of the eight
[ bits and a single start bit, at logic 0, has been added at the beginning of
L] the eight bits.

*This article is reprinted courtesy American
Laboratories. Dr. Field and Mr. Larsen, Depart-
ment of Chemistry, and Dr. Rony, Department af
Chemical Engineering. are with the Virginia
Polytechnic Institute & State University. Mr.
Titus is president of Tychon, Inc. Dr. Field is
guest author of this month's column.

operating at 750 kHz was used. This gencr-
ates and detects. asvnchronous serial ASCH-
caded S-volt TTL data. For teletvpe opera-
tion, additional hardware is required 1o
convert the S-volt logic levels 0 20 mA
current-loop operation.

continued on puge 24
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Electricity and Beginning Elecironics [ ]

2 Electronics Untaveled—A New
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S ] -
728-210 p.—Basic Digital Electronics
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835-250 p.—VHF/UHF Fire, Polics,
Ham Scanners Manual ($9.95)
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An Extraordinary Offer to introduce you to the benefits of Membership in

ELECTRONICS BOOK CLUB

take

of these unique
electronics books

(value to 56122) for only99é¢ach

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

All 2- and 3-book sets count as
only one of your 3 Selections.

919-434 p,—Color TV Trouble Facl-

901-448" p.=~CET L.conse Handhook
2nd Edition ($12.35})

book—Problems & Solalions {$9.95) %

OMPLETE
FELECTRIC

BOOK"
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627/672-608 p.—TW0O BOOKS-Basic
Electronic Vesi Procedures & Un-
gecstanding and Using ihe VOM & EVM

Complete Auvto Electric Handbook &
Auto Electronies Simglified ($17.90}

S85i-444 p.—Commerciad FCC License
Haagbook | $9.95)

M ay we send you your cholce of these 3 practical
time-and-money-saving books as part of anun
usual offer of a Trial Membership in Electronics
Bock Club?

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

This extraordinary offer is intended to prove to
you: through your own experience. that these very
real advantages can be yours...that it is possible to
keep up with the literature published in your areas
of interest. and to save substantially while so do
ing. As part of your Trial Membership. you need
purchase as few as four books during the coming 12
manths. You would probably buy at least this many
anvway.. without the substantial savings offered
through Club Membership

To start your Membership on these attractive
ters. simply fill out and mail the coupon today
You will recelve the 3 books of your choice for
10-day inspection. YOU NEED SEND NO MONEY'!
If vou are not delighted. return the books within 10
davs and your Trial Membership will be cancelled
without cost or obligation

ELECTRONICS 800K CLUS, P.0. Box 10, Blue Ridge Summit, Pa. 17214

Facts About Club Membership

® The 3 introductory books of your choice carry publishers
retail prices of up 0 $61.70. They are yours for only ¢
each {plus postage and handfing) with your Tral Mem
bership

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

® If you want the Selection. do nothing: it wilt be sent to you
automatically. # you do not wish to receve the Setection, or it
you want to order one of the many Afternales ofiered. you
simply give Instructions on the reply form (and in the en
velope) provided, and return it 10 us by the date specitied
This date allows you at least 10 days in which to relurn the
torm. H, because uf late mafl delivery. you da not have 10
days to make a gecision and so receive an unwanted Selec
tion, you may return it at Club expense

@ Personal service for your account—no computers used!

® To complete your Trial Membership, you reed Duy only
four additional monthly selections or aiternates during the
next 12 months. You may cancel your Membership any time
after you purchase these four books

@ Ail books—including the Introductory Otter—are fully re-
turnable atter 10 days if you're not completely satisfied

@ Al books are offered at iow Member prices. plus a smal
postage and handling charge Prepad orders shipped
postpaid

@ Continuing Bonus. If you continue after this Trai Mem
bership. you will earn a Dividend Certificate for every book
you purchase. Three Certificates, plus payment of the
nominal sum of $1,99, will entitle you to a valuable Book
Dividend of your choice which you may choase from a list
provided Members.
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e Complet®
7 2y Radio
I
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. TR
735-294 p.—The Complete FM 2-Way,
Radio Handbool ($9 95)
i v
e B 7

o

Pl as

Hobby Projects for Hom:
and Cigital Test Equip:
Build & 111 Digital aad Linear IC Pro-

" §70-322 p.—Master Tube Substitution
% Msedbook )& 95)

ST i d B 1 1

B ELECTRORBICS BOOK CLUB
P.0.Box 10
Blue Ridge Summit, Pa. 17214

Please epen my Trial Membership in ELECTRONICS
BOOK CLUE and send me the 3 books circled below. |
understznd the cost of the books | have selected is only
99¢ each, plus a small shipping charge If not de-
lighted. | may return the books within 10 days and owe
nothing. ard have my Trial Membership cancelled. |
agree lo purchase at least four additional books during
ithe next 12 months. after which | may cancel my mem-
bership at any time.

101 447/729/180 628691 563/636 582
627672 655 728 735 748/749
785 800 835 870 901 919
Name Phone
Address
(1, C— .
State Zip

{™us ofter valie for new Members only Foreign and Canada add 10°) RE-17
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RADIO-ELECTRONICS

308 Ways
ToSave On
Instruments,
Gitizens Band,
BurglarAlarms,
Automotive &

Hobby
Electronics!

The more you know about
electronics, the more you’ll
appreciate EICO. We have a wide
range of products for you to
choose from, each designed to
provide you with the most
pleasure and quality performance
for your money. The fact that
more than 3 million EICO products
are in use attests to their quality
and performance.

KOMPUTER KORNER

continued from page 22

Transmit subroutine

The transmit subroutine. shown in Table [
for the software UART occupies twenty to
twenty-five  successive program steps in
memory once the appropriate PUSH. POP,
and RET instructions have been included.
Also required is a 9.09 ms time-delay subrou-
tine that corresponds to an asynchronous
serial ASCII data transmission rate of 110
Baud. i.c. tletype speed. The program in
Table 1 can be described as follows:

Register L is used as the bit counter for the
11-bit ASCII word. and is set initially to octal
013. The seven data-bits plus the parity bit.
which is Bit 8. are assumed to be present in
the accumulator. At the LO memory address
146, the accumulator is OR'ed to itself 1o
clear the carry bit (shown on the far left in
Fig. 2.) In Fig. 2. the least significant data bit

ACCUMULATOR
CARRY D7 D6 D5 D4 D3 D2 01 OO

BIT|BIT | BIT [ BIT| BIT | BIT | BIT | BIT
8 7 6 § 4 3 2 1

~s— ROTATE LEFT ROTATE RIGHT —=

FIG. 2

is Bit 1. At address LO = 147. a RAL
instruction is performed to rotate the start bit
to bit position DO in the accumulator. Fig. 3
should provide vou with assistance in under-
standing the four different rotate instructions

] | /T

T + 2 |‘

{ O mamm ||
| OO es6 o

IC;QO ;' e O g )

™ ° s o- k3

-mx_——_

“Build-it-Yourself”’ and save
up to 50% with our famous
electronic kits.

For latest EICO Catalog and name

of nearest EICO Distributor, check reader
service card or send 50¢ for fast first
class mail service.

EIC0—283 Malta Street,
Brooklyn, N.Y. 11207

Leaderstip in creative electronics
since 1945,
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MODEL 100A AUDIO RESPONSE PLOTTING SYSTEM
and general purpose sweep/tone burst/pulse generator
consists of two sine /square/triangle function generators,
pulse generator, frequency counter and peak amphtude
measurement sections. It is pnimarily intended to generate a
frequency response pioton an X . Y recorder or scope.

Time base generator offers symmetrical or independent
control of the positive and negauve sides of the rammp
providing a duty cycle of .7% to 99.3%. Frequency range s
.0035Hz to 100kHz, Amplitude is 15Vpp into 500 12 with
*5VDC offset. The time base output drives the X axis of an
X - ¥ recorder. Manual mode provided for setup.

Audio sweep generator provides manual frequency
adjustment or log/linear sweep of 20Hz to 20kHz. Blanking
mode produces zero reference line onn X - Y recorder or tone
burst. Amphtude 1s 15 Vpp into 500 ! or 10 Vppinto 81..

Pulse generator frequency range is .0035Hz to 525kHz. Pulse
wideth 1s adjusted independent of frequency from 4 seconds
to 40 nanoseconds. Outputs are complimentary TTL.

Peak amplitud t section internal or
external signals from mike to power amp level. Amplitude
output drives Y axis of X - ¥ recorder.

Frequency counter is 6 digit, line triggered, and reads either
internal or external. Sensitivity is 50 my peak at 20kHz,

Dimensions: 8 x 14 x 3. Shipping Weight 9 ibs,
$550, stock to 30 days. Warranty: 1 year,

1894 Commercenter W. #105
Zmunv Souun
—_—

San Bernardino, Ca 92408
1714) 889 7623
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in the 8080A microprocessor instruction set,

At address LO = 150. the start bit is
output to the SN7474 data latch. The
program then goes into a 9.09 ms time-delay
subroutine. after which Bit 1 is rotated into

[ [

CARRY 116 (stalslalr]o

BIT
LT3
RAR INSTRUCTION

[ [}

BIT T(6]s]a)3]2]1]o

Ly TF T

RRC INSTRUCTION

t1§]

BIT Tle|s]|a]|3|2]1]0

LI ET e

RAL INSTRUCTION

f 1§11 §1 v

BIT 716543210

I O I O

RLC INSTRUCTION
FIG 3

the DO accumulator position and the carry
bit is set to logic 1. Bit | is fed to the SN7474
latch. the ASCII word bit counter in register
L is decremented and program control is
returned to the time-delay subroutine that is
called at address LO = 152, The loop from
LO = 15210 LO = 164 is executed a total of
eleven times. after which register L becomes
zero and the JNZ instruction at address LO
= 162 is ignored.

A software UART transmit subroutine
possesses a flexibility equivalent to the
original 40-pin UART chip. With appro-
priate modifications to the program or the
original accumulator data. YOu can transmit
5.6.7. or 8 data hits: | or 2 stop bits: even or
odd parity: and parity or no parity. The time-
delay subroutine can be modified so that you
can transmit at data rates from 60 to 9600
Baud for a 750-kHz clock rate and higher for
2-MHz and 4-MHz clock rates.

The conversion from one data transmission
rate o another is easily accomplished with
the aid of appropriate software time-delay
subroutines that replace R—C time-constant
circuits. An additional advantage that is
gained from the use of software is the poten-
tial to perform code conversions. For exam-
ple. S-level Baudot KSR machines are in
widespread use and can still be obtained for
under $50. It is not oo difficult 1o develop
software that converts ASCII o Baudot and
thus  produce an inexpensive hard-copy
terminal for the laboratory scientist. engi-
neer. ham or computer buff.

Receive subroutine

The software UART receive subroutine
requires SO instructions and will not be
repeated here. (Copies of the transmit and
receive subroutines and a description of the




DETECT START BIT

{
e | |
bttt

START BIT1
BIT

smart data-entry station are available from
Professor Paul Field. Department of Chemis-
try. Virginia Polytechnic Institute and State
Uiy ersity. Blacksburg. VA 24061.) The basic
programming concepts associated with the
receive subroutine are shown in Fig. 4. which
represents an  1l-bit asynchronous serial
ASCII word that is being detected by the
8080A-based microcomputer with the aid of
the SN74126 three-state buffer gate shown in
Fig. |. The program repeatedly tests the
serial ASCII input line for a logic 0 state.
Once a logic 0 state is detected. which corres-
ponds o a start bit. the program goes into a
4.54-ms wait loop. Upon leaving the wait
loop. the program again inputs the logic 0
into bit position DO in the accumulator. thus
testing the validity of the start bit. The start
bit is rotated to the carry bit and the program
then enters a 9.09-ms wait loop. after which it
inputs Bit 1 into position DO in the accumu-
lator. Register H is used as the SAVE repister
that stores the growing ASCII data word. The
SAVE register is rotated one position. and
the 9.09-ms wait loop is again entered. after
which Bit 2 (a logic 0 in Fig. 4) is input into
bit position DO in the accumulator. The
input of successive data and parity bits
continues until the entire 8-bit data word is
entered into the SAVE register. The two stop
bits are also detected. With appropriate
modifications. the program can detect parity
or framing errors or an overrun condition. A
data-ready flag signal can also be generated
from software with the aid of a second
SN7474 laich.

TIMESHARE
continued from page 67

able A and the second value to B. Line
20 assigns to variable C the value of the
square root of the sum of the two
entered values to the third power. Line
30 outputs the value of C to the termi-
nal. Line 40 transfers execution back to
line 10. and vou're ready to execute the
problem for two new values.

When vou have all the results you
require. you push the £sc key (escape)
1o stop the program. then sign off or
enter a new program.

Notice the similarity between BASIC
and English:

e INPUT—to input a value for a

variable

e LET—to let a variable equal a
value

e PRINT—to print the resuits at the
terminal

e GOTO—to go to another part of
the program.
This similarity exists throughout the
BASIC language. which makes it ideal
for people who are not computer
programmers but need or desire to use a
computer. R-E

}

BITZ BIT3 BIT4 BITS BITE BIT? PARITY
BIT

FIG. 4

L1
I L

STOP  STOP
BIT BIT
(BIT 8)

Applications

The above software UART routines were
used in a “smart’” remote data-entry station
that was tied via a 20 mA current-loop to a
PDP 8/L minicomputer in a physical chem-
istrv laboratory. The data entry station inter-
cepted the 20-mA teletype current-loop tied
to the minicomputer. The remote data-entry
station permitted students to load data into
memory and then transmit it as a block to the
minicomputer. which analyzed the data and
provided a print-out. With the 20-mA current
joop operating in the full duplex mode. ten or
more remote data-entry stations could be tied
to the minicomputer.

This column provides a good demonstra-
tion of the software-hardware tradeoffs that
can be accomplished using microcomputers.
Similar. and perhaps more comprehensive.
routines have already been written for all of
the popular microprocessor chips. such as the
16-bit PACE or the 8-bit 6800. The faster and
less expensive that microcomputers become.
the more likely that all moderate speed
digital functions will be executed via soft-
ware. The theme of software replacing hard-
ware is an important one, and we will return
to it many times in future columns. R-E
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Fast,
Fool-proof

TV
Alignment

8,192 x 8 BIT STATIC MEMORY

EXCEPTIONALLY LOW POWER

TR

KIT $295%

ALTAIR 8800 / IMSA| 8080 BUS COMPATIBLE
FAST 215 nS—FULL SPEED—FOR 280 ALSO
EXCEPTIONALLY LOW POWER—LESS HEAT
LESS THAN OTHER *‘LOW POWER'* MEMORY
BATTERY STAND-BY CAPABILITY

ALL SIGNALS TO MOS DEVICES BUFFERED

PROTOTYPING BOARD
Z80-CPU
CARD RACK
16K RAM
2K ROM/2K RAM
LOW PROFILE IC SOCKETS
EDGE CONNECTORS
DB25 CONNECTORS

* % % % % %

SHIPRING EXTRA, ADD $2.00
NJ RES. ADD 59, SALES TAX

ELECTRONIC CONTROL TECHNOLOGY
P.0. Box 6, Union, New Jersey 07083

B&K-PRECISION

SWEEP/MARKER
GENERATOR

Model 415, $485

With the B&K-PRECISION Model
415 you can complete a TV align-
ment in about the time you would
spend hooking up the instruments
for conventional alignment pro-
cedures. It's ideal for testing adja-
cent channel interference in CATV
installations, too.

Everything you need is built into
the Model 415—sweep and marker
generators, a marker adder and
three bias supplies. The 10 crystal-
controlled IF markers can be
shown either vertically or hori-
zontally on your scope, and they
light up on the front panel IF re-
sponse and chroma bandpass
diagrams as you use them.

Proper set alignment is assured
and is almost automatic when
you follow the Model 415's pro-
grammed alignment procedures.

Contact your local B&K-PRECI-
SION distributor for a demonstra-
tion, or write for detailed informa-
tion on how the Model 415 can
save you time and increase your
profits.

PRODUCTS OF DYNASCAN
6460 West Cortland Avenue
Chicago. lllinois 60635 « 312/889-9087
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in Canada. Atlas Electronics, Ontario )
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. THE MEAN

LITTLE KIT

Kit

of solder " raid, g |
ipper case, 6 x 9 x 1% |
in . atisfaction [
Cy r Ot or cha |
Americard or rcharge, W
JTK-6 TOOL KIT $60.00 l
FREE CATALOG | g |
128 pages of hard-to-find . |
B

precision tools. Also con

tains 10 pages of useful -
Toof Tips' to aid in tool

: selection. Send for your f

1 free copy today! B

C JENSEN TOOLS and ALL.OYS
J 4N7 N. 44TH STREET, PHOENIX, ARIZONA 85018

CIRCLE 23 ON FREE INFORMATION CARD l

' i B

|
I
|
1
{
{
]
!
[}
|
|
I
|
|
) qualit (¢
|
{
)
|
{
I
!
|
I
]
|
I
1
1
I

Heath AS-1344 2-Way
Column Speaker System
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Introduced three years ago, our “Tiger .01

Is still one
of the finest amplifiers available in its power class. This
amplifier introduced our 100% complementary circuit
which has become a standard feature in many of the
better amplifiers. This combined with an output triple
produces a circuit that can honestly be rated as having

less than .01% IM distortion at any level up to 60 Watts.
Relatively low open foop gain and a conservative amount
of negative feedback results in clean overload charac
teristics and good TIM characteristics

Other features are volt-amp output limiting, plus three
fuses and an overheat thermostat. Despite the "budget’’
price an output meter is standard equipment. Each
channel measures 4% x 5 x 14 Four will mount in a stan
dard width relay rack for four channel systems

SPECIFICATIONS

8 60 Watts—4.0 or 8.0 Ohm load Minimum RMS from 20
= Hz to 20 KHz with less than .05% Total Harmonic
(@] . R

o Distortion,

G IM Distortion z less than .01
w Damping Factor 50 or greater 20 Hz 1020,000 Hz,
d Hum and Noise . 90 dB
g_'.) #207/8 Ampiifier (single channel) $110.00 PPd
2 # 207/8 Amplifier — Kt $ 7750 PPd
x

26
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equipment
reports

IS R 1 N\ | ] Vb |
Heathkit line. I was fortunate 1o seq o units
out of early production. Thev are 40 ¢
tland It inches square which lets them fit
sy into almost anv room. And the small
SiZe s especially mmportant 1f vou need tour
systems for quadriphonic sound. Thev are
also @l cnough so that the speakers them
selves. which are physicallv located in the
hall of the cabinet. extend above anv jov
level obstructions such as coflee tubles lamp
and the like that are common 1o the modern
American home

Each enclosure contains four speakers: (wo
6-""-inch woofers and  two  1-inch dome
tweeters. The woolers handle 30 watts contin
ous. the tweeters. 20 watts  continuous
Woolers and tweeters are fused separately (in
patrs).

This system s truly 4 one ever g projec
All that has 10 be done is 10 assemble the
crossover network and install the speakers
The cubinet usell is fullv assembled and
linished. It requires no work at a

The diagram in I shows the schematic

Southwest Technical Products Corp.
219 W. Rhapsody, Dept. FM
San Antonio, Texas 78216




of the crossover. The audio signal is coupled
1o the speaker system through the inpul
terminals. This signal goes directly 1o the
woofers (SPKR 1 and SPKR 2) through fuse
FI and 1o the tweeter circuit (CLo RE LI
)

The woolers operate as full-range speakers.
covering 35 Hz 10 10 kHz. However. above 4
kHz thev no tonger maintain good disper
sion and the ofl axis sound output begins to
diminish. This smooth response allows the

1%A
+ SLOW-BLOW
F1 —_\
SPKR 1 SPKR 2
| WOOFER WOOFER
1
—

SPKR 3 SPKR 4
TWEETER  TWEETER

FIG

woofers to be operated with no electricat
crossover. Fuse F1 protects the wooters
nput overload

The tweeter circuit consists of a high-pass
second order filter. level switch S1. and two
dome tweeters (SPKR 3 and SPKR 4). The
audio frequency choke LI and capacitor Cl
form a high-pass filter while resisior R2is a
series attenuator. Resistor R1 and switch S|
provide 3-dB of attenuation when S1is in the

3-dB position. Fuse F2 protects the
1weeters against overload

Because of its design. two radiating sides
on each enclosure. some variations in speaker
position and placement are feasible. These
are shown in Figs. 2 nd 5. To summar-
ize. the plucement of the speakers depends on
the acoustic balunce of the room and your
personal preference in frequency balance. In
a soft room (thick carpet. heavy drapes. sofl
upholstered furniture. eic.) place the level
switch in the flat position with the speaker
system pusitioned as shown in Fig 2. The

against

<

SOFT ROOM

ENDWALL
'SI/DEWALL ,

\ GRILLE

GREATER THAN

GREATER THAN

6'TD 10’
DEPENDING ON ROOM
1743

SiZ
(VIEWED FROM TOP)
FIG2

listener should be about as far away from the
speakers as the speakers arc apart

In a hard room (no carpet. thin or no
drapes. hard surfaced furniture) place the
tevel switch in the —3-dB position and set up
the speakers as shown in Fig. 3 The listener
should be about as far away from the
speakers as the speakers are apart

Most rooms are i combination of soft and
hard. If vou have one of these average raoms.
experiment with the previously mentioned
speaker positions and settings of the level
switch to find the combination that provides

HARD ROOM
END WALL

GRILLE  GRILLE
6'TD 0
BOTH SPEAKERS
SHOULD BE AGAINST
DR THE SAME DISTANCE FROM
THE SIOE WALLS
{VIEWED FROM TOP}

SIDE WALL SIDE WALL

FIG3

the best balance over the entire listening
range

The speaker system also offers many
options as to the amount of direct versus
reflected sound. These options. shown in
Figs. 4 and 5. are especially usetul 1n narrow
rooms or wide rooms where irregular furni
wre placement is used. Where a wall is used
as a reflecting surface. the wall should be
smooth and hard.

We found the speakers lived up to their
specs: providing a flat energy output from 50
Hz to above 12 kHz with a dispersion of 270
(again. as stated in the manual. on-axis
response goes beyond 20 kHz). The system 1s
rated at 4 ohms and never falls below this
rating at anv frequency

The cabinet design is an acousuc suspen-

nandic USA Inc 14560 NW 60th Ave Miami Lakes. FL 33014

THE ORANGE EQUIPMENT KNOWN FOR

PROFESSIONAL QUALITY THE WORLD OVER
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sion type which has. of course. one N power 1s used in the I frequency range
tion requires relati h-power This is the first C plifier will be
amplifier. F ' i xe there 1s not eno ower

ou’ll hear it distorted sound. caused |
[ END WALL clipping. on peaks in the music. If vou use
q F ese § ers in 13 by 20-foot room witl

<O/ 0 l D D an 8-toot ceiling (24.000 cu f1) and

" \ \ ains average furmshings. a peak power
’ vatts per channel into a pair of speakers
GRIL GRILLE' GRILLE vill produce a sound field equivalent 1o 100

NARROW AOOM OR WHERE IB SPL (sound pressure level). This corre

SPEAKERS MUST BE PLACED Is he normal peak sound intensit
CLOSE TOGETHER \ ning in

(VIEWED FROM TOP) ] hall
We connected the speaker system (o our
G4 Heath Modulous control center and power
ifier. The response was a azingh

of 5 watts per channel is recommended clear sharp and pleasant 10 listen to. Becat
However. for a robust listening level vou cight of 1 kers above the floor
need 15 10 25 watts per channel. Most o ound it desirable 10 use the - 3-dB

More Power To You!

Joint closer to cutters

= £ ¢ £ 'n
EEST g0 S

More cutting power with less effort. The plier pro-

vides the “‘extra muscle.

gives you this instead of this

Perfectly mated cutters

HOLD their edge. They're hand honed. scientifically
heat treated. The joint is smooth working as a Swiss
watch. (nterfaces are precision machined. Drop
forged, top quality steel. Beautiful fult polished
finish. Blue dipped plastic grips optional. Quality
in every detail (at no premium In cost). CHANNEL-
LOCK No. 369 Hi-teverage Plier. Ask for it by name.

RADIO-ELECTRONICS

N
@

®

No. 369 Hi-Leverage Plier—9 Inch

Meet The Rest Of The Family . . . Send For Our Free Catalog
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positon on the switch 0 limit what we
iside d \ n It
¢ I o7
END WALL
I = = |
18
i
1 ~ >
| __} N 2™ |
et
SIDE WALL L—"

WIDE RODM DR WHERE SPEAKERS

END WALL
N
b
<>A>
/ S A £ ‘
T SIDE WALL "]
WIDE ROOM OR WHERE SPEAKERS
e
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with W i n
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almost anv decor and are a worthwt le add
ton to any hi-li sys R-E

Sencore DVM-35 And
DVM-36 Digital
Multimeters
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ENC EOPLE A [ L

tal in a big way. They now ea ™
digital multimeters for all purposes. There
are four models in all. The two in the middle
are the DVM-35 and DVM-36. They look
enough alike to be twins: both are built in the
same portable compact cases made of
Cycotac plastic. They sav these can be
dropped 10 feet 10 a cement floor without
damage. I didn’t have the intestinal fortitude
1o try this. but they look tough!

Despite the similarity. tt a
ences. The DVAI-35 has a 3-digit readout
with 1% full-scale accuracy: Voliage scale are

10. 100. 1000 on AC or DC. For current. |
10. 100 and 1000 mA. again both AC and DC
The ability to read aliernating current is one

sel D1



of the handy things in the newer DVM’s. On
all ranges. it the reading is greater than full-
scale. overrange is indicated by the display
showing all “8s™. and blinking.

For resistance readings. the DVM-35 has a
total of six. The lower three. 100. 1000 and
I0K are low-power scales with only 0.2 volt
impressed across the circuit-under-test. This
won't turn on even a germamum (ransistor.
The high scales are 100K. 1000K and 10
megohm. and 1.0 volt is applied to the circuit
So. these can be used for the old faithful in.
circuit ohmmeter tests of transistor junctions
You will see a high reading one wayv and a
low the other. For the high reading. the onlv
difference you'll see will be the “infinity”
display. Since this is actually an overrange
condition to a DVM. the displav blinks “888™
at you

The “other brother™. the D¥'M-36 is in the
same case. It has a 3'% digit readout and
different ranges. Voltage is 2. 20. 200 and
2000 volts both AC and DC. The same basic
ranges are used for currents. both alternating
and direct. In the DVM-36. the accuracy is
0.35% of full-scale on all voltage and current
ranges. Resistance ranges read to an accuracy
of 1% of tull-scale 2 digits. The Ohms
ranges use *2's™: 200. 2K. 20K. all low-power
with 200-mV applied. and 200K. 2000K and
20 megohm on the high power ranges. with
2.0 volts applied across the circunts.

The controls are simple: the range and
function switch is very plainlv marked. A

selector switch on the lower right corner of

the panel changes it from AC to DC volts.
The on ‘off switch is on the left and in the
middle is a zero-adjust knob. To set this up.

set the selector on DC volts. anv range. short
the prods and adjust the zero-adjust until the
display reads 000" (on both models). You
don’t have to reverse prods for voltage or
current readings. Polarity is automatic: if the |
voltage is negative. a minus sign lights up. It
also lights up on DC current readings. which
saves vou from the old problem of hooking
miliammeters up backward!

Speaking of probes-—both of the instru- |
ments use the same tvpe. and it has some
really handy teatures. The body of the probe |
is triangular and it has a guard-ring to keep |
unwary digits (vours. not on the readout’)
from getting into hot stuff. A long. thin red-
tip has a very sharp point for making good
contact. If vou don’t believe it's sharp. drop it
on your knee.

On one side of the probe. at the front. are
two small flush pushbuttons. One of these is
marked pusi-oN. This is a switch. in parallel
with the panel switch. You can leave the
instrument turned off’ until you're ready to
take a reading. fust push the buttan. note the
reading and let up. This can be a big help in
saving the batteries. The other one is marked
150 ndevee. Holding this down puts an extra

Our whole family helped assemble
this wonderful Schober Organ...
and now we all play it!

Talk about real family fun! We all worked
together, tor a few hours almost every day. Almost
too soon. our Schober Organ was finished. Our
keen-eyed daughter sorted resistors. Mom sol-
dered transistor sockets. although she'd never
soldesed anything betore And it did our hearts
good to see the care with which our son he'sonly
12— installed the transistors. Me? | was the quality
control inspectar —they let me do the final wiring

Qur completed Schober Organ compares
tavorably with a ‘ready-made’ one costing twice
as much' (The five models range from $650 to
$2850

Just send the coupon for the fascinating
Schober color catalog (or enclose $1 tor a 12-inch
LPrecordthat lets you hear as well as see Schober
quality

- . l -------------------.
15-megohm resistor in series with the probe. | g (/M 8
this multiplies the full-scale range by a factor | @ The e oben Oroan C;"p" D°y°" e S
of two. For a 1000-volt scale. this would let [ ] f:’“ R s:““sN:'D:'BN' '1(?0'2? (]
" - B | ease send me Schober Organ Catalog
you rL‘ad 2.000 volts. The displav reads one- | § O Enclosed please find $1.00 for 12-nch LP [ ]
half of the actual voltage: say this was 1500 | g~ record of Schober Organ music [ ]
volts. The readout would show “7507 as long | g ]
as the 1so button is held down § NAME ]
Since this also brings the input impedance : ADCRESS =
o’ e instrument from normal -
of the in went  from its rmal 15 5 TV STATE il H

megohms up to 30 megohms. this feature can
continued on page 100

- S -D aD G5 S5 G5 Ih GD GD S5 G5 G G G5 GD G5 G5 W ®
CIRCLE 33 ON FREE INFORMATION CARD

33KV

BUILT-IN SPEAKERS
Easy audio checking

40 KV METER

50aU sensitivity monitoring

FRONT CONNECTORS

Convenient cable plug-in

$298-98-VALUE

SPECIAL INTRODUCTORY OFFER

$229.95

COMPLETE WITH CRT

G DOES IT ALL!

. Tube and Solid State

THE UNIVERSAL

PJS-298

33KVLEADED GLASS19” CRT

EIA recommended to protect against
dangerous X-radiation

A MUST FOR

TODAY’S

SERVICING

ACCESSORIES INCLUDE:

CRT 90° Extension
Yoke Extension
Transverter
Convergence Load °

S0LD THROUGH DISTRIBUTORS ONL

Universal Yoke
Convergence Assembly
Blue Lateral Assembly
Anode Extension

OBSOLETE PROOF .
Plug in modules for ug-dating

________________ — o
| pLeASE SEND ME MORE INFORMATION 37 —: )2>

o | NAME '

I‘ ! |

| ADDRESS. | =<

2849 FULTON ST.. BROOKLYN, NY 11207 | 1 2
PHONE: (212) 827-1500 § SHnY STATE 21p o
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HOW TO SAVE HUNDREDS
OF DOLLARS ON PARTS.
PAINLESSLY.

At CSC, we've developed a family of ingenious Design Mate™ test
equipment that gives you professional quality and precision
at very unprofessional prices. Each unit can save you
money—and time—in a number of interesting ways.
For more information on these, or any other
CSC products, see your dealer or write
for our catalog and distributor list.

SAVE MONEY AND TIME
WITH DESIGN MATE 1

This precision all-in-one unit
combines a solderless plug-in
breadboarding system with a
built-in better-than-1%-regulated
variable 5-15V supply and
0-15V voltmeter. Gives you
everything you need to design
and test circuits faster than
you ever could before.
Saves money by eliminating
lead damage and heat
damage to components.
Lets you re-use parts over
and over again, to save
even more. All for just
$54.95*

STRETCH YOUR BUDGET FURTHER
WITH DESIGN MATE 2
Precision function generator lets you
test all kinds of equipment, with 1Hz-
100kHz signals. Low-distortion sine
waves, high-linearity triangle waves,
fast-rise-time square waves. Five
decade ranges, accurate to 5% of dial
setting, with variable 100mVv-10V P-P
output and constant 600-ohm
impedance. At $69.95* it's a lot of
signal for very little money.

SAVE MORE MONEY AND TIME
WITH DESIGN MATE 3
Accurate R/C bridge helps you use

] CONTINENTAL SPECIALTIES CORPORATION
“bargain” components. Quickly and

easily measures resistance 10 ohms—10
meg; capacitance 10pF-1uF—both in
decade ranges to within 5% of dial EASY DOES IT
setting. Simple, 2-control operation and New 1 c14045’5($da2”o§"5e2e4t'381%3 '1?;35 04851227
1ti i i i ew Haven, ° - - . -
meagl?rsenrlr\\/eenlfsEiE lsne%lg?]gcs)nAngeg 95* West Coast office: Box 7809, San Francisco, CA

5 g 5 . 94119 ¢ 415-421-8872 TWX  910-372-7992
it pays for itself in no time.

© 1976, Continental Specialties Corp. *Manufacturer's suggested list. Prices and specifications subject to change without notice.
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Porfable Mini Orgam

Play music anywhere with this self-contained battery-powered
mini-organ. It has its own keyboard, speaker, unique
pitch-bender and covers a five octave range

A TOP-OCTAVE DIVIDER WORKS LIKE THIS:
You pump a high-frequency clock
signal into one of the pins and like
magic a full octave of equally tempered
musical notes come flowing out of the
rest of the pins. As you might expect.
this is extraordinarily useful for organ-
type musical instruments.

In various single or multiple package
configurations. they've been around for
vears. When they were first developed
the price was high enough 1o effectively
fimit their application to large. expen-
sive instruments. Now, we're gelling oul
on the “learning curve™ and while these
devices are still not cheap. they are
inexpensive enough to become candi-
dates for some “small™ applications.

Like. for instance, here’s OZ. It's
battery-powered and has a  built-in
amplifier. speaker and keyboard. You
can take it anywhere: into the woods,

JOHN S. SIMONTON, JR.

vour van. to the beach—places vou
wouldn’t ordinarily expect to find a
keyboard instrument. For the musician
on the road. iU's great for getting vour
chops down on long bus rides. And as
an added benefit. a guitar or other
instrument can plug in and share OZ’s
amplifier. For music students. it's a
practice instrument that will fit into the
most confining dorm room. apartment
or budget.

It’s polvtonic—which means that you
can play notes, intervals or full chords—
and its output level is appropriate for
most electronic music synthesizers. Yes.
it works quite well with the Gnome
(Radio-Electronics, Nov.. Dec. 1975 and
Jan. 1976 issues.) To make interfacing
casy. OZ features a trigger output that is
switch selectable to be either high as

long as any key is down. or a short pulse
every time a key is depressed.

It has a really slick touch-operated
pitch bender that glissandos. vibratos
and trills single notes or whole chords
up to a full octave. The harder you
press, the more the frequency changes.

Let's see how it works

The top-octave IC is the real guts of
QZ: but, before we look there, we must
start with the thing that makes it all go—
the clock.

Two CMOS NOR gates (IC6-a and
iC6-b. Fig. 1) are configured in a clas-
sical astable circuit in which timing
capacitor 20 charges and discharges
through resistor R42 and the variable
TURE control R57. The nominal fre-
quency of the clock is 500 kHz and is
adjustable  with  the tuning control
through an octave range.

2161 ABVYNNVIE
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All resistors '/ watt, 10%.
R1-R18—330,000 ohms

R19-R36, R51, R53, R54—22,000 ohms
R37—-33,000 ohms

R38-—-3.9 megohm

R39—150,000 ohms

PARTS LIST
C23-100 pF
€25, C32—1 pF, 12-volt electrolytic
C27-250 uF, 12 V
C33-0.22 yF, Mylar
D1-—-1N914 diode
IC1, I1C2, IC3—CD4013

ohm speaker, speaker bezel, grille
cloth, two 5-lug termina! strips, wire,
plastic tubing, coaxial cable, bare
wire, cable clamps, wire ties, printed
circuit board, LED circuit board, pitch-
bender circuit board.

R40, R41, R56, R60—10,000 ohms IC4—MK-50240 A complete kit of parts to build 02,
R42—-2700 ohms IC5—-CD4024 including case, PC boards, keyboard,
R43--680,000 ohms IC6—CD4001 etc, less batteries, is available from;
R44—100,000 ohms IC7—LM380 PAIA Electronics, Inc.

R45, R46, R47—10 ohms

R48, R52, R55—-2200 ohms

R49—4700 ohms

R50—1000 ohms

R57, R58, R59—5000-ohm
potentiometers

C1-C18, C24—.005 uF, ceramic disc

C19, C22, C26, C31—-.05 uF

C20—47 pF

C21, C28, C29, C30—-.01 uF

J1—miniature open circuit phone jack
J2—miniature closed circuit phone jack
J3—pin jack
LED's (6)~MSL-7-50 light-emitting diode
Q1, Q2—-2N5129 or 2N3904 transistor
S1, S3—SPST slide switch
S2—-2P5T rotary switch
Keyboard—18-note DPST switching
Miscellaneous hardware, 4 knobs,

front panel, vinyl covered case, 8-

P. O. Box 14359
Oklahoma City, OK 73114
for $84.95 plus shipping and insurance
for 12 Ibs. Order No. 3760
A set of three circuit boards may
be obtained for $10.00 postpaid. Order
No. 3760 PC.
The keyboard is available for $39.00
including postage and handling. Order
No. AGO-18.

RADIO-ELECTRONICS
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FIG. 1—COMPLETE SCHEMATIC, OZ MINI-ORGAN AND POLYTONIC PITCH SOURCE FOR MUSIC SYNTHESIZERS.




The frequency of this type of astable
may also be changed by changing the
value of capacitor C20. We don’t want
to use this as a tuning control for the
oscillator. simply because variable capa-
citors are more expensive than poten-
tiometers.

Wired across the liming capacitor we
have a strange looking symbol labeled
“pitch bender”. This is a small circuit
board etched as shown in Fig. 2 and as

2-1/2 INCHES
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tempered musical scale. a frequency
division of one half represents exactly
an octave. The divider circuit is a type
4024 CMOS package. Nouce that
although there are seven stages of divi-

sion on the IC. we only use four of

them. (The fifth position of 82 is a direct
connection between the clock circuit
and the top-octave 1C.)

The second section of S2 is used
simply to light front panel LED's that

3760 PB

FIG. 2—PITCH BENDER PC BOARD SHOWN FULL-SIZE.

vou can see. it consists of an interlaced
grid of conductors.

Bending the pitch

This circuit board is a capacitor; but.
unlike most capacitors. it is designed 1o
be touch sensitive. In actual use. the
conductors of the board are insulated by
a thin film of paint so that resistance
effects are eliminated.

When there is nothing touching the
surface of the plate, its equivalent capa-
citance is low—a few pF. But when your
hand touches the plate, the capacitance
increases—vour flesh has a higher di-
electric constant than the air it is
displacing. Pressing harder puts your
hand in more intimate contact with the
plate. which further increases the capa-
citance. Increased capacitance produces
lower clock frequencies. which in turn
lowers the pitch of the notes produced
by the top-octave divider.

The five-position rotary switch 82 is a
RANGE switch that transposes the OZ
keyboard up and down in pitch by exact
octave increments. This could have been
done by switching resistors or capacitors
in the clock. but by far the easiest and
most precise way is to apply the clock to
a divider chain and then select the
divider-chain output that will serve as a
clock signal for the top-octave divider. It
is probably not necessary to say. but this
works because the output of each
successive stage in a bistable divider
chain is exactly half the frequency of the
preceding stage and in the equally

indicate the setting of the RANGE swilch
(superfluous. perhaps: but mighty han-
dy on a darkened stage.)

Finally. the clock signal gets to where
it does some good, the MK 50240 top-
octave divider that, in gratutude for
being supplied with this elegant square-
wave clock signal. produces for us a full
octave (plus one note) of equally
tempered scale.

But wait: here we have 13 notes—but
there are 18 keys on the keyboard. If all
those keys are going to produce notes
we need to find another five semi-tones
somewhere We get these in essentially
the same way that we came up with the
range switch: that is, by dividing a note
that we already have by 2 to get the
same note in the next lowest octave.
This is the task of the three 4013 dual
type D flip-flops. 1C1-1C3.

Key switching in OZ is certainly not
elegant, but taking into account where
we're headed (a pitch source for synthe-
sizers that can be used as a stand-alone
practice instrument) it is certainly cost-
effective. When a key switch closes. it
simply connects the note that the key
represents 10 the common audio bus.

Notice a couple of things here. First,
resistors R19-R 36 are in essence mixing
resistors: they prevent interaction be-
tween the outputs of the MKS50240.
Secondly. because of R49, R58 and R60.
the audio bus that all these notes
connect 1o is displaced from ground by
a voltage equivalent to half the supply
voltage. There’s a reason for this. The

outputs of the top-octave 1C are square-
waves. I we switch the squarewaves o
an audio bus that is at ground potential.
not only is the squarewave (note) going
to appear on the bus. but also the
average value of the squarewave (half of
supply). The average value is a DC level
shift as far as the audio bus is concerned
and 1t will ultimately appear in the
outpul as a horrendous “thump™ every
time a key goes down. IUs the rransition
that we hear and by closing to an audio
bus that is already half the supply
voltage. we eliminate the transition,

We're almost in a position to produce
music. but before we do. we need some
controls.  For example, RSB, which
allows for varying the level of the signal
that will eventually be applied to the
amplifier or synthesizer. We also need
some control over the harmonic content
of those squarewaves coming onto the
audio bus, The low-pass T-filter. con-
sisting of R50. RSI. R59 (the 10NE
control) and capacitor C33. does this for
us,

If we're always going to use OZ with
its internal amplifier and speaker, we're
home free because the next place the
signal goes to is the LLM380 amplifier
(1C7) that drives the speaker.

But we might not always use OZ like
that. so we need a few more goodies. J1
is wired as a mixing input to 1C7 for
play-along situations or interfacing o
other musical gear. and J2 is a closed-
circuit phone jack wired to disconnect
the ©Z pitch source from its internal
amplifier when a plug is inserted. If
you're going out to external processing
gear, you obviously don’t want to hear
anything until afier the processing.

What type of trigger?

Synthesizers like to have some kind of
triggering signal to let them know when
to do things and (because iU's the most
useful way) these triggers usually reflect
the keyboard activity.

Two types of triggers are particularly
useful. We will look at a step trigger first
because it's the easiest. When a key is
pressed. a second set of switch contacts
closes just after the audio switches close.
As you can see from the schematic, each
of these contacts connects to the positive
supply line through a resistor (R1-R18).
with the other contact of each switch
bussed to the other contact of all the
other switches: all of which then
conrect to the base of Q1. If all the kevs
are up. QI is not conducting and its
collector voltage is high.

Assuming that switch SI is closed
(which it must be for us to get step
triggers) Q2 is being held on by the
current flow through R37. producing a
low output voltage at Q2’s collector.
After passing through the two inversions
represented by the NOR gates 1C6-c
and I1C6-d. the voltage is still low. and
this is what appears at the trigger outpul

1161 AHVNNYI
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Jjack J3: nothing. But when 3 key goes
down, things change. Q| turns on,
which turns Q2 off, producing a high
collector~voltage that passes through the
two NOR gates and appears at trigger
output jack TRIG ouT as g voltage. This
trigger voltage will remain high as long
as any of the keys are down and will not
fetrn to a low state until 4/ the keys
have been released.

The second usefu) type of trigger is
one that goes high only momentarily
each time a key goes down (whether
other keys are already down or not).
This is ordinarily called a pulse trigger
and OZ generates it |ike this: For pulse
triggers, S| js open. Also. notice that as
long as keys are up. capacitors (|
through CI8 are charged essentially to
the supply voltage through their” re.
spective  resistors, RI-RI8. and the
common resistor R38. The charge on
these capacitors s such that the end
connected to the switch contact is posi-
tive with respect to ground.

When a key switch closes (let’s take
the first one as typical). the end of C]
that was positive s connected to ground
through the base~emilterjunclion of Q]
Q! wrns on: but with §) open, Q]
doesn’t connect to anything so we really
don’t care). When this happens, the
other (more negative) end of C| forces
the junction of p) and R38 below
ground potential, (] immediately be-
gins to charge through Q1 and R3§, and
as it does, i momentarily turns Q| off,
The result—a shor positive-going spike
at the collector of Q1. Notice that other
keys can now close and their associated
capacitors will have identically the same
effect that C} did. QI collector will
respond with a shor positive-spike each
time.

This spike isn't really quite long
enough and modifying this portion of
the circuitry 1o make jt longer. would
Cost us noise immunity—the trigger
circuit would begin responding to the
“chatter” thar goes along  with any
switch closure (particularly switches of
the kind you find on organ-type
keyboards). To make the spike longer,
we build a pulse stretcher from [Cé-¢
and I1C6-d. The output of the pulse
stretcher  becomes the actual trigger
output. The LED s there 1o indicate to
the user that he is getting a trigger and
RS5S5 serves as a current limiter for this
LED. R56 is simply an isolating resis-
tor,

Construction

A complete kit is available, which gets
the monkey off your back as far ag
gathering together all the bits and pieces
(case and keyboard. for example) js
concerned. Circuit boards are available
Separately or if you're used o etching
your own, you can duplicate the layout
shown in Fig. 3. If you prefer perf-board
construction. that's fine, providing you

}—\84’4 INCHES\l

FIG. 3—-0z PRINTED CIRCUIT BOARD SHOWN HALF-SIZE,

] _
O e s R I
i | ¥

) ) )

‘“"“"l'hl 1 = RN O3 i N S % i
08988388583 855558 W00 e
83398188 881888838 ¥ b ;

°aasa;::aa::; 538z @@E (:'ﬁ é\-)@é)é:n&l\&:ééé\f—b

bear in mind the warnings that wijl
follow shortly. But firsy let me bring
something important 1o your attention,

OZ is one of those devices that could
very casily be built with fifty million
wires running back and forth between
the circuit board. keyboard and control
panel. You're going to come up with a
lot of wires anyway. but you will notice
that in the mode] illustrated. some parts
are on the circuit board (Fig. 4) while
others are mounted on terminal strips
on the front panel itself. (See Figs. 5 and
6.) This was done o minimize the wire
count and [ highly recommend that you
study the drawings and photos and stick
to their precedents as much as possi-
ble.

I recommend the following assembly
sequence: First, build up the circuit
board. All the standard warnings apply
here. Watch the polarity of electrolytic
capacitors and the orientation of |C's,
diodes and transistors: don't heat the
parts to the point that they glow cherry

red. etc. An additional thing that you
have 1o worry about is the fact thar
you're working with CMOS ICs, so
you'lll want to be carefu] about accumu-
lated static charges.

With the circuit board assembled. the
wires connecting it to the keyboard can
be installed. A tip: leave vyourself
enough length on these wires so that you
can have access to the circuit board in
case something isn" quite right. Bug
don’t make them so long that you are
guaranteed to have radiation prob-
lems,

Next. wire the front panel (Fig. 5),
Note the components that are mounted
here rather than on (he circuit board.
Notice that LED%s | through 5 are
mounted on a small circyjr board
secured by the shaft of the rotary switch
S2.LED6 is supported by its leads and
those of RSS. This is not the best way to
do the job, but it was the only practical
thing we could come up with,

10 be continued




Digital
Clock
or Your Car

Part I—Preliminary details on a useful
automotive accessory that is rarely avail-
able as original equipment. A valuable aid
for the trucker and road ralley enthusiast

that is simple and easy to build.

ROBERT C. ARP*

THE AUTOMOTIVE INDUSTRY HAS NEVER PRO-
vided its customers with the one device to
which the economy ot the whole world s
peared: a clock that keeps time. It would
seem. therefore. that this is a natural area for
semiconductor manufacturers to exploit.
Until now. the products with which these
manufacturers have challenged that need
have not been accepted. The complaints from

There are also several addinonal arcas of

concern. These include:

1.
2.
3.
4.
5.
6

Battery current drain.

Physical orientation of displays.
Radio interference.

Physical size of the finished
product.

Protection to vehicular wiring.
Accuracy.

CONMUMETS are:

1.

5.

The required crystals for an
accurate automotive clock are
expensive and hard to get.

. Frequency adjustments to the

oscillator require an accurate
time interval or frequency count-

er.
. Available MOS integrated-circuit

clocks designed for vehicular
use do not interface directly with
low-voltage, dual-in-line dis-
plays.

. Of the displays with which these

clocks do interface, LED dis-
plays are difficult to read in
sunlight. liquid-crystal displays
cannot be read in the dark and
gas-discharge displays require a
high-voltage supply.

Display intensity control is not
automatic.

* Product Engineer, National Semiconductor

Corp

The introduction of two new products. the
MMS3RS digital clock and the MMT74C92R
34-digit counter. by National Semicon-
ductor  Corporation. 2900 Semiconductor
Drive. Santa Clara. CA 95051, is the basis for
an automotive digital clock with:

1. A crystal-controlled oscillator
using a standard 100-kHz crys-
tal. The oscillator may be ad-
justed without a time-interval or
frequency counter.

2. Automatic control of dispiay in-
tensity using a photoresistor.

3. Direct interfacing with 7-seg-
ment LED and incandescent dis-
plays. The two types of displays
are directly interchangeable. us-
ing appropriate display boards.

4. Very low power-supply current
when ignition switch is off and
displays are inhibited.

5. No radio interference.

6. Divide by 2,000 with a single IC
to produce the 50-Hz input to

the clock IC.
7. Only three CMOS integrated cir-
cuits in addition to the clock IC

are necessary.

8. The power supply to fully protect
the vehicle and the clock circui-
try.

9. Operation with vehicular sup-
plies from 6 to 18 volts.

How it works

Figure 1 shows the schematic diagram of
the Automative Digital Clock. Protection of
the antomobile wiring and the battery from
<harts in the clock. as well as protection for
the clock from reverse-polarity damage. i
provided by the FI-D1 combination. and F2.
1f the input voltage to the clock i reversed in
potarity. D1 will be forward-tased and F1
wiil blow very rapidly. The Zener diode. D2
protects the clock from voltage transients or
the application of voltage from an incorrectly
adjusted voltage regulator or battery charg-
er.

The negative side of the vehicle™s battery is
used as Viy)y: the positive side is common (Vo
and V) between — 5V and V. When the
ignition switch is on. the optical isolator/
coupler enables the display. Voltage regu-
lator 1CT provides a stepdown in absolute
value from V,;, 1o § volts. Capacitor €2 is
required for regulator stability: it cannot be
omitted.
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FIG. 1-COMPLETE SCHEMATIC, AUTO DIGITAL CLOCK. Components marked with an
connection from Q3 to Vp, must be made—and connection from Q3 emitter to — 5

connected to either Vpp orto — 5 volts, but not to both at the same time.

Crystal-controlled oscillator 1C2 operates
at 100 kHz. Figure 2 shows the circuit details
of the oscillator. The frequency may be

monostable multivibrator 1C4 and 10 t.¢
clock input of the 3'4-digit counter (IC3 pin
12). During the negative transition of the

asterisk are optional—for alarm clock operation. Dotted-line
volts cut—if Incandescent displays are used. Emitter of Q3 may be

pin 7 to V.
Figure 4 shows the waveforms developed
by the oscillator. counter. monostable multi-

adjusted  with variable capacitor C4 by 100.000th oscillator pulse. the carrv-out
observing the output of LEDI (more on this terminal of the counter (1C3 pin 14) goes VoLTS !
later). Capacitor C3 is included in series with high while the oscillator pulse is still low. The 0 ___' 5
C4 10 limit the capacitance of the combina- carrv-out serves as the input to the dual OSCILLATOR .
tion to a range of 8 to 26 pF. monostable multivibrator. 3 ouTPyT D T=10us
The 100-kHz squarewave developed at pin Figure 3 shows the logic diagram of the ok ‘
12 of IC2 is applied both to pin 1 of the dual dual monostable multivibrator IC4. A low-to- 2us
high transition of the carry-out pulse from 51— RESET INPUT |
9.;'5"" lo%::»r IC3 (pin 14) triggers the output of the first t T=20ms
T Al monostable multivibrator (pin 13) high on a o f 0.2,
FREOUENé::UJUST ot posiive mput transistion if the reset input "
——— (pin 3) is high and the 100-kHz clock input is -51= CARRY OUTPUT " T 20m
'W' low. These three conditions occur simulta- J
157 470,('(:!1\"8070»\*%“ neously each time the carrv-out pulse of IC3 or jml_—_
goes high. No counts from the oscillator are S INeUTTOQ
lost because the pulse width at 1C4 pin 13, ! T=20ms
determined by R4 and C6, is only 2 ps. The o+ E—
puise that appears at IC4 pin 13 every 20-ms INPUT TO i i
4 —_ is applied to the reset input of IC3. The 3'- 2= MM5385 T-20ms
74C04 outPyT digit counter IC3 is fully reset long before the

FIG. 2—DETAIL OF OSCILLATOR showing the
connections to the 74C04 IC.

negative transition of the 100.001th oscillator
pulse appears at its clock input. Therefore
IC3 divides the 100-kHz output of the oscil-

FIG. 4—WAVEFORMS from oscillator and mul-
tivibrator.

12 lator by 2000 to produce the 50-Hz signal vibrators and transistor Q1 with respect to

e required by ICS5. the common (Vg and V) bus.

" The Q output (IC4 pin 13) is also applied
100EH:E 7 to the input ’:)f the scgond dual mnno[;{:ihlc The MM5385 IC

CARRY-0UT multivibrator (IC4 pin 9). The output of the The MMS5385 is a monolithic MOS inte-
'y second dual monostable multivibrator (1C4 grated circuit digital alarm clock that has a
3 pin 5) is triggered high on a negative input 12-hour display format (for a 24-hour display
s oM RESED transition if the reset input (pin 11) and pin format. the MM35386 may be substituted).
-9 10 are both high. These three conditions are The features of the MMS38S are presented in
15— satisfied each time 1C4 pin 13 goes low (every Table I. and the base diagram is shown in

20 ms).
The puise width at IC4 is extended (0 5 ms
by the R5-C7 combination. This pulse is

Fig. 5. The various displav modes are listed
in Table 11 and the functions of the setting
controls are listed in Table 11.

> RS :
o 3 used to drive the hase of transistor QI. The Whenever power is applied to the
6 =—)}— collector of this transistor couples the 5-ms MMS5385. a power failure is indicated by the
7—! pulse to the 50/60-Hz input of the MM5385 display flashing at a 1-Hz rate. Applving fast-

FIG. 3—=THE 74C221 MULTIVIBRATOR. This
® unit is a dual monostable type.

digital alarm clock (ICS). The MMS5385 is
programmed to divide by 50 by connecting

set or slow-set input (pins 9 and 10. respec-
tively) returns the display to normal.




All resistors are 'fs-watt, 10%, unless
otherwise noted

R1—1 ohm, 5 watts

R2, R4, R5, R6—10,000 ohms

R3—470,000 ohms

R7—1500 ohms, /> watt

R8—6800 ohms

R9—Potentiometer—5000 ohms, printed
circuit board mounting, 0.5-inch maxi-
mum diameter.

R10—Potentiometer—2000 or 2500 ohms,
printed circuit board mounting, 0.5 inch
maximum diameter.

R11—4700 ohms

R12—100,000 ohms

R13, R14—27,000 ohms;
alarm clock.

C1—10 uF 35 volt solid tantalum; Allied
852-5668. Also available from Valley
Electronics, 4115 Franklin Ave., Sacra-
mento, CA 95820 for 35¢ as Kemet
T368.

C2—1 uF 35-volt solid tantatum; Allied
852R6674.

C3, C5—100 pF polystyrene; Allied 852-
0026

optional for

C4—9-35 pF trimmer.

C6—150 pF polystyrene; Allied 852-0030.

C7—.47 uF solid tantalum; Allied 852-
5689.

D1—1, amp, 50 or higher PRV; 1N4001 or
equal. Available from Valley Electronics,
15¢ each.

D2—17.7V, 1-watt Zener, Professional Re-
placement PR247; available from Olson
Electronics, 260 S. Forge St., Akron, OH
44327. An 18-volt, 1-watt Zener may be
used if necessary.

Q1—300-mW switching PNP silicon tran-
sistor; 2N4402 or equal. Availabie from
Valley Electronics, 30¢ each.

Q2—-40-watt PNP silicon transistor;

PARTS LIST

2N5193, MJE371 or equal.
Q3—40-watt NPN silicon

2N5192, MJES21 or equal.
Q4, Q5—0Optional for alarm clock.
IC1—LM320K-5.0 negative voltage regula-

transistor;

tor.

1IC2—74C04 hex inverter—CMOS. Avail-
able from RGS Electronics, 3650
Charles Street, Suite K, Santa Clara, CA
95050.

IC3—MM74C928 3'/.-digit counter—
CMOS.

IC4—74C221 dual monostable multivibra-
tor—CMOS. Available from RGS Elec-
tronics.

IC5—MM5385 digital alarm clock.
OC1—Opto-Isolator/coupler, MCT2 avail-
able from Valley Electronics for $1.00.
PC1—Photoresistor, Clairex CL704L or
CL5M4L, Archer 276-116. The Archer
276-116 or equivalent should be used
with incandescent displays. Clairex
available from Allied; Archer available

from Radio Shack. See text.

LED1 to LED4—Any small LED any color.
LED2 to LED4 are optional.

XTAL—100-kHz crystal; this is a widely
available, standard crystal. The main
printed circuit board has been prepared
to allow crystals up to 1 inch in diame-
ter.

F1—0.5-amp fast or normal blow fuse.

F2—1/32-amp fast or normai blow fuse.

S1, 82, S3—SPST normally open, momen-
tary pushbuttons. (S3 is optional, to be
used only in alarm clock.)

S4—SPST miniature toggle switch. Op-
tional for alarm clock.

S5—-SPDT center off, miniature toggle
switch. Optional for alarm clock.

DISPLAY 1, 2, 3, 4—0.3-inch or larger, 7-
segment incandescent or common ca-

thode LED; 15-mA-per-segment maxi-
mum; MAN-74 or DL-704. The incandes-
cent displays and MAN4510 LED dis-
plays are available at $2.00 each pius
tax and postage. from Valley Elec-
tronics, 4115 Franklin Ave., Sacramen-
to. CA 95820.

Heat sinks—Wakefield 680-1.25-A, Allied
957-2670; see text.

IC Sockets—Calectro Cat. No. J4-635 1C
Sockets, Molex IC terminals, or IC sock-
ets; see text.

Edge Connector—Calectro Cat. No. J4-
645 Digi-Klips; a standard 26-pin edge
connector may aiso be used; see text.

Filter—Optional for incandescent displays.
For red LED displays, a red circularly
polarized viewing screen must be used.
Available with bezel from Allied Elec-
tronics, 2400 W. Washington Bivd.,
Chicago, IL 60612 (minimum order:
$15.00 cash), Cat. No. 658-1240 or 658-
1260, or from Tracy Design Corp.,
15870 Schaefer, Detroit, Ml 48227, Cat.
Np. 920-60. Both the Allied 658-1240
and 658-1260 may be mounted to the
display board.

Misc.—mounting hardware, 31s-inch to '/
inch long spacers for 4-40 bolts for the
Allied display-filters, spacers for the
main printed circuit board, shoulder
washers or nuts to space the Wakefield
630-1.25-A heat sink from the main
printed circuit board.

Both the main printed circuit board
and either display board are available
from Henry Bosserman, 3491 Butcher
Drive, Santa Ciara, CA 95051: etched
and drilled main board for $11.82;
eiched and drilied display board for
$5.91; both for $17.00.

With pins |1 and 17 open. the display
presents time-of-day information. Sleep time
can be displayed by connecting pin |1 to Vi
and seconds can be displayed by connecting
pin Il to Vi,

Momentarily connecting pin 17 to Vy
inhibits the alarm output for between & and 9
minutes. After this delay. the alarm will again
be sounded and the alarm time will be
displayed. The snooze alarm feature may be
repeatedly used during the 59 minutes in
which the alarm latch remains set. Connect-
ing pin 17 to Vg displays alarm time.

Momentarily connecting pin 15 t0 Vg
resets the alarm latch and silences the alarm.
The alarm will automaticaily sound again in

TABLE I—FEATURES, MM5385 digital
alarm clock

. 50 or 60 Hz operation.

. PM outputs in 12-hour format
with a colon flashing at a
one second rate.

. 24-hour alarm setting.

. All counters resettable.

. Fast and slow set controls.

. Power failure indication.

. Direct interface to light-emit-
ting diodes with forward
current of 3-15 mA.

. 9 minute snooze alarm.

. Presettable 59-minute sleep
timer.

10. Radio frequency interterence-

eliminating slow-up circuitry

at the outputs.
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FIG. 5—CONNECTIONS TO MM5385. Pads for
all option pins, except pin 18, are provided on
the main board.

24 hours (or at a new alarm setting). If it is
desired to silence the alarm for a day or
more. the alarm “off”" input shouid remain at
Vs

The sleep output at pin 14 can be used t0
turn off a radio after a desired time interval

of up 10 59 minutes. The time interval is
chosen by selecting the sleep display mode
(Tanle 11) and setting the desired time
interval (Table 11). This automatically
results in an output. via pin 14. that can be
used 10 turn off a radio (or other appliances).
This turn-off may also be manually con-
trolied by a momentary V., connection to the
snooze input (pin 17).

The display can be inhibited by connecting
pin 18 to Vg However, for use in the
Automotive Digital Clock. the display must
be nhibited whenever the ignition switch is
turned off. As shown in Fig. |. the display is
inhibited by removing current to the input
diode of an optical isolator/coupler when the
ignition switch is off. When no current flows
through the input diode. the output transistor
of the optical isolator/coupler is cut off. This
output transistor is in series with the resistor-
photoresistor  combination that forward
biases transistor Q2. When it is cut off.
transistor Q2 is also cut off.

Trimmer R9 is adjusted to provide the
desired display intensity in total darkness.

TABLE 1l—MM5385 DISPLAY MODES

*Selected Digit
Display Mode No.1
Time Display 10’s of Hours & AM/PM
Seconds Display Blanked
Alarm Display 10's of Hours & AM/PM
Sleep Display Blanked

Digit Digit Digit

No.2 No.3 No.4
Hours 10’s of Minutes Minutes
Minutes 10's of Seconds Seconds
Hours 10's of Minutes Minutes
Blanked 10’'s of Minutes Minutes

* |If more than one display mode input is applied, the display priorities are in order of Sleep
(overrides all others), Alarm, Seconds, Time (no other mode selected).
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and R10 is adjusted for display intensity
under maximum ambient lighting. The
photoresistor controls display intensity under
all other ambient light conditions. Six circuit
elements. the photoresistor. the output tran-
sistor of the optical isolator/coupler. R8. R9,
R10. and Q2 control the base drive to Q3.
Transistor Q3 provides the current drive for
all segments of the display. The photoresistor
acts as a variable resistor that automaticaily
varies the brightness of the displav to provide
a pleasing intensity for all conditions of
ambient lighting.

Twao tvpes of displays may be used with the
automotive digital clock: LED displavs such
as Litronix DL-704, National Semiconductor
NSN74R or Monsanto MAN-74 will provide
enough intensity for daytime viewing as long
as direct bright sunlight does not strike the
display. Figure 6-a shows the base diagram
and internal connections for the Litronix DL-
704 display. The readability of the LED's
may be enhanced by placing a red circularly
polarized viewing screen (see parts list) in
front of the display.

Readability may be made perfect. even in
direct sunlight. by using incandescent dis-
plays. These displavs are attractive enough
without a screen. However. a simple plastic
screen of any color may be placed in front of
the display if desired. The major disadvan-
tage of the incandescent displays is that they
may have to be replaced sometime during the
life of the car—though many people would
probably bet on the displavs. Figure 6-b
shows the base diagram and internal display
for an incandescent displav.

Operation

The time displayed in the normal mode of
operation (that mode in which the clock
keeps track of time) mayv be altered by
pressing either the tast sc1 switch or the
SLOW SET switch. Additionally. the Fasi skt
and SLOW SEt switches may be used individu-
ally or in combination to perform other
functions.

If the SLEEP-SEC switch is placed in the sk
position. the clock will continue to keep track
of time. but the 1 pulse-per-second L.LED does
not flash. and the time is not displaved.
Instead. the No. 4 display changes digits at a
| pulse-per-second rate. After a count of 10
seconds. the No. 3 display changes digits. and
after 60 seconds the No. 2 display changes
digits. The No. 1 display is blank.

If the sLow SET switch is pressed while the
SLEEP-SEC switch is in the SEC position. the
display stops counting and is held as long as
the SLOW SET switch is closed: the clock does
not continue to keep track of time. This
action serves to hold the time being displaved
in the normal mode.

If the FAST SET switch is pressed while the
SLEEPSEC switch is in the SEC position,
displays No. 3 and 4 are reset to 0™ the No.
2 display is not affected.

When both the sLow SET and the FAsT sF1
switches are pressed simultaneously. and the
SLEEP-SEC swilch is in the SEC position. the
No. 2. 3. and 4 displays are reset 1o "0 in
addition. the time being displaved in the
normal mode is reset to 12:00 AM.

When the sLEEP-SEC switch is placed in the
SLEEP position. the clock will continue to keep
track of time as abhove. but displays No. | and
2 are blank, and displays No. 3 and 4 display
the sleep time.

If the sLow si.T switch is pressed while the
SLEEP-SEC swilch is in the SLEEP position, the

TABLE [ll-MM5385 SETTING CONTROL FUNCTIONS

Minutes advance at 2-Hz rate
Alarm minutes advance at 2-Hz rate
Fast Alarm minutes advance at 60-Hz rate

Input to entire time counter is inhibited (Hold)
Fast Seconds and 10's of seconds reset to zero without a

Selected Control

Display Mode Input
*Time Slow

Fast Minutes advance at 60-Hz rate

Both Minutes advance at 60-Hz rate
Alarm Slow

Both Alarm resets to 12:00 AM
Seconds Slow

carry to minutes

Both Time reset to 12:00:00 AM

Sleep Slow Subtracts count at 2 Hz

Fast Subtracts count at 60 Hz

Both Subtracts count at 60 Hz
* When setting time sleep minutes will decrement at rate of time counter, until the sieep counter
reaches 00 minutes (sleep counter will not recycie).

Control Function
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FIG. 6—CLOCK DISPLAY DETAIL. a shows incandescent display detail and the internal

tions. (Con. tion bety

' 1 and 16 is used to connect pin 15 to main board.) b shows

Litronix DL-704 LED and internal connections of the unit.

No. 3 and 4 displays count backwards at a 2-
Hz rate from 007, which is equivalent to
“60™. to “00™.

If the +ast SET switch, or if both the tasr
SET and the SLOW SET switches are pressed.
while the SLEEP-SkC switch is in the SLEEP
position. the No. 3 and 4 displays count
backwards at a 60-Hz rate from “00". which
is equivalent to “60", to “00™.

With the SLEEPSEC switch in the stEggp
position. if the SLOW SET switch or the FAsT
st1 switch is used to adjust the No. 3 and 4
displays to a set of digits. the sleep timer will
be activated for the number of minutes indi-
cated by them. The sleep counter will imme-
diately begin to count down to “00™. During
the count-down. whether the SLEEP-SEC
switch is in the SLEEP or the NORMAL position.

the output at pin 14 of the MM5385 can be
used to turn on a radio at the beginning of
the indicated time interval (up to 39
minutes). When the sleep counter. which
counts downwards, reaches “00” minutes. the
sleep output drive is removed. thereby
turning off the radio. The turn-off may also
be manually controlled by a momentary Vg
connection to the snooze input (pin 17 of the
MMS5385). Of course. many other appliances
may be controlled. including a photographic
enlarger.

Pressing the SNOOZE-ALARM DISPLAY switch
causes the alarm time to be displayed. The
alarm time may be changed by pressing
cither the sLow SET switch or the FAST SET
switch. Pressing both the rasT st and sLow

continued on page 79




PART Il. New competition for prime time viewing adds a
new dimension to an old medium

FRED BLECHMAN

THE TV GAME INDUSTRY HAS RECENTLY EXPERIENCED TREMENDOUS

Growth. To bring our readers up-to-date, last month we pre-

sented a listing of the TV games that are currently available.
This month. part 2 presents the details of these games.

Game and kit roundup

Because of design secrecy. FCC approval pending or
incomplete designs, many sources contacted for information
did not reply. Here are some details on those that replied, or
where information was derived from another source.

Advanced Electronics: Offering only plans. PC boards and
1C’s. Advanced Electronics caters only to the advanced
builder. The plans are clearly presented and printed, and
appear to be quite complete. Also, the variety of plans offered
is most extensive. For example, the 9-page Pong plans cover
Pong, Tennis. 4-Player Tennis and Soccer. For an additional
$7 you can order Pong Extras (8 pages) that cover circuitry for
7 more options. most of them easily added to the original
games: Handball. Warball, Elimination, Fotsball. Digital-
Controtled Paddles, Multiple Paddles and Multiple Balls.

Plans for Anti-Aircraft | & 2 (10 pages) are more complex,

and involve the use of 107 IC’s and a PROM (pre-
programmed read-only memory). The game of Anti-Aircraft
consists of missile firing units at the lower corners of the
screen, with airplanes randomly moving across the sky.
Missile firing and angle are controlled by the players with the
intent of hitting an enemy plane which, in one version, can
climb or dive to avoid the missiles. This is a game equivalent
to the type found in amusement centers, even to the flashing
of the screen when a plane is hit.

The 12-page plans for Jaws-2 and Space Race have some
similarities with Anti-Aircraft—69 1C’s are identical. but are
wired differently for control and image presentation. Jaws-2
shows 2 divers, a fish and a shark displayed on the screen.
Players (divers) compete to catch the most randomly moving
fish before being “eaten” by the randomly swimming shark
that is programmed to home in on any nearby diver!

Space Race has player-controlled rockets that attempt to
move vertically up the screen without being hit by small
horizontally-moving meteoroids.

Since the clock, sync. score and video output circuits are
designed to be the same for all of Advanced Electronics’
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games. they offer a PC board for $12.95 that holds 28 IC's
plus various resistors and capacitors. For the Jaws-2, Space
Race and Anti-Aircraft 1 & 2 games. the PC board to hold 40
1C’s. a ROM (Read-Onlv Memory) and associated circuitry. is
$15.95: this is for locating and moving the objects and forming
their images on the screen.

Advanced Microcomputer Products: The General Instru-
ments AY3 8500-1 MOS/LSI TV IC. used in the majority of
ready-made TV games. is offered by itself for $39.95. with a
PC board and instructions for $49.95 or as a kit with video
output (no case) for $69.95. The instructions cover all six
games (Tennis. Hockev. Squash. Pelota. and Rifle Shoot | &
2). but the parts in the kit do not include the photo-sensitive
riffe parts to be offered at a later date.

The plans are not designed for a beginner and are poorly
reproduced. However. the assembly of a TV game from this
IC is relatively simple and involves mostly the addition of
switches. The external oscillator and video output circuits
require two inexpensive IC's. The advantage of this kit is the
number of builder-selected options available with this very
versatile game chip.

Allied Leisure Industries: Manufacturers of 29 different
coin-operated pinball and specialty amusement games. Allied
Leisure has entered the home video-game market with two

ALLIED LEISURE, (above) the
Name of the Game No. 1, (left) the
Name of the Game No. 2.

units. One is a 2-plaver unit. another is a 4-plaver unit. Each
plaver uses a hand control unit with a 12-foot cord.

APF Electronics: This handsome furniture-stvled console in
black. walnut and silver. allows two plavers to compete in
three games (Tennis. Hockey. and Squash). or | plaver to

APF ELECTRONICS, TV Fun Games.

compete against the game. It uses most of the options
available with the General Instrument IC, except for the rifle
games.

ARS Systems: If vou like to do it vourself. ARS offers plans
for a Basic TV Ping-Pong Game (6 sheets) for $3.25 that
includes a description of operation and construction informa-
tion. a complete parts list. parts sources. parts lavout diagram
and a schematic. This is definitelv for an advanced experi-
menter. The instructions include an on-board modulator for
TV Channels 2. 3 or 4. Over 50 IC’s are used in the basic
design. Separate plans are available for Score Display (a pair
of 2-digit LED displays that count from 00 to 99 with reset
capability) for $2.25: Sound plans are $2. and plans for a
regulated power supply (SV 1.5A) are $2.50.

Atari: The basic Pong unit. also sold under the Sears label.
was one of the two initial video game entrants into the
consumer field (the other was the Magnavox Odvsser). One of

the unusual features of the Atari units is the variation of ball
speed and deflection. In a volley (a series of paddle contacts
with no misses in-between). the ball speed is constant for the
first three hits. and the ball deflects off the paddle at anv one
of 7 angles (depending on which part of the paddle contacts

ATARI, Super Pong.

the ball). However. on the 4th through 7th paddle contact in a
volley. the ball speeds up and the deflection angles are
narrowed. The 8th paddle contact speeds up the ball to its top
speed. and the paddle deflection angles are their narrowest.
You can play against the machine by positioning the paddles
to “lock-up™ the ball in a repeating pattern.

Cal Kit: The basic Ping-Pontronics kit (TV-3) uses 12 1Cs
mounted on a single PC board and is furnished with an
excellent assembly manual. It still is not recommended for
beginners. however. An optional accessory kit (TV-4. $33) that
can be mounted directly to the main game board adds scoring,
two sound effects and automatic serve to the basic game. A
special drilled and silk-screened case (TV-11. $12.50) contains
the whole game. including options. If vou want the basic PC
board. it's available as TV-1 for $12. The PC board for the
sound and score add-on option (TV-2) is $8.50. For $15.50
vou can order all the IC’s for the basic game (TV-6) and all
the basic game sockets (TV-8) for $6.

The finished basic game has several unusual features: the
ball speed can be controlled over a wide range. from rather
slow to very fast. and st av1 buttons cause the ball to double in
speed for catching vour opponent off guard. A feature called
Aimshot allows you to closely control the ball return angle—it
depends on what part of the paddle hits the ball. While some
games provide up to seven return angles based on paddle
contact. this game provides 16! A CYBERNETICS MODE switch
selects either man against machine. for either side. or machine
versus machine.

Games played are Ping-Pong. Gravity (ball bounces in an
are simulating gravity). Handball (1 plaver) and Basketball
(player tries to shoot ball through gap in upper court boun-
darv).

Coleco: One of the first games using the General Instru-
ment IC to be sold in stores—usually in the toy department—
this unit ofters many of the options contained within the 1C.
The on-screen digital scoring. 3-toned sound. and variations in

COLECO INDUS-
TRIES, Telstar.

ball-speed and paddle-size (beginner. intermediate and
professional) keep the game interesting. Games plaved are
Tennis. Hockey and I-plaver Handball (so vou can practice
against the machine).

The Classic model appears to be the same unit in a more
luxurious wooden case.




Continental Microsystems: Three versions of Bang are
awaiting FCC approval as this is being written. It is possible
that the V44CS unit. when it reaches the stores. will have
wireless remote controls and a photoelectric rifle for the two
rifle-games. In the rifle games. a bright spot moves across the
screen. You aim the rifle at the spot and pull the trigger. The
rifle has a lens and photocell to detect if vou are precisely on
target. If vou pull the trigger and are right on target. the
trigger pulse and photocell pulse coincide to register a hit. and
the target disappears. The other games are the tvpical GI IC
games. To add color. the Gl 1C is used with additional
circuitry.

Exterprex: The four games plaved with this unit are Tennis.
Hockev. Squash and Robot. Most of the options offered by
the G1 IC are switch-selected. The levers used to control
paddle movement are linear potentiometers and are more
natural in use than the knobs (rotary potentiometers) found
on most units.

Entex: Basically a tov manufacturer. Entex has entered this
field with a game that has several unique features. It operates
on the UHF channels of vour TV (adjustable from Channels
26 to 31). It has a vertical and a horizontal hold control on the
console to lock-in an unsteady picture. Both vertical and
horizontal paddle movement can be controlled to play Tennis.
Table Tennis or Squash. Scoring is manual. using score-
keeping dials.

Fairchild: The Video Entertainment System is the first
home video electronic game to use replaceable Videocart
cartridges to provide an unlimited number of format selec-
tions. Two games resident in the System are Tennis and
Hockey. The first add-on cartridge (320) adds Tic-Tac-Toe.
Shooting Gallerv and Doodle (a tracing game.} A total of 17
games are planned to be available by Christmas. with others
to follow. Educational and other applications are also plan-
ned.

The heart of the svstem is the game console which incorpo-
rates a Fairchild F8 Microprocessor and four solid-state
RAM's (Random Access Memories).

Although the comparison chart seems lacking in check-
marks for this unit. that's because specific information is
lacking as this is written. not because this unit doesn’t have the
tabulated features. In all likelihood. this svstem will offer
more options than any other unit covered. simply because of
the inherent flexibility of the microprocessor/cartridge design
approach.

First Dimension: Four different models are offered. The Video
Sports 76 uses many of the options of the Gl chip. with the
Video Sports 76C adding color when used with a color TV.
The Mark IV uses a different chip and slide controls. but
otherwise is verv similar to the 76C. The model FD 3000W is
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FIRST DIMENSION models Mark 1V (left) and FD3000W (right).

a more advanced design offering six games in one. two or four
plavers. and even features boundary adjustment controls for a
perfect display. (This compensates for non-linearity on many
TV sets.) Surprisingly. however. for such a sophisticated
design. horizontal advancing bars above the court boundary
indicate individual scores instead of on-screen digital scor-
ing.

Global Video: A large 50-inch diagonal big-screen color
television receiver primarily designed for taverns. lounges.
offices. schools and clubs. this unit can be used with closed
circuit television. video cassettes. slide and movie projectors
and also with their own 4-plaver Challenge video game.

Heath: The lowest-priced complete kit using all the features
of the GI IC. this game is intended to be connected to
Heathkit solid-state color and black-and-white TV's. with five
easv clip-on connections to the chassis (and a cable connector

HEATH model GD-
1350

for easv removal). Two target games will not be usable until
the optional rifle is available early next vear.
{EA: Three models are offered by this Canadian manufac-
turer. The Tele-tainment Il plavs seven games: Ping-Pong.
Squash Handball. Basketball. Catch. Trapshoot. Zany
Rebound. and Krazy Catch. It appears to use discrete 1C’s
rather than a dedicated game 1C. Tele-tainment 111 and IV are
almost identical: the /1] has a stvlish molded plastic console
with one wired remote control. while the 7V is housed in a
solid mahogany case of the same design. without remote.
Interfab: This verv versatile game. formerly called Pong IV.
is offered in three kit forms. The “B™ kit is fully wired and
tested with vertical and horizontal sweep oscillators tuned.
The unit only requires mechanical assembly into the main
cabinet and remote control enclosures. and costs $99.50. For
$89.50 vou can order the “C™ kit that has the main board

/
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INTERFAB, TV Tennis shown

above. Internal view of TV Tennis
shown at right.

completely soldered and short-circuit tested. but requires
cabling to the switches ard controls. The *D™ kit. for $79.50.
has all the main board components properly mounted and
held to the top of the board in a plastic package. Simply
solder on the underside. remove the plastic. then wire to the
controls and switches.

All kits include a pre-drilled cabinet. pre-drilled remote
control cases. all hardware. wire and cables. The unit uses 43
1C’s. 93 resistors. 42 capacitors. 18 diodes and 4 transistors
mounted on a twosided PC board. so it's not for a beginner.
The instructions are adequate for assembly and troubleshoot-
ing. but if vou lack the equipment or know-how and vour unit
doesn’t work properly. Interfab will repair and tune vour unit
for $15 including return postage!

Since vou build this unit vourself. vou can make modifica-
tions. For example. vou can add or change resistors to move
the borders of the two basic games. Tennis and Handball. You
can replace the knob controls for vertical and horizontal
movement with jovsticks. Also. vou can modifv the two
automatic games (man vs. machine or machine vs. machine)
to allow a miss now and then. You do this by inserting a 470K
1AW resistor in series with the atToMmATIC switch for either or
both sides.

The output of this game. as supplied in kit form. is video.
However. the PC board is etched for the addition of a UHF
modulated oscillator using a 2N5770 transistor. 4 resistors. 2
capacttors and a piece of brass or copper. The typical circuit is
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furnished by Interfab or could be found in radio circuit
handbooks—or vou could use the PXV-2A VHF Modulated
Oscillator mentioned earlier in this article.

Interstate Industries: This unit plays the Gl IC standard
games Tennis. Hockey. 2-player Handball and |-player Hand-
ball in black-and-white. but offers all the available paddle and
ball options as well as using wired remote controls. The game
is packaged in a relatively small smartly-styled main
console.

James: Kit A. for $179.95. consists of a professional game
PC board that is assembled and tested. and 2 professional
Kraft joysticks (these jovsticks are used in radio-control for
model airplanes and are verv high quality). This is the same
game seen in many commercial establishments. Accessory B.
for $3.95. consists of six feet of ribbon cable (flat multi-
conductor color-coded insulated wires) and three switches.

g

JAMES ELECTRONICS, Accessories A, B and C.

You can add two more Kraft joysticks with Accessory C for
$39.95. There are actually four ways to play this game.
selected by two switches: | plaver against the machine. 2
plavers against each other. 3 players against the machine or 4
players against each other. Scoring marks show at the begin-
ning of a game and one mark disappears with each score
down to zero. No enclosure is offered and the output is strictly
black-and-white video. Also. a regulated S-volt 2-ampere
power supply must be added.

Lafayette: The Towrnamenr 2000 is made for Lafavette by
Unisonic. It uses a Gl chip and offers most of the options.
including the two rifle games. It appears to be the only unit in
this report that INCLUDES the electronic rifle, which has the

LAFAYETTE, Tourna-
ment 2000.

additional feature of a removable stock and barrel to convert
it into an electronic pistol. With wired remote slide controls
and manual scorekeeping in addition to the on-screen digital
score display. this may be the most versatile unit in its price
range. Furthermore. Lafavette lowers the price at times in
limited special promotions.

Magnavox: Although the older Odysser 100 and 200 models

MAGNAVOX, Odys-
sey 500.

are still in some stores. the newer models (300, 400 and 500)
have more features and are being heavilv promoted. Also.
Magnavox is the first to offer a video game built-into a color
TV receiver. They are also offering the first readv-made home
video game (Odysser 500) with simulated playing figures on
the screen instead of rectangles. and full-color plaving ficlds.
(Some color displays only have colored paddles. ball or score).
The regular games are Tennis. Hockev and Smash (Handball)
with Soccer added to the model 500 and Smash omitted from
the model 100.

Microelectronic Systems: The games are Ricocher (player
versus machine in 3-wall Handball). Racquetball (2-plaver 3-
wall Handball). Tennis and Hockey. Various switches and
buttons provide 72 possible game combinations!

National Semiconductor: This game uses the National
MMS7100 TV Game IC to provide all the logic necessary to
generate backgrounds. paddles. ball and digital scoring for
Hockey. Tennis and Handball. A 3.58 MHz crystal and a
divide-by-3'4 IC provide full color—including different
colored backgrounds for each game—on color TV sets. There

NATIONAL SEMI-
CONDUCTOR, Adver-

sary.

are three selectable paddle sizes and the ball speed increases
automatically after 4 hits. Hockey can be plaved with one
player for practice against the machine. The paddles deflect
the ball or puck at any one of seven angles depending upon
the point of contact with the paddle. but no switch is provided
to change these angles. Unlike many units. this design is
limited to manual serve only and the sound comes through the
TV speaker. The unit is strictly AC powered.

RCA: The Distributor and Special Products Division has
filed an application for FCC type approval for a new TV
game. Although at presstime. we have little information on
this new game. it is said to be based on the RCA COSMAC
microprocessor. According to present plans. it is tentatively
scheduled for introduction on a regional basis during January
1977. and will be offered for nationally later in the year.

Radio Shack: This unit appears to be identical with the
Microelectronics Ricocher. except for the names given to the
games.

Southwest Technical Products: This is a relativelv simple
kit using only 10 ICs. but only has video output. Single white
squares on each side of the screen represent space ships that
can be moved vertically by the players. Each can also fire a
single-burst “laser beam™ at the opponent. If hit by the beam.
the opponent’s ship disappears from the screen and he loses.
However. if the laser beam misses. the aggressor’s ship blinks
for several seconds while his laser is “recharging™. During this
recharge time (since he cant fire) his only defense is to keep
out of his adversary’s line of fire. To add to the fun. the
movement controls are intentionallv sluggish!

Tokyo Phoenix: The four games in this unit are the
standard Gl IC games of Tennis. Hockey. Squash and 1-
player Handball. The sound comes through the TV. so there is
a possibility of leaving the game on unintentionallv after
turning off the TV.

Universal Research: The Video Action series includes a
Game Table and an educational game called Fact. The Game
Table appears to be the Video Action 1V with a black-and-
white video monitor built into an eight-sided table with a
card-plaving top and checkers/chess/backgammon inserts
that are removed during video game play. The automatic

continued on page 84
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When Should You Buy?

If you're hesitant about buying a 23-channel CB
because the new 40-channel
models are on the way—don't be. Here's why

FRED PETRAS

LIKE MANY READERS OF RADIO-ELECTRONICS WHO ARE THINK-
ing of buying a Citizens band radio. you may be caught in the
confusion surrounding CB’s expansion from a 23-channel to
40-channel medium on Jan. 1. 1977. And. typically, you may
have decided to forego vour purchase. “Why buy a 23-
channel CB now. when in a matter of wecks it will be
okssolete?” was the question yvou posed to vourself. and
answered with a decision to sit tight.

The Federal Communication Commission’s announcement
in late July that as of Jan. I, 1977. 17 new Class-D channels
would be added. also had an effect on current owners of CB
equipment. “In effect.” they told themselves. “come the New
Year, our 23-channel rigs are dead as a dodo.”

Both negative assumplions are false. The prospective CB
buyer. holding off. may be doing himself a disservice. That
decision may be costing him money. Why? Because at the
moment the CB market is a big bargain field. with prices of
23-channel transceivers slashed as much as 50 percent by
manufacturers and dealers to make way for new 40-channel
models. If ever there was a time to buy a CB. now is it. Instead
of buying a “starter” model as you may have been planning.
vou can now buy a deluxe unit and still have a few dollars left
in vour budget.

“Bul.” vou say. “Why buy something that will be obsolete?”
Push the thought from your mind: you have some options.
some “outs.” to protect your investment.

Buyer protection

Those options are in the form of “buyers’ insurance plans™
being offered by manufacturers and /or their dealers to protect
vour investment. The 23-channel set you buy today—at a big-
bargain price—can either be factory-modified at a low cost to
accommodate the 17 new channels. or. you can exchange it for
a 40-channel set. again at low cost. or. you can get a big
discount or trade-in on a new 40 by way of a certificate you
obtain with your 23-channel set purchase.

Typical of these plans are those from Hy-Gain and Pearce-
Simpson. If you buy one of their current 23-channel trans-
ceivers and decide in 1977 that you'd like 40-channel capabil-
ity. merely send the unit back to the factory (postpaid) along
with $25. It will be returned to you (postpaid)
“remanufactured” with 17 more channels. Under Pathcom’s

plan. consumers buying its Pace CB equipment before Jan. |
can have it updated to 40 channels any time during 1977 for
“no more than 20 percent additional cost.” or 825 1o $90.
depending on the unit. SBE has a similar plan. with conver-
sion costs ranging from $35 (o $95. Under RCA's plan,
conversions cost $40: J.1.L. charges $35.

Sharp Electronics offers purchasers of a 23-channel rig a
chance to exchange it for a brand new 40-channel unit at a
cost of only $30. up to Jan. 31, 1977.

And there are other protection plans. Dyvnascan. for exam-
ple. has a two-way deal: if vou buy one of its Cobra 23-
channel models naw. vou get a certificate entitling vou 10 a
conversion to 40 channels at $40. or a $40 discount on a new
40-channel Cobra CB. Handic allows purchasers of its 23-
channel CB's to turn in a certificate for a new 40-channel
model at half price (without trading in the 23). Colt Commu-
nications. under their “Investment Protection Trade-In
Program.” allows purchasers of its 23-channel model 280.
through March 15. 1977. the option of trading in that set

EICO 7723

GEMTRONICS GTX-23

toward a new 1977 Colt model and apply 100 percent of the
purchase price paid against the suggested retail price of the
40-channel unit. Kris, Inc.. is offering purchasers of its 23’ up
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to $140 credit toward purchase of a 40-channel model.

Perhaps the most generous program—especially in terms of

time—is offered by Channel Master. Under its “Future 40
buyer protection program. purchasers of its 23-channe! trans-
ceivers (who also receive a $39.95 Power Wing antenna free
with their purchase) receive a certificate guaranteeing either
conversion or swap privileges for a span of 2/ vears. in three
“time slots.” Between Jan. | and June 30. 1977, a retrofit
conversion on the firm's model 6832 will cost $44.95. a swap

BOSHE| C-7500

HANDIC 2350

GENERAL ELECTRIC 3-5820

for a new 40-channel unit. $74.95. From July 1. 1977 to June
30. 1978. the retrofit costs $54.95. the swap $84.95. From that
point to June 30. 1979. the conversion will cost $64.95. the
swap $94.95. Such conversion/swaps will be priced somewhat
lower on the firm’s model 6830,

(Channel Master notes that it is making this kind of offer
because it feels that “Forty-channel operation will be gener-
ally limited until 1978. There will be over 25 million mobile
23-channel units in use in 1977, and very few 40-channel
units. Therefore. a4 consumer may not wish to exercise his
retrofit or swap options until he feels that enough 40-channel
transceivers are on the air.”)

For those prospects  considering a combination stereo
player/CB rig. Clarion Corp. of America has an interesting
trade-in program. Purchasers of its component-type in-dash
cassette and cartridge combinations that feature a separate 23-
channel transceiver module can have a brand new 40-channel
version of the module. along with a new microphone, for
about $129.

AU presstime. other companies were finalizing plans for

KRIS XL-23

£E08

HY-GAIN Hy-range V

JOHNSON 123SJ

conversions. exchanges and trade-ins to encourage prospective
CB'ers 10 go out and buy 23-channel CB now. with the
assurance that their purchases have a long future and will not
be obsolete.

(NOTE: While the above applies to most major. nationally-
advertised brands. there are exceptions that generally apply to
products from lesser-known manufacturers. Before you buy.

determine what the protection plan is, and make sure it
applies to the unit vou intend to buv. Another point to
consider in the plans outlined above is that Dec. 31 is given as
the cut-off time for purchases of 23-channel rigs that will be
protected. As we go to press. rumors are rampant that more
23's are on the way from the Orient and some will be arriving
in the United States too late to be sold by Dec. 31. It is quite
possible that some of the protection plans will be extended. to
cover 23-channel set purchases after Jan. |I. Again, check
before vou buy.)

When to buy

The one outstanding factor that makes the purchase of a 23-
channel CB now a no-lose proposition is that in many. if not
most instances. the price differential between what you save

PALOMAR Digicom 100 PACE CB-166

PEARCE-SIMPSON Bobcat 23C

GLOBE ELECTRONICS 9000

by buying a 23-channel rig will be grearer than the amount
you might pay for a conversion. exchange. or trade-in. For
instance. you might buy a big-name 23-channel CB at $89.95
now versus the regular price of $139.95. for a saving of $50.
and later pay only $25 o $40 for a conversion.

And there’s another way to look at it. While you can buy a
23-channel now at a bigger-than-usual discount. you will not
likely be able to buy a 40-channel at discount when they
initially become availabte. The old law of supply and demand
will prevail. The new 40-channel models will be in short
supply for many months. according to the hest information we
have at presstime. This will be due to the short production
period between the time the FCC type-approves the new sets,
and January 1. their availability date.

Furthermore. the new 40-channel models will be higher
priced than their 23-channel counterparts, by an estimated
average of 20 percent. Thus. the new 40-channel version of the
$139.95 23-channet model you bought for $89.95 will sell for
about $169.95. Allowing $25 to $40 for a conversion, you
come out at least $40 ahead by buying that 23-channel modet
NOW.

Another assurance that 23-channel CB will not be obsolete

=5

SBE Cortez

J.l.L. 606CB

RCA 147200 NUVOX TC-5020




comes from the industry itself. A handful of American
companies who make CB’s for export to Canada and Euro-
pean  countries—where 23-channel will prevail—intend to
continue making some 23-channcl models for the American
market. Thus. if vou find vou dont actually need 40 channels.
you can go out and buy a 23-channel model next vear or the
vear after. albeit not at the kind of discount you'd obtain
today. One such company is Pathcom. producer of Pace brand
CB products. RCA. which will be marketing nine 40-channel
models in 1977, early in October introduced two new 23-

| | it é

LAFAYETTE Telsat SSB-100

PANASONIC RJ-3200

ROBYN DG-30 SHAKESPEARE GBS/5000

channel models. A company spokesman said the move was in
line with RCA’s belief that “Most CB activity will remain on
the existing 23 channels for a Jong time.” He went on to say
“There are approximately 15 million 23-channel CB units in
use today. Throughout many areas of the country. 23 channels
are more than sutficient for normal operation.™

One Massachusetts sales rep firm. in a letter to its dealers.
noted that “after Jan. 1. 1977. 90 to 95 percent of all general
CB communications will continue on the present 23 channels
for several years at the very least. And at current price levels.
the 23-channel sets are quite a buy.”

In fact. some manufacturers envision a continuing life for
23-channel CB even after 40-channel hits the market. Their
reasoning is that the two types are actually two product
categories, with the approximate 20 percent price ditferential
between them automatically setting them up as such. Priced
lower. the 23-channel models will attract the first-time buver
or the consumer on a budget. The 40-channel models will be
“upgrades™ or “stepups” for the more sophisticated or more
involved CBer.

Current owners of 23-channel transceivers, worrving about
their equipment being as dead as a dodo bird. should not have
such fears. Their equipment will have the potential to serve

lelet
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SILTRONIX Cherokee $SSB-23A STANDARD Horizon 29

them indefinitely. The FCC will be among the first to point
that out. As noted in the October issue of Radio-Flectronics,
FCC chairman Richard Wiley said. “No present CB sets will
in any way be made obsolete. The FCC is very disturbed by

any suggestion to the contrary.” The suggestions reterred to
by Mr. Wilev are a variety ot newspaper and magazine reports
negative about 23-channel CB. One Chicago newspaper, tfor
instance. erroncously topped an article about the upcoming
channel expansion with the headline “Buying A CB Radio?
Wait. Advises the FCC.”

(As of October 1. the FCC was processing some 85.000 B
license applications per week. This would bear out widely
scattered reports to the effect that consumers “in the know™
are not letting 40-channel CB keep them from investing in 23-
channel CB.)

The future of 23 channels

As far as 23-channel CB’s becoming obsolete is concerned.
the following are some reasons why it won't. First off. the CB
world will not change overnight. It will. in effect. gradually
phase out from one state-of-the-art into another. with the new
state-of-the-art not necessarily a worthy advance for all
CB’ers. Overall, there will be a noticeable change—but only
after a considerable while. For instance. it will be many
months, perhaps as much as two vears according 1o some
manufacturing sources, before enough 40-channel models will
be sold so that new-set purchasers will have someone to talk
t0. And this 40-channel CB population rise will occur mostly
in major cities where channel congestion is greatest. The rural-
area user may go hegging for lack of possible air contact on
the new channels,

Contributing to a lack of CB communications on the new
channels will be an expected shortage of 40-channel rigs in the
first half of 1977. As noted. manufacturers will have only a
short period in which to make new equipment before the sale
date arrives. Some companies. whose products fail to make
the grade at FCC testing labs, will not have 40-channel sets
for sale come Jan. 1.

Secondly. no one really expects a mad rush of consumers to
the nearest CB store 1o pick up a 40-channel model. Initial
purchasers will be CB “nuts”—those who have to be first on
the block with the latest: and avid keepers-up-with-the-Jones’.
According to many sources—manufacturers, sales represent-
atives, dealers—most people with 23-channel sets will stick
with them once thev check out all the ramifications of the 23/
40-channel situation. and tind that there are really very few

reasons to switch to 40-channels. Let's enumerate some of

those ramifications . . .

® Most CB’ers settle down to operations on a few channels
once they've got their basic dial-chasing out of the way. These
few channels prove sufficient in most localities.

® The opening of 17 mew channels will not affect the two
most popular channels—9 and 19. Channel 9 will continue to
be the emergency channel. Channel 19 will be the truckers’
channel.

® All current 23 chanaels will continue to be used. Only
Channel 11 will be modified: now a “calling only™ channel. it
will lose that restriction come Jan. |,

® [fyou live in a congested metropolitan area, the addition
of 17 new channels will eventually decongest the current 23-
channels to some degree—making for better communications
on them.

® The new channels will be more interference-prone
because many illegal single-sideband sets operate on them.

® Many industry executives say that 23-channel rigs will
prove to be better performers than most of the upcoming 40-
channel models because of the FCC's strict modulation
requirements for the new models. Those requirements will cut
the broadcasting range of the 40-channel models. It is also
claimed that the strict new chassis radiation requirements will
also contribute to reducing transmission range of the new
sets,

So. summing up, we'd like to say this: There is no reason to
hold off buving a 23-channel CB in the current buyer's
markel, and possibly pass up one of the best clectronic
product bargains you may ever see. R-E

L1610 AYVNNVE

Hn
[3,]



RADIO-ELECTRONICS

-3
(-2

-4"’/

Analog
Voltmeters

alive and well today and tomorrow

The analog voltmeter has not been abandoned.
Here's a rundown of the different types currently
available—their features, specifications and applications

AS THE COST OF THE DIGITAL MULTIMETER
continues to go down, many people are
beginning to worry about the future of the
analog multimeter. Although it has Jlost
some of its popularity to the digital meter,
the analog instrument still has many ad-
vantages. Foremost is that of price. The
lowest priced digital meter, with a 1 to 1.5
percent accuracy, is in the $80 range,
while $30 still buys a perfectly suitable
electronic analog meter with almost as
great accuracy (2 to 3 percent).

The analog meter will be with us for
some time, due to its sheer numbers.
Digital multimeters number in the hun-
dreds of thousands—analog voltmeters in
the millions. That many meters will not be
simply thrown away.

The analog meter actually offers advan-
tages over its digital counterpart in some
operations. When the measurement objec-
tive is a trend rather than a specific volt-
age, the analog meter has the simplest
display to interpret. Examples of trend

measurement are peaking, dipping, and
zeroing (nulling). Many measurements—
especially in electronic maintenance or
service—are trend rather than absolute
measurements. The digital meter is espe-
cially difficult to use in this mode, and
can cause error and frustration.

Frequently, special scales are needed
for certain meter uses. Special nonlinear
scales, such as decibels, are particularly
difficult to develop with the digital meter.
but can be set up on an analog meter with
little or no added expense. (The person
who needs a meter calibrated in decibels
is likely to have an analog meter for that
purpose.)

Often the analog meter offers the lowest
cost, truly portable, multifunction opera-
tion. Small size is expensive in any meter.
Small analog meters tend to be lower in
cost than correspondingly small digital
meters. Part of the reason for the reduced
size is the normally smaller power require-
ment of the analog meter.
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What is an analog muitimeter?

Figure 1 is a simplified block diagram
of the electronic analog voltmeter. Essen-
tially not far different from its passive
cousin the VOM, the electronic analog
meter contains an amplifier in addition to
the meter and the input attenuator. The
rectifier, which permits AC operation,
may be located in either the input to the
amplifier, or after it.

The amplifier gives the electronic ana-
log voltmeter some advantages. It pro-
vides high input-impedance, thus reducing
circuit loading considerably. It amplifies
the input signal so the voltmeter's max-
imum sensitivity is not determined by the
sensitivity of the meter movement itself,
and it permits operation over a wider
frequency range than is possible with
simple meter rectifier types.

Three kinds of meters

Electronic analog multimeters come in
three basic types. The original was the




vacuum-tube voltmeter (VTVM). Though
the sophisticated electronics technician
may turn his nose up at the vacuum tube,
many VTVM’s are still built and sold
today. It is a moderately accurate, highly
stable, low cost voltmeter. To some extent
the VTVM has been replaced, especially
in the more sophisticated applications, by
the transistor voltmeter (TVM). Most
TVM's do all a VTVM can do, and more.
There are relatively few low-cost TVM's
on the market today.

The transistor volt-ohmmeter (TVOM)
is a close relative of the TV M. Frequently
the only difference is that the TVM is de-
signed as a bench instrument while the
TVOM is designed as a portable one. The
TVOM is often referred to as an FET
VOM. This name comes from the field-
effect transistor used to obtain a high-
impedance input.

A third class of electronic analog meter
is the AC instrument.”There are both AC
VTVM's and AC TVM’s. The AC volt-
meter measures AC voltages only. though
it can measure very low levels of AC. es-
pecially compared to the ordinary VTVM
or TVM. Some AC voltmeters are also
able to display decibels on a linear rather
than the conventional compressed scale.

The VTVM

Figure 2 is a simplified schematic dia-
gram of two conventional dual-triode DC
VTVM's. Note the first circuit may be
drawn two ways, as a bridge circuit with
two of the arms being triodes, (Fig. 2-a) or
as a differential amplifier with one input
referenced to common (Fig. 2-b), The
VTVM bridge circuit may also be drawn
as shown in Fig. 2-c, which when redrawn
in Fig. 2-d, shows a pair of cathode follow-
ers. Fither of these basic configurations
may be used to develop the VTVM.

The bridge or differential configuration
has a number of advantages. It provides a
simple method of muking a zero adjust-
ment, and if the tubes are well matched, it
is quite free from effects caused by time
and temperature.

The input attenuator of the VIVM is
usually a simple voltage divider with a
total series resistance of 10 megohms. The
accuracy of the divider is dependent on
the accuracies of its resistors—the loading
by the tube is negligible.

The input impedance of the VTVM is
often specified as 11 megohms, This con-
sists of the 10-megohm impedance of the
attenuator plus one megohm at the probe
tip. The additional megohm, which is
shunted by the capacitance of the probe’s
shielded cable, forms a low-pass filter.
This filter keeps AC signals (especially
RF) from the input attenuator and out
of the tube bridge, which is sensitive to
such signals. (The 1-megohm resistor at the
probe tip must be taken into account when
calculating the voltage division.)

When the VTVM is switched 0 AC, a
rectifier is inserted in the signal path.
This peak-responding voltage-doubler is
inserted ahead of the bridge. as shown in
Fig. 3 Most range attenuation takes place
at the DC attenuator. after rectification.
This is because the greater the AC signal
on the rectifier (without exceeding break-
down voltage) the more linear the con-
version to DC. Non-linearities become
great enough on the lowest AC range to
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FIG. 1—ELECTRONIC ANALOG MULTIMETER, generalized block diagram.
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FIG. 2—TWO BASIC BRIDGE CIRCUITS of the VTVN. Each is drawn first as a bridge, then
as a differential amplifier, with one of the inputs returned to common ground.,
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FIG. 3—A SIMPLIFIED SCHEMATIC of the AC portion of the Heathkit modet 1M-18 vacuum
tube voltmeter.
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FIG. 4—BASIC OHMMETER CIRCUIT. Adjust-
ments bring the meter to full scale with
probes open-circuited.
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require a specially calibrated meter scale.
Signals in excess of 150 volts are atten-
uated, as higher voltages exceed the peak
reverse voltage of commonly used rectifier
tubes. The AC attenuator is not compen-
sated when it is limited to a one-megohm
total series impedance.

If either a 10-megohm attenuator or
extended high-frequency response is re-
quired, the attenuator requires variable
capacitors in parallel with the resistors.
These capacitors are adjusted to ensure
that the capacitive portion of the voltage
divider is of the same ratio as the resistive
portion. The capacitors provide the cor-
rect voltage division for high-frequency
signals while the resistors provide the di-
vision for the low-frequency and DC sig-
nals.

The rectifier of the type shown in Fig. 3
has a DC output voltage proportional to
the peak-to-peak value of the applied AC
voltage. Most AC measurements, however,
are made in terms of the RMS value of the
signal. A voltage divider at the rectifier
output reduces the peak-to-peak DC to a
DC voltage equal to the RMS value of the
rectified AC signal. Some VTVM's have
a mode permitting direct display of peak-
to-peak voltages. The RMS valves are ac-
curate only if the peak-to-peak to RMS
ratio is 2.828—that is to say, if the input
signal is a pure sine wave. Square, triangle
and pulse waveforms give erroneous read-
ings on the RMS scale, but read correctly
on a peak-to-peak scale.

The VTVM as ohmmeter

The common ohmmeter circuit for the
VTVM is the voltage-divider type. In this
circuit (Fig. 4) the meter scale has a non-
linear calibration. The voltage across the
unknown resistance (R) is the ratio of the
unknown resistance to the sum of the
range resistor (Rg) and the unknown
resistor. Typically, the lowest resistance
range uses a 10-ohm range resistor. With
no resistance across the terminals, the
voltmeter shows the open-circuit voltage
of the battery. This point is calibrated as
infinity on the ohmmeter scale. With a
10-ohm resistor connected to the ter-
minals, half the battery voltage is dis-
played on the scale. Ten ohms is the cen-
ter-scale reading of this meter. With a
direct short across the terminals, the meter
reads zero. When the ohmmeter is
switched to the X 100 scale, the total series
(range) resistance is increased to 100
ohms. This gives us a center-scale reading
of 100 ohms. Each succeeding range of the
ohmmeter increases the series resistance
by a factor of 10. (Occasionally, other
values of series resistance are used.)
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FIG. 5-THREE BASIC AMPLIFIERS for the VTVM. The Heathkit IM-17 VTVM is shown in a.
The Heathkit IM-25 TVM is shown in b. It follows the classic VIVM bridge with gain. The
Heathkit IM-104 TVOM, using an operational amplifier is shown in c.
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FIG. 6—FOUR TVM RECTIFIER CIRCUITS. Type used on very simple TVM's is shown in a.

Rectifier is peak responding. A full-wave brid

ge used after the differential amplifier in b.

Rectifier is average responding. Full-wave bridge used with the operational amplifier, also
average responding, is shown in c. Another operational amplifier circuit is shown in d. Rectifier

is half-wave and average responding.

The TVM

The original TVM was nothing more
than a solid-state version of the VTVM.
Expanding knowledge has changed the de-
sign from the original simple one. Shown
in Fig. 5 are three circuits used as the DC
section of solid-state electronic multi-
meters. Fig. 5-a is the simple balanced

bridge, characteristic of many VTVM’s. In
the solid-state version, the low impedance
of the bipolar transistor loads a high-
impedance attenuator. Consequently, a
field-effect transistor is used as the input
device. There is no gain in such a circuit,
so TVM’s of this type have a maximum

(continued on page 82)
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Manufacturers measure sig-
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LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

THERE 1S ONE SPECIFICATION RFLATING 10O
high-fidelity equipment that has re-
ceived increasing attention in recent
vears. That specification is noise. or
more properly. signal-to-noise ratio. If
one defines distortion as the presence of
any signal in the output of a piece of
equipment that is not present at the
input. then noise is certainly a form of
distortion. The only difference between
harmonic or intermodulation distortion
and “noise” is that harmonic and IM
distortion consist of discrete identifiable
frequencies whereas noise. as we com-
monly refer to it. contains varying
amounts of random frequencies. It is
generally ag