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WE RE OUT OF OUR MINDS/

OUR MICROMIND COMPUTOR HAS MET
WITH SUCH CONSUMER ENTHUSIASM
THAT WE RE BUSY PARING DOWN

A SIX MONTH PILE OF ORDERS....

PLEASE BE PATIENT... ITLL BE WORTH IT/
FOR INFORMATION ON MICROMIND CALL (617)661-4400

ECD CORFP
196 BROADWAY, CAMBRIDGE
MASS. 02139

INNOVATIONS IN ELECTRONICS
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Burgilar Alarm
Breakthroug

A new computerized burglar alarm
requires no installation and protects your
home or business like a thousand dollar

professional system.

It’s a security system computer. You can
now protect everything—windows, doors,
walls, ceilings and floors with a near fail-safe
system so advanced that it doesn’t require
installation.

The Midex 55 is a new motion-sensing
computer. Switch it on and you place a
harmless inwvisible energy beam through more
than 5,000 cubic feet in your home. When-
ever this beam detects motion it sends a signal
to the computer which interprets the cause of
the motion and triggers an extremely loud
atarm.

The system’s alarm is so loud that it can
cause pain—loud enough to drive an intruder
out of your home before anything is stolen or
destroyed and loud enough to alert neighbors
to call the police.

The powerful optional blast horns can also be
placed outside your home or office to warn
your neighbors.

Unlike the complex and expensive com-
mercial alarms that require sensors wired into
every door or window, the Midex requires no
sensors nor any other additional equipment
other than your stereo speakers or an optional
pair of blast horns. Its beam actually pene-
trates walls to set up an electronic barrier
against intrusion.

NO MORE FALSE ALARMS

The Midex is not triggered by noise or
sound, temperature or humidity—just motion,
and since a computer interprets the nature of
the motion, the chances of a false alarm are
very remote.

An experienced burglar can disarm an
expensive security system or break into a
home or office through a wall. Using a Midex
system there is no way a burglar can penetrate
the protection beam without triggering the
loud alarm. Even if the burglar cuts off your
power, the four-hour rechargeable battery
pack will keep your unit triggered, ready to
sense motion and sound an alarm.

DEFENSE AGAINST PEEPING TOMS

By pointing your unit towards the out-
doors from your bedroom and installing an
outside speaker, light, or alarm, your unit can
sense a peeping tom, and frighten him off.
Pets are no problem for the Midex. Simply
put them in one section of the house and
concentrate the beam in another.

When the Midex senses an intruder, it
remains silent for 20 seconds. [t then sounds
the alarm until the burglar leaves. One minute
after the burglar leaves, the alarm shuts off
and resets, once again ready to do its job. This

shut-off feature, not found on many expen-
sive systems, means that your alarm won’t go
wailing all night long while you're away.
When your neighbors hear it, they'll know
positively that there’s trouble.
PROFESSIONAL SYSTEM

Midex is portable so it can be placed
anywhere in your home. You simply connect
it to your stereo speakers or attach the two
optional blast horns.

Operating the Midex is as easy as its instal-
lation. To arm the unit, you remove a special-
ly coded key. You now have 30 seconds to
leave your premises. When you return, you
enter and insert your key to disarm the unit.
You have 20 seconds to do that. Each key is
registered with Midex and that number is kept
in their vault should you ever need a duplicate.
Three keys are supplied with each unit.

As an extra security measure, you can leave
your unit on at night and place an optional
panic button by your bed. But with all its
optional features, the Midex system is com-
plete, designed to protect you, your home
and property just as it arrives in its well-pro-
tected carton.

The Midex 55 system is the latest electron-
ic breakthrough by Solfan Systems, Inc.—a
company that specializes in sophisticated
professional security systems for banks and
high security areas. JS&A first became ac-
quainted with Midex after we were burglar-
ized. At the time we owned an excellent
security system but the burglars went through
a wall that could not have been protected by
sensors. We then installed over $5,000 worth
of the Midex commercial equipment in our
warehouse. When Solfan Systems announced
their intentions to market their units to con-
sumers, we immediately offered our services.

COMPARED AGAINST OTHERS

In a recent issue of the leading consumer
publication there was a complete article
written on the tests given security devices
which were purchased in New York. The
Midex 55 is not available in New York stores
but had it been compared it would have been
rated tops in space protection and protection
against false alarms—two of the top criteria
used to evaluate these systems. Don‘t be con-
fused. There is no system under $1,000 that
provides you with the same protection.

YOU JUDGE THE QUALITY

Will the Midex system ever fail? No prod-
uct is perfect but judge for yourself. All
components used in the Midex system are of
aerospace quality and of such high reliability
that they pass the military standard 883 for
thermal shock and burn-in. In short, they go
through the same rugged tests and controls
used on components in manned spaceships.

Each component is first tested at extreme
tolerances and then retested after assembly.
The entire system is then put under full
electrical loads at 150 degrees Fahrenheit for
a full week. |f there is a defect, these tests will
cause it to surface.
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The Midex security computer looks like a
handsome stereo system component and
measures only 4" x 10%" x 7°.

PEOPLE LIKE THE SYSTEM

Wally Schirra, a former astronaut and
scientist, says this about the Midex 55, “i
know of no system that is as easy to use and
provides such solid protection to the home
owner as the Midex. | would strongly recom-
mend it to anyone. | am more than pleased
with my unit.”

Many more people can attest to the quality
of this system but the true test is how it
performs in your home or office. That is why
we provide a one month trial period. We give
you the opportunity to personally see how
fail-safe and easy the Midex system is to
operate and how thoroughly it protects you
and your loved ones.

Use the Midex for protection while you
sleep, to protect your home while you're
away or on vacation. Then after 30 days, if
you're not convinced that the Midex is nearly
fail-safe, easy to use, and can provide you
with a security system that you can trust,
return your unit and we'll be happy to send
you a prompt and courteous refund. There is
absolutely no obligation. JS&A has been
se-ving the consumer for over a decade—furth-
er assurance that your investment is well
protected.

To order your system, simply send your
check in the amount of $199.95 (lllinois
residents add 5% sales tax) to the address
shown below. Credit card buyers may call our
toll-free number below. There are no postage
and handling charges. By return mail you will
receive your system complete with all con-
nections, easy to understand instructions
and one year limited warranty. |f you do not
have stereo speakers, you may order the
optional blast horns at $39.95 each and we
recommend the purchase of two.

With the Midex 55, JS&A brings you: 1) A
system built with such high quality that it
complies with the same strict government
standards used in the space program, 2) A
system so advanced that it uses a computer to
determine unauthorized entry, and 3} A way
to buy the system, in complete confidence,
without even being penalized for postage and
handling charges if it’s not exactly what you
want. We couldn’t provide you with a better
opportunity to own a security system than
right now.

Space-age technology has produced the
ultimate personal security system. Order your
Midex 55 security computer at no obligation,
today.

5) INNATIONAL
OXe

Dept. RA One JS&A Plaza
Northbrook, 111. 60062 (312) 564-9000
CALL TOLL-FREE.... 800 323-6400

In Iltinoiscall ........ (312) 498-6900
©JS&A Group Inc 1977
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Super Gase

Vaco means value and variety.

Like our Super Case. A great value with great variety.
48 professional problem-solving tools from screwdrivers
and nutdrivers to pliers, wrenches, crimping tools, and
more! All right at hand. And all unconditionally
guaranteed.

You'll find the Super Case and all the other fine Vaco
tools in our exciting new 64-page Bicentennial Catalog.
FREE for the asking! Just write:

64 colorful pages with
the complete Vaco selection.

Vaco Products Co., 510 N. Dearborn St., Chicago, Illinois
60610.
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3 Low-Cost CB Test Meters
Get maximum performance by peaking your CB rig with these
easy-to-build low-cost meters. by W.E. Osborne

BUILD ONE 0
OF THESE

42 Phlanger Creates Dramatic Music Effects
Built around an analog delay line, it connects to your hi-fi system.
by Marvin Jones

Computer Corner
Interfacing a microcomputer to a D/A converter.
by Jon Titus, David Larsen, Peter R. Rony

COMPUTERS 7

101 New Radio-Shack Computer

A Z-80 machine for the consumer.

Selecting CB Antennas

B RADIO 4
c How to choose and use them effectively. by Milton R. Friedberg

Realign Your FM Receiver
Eliminate crosstalk, modulation time errors and phase shift
problems. You can do it yourself. by T.J.C. Molle

HIGH FIDELITY %0
STEREO

53 Class-H Variproportional Amplifier
New approach to audio amplification you'll want to know about.
by Len Feldman

80 R-E Lab Tests Dynaco SCA-50
“Very Good" Is how we rate the overall performance.
by Len Feldman

62 R-E Lab Tests Heath AR-1515
Receiver earns 'Excellent’” for amplifier section; ''Very Good"' for
FM tuner. by Len Feldman

Looking Ahead

GENERAL 4
Tomorrow's news today. by David Lachenbruch

ELECTRONICS
35 Digital Car Clocks
Everything you ever wanted to know about digital clocks for your
car. by Fred Blechman

70 Hobby Corner
SCR's, Friacs, Diacs, Quadracs. by Earl (Doc) Savage, K4SDS

72  State of Solid State
Tachometer/speed switch IC applications, microcomputer notes,
and an alphanumeric display in a DIP. By Karl Savon

Service Clinic

T ON 7
ELEVISI A logical look at digital circuits. by Jack Darr

75 Service Questions
R-E’'s Service Editor solves technician problems.

ON THE COVER

Special music effects just your
style? Then try building the
Phlanger—it's a honey of an
effect generator, and you use it
with your hi-fi system. Complete
details start in this issue on
page 42.
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VSWR BNIDGE
SWR BRIDGE is only one of 3 inexpensive CB
test meters. . see page 40
MOD PILOT SIGNAL
%
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THIS IS A PROPER FM signal. A missaligned FM
tuner will destroy it. Restore the good sound by
realignment. . see page 50

TEST 87 Al about RF Signal Generators
Part Ili: A brief ook at the more exotic features.
EQUIPMENT by Charles Giimore
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89 Telematic SG 785 n US.A
90  Tri Star Tiger CB Alarm Subscription Service: Mail all subscription orders,
changes, correspondence and Postmaster Notices of
undelivered copies (Form 3579) to Radio-Electronics

DEPARTMENTS 114 Advertising index 6 New & Timely Subscrigtion Service, Box 2520, Boulder, CO 80322.
12  Advertising Sales Offices 94 New Products A ilan:'p%d sel'-addre'sseddv/- ‘n.. n:(usl ceomp -hsal:
submitted manuscripts and /or artwork or pl graphs i
14 Letters 103 Next Month their return is desired should they be rejecled. We
any ibibty for the loss or damage of
108 Market Center 115 Reader Service Cerd manuscripts and/or artwork or photographs while in our
100 New Books possession or otherwise.
Al a service to rold.n R.dlo-Elcclronlcl publishes available plans or information relati cts, techniq md scientitic and & i de' t
ol vari in the quality and condition of materiais and workmlmhlp uud by uldou. Radio-E} ics di any 1 ibility for !hc safe and proper
functioning of reader-bulit projects based upon or from plans or informati hed in this

w /61 H3BOL1D00




RADIO-ELECTRONICS

o

looking ahead |

Restricting Japan: The political tide has begun to turn
sharply against electronic imports from Japan, with recent
U.S. Government actions now certain to restrict imports
and/or increase prices of Japanese goods. The most
important move was negotiating voluntary quotas on
exporting color sets from Japan to the U.S. after the
American International Trade Commission had
determined that domestic industry had been injured by
Japanese imports. Under the quota agreement, Japan is
permitted to export about 1.75 million complete color sets
and chassis to the U.S. per year for the next three
years—or about 35% less than its 1976 exports.

A second blow to the Japanese was a U.S. Customs
court ruling that the Japanese government was
subsidizing exports of consumer electronic products by
exempting them from commodity taxes. This ruling is
being challenged in court by the State Department, but if
the ruling is upheld, it could mean imposing additional
duties on Japanese electronics. In a third action, five
Japanese television manufacturers signed an agreement
settling a case brought against them by Sylvania,
agreeing to refrain from future price-fixing, market-
splitting and predatory price practices. More anti-
Japanese actions are pending, including a billion-dollar
anti-trust suit brought against Japan’'s TV manufacturers
by Zenith and National Union Electric.

In addition to these actions, the rising value of the
Japense yen is putting the squeeze on importers and
Japanese manufacturers doing business with the U.S. By
midsummer, Japanese TV and audio brands had posted
price increases of about 5%, and there were indications of
steeper price hikes to come around the end of the year.

One other aspect of the troubled situation may actually
work against audio price increases. Since the quotas are
restricting Japanese color TV exports to the U.S.,
manufacturers are expected to try to compensate for the
lost volume with audio gear exports, perhaps flooding the
American market with more audio equipment than it can
accommodate. The result could be a real disaster, with
prices collapsing despite increased costs.

AM stereo, FM quad: The FCC is inexorably moving
into new areas of radio. It has started two new
proceedings to determine whether it should adopt
standards for AM stereo and/or FM quadriphonic
broadcasting. In the AM stereo case, the National AM
Stereophonic Radio Committee, which has tested various
systems, will help the FCC select the best parameters for
AM stereo. As a matter of fact, AM stereo (distasteful as
it may be to some purists) is considered virtually a shoo-
in. Radio manufacturers want it. Car manufacturers want
it. And AM broadcasters want it (as a weapon against
FM). It's expected to sound pretty good (at least
reasonably middle-fi), so why not let your AM tuner take
advantage of your stereo amplifier?

The quadriphonic FM proceeding has been on the
FCC's books for some time, and now the rug has been
swept out from under it as a result of the four-channel
equipment bomb. But the FCC must follow the rulebooks.
Its proceeding asks for comments on the merits of
discrete 4-4-4 systems, matrix-discrete 4-3-4 and matrix

4-2-4, which can now be broadcast without any rule
changes. However, the Commission had some questions
about quadriphonic broadcasting—whether sufficient
software was available for four-channel broadcasting,
whether existing stereo receivers could be converted to
quadriphonic receivers, and how much it would cost to do
s0. But, it sounds as if the FCC is just going through the
motions.

VTR guide: You can’t tell the players without a program.
Well, here’'s one—showing which manufacturer has which
home videocassette system, subject to change. In the
table, Beta-2 means the Sony Betamax system with two-
hour cassette, VHS-2 means the JVC-Matsushita Video
Home System with 2-hour cassette, VHS-4 is the same
unit with switchable 2- and 4-hours per cassette.

Brand Format Manufacturer
Aiwa* Beta-2 Sony
Hitachi VHS-2 Hitachi
JvC VHS-2 Jve
Magnavox VHS-4 Matsushita
Curtis Mathes VHS-4 Matsushita
MGA VHS-2 JvC
Panasonic VHS-4 Matsushita
Pioneer* Beta-2 Sony
Quasar VvX-2000 Matsushita
RCA VHS-4 Matsushita
Sanyo V-Cord Il Sanyo
Beta-2 Sanyo
Sears Beta-2 Sanyo
Sharp VHS-2 JVvC
Sony Beta-2 Sony
Sylvania VHS-4 Matsushita
Toshiba Beta-2 Toshiba
Zenith Beta-2 Sony

* U.S. plans not disclosed.

New broadcast standard: Since the development of
the videotape recorder in 1956, the two-inch quadruplex
VTR has been the TV broadcasting industry’s standard
for the interchange of tapes for programs and
commercials. Time has marched on since Ampex first
announced and demonstrated practical video recording—
and so has technology. Despite attempts to keep the two-
inch quad machine up to the times by upgrading quality
and reducing tape speed, new lower-cost, high-quality
formats have increasingly attracted broadcasters. The
two-inch format has remained the standard for only one
reason: It started out as the standard and everybody has
it.

Within the last 18 months, several new and economical
formats have been introduced. In Europe, the Bosch/
Fernseh group’s one-inch segmented helical-scan format
attracted immediate attention and is a strong candidate
to replace the existing standard there. In the U.S., a
nonsegmented format is widely preferred, and both
Ampex and Sony have fielded their own versions.
Broadcasters were enthusiastic about both formats as
vastly more economical, easier to use and technically
superior videotape systems, but, unfortunately, they were

continued on page 105



The first mmplete The TRS-80 is for people who want to use a computer

now — without the delay, work and problems of building

low-cost micmcomputer one. The system is fully wired, tested and U.L. listed —

ready for you to plug in and use! Program it to handle

swtem for home, your personal finances, small business accounting,

.“sine ca 2 ] teaching functions, kitchen computations, innumerable
b S8 or edu tlon' games — and use Radio Shack's expanding line of

. prepared programs on cassettes. The Z80-based system
Radlo ShaCk TRS'BO comes with 4K read/write memory and Radio Shack
Level-I BASIC stored in read-only memory. Memory
expandable to 62K bytes. Includes CPU, memory,
keyboard, display, power supply, cassette data recorder,

300-page manual, 2-game cassette program. Designed
and built in USA by Radic Shack. Only 599.95.

Includes everything
you need to start
using it immediately!

R

Mail to: Radio Shack, Dept. TRS-80
205 N.W. 7th St., Ft. Worth, TX 76101

Send me more data on the TRS-80 microcomputer

|

|

|

|

|

e Description of applications, software and peripherals I
available through Radio Shack ® Owners’' newsletter |
|

|

|

|

|

|

|

|

|
SOLD ONLY WHERE YOU SEE THIS SIGN: : 8
nad lo ’haek | e Price list ® List of stocking stores and dealers a
‘ | S
m
| NAME APT. NO bl
A TANDY COMPANY ¢ FORT WORTH, TEXAS 76102 -
OVER 6000 LOCATIONS IN NINE COUNTRIES : ADDRESS @
| CITY STATE ZIP ~
5

Price may vary at individual stores and dealers L ____________________________ -~
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new & timely

Single-sideband transmission
triples phone system capacity

Bell Labs is now testing out, between
Ashburnham and Wendell, Massachusetts,
an advanced microwave system that will
carry more than three times as many phone
calls as the highest capacity radio link now
used by the Bell System. It will be the first
of its kind to use single sideband (SSB) for
high-capacity, long-distance microwave
telephone transmission.

The new system—ARG6A—will carry

PART OF THE ARBA SINGLE SIDEBAND micro-
wave transmitter, with one of its designers, Bell
Laboratories engineer William Robinson.

6,000 calls per channel, as compared with
1,800 for the highest-capacity radio link
now used by Bell. It will operate at six giga-
hertz (6 GHz) and will handle both voice
and data signals. The present tests will
continue through 1978 and—if the system
works as well as expected—AR6A will go
into commercial operation by the middie of
1980.

The single-sideband technique, widely
used by amateurs and commercial two-way
communications on the high- and very-high
frequencies, has been hard to adapt to
microwave. By eliminating one of the side-
bands of a radio transmission, SSB imme-
diately doubles the available spectrum
space. By eliminating the carrier, and
thereby greatly reducing the power
required, it is possible to increase further
the number of signals that can be carried
on a given band of frequencies. But the
technique requires extreme linearity—the
output must be an exact replica of the
input—and until recently distortion has
prevented its use at microwave frequen-
cies.

This problem was overcome in large part

by a greatly improved traveling-wave am-
plifier. Some nonlinearity still existed, and
is being combatted by predistortion—a
controlled amount of distortion is intro-
duced in such a way as to exactly cancel
out the distortion introduced by the equip-
ment.

Mammoth iceberg spotted by RCA
environmental satellite

A giant iceberg, 45 miles long ana 25
miles wide (or about the size of Rhode
Island), has been observed off Antarctica’s
Palmer Peninsula by an RCA-built polar-
orbiting satellite. The iceberg's ultimate
destination is the South Atlantic, where it
will dissolve in the warmer waters. It is esti-
mated that the huge ice mass contains
enough fresh water to supply all of Cali-
fornia for the next 1,000 years!

The weather satellite, launched by
NASA, is one of series built by RCA for
NOAA (National Oceanic and Atmospheric
Administration). The satellites are used by
the U.S. Navy and ships of other countries
to provide information on safe shipping
routes through Antarctica's ice-choked
waters. In addition to providing vital weath-
er information, the satellites help predict
snow runoff and aid fishermen in locating
their catches.

New technology simplifies custom
LSl circuit design

A simple and inexpensive way of custom
designing LSI circuits has been developed
by Hughes Aircraft Company. The new
technology, termed SCAT (Schottky Cell
Array Technology) uses a custom intercon-
nection process to outline LSI circuits. This
method results in reduced mounting space
and greater reliability. A library of standard
MSI and SSI Schottky TTL cells provides
arrays of up to eight cells that can be inter-
connected in one-fourth the time and cost
of full custom design configurations.

A multilayer metallization process with
two extra layers of thin metal film is used.
Logic functions are implemented in a man-
ner similar to that done on a two-layer PC

SRS P E———

CUSTOM LS| DESIGN is simplified with SCAT
(Schottky Cell Array Technology), using two
thin metal layers to implement logic functions.

board. The logic interconnections and cell
types are left up to the customer.

The SCAT technique eliminates the cir-
cuit layout and computer analysis steps of
a full custom design. Layout details for the
library cells are stored as a set of photo-
plates for mask generation, thus reducing
development to designing two layers of
interconnections and mask fabrication. In-
cluded in the cell library are a wide range of
MSI/SSI gates, counters, flip-flops, multi-
plexers, arithmetic elements and shift re-
gisters.

Motorola introduces two new solar
modules

Motorola Semiconductor Products, Inc.,
has taken a step in the direction of har-
nessing solar power to meet some of our

' ' /
i o
— '. t - 4 .- &

TYPICAL REMOTE SOLAR INSTALLATION, us-
ing Motorola’s 48-cell module.

energy problems. They have developed two
new solar modules that can be used to
supply moderate amounts of energy to
remote locations.

The modules, a 48-cell array and a 36-
cell array, are composed of interconnected
3-inch row-mounted silicon wafers. The
surface of each wafer (cell) consists of tiny
pyramids that impinge light rays, resulting
in a less than 1% loss of sunlight from
reflection.

Module outputs are proportional to the
number of cells used. For instance, in the
48-cell array, because each cell produces
less than 'z-watt peak power at 25°C, 26
watts of power is produced. However, there
are a number of series-parallel intercon-
nection schemes that allow voitage/current

continued on page 12




Where superior technology makes the musical
difference: Sansui’s new DC integrated
amplifier and matching tuner.

Sansui is prcud to introduce the new AU-717 CC attenuator level contrd guarantees volume precision.
integrated amplifier and matching TU-717 tuner, des gned The mctching W-717 tuner features duatk iF band-
for your greatest listaning pleasure. We are proud of the width 1o le” you select tor lowest distortion 10.07% mono,
superlative specificcticns that our sophlsticated research 0.09% stereo) of maximum setectivity (80d3). S/M is
has achieved. The finest avallable at any price. excellent: 30dB mono. 77dB stereo.

But the best specs alone don't alwaysmean the finest In addition, the AU/TL 717°s are eleganty styled,
music reproductior. And so we are proud that our peecision offer rack mounting adaptors and are mest attractively
engineering and superior circultry design create pure and priced. Less than $45C for the AlU-717 andless than $320°
brilllantly clean torndd quality that's distinctly superior. for the TU-717.

Listen to whar we offer: Frequency response of the Listan to these bri liant new companents at your
AU-717 from main in, JHz to 200kHz (+0dB, —3dB), (the franchisecd Sansui deaer tocay. When you hear the new
widest of any DC intagrated amplifier available), gives Sansui AU/ TU-717's, you will rever again want 1 settle
you sharp, clean Tansients and greatly reduced phase for less than the best.
shift problems. Totd ~armonic distortion is astoundingly Sansui. A whcle new world of muskcal leasure.
low, less than 0.025%, from 20-20,000Hz. 85 watts/channel “Approximote nationally cduar-vsedwn: The Qctl.cl retail price

.'r

min. RMS. both channels driven into 8 ohms. willbe set bV"‘e indlividuol dealer & h
Dual indepardent power supplies provide trJest : -

stereo separation and a large power resenvoir. For uncx

ored phono repreduction equalization is within =0.
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Learn to service Communications /CB
equipment at home...with

NRI'S COMPLETE

COMMUNICATIONS COURS

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,
Microwave Systems,
Radar Principles,
Marine Electronics,
Mobile Communica-
tions, and Aircraft Electronics.
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

special instruction so you can go on the air

The complete course includes 48 lessons, 9
special reference texts, and 10 training Kkits.
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 CB 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 by
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. " Trademark of CBS Inc.

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

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 get started on
We pass the savings on to you in reduced tuitions that new career.
and extras in the way of professional equipment,
ek APPROVED UNDER Gl BILL
teStlng H?Struments’ etc_' _You ean pay e bUt if taken for career purposes Check box on card for details
you can't get better training.

More than one million students have enrolled NHI
NRI SCHOOLS

il in 62 years. W, .ol McGraw-Hill Continuing Education Center
Mail the insert card and discover for yourself why c mim‘?Wlsconsin Avenue.

[ ] q
NRI is the recognized leader in home training. No I‘:ln WESIRE S DG B

4261 380100
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tradeoffs to meet different applications.
The modules can be used to energize
microwave relays, navigational aids and
forestry systems, among others. Contin-
uous energy storage is provided by bat-
teries recharged during sunlight hours.

NBS seminar on time and frequency
calibration

On October 17-19, the National Bureau
of Standards Is presenting a time and
frequency seminar at NBS headquarters in
Boulder, CO. Aimed at scientists, engi-
neers and lab technicians, the three-day
course will offer a practical approach to
making time and frequency measurements.
Featured will be many discussions and
““hands on’ workshops dealing with such
topics (among others) as establishing
traceability, lab equipment and techniques,
using high- and low-frequency time and
frequency broadcasts, satellite methods
and using LORAN.

The $300 registration fee includes hand-
books and. other publications, workshops,
coffee and refreshments, one seminar din-
ner (with cash bar), and a certificate of
completion. A side trip to radio stations
WWYV and WWVB in nearby Fort Collins is
planned. Accommodations can be made at
the Broker Inn, about a mile from the NBS
site. For further information, write Sandy
Howe (General Information) or George Ka-
mas (Technical Information), NBS, 325
Broadway, Boulder, CO 80302, or call (303)
499-1000.

Sencore CB/stereo seminars for
service technicians
Sencore, Inc., test-equipment manufac-

(/ ' 15
A HIGHLIGHT OF THE RECENT SENCORE
troubleshooting seminar wes the company’s
all-in-one AM/FM/sterec snd CB analyzer, de-
veloped to help service in-dash combo units.

turers, recently conducted a series of CB
and stereo troubleshooting seminars
across the country for service technicians.
The main thrust of the learning sessions
was to show how new techniques can be
applied to repair combination in-dash CB/

stereo units. A highlight of the meseting was
a video/tape presentation of Sencore’'s
AM/FM/stereo analyzer and CB analyzer.
*. . . CB’s are going in-dash,” stated a
company spokesman. ‘‘Communications
with many CB manufacturers indicate that
many of these units will be AM/FM/stereo

and CB combinations.” And, to prepare for |
this growing market, he continued, CB |

dealers have been expanding into stereo
service, while hi-fi service centers have
been taking on CB's.

Sencore feels that its analyzers will pro-
vide a lower-cost, more efficient way to
service the combination units. The analy-

zers are essentially self-contained ‘‘service |

centers’’ that eliminate the expensive,
time-consuming set-ups and intra-instru-
ment cable connections required if sepa-
rate instruments are purchased.

Telecommunications forum predicts
world market growth

The phenomenal growth in the worldwide
demand for telecommunications equip-
ment was the subject of a recent Executive
Forum on International Telecommunica-
tions sponsored by Arthur D. Little, Inc.,
that was held this past June in the nation’s
capital.

More than 20 international telecommuni-
cations executives and a team of experts
from Arthur D. Little participated in the
Forum, which examined world market
growth trends. Participants heard experts
predict an 8% total world market growth by
1985, as contrasted to only 6.5% for North
American countries. The most dramatic
growth in demand will be reflected in Mid-
dle Eastern, Third World and European
nations, with the U.S. accounting for less
than half the total market. These trends
and the inevitable changes they will pro-
duce were examined on a market-by-mar-
ket basis, with the emphasis being on the
differences between the U.S. and other
world markets.

Teledyne Acoustic Research “has
computer, will travel”

A new “Mini”’ computer, devised by Tele-
dyne Acoustic Research, is the star of a
unique AR “Science of Sound” traveling
show aimed at demonstrating some of AR’s
capabilities in the high-fidelity field.

The “Mini” is a sophisticated digital unit
that has been preprogrammed by AR’s in-
house computer. On-the-spot calculations
and data drawn from storage banks use
room-dimension and speaker-placement
information to provide the ideal listening
conditions desired. The computer does all
its mathematical tricks before your very
eyes. Additionally, performance data of
various AR models and their use in specific
installations can be shown on the readout
screen.
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“One Great Family”

Tired of Reruns?

Fluke counters with a new series in the 5 Hz-520 MHz/time
slot.

If you're paying over $345 for a counter and getting fre-
quency only, tune in on our new 1900-series of priced-right
multicounters.

Five different models offer both time and frequency, with
award-worthy performance and features; the ratings are
terrific!

New Time and Frequency.

Last year’s hit, the model 1900A, set the stage for this new
series of multicounters by offering frequency, period, period
average and totalize standard in one great counter.

Now all models in the series offer comparable features and
value, with autoranging and autoreset as well.

Most models feature a trigger level control and battery
option for reliable field use or
line-cord-free bench operation.
All typically have a 15 mV sen-
sitivity (guaranteed on most/),
plus a 0.5 ppm/month time base
for long-term stability.

The Price is Right.

From this shared base of
solid performance features,

1900A

Command Performance: Demand Fluke Multicounters.

| Fluke Sponsors
. New Series:

we've built a series of counters with one model just right for
your needs.

The new 1912A, with a 520 MHz range and an extensive
package of standard features, offers more capability for $620*
than you're likely to find any-
where. For 250 MHz measure-
ment perfection, the 1911A
multicounter is a best-buy for
only $495*

Forlower frequency(125MHz)
applications, specify the 1910A
for $395* The 1900A, vears
| ahead in value, has been re-

duced to $345* for even more
cost-effective 80 MHz measurement.

For rugged environment applications in the 125 MHz area,
you’ll want the 1925A with its RFI shielding and dust-resist-
ant steel case. $750* (For only $225* more, a special prescaler
option extends the 1925A’s range to 520 MHz.)

Tune In and Count.

Call (800) 426-0361, toll free, for the location of the closest
office or for complete technical literature. Then stop in for the
great family picture, and review the extensive option list for
better TCXOs, data outputs, and more. John Fluke Mfg. Co.,
Inc., P.O. Box 43210, Mountlake Terrace, WA 98043.

*{.S. price only.

1925A

FLUKE

2109-7104
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Join
the
pro’s.

For technical specialists career pros-
pects are good. Forecasts show that
job openings in many technical areas
are increasing.

In photography a high skill level as a
camera repair technician commands a
good salary and opens doors to
advancement. As with other fields
where the jobs are, good training is
the key to success. National Camera
has successfully trained photo equip-
ment technicians for 25 years. And
popular interest in new electronically
controlled cameras is helping to create
more opportunities than ever for you
as a camera technician.

Expand your talents into a new area
—work full time or part time, inde-
pendently or for a wide variety of
employers. Learn at home in spare
time, or attend iptensive training
program in Colorado.
Founded 1952
Accredited member NHSC, NATTS.
Approved for Veterans’ training.
Eligible institution,
Federal financial aid programs.
Resident training also available.

\ National Camera

Yechnical Training Di

V 2000 West Union Avenve

Englewood, Celorade, 80110

S G SIS R G G S I D S a—
Return coupon today for free booklet.
No salesman will call.

I am interested in Oclassroom
Ohome study [OCheck here if veteran
l Please print:

|
|
|
I Name l
I
I
I

l Address

| city

I State 2ip,
| Send to: National Camera
2000 West Union Ave., Dept. GBC
Englewood, Colorado 80110 J
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letters

TELEPHONE DIALER

| would like to compliment you on the
telephone dialer construction article that
appeared in the June Issue. This is the kind
of article that makes me kick myself for not
subscribing.

The only thing that | did not like about the
article was the size of the PC layout. Print-
ing the foil diagrams half size is inconsid-
erate of the hobbyist, especially now that
there are kits for transferring PC layout
from magazine to board. | have no idea
how | am going to be able to use the layout
published in Radio-Electronics. I'll prob-
ably end up using it as a guide to construct
my own artwork.

Even if | could find a place that would
enlarge the layout at a price that | could
afford, ! would still have a lot of work to do.
There are several traces on the layout that
seem to have bled together as a result of
the reduction.

In summary, thanks for the article but
why the heck don’t you print foil patterns
full size?

K. MATTHEWS
Langley, B.C., CANADA

This very question has been batted
around our edltorial offices for many
moons. Basically, the problem boils down
to the fact that we have just so many edito-
rial pages to work with. Within this certain
number of pages, we must fit in all our
departmental material and our feature arti-
cles. Of course, we could gain some space
by either cutting down the amount of infor-
mation that is provided (as is done by one
of our competitors) or by printing fewer
feature articles. Printing fewer articles
means that we might not print the article
that would cause you to kick yourself for
not subscribing. Obviously, neither of these
approaches would work. So we opted for a
third approach. That is, to keep the space
required for the artwork to a minimum,
which creates the problem that you raise.

That's the problem and the solution.
Believe me, we are not happy with the solu-
tion and are constantly searching for a
better one. A suggestion was recently
made that we might provide full-size art-
work to those readers that want it. This,
too, has been batted around the office.
We're reluctant because we feel it would be
unfair to charge our readers for the print-
ing, handling and postage.

Perhaps it’s time for you to decide what
you want rather than for us to decide. So,
let’s put it to a vote. We can provide full-
size printed foil-patterns for about $2 or
full-size photographic film for about $5. Let
us know whether you would want this
service or not and whether you would want
printed sheets or film. Even if you have a
completely different solution, let us know
by writing to the Editorial Department,
Radio-Electronics, 200 Park Ave. So., New
York, NY 10003. We'll publish the results in
a forthcoming Letters column. —Editor

QUAD SCOPE

The article by Stephen Dunifer, “Display
Quad Signals on Your Scope,” In the June
issue, reminded me of a similar circuit |
built in 1972.

Your readers might be interested to read
of some of my experiences building the
scope:

1. Matrix resistors must be closely
matched. The exact value Is not as impor-
tant as having resistors of the same value
(or as close as you can match them). |
selected a group of 5.6K 10% carbon resis-
tors from my “junk box’’ and used any that
fell within a reasonable selected range.

2. When it was put in operation, | found a
pattern displaying a very high level signal in
one quadrant and a very low level in the
diagonal quadrant, compared with the oth-
er two quadrants. This was caused by
mismatched gain in one section of a bar-
gain-priced dual op-amp. Installing a good
IC provided normal operation.

3. Always use IC sockets. It saves wear
and tear on both the circuit and one’s
brain.

4. | used an MC1458 in my final ver-
sion.

In Mr. Dunifer’s article, Fig. 1 has a typo-
graphical error at IC2—the ““—" voltage
should read “—9V."” Also, | feel that the
reference to Fig. 5 could be clarified by
explaining that, when correctly connected,
the upper left and right scope quadrants
represented the left and right front quad (or
stereo), while the lower left and right qua-
drants represent the corresponding rear
quad channels.

Keep up the good work.

MAYNARD BERGER
Chicago, IL.

TV TUNER SERVICE

Broken feed-through capacitors that are
caused by a technician incorrectly remov-
ing the wires from TV tuners has always
been a problem for TV tuner services.

It is advisable not to desolder wires from
any tuners. Clip them off and resolder,
using the least amount of heat and *‘getting
off"’ the joint as soon as possible.

Not only will your favorite tuner service
appreciate the courtesy, but it will save you
time and trouble.

TED FOSTER
Texas Tuner Service
Fort Worth, TX

MAGNET CAN'T “SOLVE ENERGY
CRISIS”

In the “Letters Column’’ in the July 1977
issue, John Ecklin stated "‘we could solve
our energy crisis’’ by controlling the mag-
netism of materials.

By reviewing your high school physics
book, you'll find that energy is the ‘‘ability
to do work." Magnetism is a property of

continued on page 16



Let Walter H. Buchsbaum, one of the nation’s leading electronics experts, show you
how 4 easy-to-use

troubleshooting techniques
can solve 99% of your electronic

problems in record time!
Act now. Save $10.97. Publisher’s price: $12.95.

Yours for just $1.98.

Don’t spend one minute more than is necessary
on any troubleshooting job!

It's not a question of being lazy. It's just a
matter of knowing a sure and quick way to tind
the defect. And that’'s the way you're going to
know.

Walter H. Buchsbaum, one of the most re-
spected authorities in electronics, has been
collecting surefire troubleshooting methods
for many years. From experts. in all areas of
electronics. Now he's put the best of them,
along with his own proven techniques, into
TESTED ELECTRONICS TROUBLESHOOTING
METHODS.

This book is presently selling for $12.95. But,
now you can have it for just $1.98. YOU SAVE
$10.97!

It's our way of introducing you to the
Electronics Book Service, the no-nsk book club
which is currently keeping over 50,000 techni-
cians, troubleshooters and hobbyists informed
of the best, more useful new books in the field of
electronics.

TESTED ELECTRONICS TROUBLE-
SHOOTING METHODS is typical of the selec-
tions we ofter members. It gives you solid, expert
help on all kinds of troubleshooting problems. It
shows you how to save ime—money—and work.

This is why we have chosen it to introduce you
to the Electronics Book Service. Join now, as a
trial member, and you'll receive your copy of
TESTED ELECTRONICS TROUBLESHOOTING
METHODS—for just $1.98! This is your oniy ti-
nancial commitment of membership. For the
Electronics Book Service 1s a risk-free book
club: As a member, you buy only what you want,
when you want, and always at a substantial dis-
count!

When you recewve your copy of TESTED ELEC-
TRONICS TROUBLESHOOTING METHODS,
you'll learn an easy method that reduces the
bulk ot electronic repair to the simple applica-
tion of 4 basic troubleshooting tecnhniques. Four
minmimum-time. maximum-efficiency proce-
dures that will solve 99% of your electronic re-
pair problems. And with record ease. speed and
accuracy.

e THE SYMPTOM-FUNCTION TECHNIQUE
will quickly isolate the defect to a particu-
lar part ot the equipment. Once you iso-
late the trouble spot. . .

e THE SIGNAL-TRACING TECHNIQUE will
help you find the stage—amplitier—logic
gate—or whatever the cause of the trou-
ble.

e THE VOLTAGE-RESISTANCE TECHNI-
QUE will precisely pinpoint for you the
defective component,

e THE VOLTAGE-SUBSTITUTION TECH-
NIQUE will verity the trouble and, in some
types of equipment, find the solution
from among the remaining possibilities.

These 4 basic technigues form the foundation
for all successful troubleshooting. You can use
them singly or in combination. They work like
magic for all the top-level electronics experts.
And they'll work for you!

And these 4 techniques aren’t the only sure-
fire troubleshooting techniques you'll find in
TESTED ELECTRONICS TROUBLESHOOTING
METHODS. Buchsbaum bring you a whole
battery of time-saving, work-saving methods

—methods which the nation's most success-
ful electronics experts are using.

For bonuses, Buchsbaum gives you additional
guidelines for getting the most out of your
equipment. You'll see how to test and calibrate
all standard meters Even how to get the most
for your money when you select test equipment.

What's more, you'll discover methods for find-
ing and solving intermittent defects—which are
usually hard to find And for dealing with inter-
ference defects—wnich are often mistaken for
component failure,

TESTED ELECTRONICS TROUBLESHOOT-
ING METHODS contains over 100 illustrations
that simplify these methods and formulas the
experts use. You'll have the circuit and block
diagrams — tables — charts —schematics —
and checklists that make Buchsbaum's trou-
bleshooting techniques easy to apply.
~ Withthis battery of simplified troubleshoot-
ing techniques, you'll be able to hand'e all
kinds of electron ¢ repair work quickly —
easily —economically. And without wasting
time—doing unnecessary extra work—or
going through endless trial-and-error. For these
reasons, TESTED ELECTRONICS TROUBLE-
SHOOTING METHODS is a perfect introduc-
tion to the .. ELECTRONICS BOOK SERVICE.

The Electronics Book Service does a job
which you don’t have time to do for yourself.
We carefully screen the hundreds of books on
the subject, select those which are the most
useful or which bring you the latest informa-
tion on technical innovations and improve-
ments of prime importance.

Your membership is an ideal way to keep in
touch with the onrushing advances in elec-
tronicsand its applications—to keep on top of
a rapidly changing technology.

As a member, you can build a professional
library of supert quality and permanent
value—one which will meet your every interest
and requirement, always available for you to
consult for expert help in any need. And you
can acquire this library as quickly or as slowly
as you choose.

Remember, the Electronics Book Service
has no minimum purchase requirements as do
many book clubs. Once you've paid $1.98 for
TESTED ELECTRONICS TROUBLESHOOT-
ING METHODS, you don't need to purchase
any further selections!

Why delay? Mail the coupon below to get your
copy of this $12.95 handbook for only
$1.98—and to receive all the benetits of mem-
bership in the Electronics Book Service on a
risk-free trial basis. Fill out and mail your coupon
right away.

Here is the practical
and efficient way

in which the Electronics
Book Service operates.

]. When you enroll as a member, you
receive—for only $1.98 (plus postage and
handling, with tax where applicable)—your
copy of TESTED ELECTRONICS TROUBLE-
SHOOTING METHODS. This is the only obliga-
tion you are committed to make.

2. You are under no obligation toacceptany
minimum number of selections within any
time limit. You can take as many or as few as
you wish. And, you may resign at any time with
no obligation once you have paid for your copy
of TESTED ELECTRONICS TROUBLE-
SHOOTING METHODS.

3. On selections you do accept, your mem-
bership entitles you to a discount from the
publisher’s list price. This discount is availa-
ble to members only and provides you with
substantial savings.

4, Every tour weeks we'll send you a free
bulletin descnbing the current selection. If
you want the selection, no action is required; it
will be shipped to you automatically. If you
don’t want it, just return the card enclosed
with the bulletin,

3. You have at least 10 days to decide
whether you want the selection or not. Return
the card so we receive it no later than the date
specified. If you don’t have 10 days to answer
and receive an unwanted selection, returnitat
our expense.

6. Each bulletin also describes a number of
alternate or additional selections, also availa-
ble to you at the special discount price for

members.

= == == e = e = = FILL OUT AND MAIL THIS COUPON TODAY. ¢ e o= = e e e ey,

ELECTRONICS BOOK SERVICE
Dept. 6899-M1(7), P.0. Box &2
West Nyack, N.Y. 10064

tax where applicable).

Name __

Please enroll me in Electronics Book Service on a risk-free trial basis. | am to
receive announcements free of charge, and will be entitled to fuil privileges as a
member—without obligation to buy any specific number of club selections. As my
first selection under this trial membership, send me TESTED ELECTRONICS
TROUBLESHOOTING METHODS for oniy $1.98 (plus postage and handiing, with

Address

City

State Zip

s con oo e = oo o=n aam
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LETTERS
continued from page 14

some materials (as is color, for example)
and has about the same potential for doing
useful work as would a change in color.

Mr. Ecklin implies that you can get work
from magnetic material, while leaving that
material intact—a direct contradiction of
the law of conservation of energy. He over-
looks the fact that if he wants to lift some-
thing with a magnet, he first has to lift the
magnet to the elevated position, a proce-
dure that takes at least as much energy as
lifting the item itself.

Although it would be indeed delightful to
get something for nothing, the laws of
nature are not so easily bent to accomplish
it.

MARC W. SCHARF
Kokomo, IN

RG-8/U COAX DANGEROUS

There are a number of CB installers
headed for possible financial disaster from
their use of RG-8/U coax in power leads to
CB radios.

RG-8/U is not approved for power wiring
due to the low temperature “‘flow” of its
inner insulation and the insulation's
“flame" temperature. Using this cable for
power leads invites setting the vehicle on
fire and a very possible legal judgment
against the installer for the vehicle's loss.

If CB installers insist on using RG-8/U

cable for power wiring, even though there is
approved shielded power cable available,
they should at least install the fuse at the
battery and not at the radio.

VERN MOMBERG

MEG Communications Inc.

Hood River, OR

NEW COMPUTER CLUB

Your readers may be interested to know
of our new 50-member computer club.

Monthly meetings are open to anyone
with an interest in hobbyist computer sys-
tems. Ideas are shared, information ex-
changed and experiments and problems
discussed. The yearly dues of $5 entitles
members to discounts on classes, club
purchases and an occasional special pro-
gram, as well as receiving the monthly
newsletter.

For further information, write; Inland Em-
pire Computer Club, Box 1434, Spokane,
WA 99210.

STEPHEN L. SALA
Spokane, WA

MAGNETIC SEMICONDUCTOR

John Ecklin's letter in the August 1977
issue prompted me to re-read some of the
earlier letters on the same subject. The
hypothetical ‘‘magnetic semiconductor” in
particular is interesting.

Suppose the system shown in Fig. 1is
constructed. The magnetic field blocking
screen (a variable permeability device that

[
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would “‘short-circuit” the normal lines of
force, thereby removing them from the side
opposite the magnet) would be connected
to a squarewave oscillator of a suitable
frequency. The magnet used would be
strong enough to lift the iron block from the
ground and then some.

Everything is positioned as shown, and
the oscillator turned on. We now have an
iron block bouncing up and down. The
excess strength in the magnet and the
weight of the block would allow a generator
or some other device to extract work from
the system. Given values for the distances
and masses, it should be possible to cal-
culate the minimum power requirements
for the screen, based on the law of conser-
vation of energy.

Something like an LED display, with mol-
ecules in suspension with an electric
charge parallel to their magnetic axis might
form such a screen.

ANDREW S. FRASER
Montreal, Canada

Treat yourself to a new direct reading DVM today.

DVM36

POCKET PORTABLE LAB ACCURATE BENCH & FIELD MASTER
ANALOG REPLACEMENT POCKET PORTABLE .
.. . 3t digit, .5% DCV,
3-digit, 1% DCV, 3" digit, .5% DCV, Battery or AC
Battery or AC Battery or AC
Only $134 Only $158 Only $198

DVM32

“PRIME” STANDARD
AT YOUR FINGERTIPS

34 digit, .1% DCV,
Auto-Ranging
Only $348

A COMPLETE LINE OF DVMs TO FILL YOUR EVERY NEED OR WANT.

RADIO-ELECTRONICS

-
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You can be sure more times in more circuits, under
more adverse conditions, with greater versatility,
accuracy, and meter protection than any other
digital multimeters on the market today; and for
less money too. 10 Day Free Trial: Try any of
these famous DVMs for 10 days. If the DVMs in
use don’t prove exactly what we say, return them
to your Sencore FLPD Distributor.

SENCORE

In Canada: Contact Superior Electromics, Quebec

Want more information? We
would like to tell you all about
the Sencore DVMs by sending
you a 24-page Sencore News,
a six-page brochure, and the
name of your nearest Sen-
core Distributor today . . .
simply write or circle
reader’s service number.

3200 Sencore Drive, Sioux Falls, SD 57107

CIRCLE 20 ON FREE INFORMATION CARD




New Sinclair Cambridge Programmable.
An astonishing $29.95!

How pocket calculators grew up

A couple of years ago, calculators took a
step forward. Programmability transformed the
slick slide-rule calculator into an advanced
scientific machine.

Sadly, italso transformed a cheap little
calculating aid into a piece of capital
investment.

Now the all-new Sinclair Cambridge
Programmable puts programmability where it
belongs: inthe palm of your hand, for less
than $30.

The features of the Sinclair Cambridge
Programmable

The Cambridge Programmable is
genuinely pocketable. Amere 45" x 2", it
weighs about 20z.

Yet there is absolutely no compromise in
the package of functions it offers.

Because the Cambridge Programmable
is both a scientific calculator with memory,
algebraic logic and brackets (which means you
enter a calculation exactly as you write it), and
aprogrammable calculator which offers
simple, flexible through-the-keyboard program
entry and operation.

The Cambridge Programmable has a
36-step program memory, and features
conditional and unconditional branch
instructions (go to and go if negative).

Thereis also astep facility, which allows
you to step through the program to check that
it has been entered correctly. If there is any
programming error, the learn key allows you to
correctsingle steps without destroying any of
the remainder of the program.

To achieve this, each program key-stroke
has an identifying code, or ‘check symbol'.
(The symbols for the digit keys are the digits
themselves, while the symbols for the operator
keys are letters printed beside the keys.)

The check symbol for &, for example, is F.
Soif, as you step through the program, the
display shows

check symbol

\
FOD0D 25

‘ CAambrdge Programm 1bis

step number

itmeans that is programmed as step 26.
It step 26 should have been [, all you have to
dois press

puts machine into the correct step

‘learn’ mode.

It's as simple as that!

These facilities make the Cambridge
Programmable exceptionally powerful,
whether it's rurning programs you devise for
yourself or the programs in the Program Library.

Use the 294-program library to tailor the
machine to your own specialty

Like a full-size computer - and unlike far
more expensive specialist calculators -the
Sinclair Cambridge Programmable can be
programmed to handie calculations concerned
with any spec:alty.

And of course, whatever it's doing the
Programmable is error-free —in fact, once it's
programmed, it can even be given to an
operator who doesn't understand the program!

To save you time, and to help inexperi-
enced programmers, Sinclair have produced a
library of 294 programs ready to be entered
straightinto the calculator.

Using these standard programs, the
Cambridge Programmable solves problems
from quadratic equations (where the program
gives both real and imaginary roots) to twin-T
fitter design, and from linear regression to bond
yields. Iteven plays alunar landing game! To
realise the full power of the Cambridge
Programmable, the Program Library is amust.

(The calculator is supplied with 12
sample programs, and full instructions for
entering your own program. The tour books in
the program library are available at $4 each, or
$10 for the complete set.)

T X 1 Frr frr rr 0 rr 3 2 2 2 0 B 0 B B 2 )/
To: Sinclair Radionics Inc., Galleria, 115 East 57th Street, New York, N.Y. 10022, USA.

Please send me_______(qty) Sinclair Cambridge
Programmable(s) at $29.95 each, including
fullinstructions, and

ple progl

(qty) ACline adaptor(s)atS495 S
(qty) Program Library Book 1at$4 §

Why the Cambridge Programmable
costs so little

The Sinclair Cambridge Programmable
uses the Sinclair talent for miniaturisation to the
full - as you'd expect from the company that
pioneered the truly pocketable pocket
caiculator, and recently introduced the world's
first pocket TV.

Chip and circuitry design are unique to
Sinclair, and the Cambridge Programmable is
assembled by Sinclair's own staff at their
headquarters plant. Shipped direct, and sold to
you direct, the Cambridge Programmable
accumulates no middieman’s profits on the way.

The resultis a pocket programmable
calculator of advanced design, sold by the
manufacturer with the manufacturer's own
1-year comprehensive guarantee, at a price
unmatched by any comparable calculator.

10-day no-obligation offer

There's a lot more to this remarkable
calculator than a brief written description can
cover.

You need to see itand handleit...to
program it yourself in afew seconds to save
you hours...to check its performance against
tables and graphs... to test the full range of
programs available...to evaluate, perhaps, its
use as an educational aid in developing a
stucent's computer understanding.

So we're offering a 10-day trial. Send your
check or money order with the order form
below, and you'll receive a calculator direct.
Use it for 10 days, and if you don’t feelit's the
finest $29.95 you've ever invested, send it back.
We'll refund your money without question.

There's nothing to lose, and so much
calculating power to gain.

Post your order today.

sirncCisir

Sinclair Radionics inc., Galleria,

115 East 57th Street, New York, N.Y. 10022 USA.

Tel: (212) 355 5005.

Enclosed 1s check/MO payable to Sinclair Radionics Inc

Name

Genersi/Finance/Statistics
(percentage. metric system,
memory, games, dates, finance,
mortgages. statistics)

__ {(qty)Program Library Book 2at$4 §
Mathematics (algebra. calculus.
geometry, trgonometry. number
theory. transcendental functions)

—_ {qty)Program Library Book 3atS4 $
\ ysics and Engineering
(astronomy, statics and dynamics,
velahwh{. mechanics, proparties of
matter, Huids, structures,
thermodynamics)

ty) Program Library Book 4 at$4 $

Address

RE-10

City

State

2ip

(

E les (networks, Sircuits,
Iiters, electrodynamics, radiation
and propagation)

— (qty) complete s} of

Cuokl at$10 po.:"(ot)
Sales tax (NY residents)
Post and packing

$
s
s 250
$

(PLEASE PRINT)

| understand that you will refund purchase price in full if
I return calculator(s) and accessories in saleable condition
withun 10 days of recespt

Signature
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At CIE, you get

clectronics

Carccoer’

training
irom
specialists.

If you’re interested in learning how to fix air
conditioners, service cars or install heating
systems — talk to some other school. But if
vyou’re serious about electronies, come to
CIE -The Electronies Specialists.

Special Projects Director
Cleveland Institute of Electronics




y father always told me that

there were certain advan-
tages to putting all your eggs in one
basket. “John,” he said, “learn to
do one important thing better than
anyone else, and you’ll always be
in demand.”

I believe he was right. Today is
the age of specialization. And |
think that’s a very good thing.

Consider doctors. You wouldn’t
expect your family doctor to perform
open heart surgery or your dentist to
setabroken bone, either. Would you?

For these things, you'd want a
specialist. And you'd trust him. Be-
cause you'd know if he weren't any
good, he’d be out of business.

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

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

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

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

Specialists aren’t for
everyone.

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

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

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

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

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

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

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

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

You work with experi-
enced specialists.

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

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

We don’t mind. We have a fine

record of preparing people to take . ..

and pass. . . the government-
administered FCC License exams.
In fact, in continuing surveys nearly
4 out of 5 of our graduates who take

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

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

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

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

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

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

Patterns shown on TV and oscilloseape screens are simulated.

Cleveland Institute of Electronics, Inc.

1 ClI

Print Namo

Check box for G, I, Bill information:

Mail today?

1776 East 17th Street, Cleveland, Ohio 4414
Accredited Member Nauonal Hcme Study Counail

O YES... John, [ want to learn from the specialists in ¢lectronics — CIE.
Send me my FREE CIE school catalog — including details about troubleshooting
courses — plus my FREE package of home study information.

RE-19

Address Apt.
City

State Zip
Age Phone (area code)

‘cteran Active Duty

4261 H390100
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EW Weller’

GORDLESS
SOLDERING [RON...
GOES ANYWHERE

Weller's WC-100 . . . the professional
quality, feather-light cordless. Lets you
make connections anywhere. Without
AC cord and outlet

Fingertip touch on exclusive sliding
safety switch activates long-life, nickel-
cadmium battery. Heats tip to over
700°F in 6 sec. Locks in “off” position
to prevent accidental discharge in use
or while restoring energy with fast-
power recharger (UL listed)

Simple, instant change to any of 4
tips...forany job. Built-in light focuses
on tip and work area

Get this! It's at your dealer or dis-
tributor now...waiting for you. Need
more info first? Request literature

Weller -Xcelite
Electronics Division

] The Cooper Group
sggr.!.l_l‘ P. 0. BOX 728,

APEX, NORTH CAROLINA 27502
CIRCLE 22 ON FREE INFORMATION CARD

equipment reports

Fluke Model 8020A Digital
Multimeter

CIRCLE 90 ON FREE INFORMATION CARD

THE JOHN FLUKE MANUFACTURING CO., INC., PO
Box 43210, Mountlake Terrace, WA 98043,
has been making high-quality test equipment
for a long time. They specialize in high-preci-
sion lab-type instruments, especially digital
voltmeters. Their latest product, model
80204, is a compact, versatile and accurate
digital multimeter.

Despite its small size, the model 8020A s a
true multimeter. It reads AC/DC voltages,
current and resistance and has a 10-megohm/
100-pF input impedance. Its accuracy is
0.25% for AC voltages. The 3.5 digit LCD
readout has 0.5-inch-high digits, readable at
any practical distance.

It will also perform tricks that some other
DMM’s can’t! It will read conductance direct-
ly on two ranges: 2 millisiemens and 200 nano-
siemens. (A siemens is the new internationai
unit of conductance, once called an mho. It
represents the reciprocal of resistance, or
1/R.) Reading the conductance gives the
effect of increasing the resistance range to
10,000 megohms. A simple chart in the
instruction manual shows you how to do this.
There’s no trigger-work invoived. Just take the
reading and look it up. We tried it out on a
couple of high-voltage multiplier resistors of
400 and 800 megohms, and it works.

The same function, with a simpie adapter
made of a SPDT switch, two banana plugs, a
750K resistor and a transistor socket allows
you to check transistors for type, open, shoris,
and also gives you a direct reading of the ¢gg
leakage and the beta! This procedure is really
simple. Look at the reading and move the
decimal point three places to the right. A
reading of .125 means the transistor has a beta
of 125.

The regular ohms ranges of the model
8020A are set up to make our favorite “high
one way, low the other” transistor tests easy.

The unit has six ohms ranges, and every other
one is a high-power range that will turn on a
transistor junction. These high-power ranges
are plainly marked with a diode symbol. The
low-power ohms ranges in between permit in-
circuit tests without turning on transistors or
diodes.

The AC volts ranges can be read with
accuracy up to 5 kHz. The readout is RMS for
sinewaves. Since waveforms other than sine-
waves cause errors, the manual includes a very
detailed chart that shows practically every
possible waveform from a half-wave rectified
AC to a sharp pulse and even a triangle wave.
Also shown are peak, peak-to-peak, average
and RMS voltages that will be read out; the
duty-factor correction for pulses is also indi-
cated.

This type of correction is also included for
the current ranges. If the reading must be very
precise, you can read the “burden voltage™
(the actual drop across the shunt in use), and
find the correction factor that must be added
to the reading to get the true current. Another
very handy chart in the manual shows exactly
which buttons to push to set up on any given
range or function. This was helpfui when we
were trying to get the conductance test to
work. It does pay to read the instruction
book!

(Incidentally, an LCD readout shows up
brighter in bright light. In a room so dark the
panel could barely be seen, the digits were still
visible.)

The heart of the model 80204 is a special
CMOS-LSI IC that can do everything except
walk the dog. Every one of the analog and
digital functions are in this IC. It also includes
the crystai-controlled clock, which has 3.84-
MHz crystal to provide all clock signals. The
model 80204 uses dual-slope integration. The
crystal clock provides almost complete free-
dom from any AC line interference.

This is an autopolarity-type DMM. A nor-
mal readout means that the hot lead is posi-
tive. A negative voltage is indicated by a minus
sign to the left of the readout. For overload
readings, only the left-hand “1™ digit is lit,
which is also the normal open-circuit reading
for the ohmmeter ranges. Decimal-point
placement is also automatic on all ranges. The
ohms range reads out kilohms; a full-scale
reading of **2”* (actually *1.999"") means 2000
ohms.

All of the switching is done by eight push-
buttons. There are six range pushbuttons that
are interlocked. However, the CONDUCTANCE
pushbutton and any one of the remaining five
range pushbuttons can be locked down at once,
which is necessary for the conductance tests.
Another pushbutton selects either AC or DC
measurement and the final pushbutton selects
cither milliampere/volts or 1000k ohms/nano-
siemens.

The ON-OFF switch is a slide type, located on
the upper left-hand side of the case, right
under your thumb when you hold it in the
normal way (or under your forefinger if you
happen to be left-handed).

The model 8020A is powered by one No.

continued on page 24
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Bearcat - ||/ Features

o Crystal-less—Without ever buying a ¢rystal you can
select from all local frequencies by simply pushing a few
buttons.

Decimal Display—See frequency and channel
number—no guessing whao's on the air

5-Band Coverage—Includes Low. High. UHF and UHF
“T" public service bands, the 2-meter amateur (Ham)
band. plus other UHF frequencies

Deluxe Keyboard--Makes frequency selection as easy
as using a push-button phone. Lets you enter and
change frequencies easily try everything there is tc
hear.

Patented Track Tuning—Receive frequencies across the
full band without adjustment. Circuitry is automatically
aligned to each frequency monitored

Automatic Search—Seek and find new. exciting
frequencies

Selective Scan Delay—Adds a two second delay to
prevent missing transmissions when “calls” and
“answers” are on the same frequency.

Automatic Lock-Out—Locks out channels and “skips
frequencies not of current interest

Simple Programming—Simply punch in on the
keyboard the frequency you wish to monltor

Space Age Circuitry—Custom integrated circuits
Bearcat tradition

UL Listed/FCC Certified—Assures quality design and
manufacture

Rolling Zeros—This Bearcat exclusive tells you which
chanmnels your scanner is monitoring

Tone By-Pass—Scanning is not interrupted by mobile
telephone tone signal

Manual Scan Control—Scan all 10 channels at your
own pace

3-Inch Speaker—Front mounted speaker for more
sound with less distortion

Squelch—Allows user to effectively block out unwanted
noise

AC/DC—Operates at home or in the car.

™™™

A COMMUNICATIONS

® J
Bearcat -'j

Specifications

Frequency Reception Range
Low Band 32—50 MH:z
‘Ham" Band 146—148 MHz
High Band 148—174 MH2z
UHF Band 450—470 MHz
‘T" Band 470—512 MH:2

*Also receives UHF from 416—450 MHz
Size
10%" Wx3"Hx7%" D
Weight
4 1bs. 8 oz.
Power Requirements
117V ac, 11W, 13.8 Vdc, 6W
Audio Output
2Wrms
Antenna
Telescoping (supplied)
Sensitivity
0.6uv for 12dB SINADon L& H
bands
U bands slightly less
Selectivity
Better than
Scan Rate
20 channels per second
Connectors
External antenna and speaker. AC &
DC power
Accessories
Mounting bracket and hardware
DC cord

60 dB @ * 25 KHz

master charge

THE INTEABANR CaRD

ELECTRONICS

Box 1002 Dept. 501

Spl. VISA
Ann Arbor, Michigan 48106 USA 1IN

CIRCLE 68 ON FREE INFORMATION CARD

$289.

The Bearcat® 210 is a sophisticated
scanning instrument with the ease of
operation and frequency versatility
you’ve dreamed of. Imagine, selecting
from any of the public service bands
and from all local frequencies by
simply pushing a few buttons. No
longer are you limited by crystals to a
given band and set of frequencies. It's
all made possible by Bearcat spaceage
solid state circuitry. You can forget
crystals forever

Pick the 10 frequencies you want to
scan and punch them in on the
keyboard. It's incredibly easy. The
large decimal display reads out each
frequency you've selected. When you
want to change frequencies, just enter
the new ones.

Automatic search lets you scan any
given range of frequencies of your
choice within a band. Push-button
lockout permits you to selectively skip
frequencies not of current interest.
The decimal display with its exclusive
“rolling zeros’” tells you which
channels you're monitoring. When the
Bearcat 210 locks in on an active
frequency the decimal display shows
the channel and frequency being
monitored

With the patented track-tuning
system, the Bearcat 210 automatically
aligns itself so that circuits are always
‘peaked’’ for any broadcast. Most
competitive models peak only at the
center of each band, missing the
frequencies at the extreme ends of the
band

The Bearcat 210’s electronically
switched antenna eliminates the need
for the long low band antenna. And a
quartz crystal filter rejects adjacent
stations as well as noise interference.

Call toll-free 800-521-4414 now to
place a BankAmericard or Master-
charge order. This is our 24 hour
phone to our order department and
only orders may be processed on this
line. To order in Michigan or outside of
the U.S. dial 313-994-4441.

Add $5.00 for U.S. shipping or $9.00
for air UPS to west coast. Charge cards
or money orders only please. Interna-
tional orders invited. Michigan resi-
dents add tax. Please write for
quantity pricing.

2261 Y380100

N
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continued from page 22

1604 9-volt battery. The specifications list a
service life of 200 hours with an alkaline
battery, or up to 150 hours with a carbon-zinc
battery. For bench use, the mode!/ A8! AC
adapter can be plugged into a socket on the
right-hand side of the case. This adapter is
available in 110-, 115-, or 230-volt inputs, or
in 230 volts with the European-type line plug.

If the battery is low, the letters BT appear on
the display at the upper left. However, you've
still got time to finish the job, since this
readout means that there are about 20 hours
of battery life left. A padded carrying case is
available, with pockets for the test leads and
even the instruction card.

Also available are accessory probes to let
you use the unit in many other applications.
An AC clamp-on adapter (model 801-600)
permits AC current readings up to 600 am-
peres. A high-voltage probe (mode! 80K-40)
extends the range to 40 killivoits DC, or 28
killivolts RMS AC. The RF probe (model
81 RF) reads RF voltages from 100 kHz to 100
MHz with a + 1.0-dB accuracy. It can be
used up to 250 MHz for relative readings. The
universal temperature probe (rrrodel 80T-150)
converts the mode! 8020 A to an accurate ther-
mometer covering a wide range from —50° to
+150°C (—58° to +302°F). This probe has
a special fast-response sensor, so that no
surface preparation is needed, which is very

A P Terminal and Distribution

useful for finding hot spots, checking the case
temperature of suspect transistors, etc.

The model 80204 uses very sensitive
CMOS technology; however, the whole circuit
is well protected against accidental overloads,
transients and all the catastrophes that can
strike unprotected testers. Even the ohms
ranges are protected against applications up to
300 volts DC. Voltage ranges are protected
against overloads up to 1000 volts, and 2
amperes on the current ranges. In addition,
special protection against transients is pro-
vided, up to 6 killivoits on all functions. This
could be very useful in TV repair or in other
situations where transients are commonly ex-
perienced.

Here’s the best feature of all. Many high-
precision DMM’s also have high prices. The
niodel 8020A is in the affordable area, at
$169.00, complete with battery and test lcads.
The accuracy of this instrument makes it suit-
able even for fields such as avionics, where
0.25% readings are required by the FAA and
others.

I must also say a kind word about the
instruction manual. It is written in plain
English! Charts and illustrations are clearly
drawn, with a very complete coverage of
everything that is nceded. The back pages
have full instructions for calibration and main-
tenance tests, a schematic and chassis layout
and a parts list. In fact, even a printed label is
included so that you can send the instrument
to the nearest Fluke service center! A list of
these world-wide service centers is included
with the meter.

All in all, the model 8020A is an impressive
piece of test equipment. R-E

Heath SG-1272 Low-
Distortion Audio Generator

CIRCLE 50 ON FREE INFORMATION CARD

THE HEATH COMPANY HAS DEVELOPED AN
audio signal generator, niode! SG-1272, that
produces low-distortion sinewaves with good
stability. The distortion rating is 0.1% from 10
to 40 Hz; 0.04% from 40 Hz to 20 kHz; and
rises to 0.1% at 100 kHz!

The output is really flat; within + 0.2 dB
from 20 Hz 10 100 kHz. We fed the output
into a wideband oscilloscope and checked for
flatness. The result was that the amplitude at
100 kHz was the same as at about 40 Hz. The
sinewave displayed at the maximum frequency
showed no visible distortion.

The SG-1272's output voltage is constantly
metered and fully adjustable to a maximum of
10 volts RMS. A LEVEL control adjusts the
output to any desired level. Three pushbutton
attenuators on the panel provide precision-
control of the output. These attenuators total
70 dB in 10- , 20- and 40-dB steps, or 0.3%,
0.1% and 0.01% of the voltage. For example,
set the meter to 10 volts and depress the 10-dB
pushbutton. The output voltage will then drop

continued on page 26
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Strips for Faster and Easier solderless

circuit building and testing. No special patch
cords are required, and any solid wire up to No. 20
AWG can be used for connection. Strips accept
all components with leads up to .032" diameter,
and hardware and mounting templates are pro-
vided with every strip. Terminais are non-corrosive
nickel/silver.

For the name of the distributor nearest you
call Toll-Free 800-321-9668.

Send for our complete A P catalog
The Faster and Easier Book.

Faster and Easieris what we’re all about.

xnmn A

AP PRODUCTS INCORPORATED

Box 110 ¢ 72 Corwin Drive, Painesville, Ohlo 44077 ¢ 216/354-2101 TWX: 810-425-2250

20 XX X 26 2 XEH 330 IR G DEOL L XXM UM X K XXX NX XXX XANN X

N RANMRER MMM K KK X N AR XX XN XK XRX
336 X 260K I3 K 3363 I M X RRR A AR R X N x::
lzx:xxx:xxlxuxlnlux--:x-:xxxx-txxx:Kxxxzxs:xlx

xxxxxx:x--:xxxl--x-:x--xxnulxxlx-x:xxzx: xxxx TEITITY
X0 KR MM XXMM XM MK X ggl H
xx :-:-:xuxnnnr:xrnx:z:

Buy this Model 264L TERMINAL STRIP, wnth 128
five-tie-point terminals, #923261 for only $12.50.

| TORERN XXX RNXX MOGKX MXMN NEKX NXNK NKENK KXNK KNKK KXXK NMMR
SENE SNAX NXEX XXEN XNKN KEXN NEAX XXNX SXXN NNKK KE#E SENE

And get this Model 212R DISTRIBUTION STRIP,
with 24 four-tie-point terminals
#923277 FREE of added cost.

Free offer also applies to other sizes.

Look for the Special Bonus Offer
Display at your A P distributor.

*Special bonus offer expires 12/31/77

CIRCLE 13 ON FREE INFORMATION CARD



ELECTRONICS BOOK CLUB

Get All
Three Of These
Huge Books

MASTER TRANSISTOR/IC
SUBSTITUTION HANDBOOK

A GIANT one-stop, easy-10-use manual that grves you commonly avala-
ble replacements for over 80,000 U S. and fore

k 18 yOur 0ne-s10p Cross reference list for the simpirhed replac-
B e
manufacturer's parts numbers K's 3 smglu replacement guide for most
any repasr job you'fl ever encounter! Now you can Quickly look up
wiually ANY part number—be #t Amercan, European, b

of and tnd out which of the s ma-

L4 of general parts makes # And, even
more than that, you can also check out the basing diagrams for 3k ksted
uts from the 165 ilustrations provided Not only 1S ths master sub-
stitution guide an absolute necessity for most any R
also a perfect reference for ke budders, experimenters, hams.
. and hobbyists it you're into electronecs m any capacity
whatsoever, thus gargantuan gude 1s 2 must 1o heip you abreast of
e ever-ncreasing number of new transistors and Ks  Master
TransistorAC Substtution Handbook 1S an ALL NEW cross-reference

b and and Dy elec-
froncs experts 10 grve you just the kind of easy-to-use menual you've
nesded and have been waitmg for Every entry 1s cross-referenced to
the closest available substriutes made Dy leadng manufacturers of
replacenent parts 518 pps , 165 ius

MASTER TUBE SUBSTITUTION HANDBOOK

A brand-new 3-Section 9 99% of tube rep
needs. Includes

b S mmmmno“ X and
forexgn Lubes . pius base diagrams and B& W and color CRTS This umi-
:l. st QuICk- e 1o

W10 2 slot 1n your tube . Of Ot your workbench Compeied by

|

cluding *hose "“l-never-hedrd-of-n"* forewgn types Moreover. only re-
asly-available and comparably-priced substitutes are ksted—no need
for you 10 search th lists of tubes you'll rarely see i use, Of
sssrch trough pages of irrslevant matenal to find a substtute Thes
brand-new fingertip contains 3 BIG Section 1 pro-
wdes you with a cross-reference of all popular vacuum tubss and ther
:-MF:IW substitutes which have similar of ior charsc-
s

converwence, the preferred

ns. Ustaded notes are included S0
how 1o fit the tubs 10 the chassis, how to
changes, chassis alterations, and cabinet
tubs identification, otc. 322 pps. . 576 s

TOWERS' INTERNATIONAL
TRANSISTOR SELECTOR—2ND EDITION

can tell at a glance
any NECSssary wwing
moditications, pius matrox

all three!

et us send you these three practical.

time-and-money-saving books as part of an unusual
offer of a Trial Membership in Electronics Book Club.

Here are quality leatherette-bound volumes, each
especially designed to help you increase your know-
how. eaming power. and enjoyment of electronics.

These handseme. hardbound books are indicative
of the many other fine offerings made to Mem-
bers...important books to read and keep...volumes
with your specialized interest in mind.

Whatever your interest in electronics—radio and
TV servicing. audio and hi-fi. industrial electronics.
communications, broadcasting. electronics as a hob-
by—you will find Electronics Book Club will help you
get the job you want. keep it. improve it, or make your
leisure hours mere enjoyable. With the Club providing
you with top quality books. you may broaden your
knowledge and skilis to build your income and in-
crease your enjoyment of electronics. too.

This Special Offer is just a sample of the help and
generous savings the Club offers you. For here is a
Club devoted exclusively to seeking out only those
titles of direct interest to you. Members are annually
offered over 50 authoritative books on all phases of
electronics.

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

Facts About Club Membership

@ The 3 introductory books carry a publisher’s retail price
of $30.85. They m¥ours for only $1.99 (plus postage and
handling) with your Trial Membership

©® You will receive the Club News, describing the current
Selection, Afternates, and other offerings every 4 weeks
(13 xayear)

® If you want the Selection, do nothing: it will be sent to
you automatically. if you do not wish to receive the Selec-
tion. or if you want to order one of the many Afternates of-
fered. you simply give instructions on the reply form (and
n the envelope) provided, and return it to us by the date
spectied. This date allows you at least 10 days in which to
return the form. f, because of late mail delivery, you do
not have 10 days to make a decision and SO receive an un-
wanted Selection, you may return it at Club expense.

©® Personal service for your account—n0 compiters

© To complete your Trial Membership, you need buy only
four additional monthly selections or alternates during the
next 12 months. You may cancel your Membership any
time after you purchase these four books

® Al books—including the Introductory Otter—are fully
returnabie after 10 days if you're not completety satisfied.
©® All books are offered at low Member prices plus a small
nosuu; and nanding charge. Prepaid Orders shipped

postpa

© Continving Benus: If you continue after this Trial Mem-
bership, you will earn a Dividend Certificate for every book
you purchass Three Certificates, plus payment of the
nominal sum of $1.99, entitles you to a valuable Book
Drwdend of your choice winch you may choose from a list
provided Merrbers.
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Only $1.99 for

invites you to take this 1040-page
tubefransistorAC substitution library g]
for only
T

/::::: with a Trial

Binding Membership in

v s the Book Club
s that Saves you
includes U.S. & 25% to 79% on
P a wide selection of
meedpages @@ ctronics books

with the literature published in your areas of in-
terest. and to save substantially while so doing. As
part of your Trial Membership. you need purchase as
few as four books during the coming 12 months. You
would probably buy at least this many
anyway...without the savings offered through Club
Membership

To start your Membership on these attractive
terms. simply fill out and mail the coupon today. You
will receive the 3-volume Substitution Library for
10-day inspection. YOU NEED SEND NO MONEY! If
you are not delighted. return them within 10 days and
your Trial Membership will be cancelled without cost
orobligation.

ELECTRONICS BOOK CLUB, Blue Ridge Summit, Pa. 17214
TYPICAL CLUD SELECTIONS (and List/Clud prices)
] L] $9 9545.95—

VHFAUHF Fire. Police. Ham Scanners Service Manual
$0 9545.95— Modern Guide To Digitsl Lagic 39 9545.95—CB
Radie Sch /Bervicing W, 3 $26 85
$9.95—Coler TV Trouble Factbeok $9 95/84.95—CBer's Hondy-
book Of Simple Hodby Prejects S5 9583.95—Medern Elec-
tronics Math $12 9590.96—E lectronic Music Circuit Gwdsbosk
$9 95/35.95—Duild Yeur Own Working Rede! $8 95/
$5.95—inire (o Medical Eloctremics $9 9588.95—21 Simple
Transister Ragies You Con Build $5 9633.95—Ham Radie As-
venced Class Liconse Study Guide $8 95/34.96— Eloc-
onics Haadbesk $11 9587.95—Practical C8 Repeir
$8 95/35.95—Radie Astronomy for the Amatowr $8 95/55.95

ELECTRONICS BOOK CLUB

Blue Ridge Summit, Pa., 17214

Please open my Trial Membership in ELEC-
TRONICS BOOK CLUB and send my 3-volume
Substition Library, invoicing me for only $1.99
plus shipping. If not delighted, | may return the
books within 10 days and owe nothing, and have
my Trial Membership cancelled. | agree to
purchase at least four additional books during
the next 12 months, after which | may cancel

my Membership at any time.

Name Phone
Company

Addrass

Chy

State zip

{Valid lor new Members oaly. Foreign and Canada add 10%) RE-107

4161 H380100

N
[
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BENCH
PERFORMANCE
IN YOUR
POCKET

LIMITED TIME OFFER
only 0

at participating Hickok
distributors '

The Hickok Model 239 color
bar generator has an exclusive
MOS LSI chip which provides
9 Rock Stable patterns and
low battery drain.

@ Simplified operation with 2
matrix slide switches.

® Crystal controlled chroma
and timing oscillators.

®m RF adjustable Channels 2-4.

® Powered by 2 standard 9v
batteries.

Plus our unique 2-year warranty.

The Hickok Pocket Model 239
or our deluxe bench Model 246
are values you have to see to
appreciate. See them at your
Hickok distributor or contact us
for more information.

290
HICKOK

the value innovator

INSTRUMENTATION & CONTROLS DIVISION
THE HICKOK ELECTRICAL INSTRUMENT CO.
10514 Dupont Avenue « Cleveland, Ohio 44108
(216) 541-8060 + TWX:810-421-8286
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EQUIPMENT REPORTS
continued from page 24

to 0.3% of the meter reading, or 3.33 volts.

A 0- to 3-volt scale reads the lower voltages.
For example, to feed a 50-mV signal to the
input of a high-gain amplifier, just set the
LEVEL control to 5 volts on the meter and
depress the 40-dB pushbutton. The output
signal will be 5 X .01, or .050 volt (50 mV).

The model SG-1272 output signal is fed to
an internal 600-ohm load. The meter reads the
true voltage across this load; external loads
can be used by pushing the LOAD/SELECTOR
switch near the output jack.

Three rows of 10-position pushbuttons,
(0-90, 0-9 and 0-0.9) select the output
frequency. At the bottom of the panel are four
interlocked MULTIPLIER pushbuttons (marked
X1, X10, X100 and X1000). A desired
frequency can be obtained by pushing the
frequency selection pushbuttons and then the
multiplier. For example, for a 1,000-Hz fre-
quency, press pushbuttons 90, 9 and 0.9 and
the X 10 multiplier; the result is 999.9 Hz, a
close enough approximation. When the con-
trols were set to the extreme upper limit of 100
kHz, the frequency counter read 99.999 kHz,
changing to 100000 periodically. This upper-
limit reading was stable.

To use the model SG-1272 as a contin-
uously variable frequency generator, press all
three *0" pushbuttons simultaneously. The
output frequency can now be controlled by the
VARIABLE FREQUENCY control (on the panel
near the LEVEL control) together with the
multiplier switches.

The oscillator circuit used in the model SG-
1272 is a Wien-bridge type. The precision-
frequency selection is made possible by using
extremely high-precision IC resistor packs.
One resistor pack is used with each selector-
switch deck, along with 1% capacitors.

A special output jack on the rear panel feeds
external sync to a scope, and provides a sample
of the output frequency for triggering.

The circuit is powered by a transformer-
isolated, dual-voltage DC supply. A slide
switch on the rear panel sets the transformer
primary for either a 120-volt or a 240-volt
input. The —24- and + 24-volt DC supplies
are tightly controlled by separate IC voltage
regulators. The oscillator frequency is sta-
bilized by heavy negative feedback.

The model SG-1272 comes in a metal and
plastic cabinet, with handles that also protect
the controls. All controls are conveniently
placed for easy operation. R-E

B&K Model 530
Semiconductor
Tester

THE B&K DIVISION OF DYNASCAN HAS BEEN
making semiconductor testers for some time,
using their “Dynapeak™ circuit. The top of the
line, model 530, the latest and most elaborate,
uses the basic Dynapeak transistor test system.
It locates base connections and identifies
them, at the same time testing the transistor
for type and quality. All this is done by moving
the six-position test switch through all posi-
tions.

The device under test can be plugged into a
socket on the panel, or hooked up to three
color-coded test leads with clips. Once it's
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hooked up, all tests except F, may be made by
moving switches. The dual LED indicators tell
whether it is PNP or NPN, and good. For in-
circuit testing, an audible beep is heard when
you hit the right switch position. This can be
turned off if not needed.

Beside the clips, a special probe, FP-5
Dynaflex, may be used for on-the-board tests,
especially if the transistors are identified in
any way. Once again, all you have to do is
make contact to each transistor terminal. The
FP-5 has three color-coded, very sharp ball-
joint pins, that are spring-loaded. Push them
onto the transistor connections with one hand,
and move the switch with the other. You don’t
have to look up if you're using the beeper.
When you hit the right connections, the little
window on the panel by the switch shows
which color lead is on each element.

The model 530 indicates whether a device is
a bipolar transistor or an FET, in- or out-of-
circuit. The typical bipolar transistor will
given an indication in either Hl or LO drive, in
switch two positions. In LO drive, only one
position will give an indication. (Most bipolar
transistors will show a small gain with emitter
and collector reversed.) However, FET’s will
show good in two test positions having the
same base color (FET gate) because practi-
cally all junction FET's are symmetrical. The
Dynapeak system uses two “Drive” positions:
One HI and one LO. In HI, enough drive is
available to turn on transistors in-circuit with
more than 10-ohm shunt resistance. The drive
voltage is applied with a 3% duty cycle, so that
you cannot damage a transistor by excessive
conduction.

With the transistor hooked up and identi-
fied, out-of-circuit, you can make a great
many tests by switching. You can read all
kinds of breakdown voltages and leakage cur-
rents: BV¢gs, Icgs, BVeros Iceor BVecs. lecs,
BVeco, leco. BVeso and Iggo. Simply set the
switches as described in the instruction manu-
al. Leakage is read on a meter with a special
nonlinear scale: It starts out at 10 microamps
per division, and ends with a full-scale reading
of 5 mA. The beta or g, can be read on dual
HI-LO scales below.

Beta readings can be made for comparison,
for example, a direct-coupled driver transistor
in an audio output stage. You can take the one
out of the working channel and read its beta,
then select a replacement with the same beta.
A mismatched driver transistor can honk up
the bias on an output transistor and cause
trouble.

For working with VHF or UHF stages, the
model 530 provides a separate test for F,, the
gain-bandwidth product. A direct reading is
obtained of the actual F,, which is the maxi-
mum frequency this transistor will amplify.
Three ranges are used: 0-100 MHz, 0-500

continued on page 32
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wmany things =
canyou find on this page =¥
that start with Sylvania tabs? '/,

7 You won’t have to look very hard. Almost everything @

you see can come from saving address tabs
from Sylvania receiving tube cartons and |
labels from picture tubes. \
The new “Keep Tabs on Sylvania” awards
| program is now under way, and this year it’'s even easier
to build up a high score. You get a bonus of 50 extra_ &
tabs for each Color Bright 85°picture-tube g
serial number label and 10 extra tabs for
every label from other Sylvania color tubes. Pick up your
*< Award Catalog and special tab-saver
envelope at your local Sylvania distriburor
i and start collecting your tabs, now.
/ 3 ti, Put your tabs and award order form in
%k the mail by Nov. 30, 1977 and you'll be able
BB to find a lot of the things />
in the picture right in your @
own backyard. :L:«“i'“"
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N RADIO-ELECTRONICS

they're

here!

the new HEATHKIT Computers...
plus exciting new kits for fall!

GD-1186
Digital
Scale Kit

AD-1304 Active
Audio Processor Kit $19995

10-4555 Single-Trace
Experimenter
Oscllloscope Kit

IM-5225 Deluxe
FET Multimeter Kit

$119%

The new Heathkit Fall catalog has a lineup of new prod-
ucts for just about every interest. Along with our complete
line of personal computer systems and accessories, you'll
find interesting and useful products for your home, your
hi-fi system, your test or hobby bench. Learn more about
these exciting new kits YOU can build —send for your
FREE Heathkit catalog today!

NEW H8 8-Bit Computer. The 8080A based machine with
the “intelligent” front panel. 9-digit readout and keypad
entry make it one of the easiest-to-use personal computers
available today!

NEW H11 16-bit Computer. Heath, world leader in kit form
products, and Digital Equipment Corporation, world leader
in minicomputers, combine to bring you the ONLY 16-bit
personal computer priced within reach of the general
public. Based on the powerful LSi-11,

NEW H9 CRT Terminal. General-purpose peripheral for
use with the H8 or H11 or others. Has long and short-form
display, 80-character lines, full ASCIl keyboard, auto-
scrolling, plot mode and more. An excellent terminal value.

NEW H10 Paper Tape Reader/Punch. Paper tape mass
storage peripheral for use with the H8 or H11. Features
totally independent punch and reader; a copy mode for
fast, easy tape duplication; precision machined punch
block for accurate, consistent punching.

NEW GD-1186 Digital Electronic Scale. Tells you your
weight (up to 300 Ibs.) in big, bright, easy-to-read digits.
Reads out to 2/10ths of a pound with far more precision
than conventional dial scales. Extra cable lets you mount
the readout at eye level.

NEW AD-1304 Active Audio Processor. Minimizes back-
ground noise from records or broadcast sources. Also adds
7 dB dynamic range to your hi-fi system. Provides greatly
enhanced sound reproduction.

NEW 10-4555 Single-Trace Oscilloscope. A bright, easy-
to-read scope ideal for radio-TV servicing, design experi-
ments, general-purpose troubleshooting. Has super-bright
trace, easy to operate controls, TV trigger switch, lots more.

NEW IM-5225 deluxe FET Multimeter. Quality general-pur-
pose tester measures AC and DC volts, AC and DC current
and resistance. Checks semiconductors in or out-of-circuit
too! Has pushbutton function switches, full overload pro-
tection, easy-to-read meter with color-coded scales.
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HE

8-Bit
Computer Kit

$375% |

ALSO AVAILABLE:

The famous LA36 DEC

Writer |l Keyboard Print-

er Terminal at a sensa- $1495
tional low price.

R

" " ;
L)

>

.

16-Bit N
Computer Kit .
.

$129500 :
i

150 ayTESIIt LIS SO b BeWeall WS,

DO SOTIRL. TN ST AR SR GEEMCW.
PUEL Thmmat! Rt B ATEN MUPNAE ShemE.
= Ay ey e WS,

HI

CRT Paper Tape
Terminal Kit Reacer/Punch Kit
$530% $35000

r---------------------1

HEATH Heath Company, Dept. 020-340
Schlumberget Benton Harbor, Michigan 49022
Please send me my FREE Heathkit Catalog.
| am not on your mailing list.

|

|

|

New Heathkit catalog describing ]
nearly 400 fun-to-build, money- .
Name. - — I
|

|

|

|

ol

saving electronic kits, plus a

variety of Heath-recommended o)

top-value assembled preducts. = - Address. o

Send for your FREE copy. X E'__, \ ot . S

Use card or coupon today! ®-ws v ] = e m=—t m
: Tt max o catmon e All prices net FOB, Benton Harbor, Michigan.

Heath Company, Dept. 020-34C = - - h..'_‘.‘-' — CP-130 Prices and specifications subject to change without notice. o

Benton Harbor, Michigan 49022 | e —————————— T T T N

w
-t
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EQUIPMENT REPORTS
continued from page 26

MHz and 0-1500 MHz. The test actually
feeds an RF signal into the transistor and then
reads its current gain on the meter; three oscil-
lators are used, at 1.0, 10.0 and 30.0 MHz.
The device under test is plugged into one of
two sockets on the F, test panel. If it has a non-
standard base, a little plug-in adaptor with
three tiny clips can connect any type. Most
transistors will show a reading on two of the
scales. Use the highest reading, but don't take
a reading below about **10” on any of them,
for maximum accuracy. For example, a tran-
sistor with an F, of 500 MHz will show a

reading on both the 0-500 MHz and 0-1500
MHz scales.

The instruction manual discusses in detail
the instrument's operation and circuitry. Full
maintenance and calibration test procedures
are given. A complete Appendix, with a glos-
sary of transistor terminology, as well as a
two-page list of transistor and semiconductor
symbols, is in the back of the book.

The model 530 is housed in a neat “lay
down™ type case. The panel is well designed;
all controls and switches are easy to get at and
use. All identification, leakage and beta tests
are on the right side, with the F, test on the left
by itself.

We gave it a good workout on some units we
had, including a transistor remote control
receiver panel that had been zapped by light-

sound
customizer

Only those who customize know
that feeling of special satisfaction
you get when the job is done. But
when it comes to car stereo Sys-
tems, the job is usually left half
done.

Because no matter how elaborate
your electronic system, it must be
complemented with the best in

speakers. And they are Kriket®
Series 6000™ car stereo speak-
ers.

Only Kriket® speakers have
sound baffles that deliver true
stereo separation comparable to
home speakers valued at hundreds
of dollars. If you listen to a Kriket®
speaker, you'll buy it.

Acoustic Fiber Sound Systems, Inc.

{‘a's/ Kriketo Indianapols, Indiana

ning. The model 530 picked out the bad tran-
sistors very quickly, out of a large number. We
checked all the numerous transistors very
quickly using the FP-5 probe. We consider this
tester useful for any kind of work involving
semiconductors. R-E

Lunar Electronics DX-555
Signal Generator/
Frequency Counter

IIIIIIIIIIIIIIIII Ity

L
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LUNAR ELECTRONICS, BOX 82183, SAN DIEGO. CA
92138, has developed a compact little combi-
nation instrument, the Model DX-555 fre-
quency counter and RF signal generator.

The model DX55 signal generator has no
dial; it uses the frequency-counter readout.
Therefore, the generator can be accurately
tuned to any desired frequency. It covers a
range from 440 kHz to 30 MHz in three
ranges—0.44-1.7, 1.7-7.0 and 7.0-30 MHz.
It is tuned by a main tuning knob and a sepa-
rate fine-tuning control marked SPREAD ac-
curately determines the signal output. The RF
output can bec modulated by an internal 600-
Hz audio tone, which is controlled by a front-
panel switch.

The frequency counter has a range from 10
Hz to 30 MHz. A buili-in prescaler expands
the range to slightly more than 220 MHz. A
rocker switch on the back panel marked VF/
VHF controls the prescaler. A 5-digit LED
display reads in kHz or MHz and is controlled
by the front-panel slide switch. By adjusting
the frequency with the selector switch in the
kHz position and then switching to MHz, an
extra digit can be gained. Simply move the left
digit one position off the screen. This provides
one more digit for accurate setup or readout.

The counter accuracy was checked against
WWV. The signal-generator frequencies were
then checked against the same standard. Both
results came out very well, even when we set
the generator to 1.0 MHz and beat the 10th
harmonic against the 10.0-MHz WWV signal.
The counter input jack is on the front panel
and a shielded cable is provided. The signal-
gcnerator output jack is on the back panel. A
short test lcad and plug are also provided for
this.

The model DX-555 is AC-powered and the
line is fused for protection. The DC power
supply uses a full-wave bridge rectifier and is
regulated by a solid-state voltage-regulator
circuit. A 10-MHz crystal-controlled oscil-
lator provides the clock signals for the digital
circuitry. Provisions are made for zeroing the
frequency counter against WWV if recalibra-
tion is necessary.

Standard 7400-series I1C's are used in the
dividers, buffers, oscillator stages, etc., and
two FET's are used in the RF oscillator.

The model DX-55 is a compact little instru-
ment that should be very useful in CB, Ham

All afs®/Kriket® products are manufactured, in the US.A.
Copyright 1977, Accoustic Fiber Sound Systemns, Inc.

radio, two-way radio and many other applica-
tions. R-E
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Pub. price, $24.95
Club price, $17.95

286/051
OPTOELEC-
TRONIC APPLI-
CATIONS
MANUAL

by Hewlett-
Packard

Pub, price, $19.25
Club price, $14.50

404/453
GUIDEBOOK OF
ELECTRONIC
CIRCUITS

by J. Markus
Pub. price, $29.50
Club price, $21.50

423/156
INTEGRATED

ELECTRONICS:
Analog Digital
Circuits and
Systems

by J. Millman
& C. Halkias
Pub. price, $22.50
Club price, $15.95

617/97X
HANDBOOK OF
OPERATIONAL
AMPLIFIER CIR-
CUIT DESIGN
by D. E. Stout
& M. Kaufman

Pub. price, $29.65

Club price, $17.50 162/468
INTEGRATED
715/70X CIRCUITS AND
FUNCTION CIR- SEMICONGUCTOR
CUITS: DEVICES:
Design and Theory aud
Applications Applicatien, 2/¢
by Y. J. Wong by G. J. Deboo
& W. E. Ott & C. N. Burrous

Pub. price, $18.50
Club price, $14.00

Pub. price, $16.95
Club price, $12.95

ELECTRONICS AND CONTROL
ENGINEERS’ BOOK CLUB

any one
of these great
professional books

values up
to $44.50

with your first club selection

2877341 398/615
SUNDARD Introductory ofter COMPUTER
ENGINEERING ELECTRONICS
CALCULATIONS {o new members of the by A. P. Malvino
by T. G. Hicks Pub. price, $13.95

Club price, $10.95

191/719
MICRO-
PROCESSORS
by Electronics
Magazine

Pub. price, $13.50
Club price, $10.95

209/731
STANDARD
HANDBOOK FOR
ELECTRICAL
ENGINEERS,
10/e

by J. D. Fink &
J. M. Carroll
Pub. price, $44.50
Club price, $28.50

209/804
ELECTRONICS
ENGINEERS’
HANDBOOK

by D. G. Fink
Pub. price, $42.50
Club price, $32.50

238/91X
DESIGNING WITH
OPERATIONAL
AMPLIFIERS

by J. G. Graeme

Pub. price, $17.50
Club price, $13.50

QESIGNING

Special $1.89 bonus book comes toyou | B =

llﬂ'“s

| |
,,...D 637/539

wiee= ~__ DIGITAL INTE-
360/936 \ GRATED CIR-
PROFESSIONAL —__ CUITS AND
ENGINEERS' —l GRERATIONAL
EXAMINATION AMPLIFIER, AND
QUESTIONS AND OPTOELEC-
ANSWERS TRONIC CIR-
by W. § CUIT DESIGN
Lalonde &
W. J. Stack- by Texas
Staikidis Instruments

Pub. price, $16.50
Club price, $13.75

Pub. price, $16.50
Club price, $12.50

save time and money by joining the

ELECTRONICS AND g: ';'Tﬂ
CONTROL ENGINEERS’ I*ﬁll
BOOK CLUB

Here Is a professional book club designed to meet your on-the-job engineering
needs by providing practical books in your field on a regular basis at below
publisher prices. |f you're missing out on Important technical literature—if today's
high cost of reading curbs the growth of your library—here's the solution to your
problem.

The Electronics and Control Engineers’ Book Club was organized for you, to
provide an economical reading program that cannot fail to be of value. Admin-
istered by the McGraw-Hill Book Company, all books are chosen by qualified
editors and consultants. Their understanding of the standards and values of the
literature in your field guarantees the appropriateness of the selections.

How the club operates: Every month you receive free of charge The Electronics
and Control Engineers’ Book Ciub Bulletin. This announces and describes the
Club’s teatured book of the month as well as alternate selections available at
special members' prices. If you want to examine the Club’s feature of the month,
you do nothing. If you prefer one of the alternate selections—or if you want no
book at ail—you notify the Club by returning the card enclosed with each Bulletin

As a Club member, you agree only to the purchase of four books (including
your first selection) over a two-year period. Considering the many books pub-
lished annually, there will surely be at least four you would want to own anyway.
Ey {oti,ninkg the Club, you save both money and the trouble of searching for the

est books.

~—— MAIL THIS COUPON TODAY .——

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB
P.0. Box 582, Princeton Road, Hightstown, New Jersey 08520

Please enroll me as a member and send me the two books indicated. | am
to receive the bonus book at ihe introductory price of $1.89 plus my Hrst selec-
tion, plus tax, postage and handiling. If nol complelely sallsiied, | may return
the books within 10 days and reques: that my membership be cancelled. I
| keep the books, | agree to take a of three addith { books during
ihe next two years at speclal Club prices (guaranteed 15% discount, often
mare). | will receive the Club Bulleiin 12 times a year. 1t | wanl to examine
the featured sclection, | need take no action. It will be shipped automatically.
11, however, want an alternate selection—or no book al all—§ simply notify
the Club by relurning the convenlend card always enclosed. | will always have
a minimum of ten days in which to return the card and you will credil my ac-
count tully, including postage, it Ihis is not the case, Membership In the Ctub
Is continuous but cancellable by me at any time after the four-book purchase
requirement has been tlfled. This order subject to acceptance by McGraw-Hill.
Orders trom outside the continental U.S. must be prepald. All prices sublect to
change without notice. Offer good for new members only.

Write Code # of $1.89 bonus Write Code # of
book selection here first selection here

I 1 [

NAME

]

ADDRES! =
cITy — —
STATE____ZIP - =

EXTRA SAVINGS: Remit in full with your order, plus any local and state
tax, and McGraw-Hill will pay all postage and handling Charges'E33330
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IF YOURE WAITING FOR
SOLDERLESS BREADBOARDS TO BE
FASTER, EASIER, MORE

VERSATILE AND LOWER-PRICED...

Incredibly inexpensive. EXPERIMENTOR Mix and match. Use large and small chips Full fan-out. A CSC exclusive. The only
solderless sockets begin at $5.50° inthe same circuit without problems. solderless breadboard sockets with
(S4.00° forthe 40 tie-point quad bus stnp) There are two sizes of EXPERIMENTOR full fan-out capabilities for micro-

A spool of'solder costs more. sockets with0.3" and 0.6” centers. processors and otherlarger (0.6") DIP's.

Microprocessors and other complex i EXPERIMENTOR QUAD BUS

circuits are easy to develop. EXPER PO LORELEUR LR L R LR LR L, STRIP. $4.00° Four 40-point
IMENTOR quad bus strips give you 4,8 T - bus strnips. % x 6 x %",

or16huses to simplify your breadboards

snwss sesen wsain sonflle
Whase seens sea

i

Designated tie-points. Sim-
phfy translation from bread-
boardto PC-boards or wiring
tables.

Infinitely flexible. Circuits can gon -
anydirection,uptoany size. AlEXPER
IMENTOR sockets feature positive inter-
locking connectors that snap together
Honzontally and/or vertically. And un [
snapto change a circuit whenever you
wish.

EXPERIMENTOR 600.

$10.95" 94 five-point term-
@ nals plus two 40-point bus

strips. 0.6" centers; % x 6 x
Easy Mounting. Use 4-40 screws from ¥ 2"
the tront or 6- 32 self-tapping screws . .
from the rear. Insulated backing lets
you mount on any surface. Accepts all standard components.
EXPERIMENTOR sockets conformtoan0.1"
grnid and are DIP compatible. Also accept
IC's, transistors, diodes.LED's, resistors,
point terminals plus two 20-point bus capacitors, transtormers, pots, etc.

strips 0 3"centers, % x 3% x 2"

Easy hookup. Components push in and pull
outinstantly. Use #22-30 sohid AWG
wire for jJumpers.

EXPERIMENTOR 650. $6.25*46 five
pointterminals plus two 20-point bus
strps. 0.6 centers, 3% x 3% x 2%"

Rugged, dependable construction.
Sockets are constructed from abrasion
resistant matenals and withstand 100°C.
Each one features non-corrosive
nickel-sitver contacts.

EXPERIMENTOR 300. $9.95° 94 five-
pointterminals plus two 40-point bus
stnps.0.3"centers; % x 6 x 2".

WHAT ARE YOU WAITING FOR?

Discover today how solderless breadboarding can save time and money on every circuit you build. Get
acquainted with EXPERIMENTOR™ socketst and how they simplify circuit design, assembly and testing.
Eliminate the hassles and component damage of soldering. No special hardware or jumper cables
required, either. And the price is so low, it's hard to believe.
See your CSC dealer today. Or call 203-624-3103 (East Coast) or 415-421-8872 (West
Coast) for the name of your local stocking distributor and a full-line catalog.
CONTINENTAL SPECIALTIES CORPORATION

44 Kendall Street, Box 1942, New Haven. CT 06509
203-624-3103 TWX 710-465-1227
West Coast 351 California St., San Francisco, CA 94104

415-421-8872 TWX 910-372-7992 TU.S Patent No D235,554
MEXICO ELPRO. S A, Mextco City 5-23-30-04 *Manutacturer's recommended resale
CANADA Len Finkler Ltd . Ontano ¢ 1977 Continental Speciaities Corporation
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ROUNDUP

Digital

Clock Kits

For Your Car

FRED BLECHMAN, K6UGT

IN THE AUGUST AND SEPTEMBER 1976 ISSUES OF RADIO-ELECTRON-
ICS, we reviewed in detail over 30 digital electronic clock kits.
Only three were designed for car use, and one of those is no
longer available. Since then a number of manufacturers have
turned their attention to the huge untapped market of cars,
vans, mobile homes, trailers and even airplanes, since standard
clectromechanical automobile clocks have the reputation of
being notoriously poor timekeepers, and often fail long before
the useful life of the vehicle.

In the last two years, electromechanical digital clocks have
been available as optional equipment on some new cars. It’s a
little too soon to tell what their long-term accuracy and life span
will be. This much is evident: They mostly have small quarter-
inch-high digits, and need to be illuminated at night.

But look at the features electronic (as opposed to clectrome-
chanical) car clocks can offer: (1) large digits (up to 0.5 inch
high), (2) self-illumination; (3) display of seconds, month and
date; (4) reminder alarm; (5) elapsed-time readout; (6) no
moving parts that wear out or need lubrication; (7) accuracy of
better than 1 minute per month; (8) simple time-setting with
switches, usually to the second,; (9) easy installation above or
below the dashboard of an existing car—or even in the dash-
board! (Not all these features are available in all electronic
clocks, but most have practically all of them.)

The Comparison Chart shows the various features and char-
acteristics of each clock, as well as the suggested kit or assem-
bled price. Although kit prices are usually stable, check with the
manufacturer or distributor for their possible minimum order,
latest price, sales tax and shipping/handling charges.

Clocks for mobile use

Some clocks being offered in kit form are simply warmed-
over 117-VAC designs originally intended for in-home usc but

APPLED MARKETING VC-502 in
dash-meunting.

AFPLIED MARKETING LC-101.
LCD readout visibls in sunlight.

THE AUDIOVOX LED-76 is the
smallest of the cased units.

APFLIED MARKETING LC-101 with
D5S-89 desk stand.

EPPLIED MARKETING DC-201 has
rad or green LED's.

THE AUDICVOX IN ITS CASE.

£/61 ¥380100
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DISPLAY & CLOCK SEPARATE. ALARM PARTS: $1.50
AC RFMA: $1.50. DIFFICULT ASSEMBLY.
MODEL 161110 DASH MOUNTY: $49.93 LIST PRICE.

MODERN EXTRUDED CASE AND 3 PUSHBUTTON
SWITCHES INCLUDED. CHOICE OF CASE COLOAS:
GOLD, BLACK; BRONZE, SILVER, 8LUE.
DISCOUNT PRICE: $39.95. GIMBAL MOUNTED.
QLUE-GREEN MAGNIFYING LENS.

OPTOELECTRAONICS CABINET H IS SUITABLE.

CASE: $3.95 ALARM PARTS: $1.50.
BASIC FOSKET CLOCK WITH DIMMER
ADDED. DEDUCT $3 WITHOUT DIMMER
(DC-11 $26.95).

BRIGHT/DIM SWITCH: SECONDS SWITCH.
OTHER MODELS COMBINE CLOCK WITH
FM, CB & WEATHER BAND CONVERTERS.

BASIC FOSKET CLOCK WITH
HOLD SWITCH ADDED.
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SABTRONICS INT'L.
P.0. BOX £4683 A

XANTECHCORP.

TONITRON INDUSTRIES
NORTH HOLLYW0O0O, CA. $1605

SANTA CLARA, CA. 95054
P.0.80X 2251

-

RAMSEY ELECTRONICS

QUEST ELECTAONICS
P.0. BOX 8430

P.0. BOX 4072
ROCHESTER, NY 13610
DALLAS. TX 75208
S.0.SALES LO.

PO RDX 78810
DALLAS, TX 75228
ELKHART, IN 46514
13038 SATICOY ST

The Fosket clock, mentioned in the Remarks column, is an innovative design based on the MM5314 clock IC and MM5369 programmable oscillator/ divider.

U
|

™
- 1!

BULLET MK-03, PARTS LAYOUT.

BULLET MK-05 MINI-MOBIL.

FAIRCHILD FTKO0106. Panel

switches set time and calendar.

HEATH GC-1093 CHASSIS VIEW.

THE HEATH GC-1093 has a bright,

easy-to-reac display.

modified to allow them to operate in a car; other
designs have been created from scratch expressly
for mobile use. Tonitron even offers some models
with built-in FM, CB or weather radio converters.
For a digital clock to work in a car, certain
requirements must be met that are different from
those for home clocks: [t must be capable of opera-
tion from approximately 11 to 14 VDC and it
cannot depend on the 60-Hz home power frequen-
cy for timekeeping.

The display should have suflicient contrast for
daytime visibility, but not be so bright that it
distracts the driver at night. Also, the display
should be disabled when the car is not in use to
conserve power and not attract the attention of
potential thieves. The clock must cope with car
voltage transients without false triggering or part
destruction; and it must be capable of reasonably
accurate timekeeping through a broad range of
temperature and humidity extremes while exposed
to jarring and vibration-—a hostile environment for
any clectronic circuit. [t should be small, attractive
and easy to install. Finally, it must be competi-
tively priced. and if a kit, it should be capable of
assembly by nonskilled builders.

Making time

Timekeeping is handled by some form of oscil-
lator countdown circuit. In most of the clocks
reviewed in this article, the circuit consists of a
3.58-MHz quartz crystal and an MMS5369 17-
stage oscillator/divider integrated circuit. Some
designs use other IC’s, and one uses a ceramic
resonator instead of a quartz crystal. Almost all
the clocks have some means of trimming the
frequency for perfect accuracy at a particular
temperature. However, even though temperature-
compensating capacitors are used in an attempt 10
stabilize the oscillator frequency, there is bound to
be some *drift” due to temperature change and
crystal aging.

Assembled units are ‘‘calibrated” (frequency-
adjusted) at the factory. If you build one from a
kit, a frequency counter makes adjustment a
simple, casy operation, since most clock circuits
have a test point just for that purpose. If you don’t
have a frequency counter, you'll have to substitute
patience for perhaps several days—dcpending on
how fanatic you want 1o be about accuracy! Unfor-
tunately, despite the attractive feature of not being
subject to power interruptions, as AC clocks are,
the long-term accuracy of oscillator-based clocks is
poor compared to AC clocks. That’s the way the
cookic crumbles!

Displays

Designers vary considerably in their selection of
displays. By far the most popular readout—but not
necessarily the dest—are the red light-emitting
diode (LED) seven-segment digits, varying in
height from .15 inch (magnified) to 0.5 inch. They
are used in all but four of the clocks described.
These can be made really bright if they are run hot.
Of course, this shortens their life and increases
power consumption. But even bright red LED’s
wash out considerably in daylight, and can’t be
seen at all in direct sunlight.

The orange-neon (gas discharge) display used by
Heath in their model GC-1093 has high visibility,
due both to size and color, but requires an inter-
nally generaied high voliage. The Applied Market-
ing LC-100 series has large liquid crystal digits

4261 H380100

w
~



¥ RADIO-ELECTRONICS

ASSEMBLED VIEW

CASE
ALL PIECES

NT
INSTRUME TEXTURED

TOP HALF

CLEAR-SEE THRU
RED TINTED LENS

INSTRUMENT
BASE
BOTTOM HALF

FIG. 1—THE GRAY PLASTIC CASE used with many of the clocks
described here is built up of four pieces.

that can be read in direct sunlight, or backlighted for night
viewing. The display that appears to be the choice of the Detroit
car-makers for future models is the blue-green fluorescent
display, used in the National model MA-1003 car clock
module. This display is also used in the CC & SS, Inc. nodel
CC-6A, the Applied Marketing miodels VC-501 and V(-502
and the Xantech. Although the actual digits are only 0.3 inch
high, Xantech uses a curved lens to increase the apparent
height. These fluorescent displays are clear and sharp even in a
high ambient lighting situation—but direct sunlight still wipes
them out. The CC & SS, Inc. display is recessed behind a green
lens in an instrument case for high visibility and to avoid direct
sunlight.

Many of the clocks have all the digits in a single display—
others use individual digits. The JBS Mod-U-Clock has no
digits—you supply your own—so you can use different colors,
such as red for hours, green for minutes and yellow or orange
for seconds!

To achieve proper contrast with the ambient lighting (since it
is contrast that makes the digits visible, not just brightness),
photocells or phototransistors are used in some clocks to dim the
display brightness automatically as the surrounding light is
reduced. Liquid crystal displays, which reflect existing light, by
their nature maintain good contrast in ail lighting, but require
backlighting in darkness. Colons are used to scparate digit
groups visually on many displays. They are cither on constantly,
or blink at a 1- or 2-second rate.

Some of the kits can be built to display either a 12- or a 24-
hour format. Most read seconds continually, or seconds can be
read by operating a switch. The Heath model OI-1154 Aircraft
Clock/Timer has a separate four-digit display for Greenwich

Mean Time (GMT or “Zulu™ time), used for navigational
purposes. Several clocks advertise an elapsed-time feature, but
be careful! Both Heath clocks, the Bullet model MK-03 and the
Optoelectronics model 7005 display the elapsed time without
destroying the actual time—all the others cancel out the local
time to display elapsed or trip time!

A few clocks (CC & S8, Inc., Fairchild and Optoelectronics)
even keep track of the month and date, and display them on
command. These contain four-year calendars and need to be
corrected only on February 29 of a leap year.

An alarming feature

While at first thought it might seem like gilding the lily, some
of these car clocks have reminder alarms. Not a bad idea, since
you might spend a great deal of time in your car and could use
the alarm to help you keep appointments. For van or camper
use, these alarms could get you up in time to hit the road before
the traffic jams, or time your cooking. The James Warble
Alarm not only has a two-tone sound, but will also sound off if
you leave your lights on after turning off the ignition. This
could save you the cost of towing and a new battery!

The alarms are all 24-hour repeatable—just turn them off
when they sound, turn them right back on and they're reset for
24 hours later. To do that, these clocks have an AM/PM indi-
cator if they display in the 12-hour format. A “snooze" feature
with all the alarms, except for the Heath model OI-1154, lets
you disal.. the alarm tone for a short period—usually about 10
minutes—after which it sounds again. Don't plan on using these
alarms as burglar alarms—they aren’t that loud, and you'd
need some special circuitry to trigger them at “rip-off™* time!
The alarms are simply audio oscillators with speakers—some
have a stcady tone, some beep.

Possible radio interference

To reduce component count and power consumption in many
clocks, a digital scanning technique called multiplexing is used.
This turns on digits in sequence so quickly that they seem to be
on continuously—a sort of rapid strobing. Unfortunately, this
generates radio-frequency interference (RFI) that can create a
buzzing sound in your AM car radio, or in CB or ham reccivers.
A metal case, such as used by Audiovox and Heath, contains
the RFI pretty well. Also, the use of two-conductor shielded
cable, with the shield as the ground connection, will all but
climinate this potential problem. The Fairchild clock, which
offers no case at all, scemed to have the highest RFI of all the
units checked.

Many designs use “direct drive™ clock 1C’s instead of multi-
plexing. This eliminates all RFI but a small amount that might
be generated by the crystal oscillator circuit.

Battery backup

A backup battery and oscillator are sometimes provided in an
in-home clock to keep time during a power failure. While this is
not a significant problem in most large cities except during
severc weather or a summer “brownout,” some smaller cities
and towns have frequent power outages. But why a battery
backup in a mobile clock? How often does a car battery go
dead? Well, not often—so that’s nor the reason some of these
clocks have a battery. The self-contained battery allows these
clocks to keep time ourtside the vehicle, and most will even
display time for short periods. This allows you, for example, to
set your clock accurately to a time standard in the home.

Radio Shack’s WWV Converter Kit (No. 28-133 for $5.95)
will allow you to use any AM radio to receive precise time
signals—including your car radio. Of course, you can use an
accurate clock or the telephone company time signal as a stan-
dard. Once set on battery, you simply carry the clock out to
your vehicle and install it. Or you can carry the clock around
with you for any other time-critical purpose and display the
time only when necessary (such as for synchronizing your next
commando raid or space launch!). The CC & SS, Inc. module
uses a 1.5-volt AAA alkaline battery to perform all timekeeping



with a watch 1C, and only uses the vehicle's 12 volts to illumi-
nate the fluorescent display! The Applicd Marketing model LC-
101 is completely portable with self-contained watch batteries
and a constantly on liquid crystal display.

The case for a case

The size and appearance of your clock case might well dictate
its location in your car, camper or van. The casc is also impor-
tant for cnvironmental protection from dirt and vibration.
Unless you're a skilled craftsman, it would be wise to avoid any
clock kit that doesn’t come with a case, or have a suitable case
as an option.

Another consideration in selecting a clock for your vehicle
shouid be shape. The Fairchild clock, for example, has a small
frontal size, but it’s very deep. This makes it ideal for dashboard
panel installation (you'll have to make your own faceplate), but
it takes a special enclosure, not made by Fairchild, for
mounting this clock above or below the dashboard. The S.D.
Sales clock is another example of trade-off versatility; the
display and the clock boards are entirely separate. The clock
board is relatively large and is joined to the display board by 17
wires. While this allows you to “‘remote” the display above or
below the dashboard in a small enclosure and mount the clock
board under the dash somewhere else—in another enclosure—it
means one large casc if you mount them together!

Many of the clocks reviewed in this article include a beauti-
fully molded four-piece gray plastic case 1%« high X 4 wide X
4'/r-inches deep. Figure 1 shows how the top and bottom halves
snap together over a fitted chrome-rimmed red front bezel. An
angled mounting bracket that can be snapped onto side lugs
from either above or below provides four diffcrent mounting
choices. This case is sold separately by Radio Shack stores for
$3.95 (No. 270-285).

Optoclectronics offers two modern cases of Plexiglas. bent to
form a transparent red chassis with your choice of a clear, white
or black cover. They come complcte with two aluminum angle
brackets and self-tapping screws to accommodate any red LED
display. Cabinet I is the larger of the two and is 3 high X 6
wide X 5'/:-inches deep. Cabiner 11 is 2'/2 high X § wide X 4-
inches deep. They cost $6.50 each, and Optoclectronics pays the
postage on U.S. orders of $15 or more. Cabinet 11, for example,
is an excellent choice for the S.D. Sales clock if you want to
package it in one case.

Custom plastic cases can be ordered to your specifications in
any quantity, from Robert C. Arp, Enclosure Engineering,
3491 Butcher Drive, Santa Clara, CA 95051.

Can you follow instructions?

Apparently most manufacturers and distributors of these
mobile clock kits expect the builder to be somewhat experienced
with electronic assembly work. The notable exception is Heath,
whose instructions are excellent and for many years have set a
standard most others don't even approach. A beginner could
build the Heath kits, since every part is illustrated and every
color code, part identification or polarity is noted. This is not
the story with many of the instructions.

Fairchild, for example, had the nicest-looking instructions,
complete with photos of the assembled unit. Unfortunately,
they had crrors and omissions and virtually no step-by-step
assembly instructions. The Jefl instructions were on one side of
a single sheet with hand-drawn sketches and with just barely
cnough information. On the other hand, Optoclectronics, Ram-
sey and Bullet use lots of text and illustrations, and provide
detailed schematics in case troubleshooting is necessary.

The assembly time for a particular clock will vary with the
builder's experience. It's wise not to rush and to be very careful
in soldering and getting the right parts in the right place.
“checking twice and soldering once,” and observing polarities
where noted. Miniature parts are used in all these clocks, so a
small-tip soldering iron, small-diameter solder, a jeweler’s loupe
or magnifying glass and patience are essential. Examine all
connections for solder bridges or poor soldering—it's a lot

FAIRCHILD FTK0106 shape is
suited for dashboard mounting.

JAMES CLOCK, PARTS LAYOUT.

JEFF CAR CLOCK, showing the 30
jumpers between PC boards.

il - -

JAMES DIGITAL AUTO CLOCK
with under-dash bracket mount.

’

JAMES ALARM CLOCK, with set-

JEFF CLOCK, CASE AND PARTS. ting and seconds switches.
casier to do this during construction than to spend lots of time
scratching your head in troubleshooting or replacing *zapped™
parts!

Installation

Installing almost any mobile accessory can be a real job for
the inexperienced builder. However, installing most of these
clocks in your vehicle is almost as easy as putting on a side-view
mirror, if you have a meter or light to find the positive voltage
and ground points at your fuse block. Most clocks use only three
wires—positive voltage, ground and ‘“‘accessory” (switched
positive voltage). The positive and ground connections power
the clock counting circuitry (except for the CC & SS, Inc. and
Applied Marketing LC-/01 and LC-104 clocks). The accessory
connection turns or: the display when the ignition is turned on.

At your fuse box, locate a point where positive voltage
appears all the time and connect the “*positive” clock lead there.
A fuse location that shows positive voltage only when the igni-
tion is on, or in the accessory position, is where you connect the
“accessory” clock lead. The vehicle chassis is *‘ground.” The
Applied Marketing model LC-101 is simply attached to the
dashboard with Velcro hook-and-loop, or double-sided tape,
since no wiring connections at all are required! [n some clocks,
the manufacturer recommends connecting the positive lead
direct to the battery, to reduce voltage transients into the clock.
Also, it is advisable to fuse the positive and accessory wires to
the clock to protect both the clock and vehicle wiring in the
event of a dead shtort in the clock. Also, don’t forget that two-
conductor shielded wire might be necessary in multiplexed
clocks to eliminate RFI problems. To be continued.
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Build 3 Low Cost

CB Test Meters

1. Signal Strength 2. SWR 3.Power

Get maximum performance by peaking your CB rig with
these easy to build low-cost meters

W. E. OSBORNE*

WITH AN ESTIMATED 12-15 MILLION CB TRANSCEIVERS—LICENSED
and unlicensed—now in use, reliable communication on the 27-
MHz band in large cities leaves a lot to be desired. Unnecessary
chatter on cluttered channels drowns out legitimate messages,
while dense traftic and large buildings attenuate transmission
and contribute to a serious reduction in range. In addition,
many CB rigs operate with a poor impedance match between
transmitter and antenna, and suffer a higher-than-necessary
SWR figure.

Every connection between transmitter and antenna will set
up standing waves, and this problem is often compounded by
lumpy solder joints, sharp bends in the line and unclean connec-
tions. The net result is a high ratio of power loss in the form of
stationary waves on the transmission line—the well-known
VSWR, or voltage standing-wave ratio. Adding to the trouble,
and often the worst offender, is a mismatch of antenna imped-
ance that reflects power back down the line.

In simple terms, SWR is the loss factor between the total
energy leaving the transmitter and the amount accepted and
then radiated by the antenna. At least, it translates that way.
Obviously the ideal ratio would be 1:1, but there will always be
some loss and a very efficient level would be 1.15:1.

Some base rigs have done better than this, but the problems
of the average CB’er, with his car installation and lack of test
instruments, make a figure of 1.5:1 reasonably acceptable. In
this case, the total losses (line, connectors, joints and slight
mismatch) would be, in the average case, about 5% of the 4-
watt limit. Many CB rigs today, however, are operating at 3:1,
or worse, and thus losing more than a quarter of their power.

As a first step, using the smallest of the test instruments
described here—a field-strength indicator—will cnable any CB
owner to quickly determine the relative efficiency of his instal-
lation, even without measuring the SWR. Figures 1, 2 and 3 are
schematics of a field-strength indicator, an RF power meter,
and an SWR bridge, respectively. The field-strength indicator
(FSI) can be built from surplus components for one dollar or
less, is smaller than a pack of cigarettes, and will enable the
CB’er to adjust his antenna and rig for maximum radiated
output. The FSI must remain in the same position, relative to
the antenna, during adjustments. Construction time is only
about half an hour.

Field-strength indicator
Figure 1 shows the extreme simplicity of the FSI. The FSI
*Dinki-Di, KDZ 7553.

antenna consists of about 8 inches of insulated stranded wire
glued or taped around the inside of a small plastic box (the box
shown originally contained a power transistor). The antenna
RF current is rectified by two diodes, and a 10K potentiometer

LOOPANT
IN BOX

1N126A 0-200uA
EXT. ol La e+ -
vseo” o T RS0k M
1N126A

FIELD STRENGTH INDICATOR
FIG. 1—FIELD-STRENGTH INDICATOR uses a loop antenna and an
envelope detecto: to measure RF signal strength.

PARTS LIST

All resistors are i-watt, 10%, unless noted.

Field-Strength Indicator:

C1—.001 uF ceramic disc, lowest voltage

D1, D2— 1N 126A or equal (1N457, etc.)

R1—10,000-ohm potentiometer (optional)

M1—Subminiature surplus meter, Gemmeter, 200 uA or equal

Misc.—Wire, screw, nut, plastic box, etc.

RF Power Meter:

R1—20,000 ohms

R2—300,000 ohms

R3—3 megohms

R4—50,000-ohm potentiometer

R5—500,000-ohm potentiometer

C1—5 pF, 50-volt disc, or 3-18-pF ceramic trimmer

C2—10 pF, 50-volt disc, or 3-18-pF trimmer

C3—.001, 50-volt disc

D1—1N126A or equal

S$1—SPDT toggle switch

M1—Meter, 0-100 A, 1% inches

Misc.—Coax receptacles (2), 4 X 2 X 1-inch aluminum box, 12-
inch coax lead with plugs.

VSWR Bridge:

R1, R2— 180 ohms

R3—10,000-ohm potentiometer

C1-C3—.001 uF, 50-volt ceramic disc

D1, D2— 1N126A or equal

S§1—SPDT toggle switch

M1—Meter, 0-50 or 0-100 pA, 1% inches

Misc.—Coax receptacies (2), aluminum box, 12-inch coax lead
with 2 male plugs, waveguide shield tube and sensing wires.




INSIDE VIEWS of the power meter (top left), FS meter (lower left) and
SWR bridge (right).

XMTR ANT.

0-100uA
50K ;
R3
Rsi | weg
- 500K 00w

RF POWER METER
FIG. 2—-POWER METER has two ranges and can measure a maximum of
100 watts tull-scale.

ci
001
0 R
IN126A o
WAVEGUIOE OR SHIELOD 0-106uA
T T ie_DIELECTRIC 5 AR ot -
XVTR I suppoRTs % 0K S
e M1
: 1 T oo
02
1N126A
Rl
WAVE-
1302 GUIDE
XMTR

3HEAVY WIRES,

1116 APART, WITH OUTER

WIRES 1/8" FROM WAVEGUIDE

METER
BOX.
NOTE: GROUND TO EACH torsine
AECEPTACLE AS SHOWNY, 00WN)

NOT TO CENTER OF BOX.

VSWR BRIDGE
FIG. 3—SWR BRIDGE uses an open waveguide to sense the forward and
reflected signals.

provides variable attenuation for the meter. This potentiometer
may be omitted (and a 100K fixed resistor substituted) if the
unit is always used more than 6 inches away from the CB
antenna. The meter is a tiny Japanese surplus item costing 69
cents. With a 200-uA movement, it had been used as a battery
indicator. If not obtainable in your area. use any 50-, 100-, or
250-uA meter.

All components, except the potentiometer, can be mounted
on the meter and its two mourting screws. A flexible lead from
the antenna connection (diode junction) was also taken to a
stud nut on the rim of the box to provide for a short external
antenna at a distance of several feet from the CB antenna.
Solder a 4-40 screw to one end of a 6-inch length of 14- or 16-
gauge bus-bar wire for this antenna. It then screws into the
matching stud nut on the box rim. if and when used.

To test your CB transceiver, set (or tape) the FSI box about 6
inches from the base of the CB antenna. Switch on the trans-
ceiver, press the TRANSMIT switch and note the reading on the
FS!. Now, with the CB power switched off, adjust the antenna
length one-eighth of an inch at a time, until maximum FSI
reading is obtained.

RF power meter

The RF power meter shown in Fig. 2 is inserted in the coax
line between transmitter and antenna. A 12-inch length of 50-
ohm coax. with a male plug at cach end, is used for this. The
housing is a 4X2X 1-inch aluminum box. Although a 100-uzA
meter is shown (hand-calibrated in watts). the surplus meter of
Fig. | can also be used here. with the series resistors reduced to
100K and 1 meg. A small switch provides two power ranges.
0-10 and 0- 100 watts. in case it is used in higher-power rigs.
The frequency maximum is about 60 MHz.

Two potentiometers are used, mainly for initial calibration.
and could be fixed values after this is done. Incidentally, an easy
way to calibrate is on another CB rig, whose output is known.
The meter shows actual RF power at the transmitter output
(not antenna-radiated power). Check the output on all chan-
nels. 1t should be a fraction under 4 watts, with a slight
maximum at the center (Channel 11). Be sure to switch oft the
power before loosening antenna connections.

(For a more precise power meter calibration, connect the CB
sel to the XMTR terminal and plug a 50-ohm dummy load into
the antenna output connector. Use a VTVM and RF probe to
measure the voltage across the dummy load. Calculate the
power from the formula P=E?/R. With SI in the 10-watt
position, adjust potentiometer R4 so the meter reading corre-
sponds to the calculuted power output. Throw the switch to the
100-wart position and adjust RS so the meter reads correct-
ly.—Editor)

SWR bridge

To measure the actual standing-wave ratio. some mechanical
work is needed to cut and shape a slotted line or open “wave-
guide”. For the I1-meter band, it can be a three-sided piece of
square metal tube. 4/ inches long and /s inches square (1.D.).
The top side is open (the “'slotted line™), and sitting in it, on an
insulating block at each end. are three heavy No. 14-gauge
wires. The center wire is she transmission line. The outer wires
are spaced '/s-inch from the inner edges of the grounded wave-
guide tube that runs the length of the chassis. The input and
output coax receptacles are mounted in holes at each end of the
waveguide. This assembly then fits inside a 5X2'/4X2'w-inch
box.

Figure 3 shows the schematic of the SWR bridge. for which a
50- or 100-uA meter is recommended. The potentiometer is for
meter calibration and protection. Hand-calibrate the meteron a
friend’s CB rig and antenna with a known SWR. The same 12-
inch length of coax used for the RF power meter will also
connect the SWR bridge between transceiver and antenna. The
SWR is determined by first switching to XMTR and then (with
the transmitter on) adjusting the potentiometer for maximum

(continued on page 105)
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Build The PHLANGER

for Dramatic Music Effects

Built around an analog delay line, this device
connects easily to your hi-fi
system to produce dramatic special effects

PHLANGING CAN MAKE YOUR HEAD
spin: the effect can gently roll and sway,
or it can seem to turn your whole mind
inside out. Phlanging was discovered ac-
cidentally in 1958 by recording producer
Phil Spector while recording “The Big
Hurt.” Thinking the vocal part was
weak, Spector instructed his engineer to
make two tapes and play them back
simultaneously to achieve a voice-dou-
bling effect. The dramatic “swooshing”
effect that resulted was immediately rec-
ognized as a hit sound, and the record
indeed received considerable attention.
After its initial success, many musi-
cians and producers wanted to use the
phlanging effect in recordings, but the
technique of producing small controlled
variations of tape recorder playback
speed was time-consuming and cumber-
some. Then in the 1970, operational
amplifiers and active filters were devel-
oped to produce this type of sound in a
low-cost unit called a phase shifter. Phase
shifters became a craze with musicians,
but the octavely related cancellation fre-
quencies of the all-pass networks used in
phase shifters provide a much more bland
sound than the harmonically related

MARVIN JONES

notches of true time-delay phlanging.
Now that charge-coupled technology has
come of age, we have bucket-brigade
analog delay lines that allow true phlang-
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FIG. 1—ANALOG DELAY LINE uses capacitors
to store analog voltages.

How it works

The most important component in the
phlanger is the Reticon SAD-1024 anal-
og delay line made by Reticon Corp., 910
Benicia Rd., Sunnyvale, CA 94086. This
new and special IC (See IC Application
of the Month, in the April 1977 issuc)
uses N-channel technology to sub-
stantially improve both quality and ease
of operation. The S4D-1024 contains
MOS transistors and capacitors in two
identical arrays, one of which is shown in
Fig. 1. The input accepts a maximum
signal swing of 0.5 volts peak-to-peak,
riding a bias that is 40% of the supply
potential. The supply V,, can range from
4 volts to 15 volts, with 9 volts to 15 volts
providing the best specifications. The ¢
and ¢, are inputs for the biphase high-
frequency clock. These signals must
switch between V,, and ground, and be
complementary with minimum overlap.
When ¢, is high, the input signal is gated
through QI to input capacitor C, (see
Fig. 1). At the next clock transition, C, is
isolated and the last voltage applied to C,
is held. As ¢, goes low, ¢, goes high
allowing the charge on C, to be gated to
storage capacitor Cl.
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FIG. 2—PHLANGER uses an anslog delay line to add “swooshing” effect to music.

All resistors /2 watt, 5% unless
otherwise noted.

R1-R4, R13, R14, R21—470,000 ohms

RS, R27—500,000-0hm, linear PC-mount
trimmer

R6— 1000-ohm, linear PC-mount trimmer

R7, R32—2700 ohms

R8, R12, R17—500,000-ohm linear
potentiometer

R9, R10—82,000 ohms

R11, R18, R30— 100,000 ohms

R14, R23—220,000 ohms

R15, R22—680,000 ohms

R19—3.9 megohms

R20—2.2 megohms

R24, R31—33,000 ohms

R25—75,000-0hm linear potentiometer

R26 —5000-ohm linear potentiometer

R28, R37 — 3900 ohms

R29-—22,000 ohms

R33— 1800 ohms

R35— 100 ohms

PARTS LIST

R36—470 ohms

R38, R39— 10 ohms

C1-C3, C7, C17, C18—0.05 uF, ceramic
disc

C4-C6— 100 pF, ceramic disc

C8, C21—0.1 uF, Mylar

C9—500 pF, ceramic disc

C10, C22— 15 pF, ceramic disc

C11—0.001 uF, ceramic disc

C12, C19, C20—0.01 uF, ceramic disc

C13—1000 uF, 10 volt, electrolytic

C14, C15—250 yF, 10 volt, electrolytic

C16— 100 uF, 10 volt, electrolytic

D1-D4— 1N4001 diode

D5— 1N914 or 1N4148 diode

LED1—MLS 750

Q1, Q3, Q4—2N5139 transistor

Q2—2N5129 or 2N3904 transistor

IC1—LM3900 or CA3401, quad Norton
amp

IC2—SAD-1024 analog delay line
(Reticon)

1C3—4013-type dual-D flip-flop

IC4—566-type VCO

F1—500-mA fuse, with surface mount
holder

J1-J5— Ye-inch phone jacks

S1—SPST slide switch

T1—12.6 volt, center-tapped, 300-mA
power transformer

MISC.—Hookup wire, line cord, 16-pin IC
socket for IC2, knobs, case and hard-
ware.

Tha following parts are available from
Paia Electronics, Inc., Box 14359,
Oklahoma City, OK 73114.

Etched, drilled and punched PC board,
No. 1500PC, $9 postpaid.

Ccmplete kit of parts including PC
board, case and step-by-step
instructions, No. 1500, $59.95 plus 4-Ib.
shipoing charge.

Oklahoma residents add state and
local taxes as applicable.

8 1:61 yasolo0
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On the next clock transition, gating
transistor Q3 is disabled, and Q4 is
enabled to allow the charge in C1 to pass
to the next stage. While ¢, is again high,
another input sample is taken. The dis-
crete voltage levels continue to be clocked
through the circuitry until, 512 clock
half-cycles later, the original input volt-
age appears at output A. This same
voltage appears also at output A’ during
the next, or 513th, clock period. Mixing
these two outputs allows a more contin-
uous output waveform to be generated,
and also provides a means of improved
suppression of clocking glitches.

The overall time delay generated by
this circuit can be calculated from: T,
N/(2 F,), where N is the number of shift
register stages (512 in this case), and F,
represents the clock frequency at ¢, and
¢,. Output filtering should be used to
remove any residual clock signals that
are superimposed on the output and to
smooth the sampled stair-step signal into

a duplicate of the original input.

Consideration must also be given to
the number of samples required per input
waveform period to accurately reproduce
the waveform. When the sampling fre-
quency is greater than 10 times the input
frequency, oversampling occurs. How-
ever, higher sample rates yield higher
reproduction accuracy. Critical sampling
occurs when the input frequency is one-
half the clock frequency, and this is the
maximum limit to which the system
should be pushed for accurate audio
reproduction.

The schematic for the full phlanger is
shown in Fig. 2. The input signal is
buffered by [Cl-c. Bias trimmer RS
adjusts the DC output to 40% of the
supply voltage to provide minimum clip-
ping of the signal as it enters the delay
circuit. The signal is fed simultaneously
to both delay line inputs of IC2. Note
that the clock signals to each delay line
are reversed so that ¢, for one section is

[Fei
-CAUTION! -
-]
. 110 VOLTS

.
1
i

R17 R12 R8

R26 R25

FIG. 3—FOIL PATTERN of single-sided PC board shown hall-size.
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FIG. 4—COMPONENT PLACEMENT diagram.

¢, for the other. This operation, known as
parallel multiplexing, causes each delay
line to alternately sample the input sig-
nal. Thus, twice as many samples are
provided for a given clock frequency, and
reproduction accuracy is increased at the
output. One output from each delay line
are mixed together at BALANCE control
R6, while unused outputs are tied to the
supply voltage. The ACCENT control R8
feeds a portion of the delayed signal back
to the input for regeneration. Low-pass
filters R9-C4, RI10-C5 and RI11-C6
eliminate the remaining clock signal and
smooth the sampled waveform into a
more linear duplicate of the original. The
MIXING control R12 allows selection of
the normal input signal, the delayed
signal or any blend of the two. The mixed
signal is amplified by IC1-d to provide
unity gain from the input to the output of
the phlanger.

The remaining two secctions of IC!
form the low-frequency triangle oscil-
lator used to sweep the phlanging effect.
The slope of integrator ICl-a is voltage-
controlled. The control voltage is sup-
plied by SPEED control R17 or remote
SPEED input J4. Schmitt trigger 1Cl-a
switches the integrator between a positive
or negative slope. A fine adjustment of
the triangle output amplitude of 1C1-a is
provided by PEAK control R27. This
allows for optimum compatibility with
following circuitry. The amount of trian-
gle amplitude used to modulate the high-
frequency clock is selected by SPAN con-
trol R25. As the voltage from the SPAN
control is decreased, more of the fixed
DC voltage from CENTER control R26 is
used to set the clock to a fixed frequen-
cy.

With minimum SPAN and maximum

se RN —-..---;.T !
-h—-ﬂ"ﬁq: 4‘] & 1500 .I

"' Ve—Ril=ais 1’
—-H“-—--QD-'J

NOTE: JUMPERS, S1.
R25, R26, RS, R12 AND R17
ON FOIL SIOE OF BOARD
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FIG. 6—QUADRIPHONIC EFFECT is produced from stereophonic source using two phlangers.

CENTER contro! settings, an external con-
trol voltage can be applied to J3 to modu-
late the clock frequency and, in turn,
sweep the phlanging effect. The mixed
voltage from this control network is ap-
plied to current source Q4, which acts as
a voltage-controlled timing resistor for
high-frequency oscillator IC4. Timing
capacitance is provided by CIl0. The
squarewave output of IC4 switches be-
tween positive supply and half-supply, so
a bipolar supply is used for this IC to
make the squarewave switch between
positive supply and ground. This signal is
now directly compatible with the input of

PHLANGER with top cover removed.

D-type flip-flop IC3. This circuit divides
the frequency in half, but, most impor-
tant, it provides a set of complementary
squarewaves that are very clean and with
very little overlap. These signals are used
to directly drive the clock inputs of the
delay IC. The resulting clock frequency
range is 30 kHz to 500 kHz. The power
supply is a standard full-wave center-
tapped bridge that provides a +9-voit
supply to the circuitry.

Construction

Assembly is straightforward, since all
components are mounted on the circuit

&
3

(g olt.

board except for five jacks and the power
transformer. The foil pattern for the
circuit board is shown in Fig. 3 and the
parts placement is shown in Fig. 4. Use
only rosin core solder and a soldering iron
(not a gun) with no more than a 35-watt
power rating. When installing electro-
lytic capacitors, transistors, diodes and
1C’s, be sure to observe proper polarity.
Note there are nine wire jumpers indi-
cated by solid lines on the parts place-
ment diagram (Fig. 4). Since the Reticon
SAD-1024 I1C is expensive, use a socket
for installation safety. The SAD-1024
and the 4013 flip-flop are both CMOS
units, and must be handled carefully. Do
not weat synthetic clothing while han-
dling these devices, and ground yourself
and your soldering iron before handling
or installing the units.

Power switch S1 is installed in the
rectangular hole in the circuit board
using No. 4-40 hardware. Use two |Y:-
inch long insulated wire jumpers to con-
nect the switch lugs to points A and B on
the foil side of the circuit board. Press
power indicator LEDI into the hole
below the power switch from the foil side
of the board. Then solder the leads to the
adjacent foil pads. Before mounting the
five potentiometers, bend their solder
tugs nearly 180° so that the lugs point
toward the shaft rather than the rear of
the potentiometer. Install one *s-inch nut
on the control bushing to act as a spacer,
then mount the control as usual, making
sure the altered solder lugs lie directly on
top of the three oval pads on the foil side
of the board. Flow solder into these
connections. Mount the power trans-
former on the case with all five leads
connecting to the rear of the circuit
board. The letter-designated holes con-
nect to the five jacks mounted on the
case. Use coax cable for the input and
output connections, with the shield con-
nected to ground only at the jack. Con-
nect point H to the common chassis
ground of the five jacks. The remaining
three connections can be made with sin-
gle-conductor insulated wire.

Testing and calibration

Before applying power to the phlanger,
double-check for cold solder joints, solder
bridges and correct parts values and
placement. Set the three trimmers to the
midpoint of their rotation. Set all poten-
tiometers fully counterclockwise, except
CENTER control R26 which should be at
maximum. Plug the line cord into a wall
outlet and slide the power switch to the
right. Power indicator LEDI should
glow.

Apply a signal to input JI with a
maximum 0.5-volt amplitude peak-to-
peak. Feed output J2 to an appropriate
guitar amplifier or hi-fi system input.
The normal signal should now be passing
unaltered through the unit. Turn Mix
control R12 fully clockwise. Adjust BIAS

continued on page 92
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The better the trainin
the better you'

COMPU-TRAINER VOM

IN-CIRCUIT TRANSISTOR TESTER
TROUBLESHOOTER \

ELECTRO-LAB

As an NTS student you'll acquire the know-how
that comes with first-hand training on NTS profes-
sional equipment. Equipment you'll build and keep.
Ourcoursesinclude equipment like the NTS/Heath
GR-2001 computerized color TV (25" diagonal)
with varactor diode tuning and digital read-out
channel selection; (optional programming capa-
bility and digital clock avail))

Also pictured above are other units — 5" solid state
oscilloscope, vector monitor scope, solid-state ster-
eo 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.

ALL NEW
NTS/Heath
GR-2001
DIGITAL
SOLID-STATE
COLOR TV
315sq.in.
PICTURE

{Simulated TV Reception)

————  OSCILLOSCOPE

31"" 444044

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-
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NO OBLIGATION. NO SALESMAN WILL CALL
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HI-FI SERVICING

Realignh Your
FM Receiver

Crosstalk, modulation-time errors and phase-shift
problems all result from misaligned FM receivers.
Here’s how to realign your FM receiver yourself

T.J.C. MOLLE*

THE ALMOST UNIVERSAL USE OF STEREO FM
receivers makes stereo receiver test equipment
an essential in any modern consumer elec-
tronics service shop. With today’s high-perfor-
mance receivers, sophisticated test equipment
is needed. There are times when the customer
must be convinced that the reason for not
receiving a good stereo signal is not a fault in
his stereo FM tuner but that the trouble is a
defective antenna, for example.

Most faults are caused by a failure in the
FM decoder circuitry or by component drift.
These troubles can be located and corrected
fairly simply; the latter simply by realigning
the receiver.

But the problem with the normal trans-
mitted stereo signal is that it is difficult to
quantify. The signals are not adequate for use
as test signals. Even the relatively few stereo
test transmissions are useful for little more
than balancing the speakers.

The need is for some form of signal source
that can provide a complete easy-to-measure
stereo signal. One solution is the Philips PM
6456 FM stereo generator. It simulates a
transmitter signal with signals that can be
selected, reproduced and measured.

The FCC standards

Stereo broadcasting brings with it problems
not imaginable with a simple domestic record
or tape player that has separate right and left
channels. The result is that standards are very
exacting. The system most widely used is
based on the FCC requirements, which insure
good reproduction both in stereo and mono-
phonic receivers.

The transmitted stereo FM signal is split
into three components:
® The sum of the left and right channels (L +
R}, containing all information for monophonic
transmission, called the M signal.

“Philips Test & Measuring Instruments Dept.,
Eindhoven, The Netherlands.

® The sideband formed by amplitude modula-
tion with a suppressed subcarrier of the differ-
ence signal (L - R), called the Sm signal;
and

® A pilot signal, with a frequency one-half
that of the suppressed subcarrier, which is
used to regenerate the subcarrier in the
receiver, called the P signal.

H,IZD PILOT SIGNAL
r M=L+R S=L-R
/ ' \

|
!
I |
1519 23 38 53

—
1 (kHz}

FREQUENCY
FIG. 1—THE FREQUENCY SPECTRUM of the
FCC stereo multiplex signal shows the relstive
positions of the pilot, M, and Sm signals.

Fig. 1 shows the spectrum of the resulting
stereo multiplex signal.

Some idea of the technical demands of Y
stereo transmission can be gathered from the
FCC requirements for a stereo transmission
system:
® The 19-kHz pilot signal must be accurate
within +2 Hz.
® The phase relationship between the pilot
and the subcarrier must be rigidly maintained;
zero-axis crossings of the subcarrier in the
positive direction must coincide with those of
the pilot.
® Ifonly the L or R signal is used for modula-
tion, the amplitude of the M signal must not
be more than 3% different from the Sm
signal.
® Ifonly the L or R signal is used for modula-
tion, then the phase difference between the M
signal and the envelope of the Sm signal must
not be less than 3°.

L

MIXER
L-R] (L+R+L-R)

2L DE-EMPHASIS

L
AMPLIFIER

q

r .,

WL E Y SEPARATION [ $m MIXER PRASE SHIFT
IF AMPLIFIER, STAGE (Sm + [—*] DETECTOR MIXER
FM OETECTOR (M+Sm+Pp) SUB CARRIER) L-R [ MXER
2R
P FREQUENCY DE-EMPHASIS
DOUBLER
fh=2x l‘1

R
AMPLIFIER

FIG. 2—SIMPLIFIED BLOCK DIAGRAM of a sterso FM receiver.
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® Crosstalk of the L signal on the right audio
channel and vice-versa must be lower than 30
dB.

Obviously if the transmitted signal has to
meet such stringent standards, a great deal of
attention must be paid to receiver adjust-
ment.

To align or troubleshoot a sterco FM
receiver, the only suitable method is to use an
FM stereo generator that provides a suitable
signal source. It must simulate the transmitter
signal, yet provide a choice of stable signals,

which—in contrast to music and speech—can
be accurately reproduced and measured.

Another indispensable instrument is an os-
cilloscope, so that the amplitude, frequency
and distortion (if any) can be measured direct-
ly and in full detail.

Receiver operation

Figure 2 is a simplified block diagram of a
typical sterco FM receiver/decoder. The re-
ceiver detects the multiplex stereo signal and
splits it into its three components—M, Sm and

. MULTIPLEX
ez | | swHe R L ReL ext | |eicor | | MusTIPLEX RF RF £ 1MH;
; T T T ; T r
b [ R PSR —
) g - - t T
IR ! ! | | |
i ] | | | l
_______ N Jl | | | |
""""" o ]
—— | |
I ] i mucriecex
| { | ouTeut
Mo s e Aooer ATIEMUATOR I
! |
2 13 P =
L | |
[
[
| 1
sese 1L o e
FREQUENCY
CONVERTER | | OSCILLATOR 100 MHz OSCILLATOR
RF OUTPUT
100 MHz
+15V  —l
1 kH2/5 kH2 2.CHANNEL POWER | T
.
OSCILLATOR AMPLIFIER o SUPPLY ) 7
| i: L L
| = - | J
—— el Nl - - - -l -
SYNC OUTPUT 5 o NN
10R 5 kHz N
EXT
AUDID
INPUT

115/230V + 15%
50...60 Hz
2.5 VA

FIG. 3—THIS BLOCK DIAGRAM of a stereo FM generator gives some ides of the facilities available.

P. The pilot signal is fed through a frequency
doubler ta regenerate the subcarrier for the
Sm signal, to which it is added. The L-R
signal is detected from the resulting Sm signal.
This 1.—R signal is then added to the L + R
signal (M). In this way, a 2L signal is
obtained. [(L+R)+(L-R)=2L]. To get the
R signal, the L - R signal is phase-shifted by
180° and added again to the L + R signal,
resulting in a 2R signal [(L+R) -
(L-R)=2R].

One final stage is dc-emphasis. Before the
original left- and right-channel signals are fed
to the transmitter, the higher frequencies are
given pre-emphasis to help increase the high-
frequency signal-to-noise ratio. This emphasis
has to be removed. After de-emphasis and
amplification the left and right signals are
applied to their loudspeakers.

Alignment faults

Typical troubles that arisc are phase shift
between the 19-kHz pilot signal and the 38-
kHz signal regenerated in the decoder; demod-
ulation time errors; and, perhaps most com-
mon of all, crosstalk between the left and right
channels

All these faults can be cured by realign-
ment, using a stereo generator. Adding an
oscilloscope to the test set-up makes possible
direct measurement not only of amplitude and
frequency, but also of crosstalk, phase-relation
and distortion.

The equipment should provide a logical
sequence of test signals to enable accurate and
fast alignment of a stereo decoder or a com-
plete receiver. The test sequences should in-
clude a 19-kHz pilot, internal AF modulation
with provision for external modulation, right-
channel- and left-channel-only signals, and a
right equals minus left signal. A 100-MHz + |
MHz RF signal is also very useful, and is
essential for checking a receiver.

Generator description

Figure 3 is a block diagram of the type of
FM generator mentioned earlier in this arti-
cle.

Signals of 1 and 5 kHz arc produced by an
audio-frequency oscillator and arc pushbut-
ton-selected for channel R, channel L, or both
channeis in antiphase (R=-1.). The sclected
AF signal is also available as an external
trigger signal—for an oscilloscope, for exam-
ple.

The 38-kHz subcarrier is derived from the
19-kHz crystal-stabilized pilot-tone oscillator.
The pilot tone is also pushbutton-selected.

In the 19-kHz to 38-kHz frequency convert-
er, the pilot signal is doubled to create the
subcarrier signal and is applied to the sterco
modulator.

The audio input signal (R or L, or both) is
modulated together with the 38-kHz subcar-
rier frequency.

At point 4 of the stereo modulator the input
signal is phase-shifted 180° to insure that the
channels are in antiphase when R =-L is
selected.

If the EXT pushbutton is depressed, the
complete stereo signal of a recorder or record
player can be introduced. The adder circuit
adds the 19-kHz pilot tone, when selected, to
the stereo multiplex signal. The attenuator
adjusts the multiplex signal continuously for
the required input level of a stereo FM
decoder.

From the moment the RF button is de-
pressed the multiplex stereo signal is RF-
modulated at a 100-MHz carrier frequency.

2261 H380100
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The center frequency is adjustable =1 MHz
to avoid interference with transmitters on
adjacent frequencies.

The complete stereo multiplex signal com-
prises three components: The sum of the L and
R channels, the difference of the L and R
channels modulated at the subcarrier frequen-
cy, and the pilot frequency.

It will be clear that, although a stereo FM
generator is simple compared to a real trans-
mitter, its specifications must be close to the
requirements that have to be met by the trans-
mitter signal.

The Philips PM 6456 FM stereo generator
offers:
® Crosstalk suppression between the L and R
signals for 1 and 5 kHz > 40 dB.
® Phase shift between the pilot and subcarrier
30
® Subcarrier suppression > 40 dB.
® Accuracy of the pilot frequency, 19 kHz
+2 Hz.

Stereo FM alignment

The measuring set-up is simple. The multi-
plex output of the generator is connected to
the decoder input.

The alignment is performed step-by-step

(see Fig. 4). .

1. The 19-kHz pilot signal is applied without
an M and Sm signal (Fig. 5). The input
voltage is adjusted to 200 mV peak-to-
peak on the scope, using the attenuator in

FIG. 5—THE FIRST STEP is to apply the 19-kHz
pilot signal, without the M or Sm signals.

FIG. 8—THE AMPLITUDE OF the multiplex sig-

nal at the input is adjusted for 1 volt pesk-to-

peak.
the multiplexer output. The pilot and
subcarrier filters are adjusted at this
stage. After the pilot and subcarrier fre-
quencies are measured, the oscilloscope—
preferably dual-trace—is connected to
the right- and left-channel outputs, re-
spectiyely.

2. A multiplex signal modulated with only one
channel—say L—is now applied, and the
decoder adjusted for minimum channel
crosstalk. The amplitude of the multiplex
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FIG. 4—A STEREO FM DECODER ready for checking and realigning.

FIG. 7—A DUAL-BEAM OSCILLOSCOPE tacili-
tates the examination of crosstalk between L
and R channels. The upper trace shows
signai on the L channel, which resuits in the
crosstalk on the R channel in the lower trace.

H

FIG. 8—THE STEREO GENERATOR provides a
1-kHz signal with a pilot to the L channel.
Adjustment is made to minimize crosstalk.

signal at the input is 1 volt peak-to-peak
(Fig. 6). Figure 7 shows a typical display
of part of the L signal causing crosstalk in
the R channel. Amplitude and phase then
have to be adjusted to minimize this
crosstalk (Fig. 8). The process is repeated
to check the second channel, in this case,
the R channel (Fig. 9). Now the crosstalk
in the left channel is minimized.

FIG. 9—THE SAME SIGNAL is then spplied to
the R channel, and crosstalk on the L channel is
minimized.

FIG. 10—THE AMPLITUDE OF the Sm signal is

adjusted to give zero-axis crossing.

3. Applying only a sideband signal—the addi-
tion of the modulating L or R signal in
phase opposition in the mixer stage, with-
out the pilot-—should result in Sm signals
with equal amplitude and phase, provid-
ing a display with a sharp zero-axis cross-
ing (Fig. 10).

4. The sideband signal is then applied with the
pilot signal, and the resulting L and R
output signals are adjusted to the same

{continued on page 106)




New for Hi-Fi

CLASS-H

Variproportional

Amplifier

New approach to audio amplification provides

high efficiency and rates a new

class designation. Here's how it works

FOR MANY YEARS HIGH-FIDELITY AMPLI-
fier designers and manufacturers concen-
trated on Class-A, Class-AB and Class-B
circuitry. At the relatively low power-
output levels demanded by audiophiles
during the beginning of the hi-fi era,
power-amplifier efficiency was of little
concern. But, as audio enthusiasts began
to seek ever more powerful amplification
(the newest leader in the receiver “power
race” this year is a 250-watt-per-channel
heavyweight from Marantz), the effi-
cient conversion of wall-outiet AC power
into low-distortion audio power began to
be more important. The nation’s energy
crisis has caused audio enthusiasts to
think about the electrical energy con-
sumed by their hi-fi components.

Audio designers have recently turned
their attention to new circuits and can
more efficiently convert input AC line
power to useful audio power. Some time
ago, we discussed the so-called Class-G
amplifier circuitry developed by Hitachi.
Essentially, the Class-G circuit uses two
levels of output-transistor devices, each
powered by its own supply voitage. Low-
power pairs handle signals up to a prede-
termined amplitude, while the higher-
powered pairs, operating at higher supply
voltages, take over the job when signal
levels exceed the lower supply voltage. In
this way, each pair of transistors operates
over its most efficient range for a longer
period.

Now, Soundcraftsmen of Santa Ana,

LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

CA, have produced another class of au-
dio amplifier that they have tentatively
called “Class H.” Paul E. Rolfes, Sound-
craftsmen chief engineer and the inventor
of the new amplification scheme, pro-
vided us with information regarding his
invention (for which patents are pending)
at the recent Consumer Electronic Show
in Chicago, IL.

_ HIGH VOLTAGE (+) SUPPLY

How it works

A simplified schematic of the Class-H
vari-proportional circuitry is shown in
Fig. 1. The first thing to note in exam-
ining the power-supply arrangement on
the left side of Fig. 1 is that the circuit
uses two positive- and negative-supply
voltage levels (derived from the two take-
off points, per polarity, at the power-

VARI-FPROPORTIONAL
LOGIC CONTROL

HIGH VOLTAGE
(- SUPPLY

o

*— 000 -

FIG. 1—CLASS-H AMPLIFIER uses s dual polarity low- and high-voltage power supply. The logic

e
RECT
me VOLTAGE
| [+) SUPPLY y |
1 — G
OUTPUT
T T AMPLIFIER ‘S’TJ\GE\S
_L 25 _L PRESTAGES {E
T By
LOW VOLTAGE
(-} SUPPLY 2
r
RECT

VARI-PROPORTIONAL
LOGIC CONTROL

circuit varies the supply voitage to the output transistors.
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FIG. 2—1 kHz TEST SIGNAL appearing at out-
put of Class-H amplifier. Upper and lower
traces show the positive and negative voltage
levels supplied to the output transistors.

FIG. 3—INCREASING THE AMPLIFIER GAIN
shows that as the output signal approaches the
supply voltage, the logic circuits increase the
supply voltage.

transformer secondary). The ratio of
these power-supply voltages is arranged
so that the low-voltage supply is two-
thirds that of the high-voltage supply. In
opcration, the amplifier appears to work
exactly like a conventional Class-AB am-
plifier at low-power outputs. However, as
the signal level approaches the low-
voltage supply limit, a difference in oper-
ation becomes apparent.

Figure 2 shows two horizontal lines
that represent the B+ and B— supplies
to the output stages. A 1,000-Hz sine-
wave signal at the amplifier output is
operating within the voltage limits of
these supplies. As the output signal in-
creases, you would normally expect clip-
ping to occur when the output level
reaches the supply-voltage levels

Referring 10 Fig. 3, however, note that
the vari-proportional logic-control cir-
cuits (of Fig. 1) have anticipated the
sincwave's approach to the supply-volt-
age level and have begun to increase the
B+ and B— voltages to allow for addi-
tional head room or power output. This
action continues, as rcquired, until the
vari-proportional system reaches its max-
imum, or the limit of the high-voltage
supply. Figure 4 shows that the supply
voltages have reached their upper limits,
and, if the amplifier is driven stilt harder
clipping finally takes place against the
high-voltage supply, as shown in Fig. 5

The amplifier operates at a lower volt-
age most of the time. This conserves
energy becausc it reduces output-siage
dissipation, since this dissipation is di-

FIG. 4—LA3GE OUTPUT SAGNAL mwings force
the power supply to saturate.

FIG. 5—OUTPUT SIGNAL CLIPS when the out-
put voltage reaches tha maximury supply volt-
age.

FIG. 6—COMPLEX WAVEFORM is shown in
center trace. Upper and lower traces show
output of power supply

rectly proportional to the voltages ap-
plied across the output transistors. Ac-
tually, there is energy conservation even
under high-powered sinewave conditions
too. Figures 4 and 5 show that although
the high-voltage supply is being “‘turned
on” to its maximum level, it only reaches
that level during the brief period required
by the peak of the output sinewave. It is
off (and the lower supply voltage ap-
plied) during most of the “duty cycle” of
each sinewave-signal polarity.

When we first learned of this circuit,
several questions came to mind. First,
unless the supply-voltage control circuits
are fast-acting, what if a high-frequency
musical transient signal caused the am-
plifier to clip before the higher supply
voltage had a chance to turn on. Second,
the supply voltage should risc before it is
actually needed, to avoid any switching
blips or discontinuities in signal wave-
forms.

FIG. 7—CURRENT VS. VOLTAGE characteristic
of an output transistor. The amplifier is op-
erated at one-third in the Class-AB mode. Area
to left of trace is heat dissipation.

| — . L N
FIG. 8—CURRENT VS. VOLTAGE characteristic
of an output transistor operating in the new
Class-H mode.

FIG. 9—HEAT DISSIPATION DIFFERENCE be-
twaen Class-AB and Class-H modes is shown
by superimposing Figs. 7 and 8.

Obviously, the inventors foresaw the
same possible problems. Referring once
more to Fig. 3, note that the sinewave
peaks are still below the level that would
require an increase in supply voltage.
Still, the vari-proportional logic circuitry
has already detected a rising waveshape
and is anticipating that the supply volt-
age may have to be increased. Therefore,
it begins to turn on the higher supply
voltage before the sinewave actually
reaches the lower supply voltage level. In
Fig. 4, the slope or rate of increase of the
upper waveshape (positive supply volt-
age) is greater than the slope of the
audio-signal sinewave that is “entering”
the upper supply. Since the turn-on gain
of the upper supply voltage is greater
than the amplifier gain, the sinewave
signal can never catch up with the higher
supply (until it reaches final, upper clip-
ping, as shown in Fig. 5).

Soundcraftsmen also notes that the



FIG. 10—CURRENT VS. VOLTAGE charecter-
istic of an output transistor when the ampli‘ier
Is operated at full-rated output in the Class-AB
mode.

FIG. 11—CURRENT VS. VOLTAGE character-
istic of an output transistor in 8 Class-H ampli-
fier operated at full-rated output.

FIG. 12—HEAT DISSIPATION DIFFEREMCE be-
tween Class-AB and Class-H amplifiers op-
erated at full-rated power is obtained by su-
perimposing Figs. 10 and 11.

inherent slew rate of the higher-voltage
supply is greater than that of the audio-
amplifier circuoits themselves, which is
approximately 50 volts-per-us. There-
fore, regardless of the signal waveshape,
the vari-proportional supply logic antic-
ipates the rising waveshape and turns the
higher supply on with gain and slew rate
exceeding those of the amplifier itself. It
is as if the increased voltage supply gets
out of the way of the rising audio signals
appearing at the amplifier output

Figure 6 shows the complex waveforms
produced when this amplifier was used to
reproduce rock music. As the output
signal reaches the lower positive supply
voltage, the higher supply voltage is
switched in by the vari-proportional con-
trol system

Figures 7 through 12 show the current-
versus-voltage characteristic taken on
one of the audio-amplifier output tran-

FIG. 13—SOUNDCRAFTSMEN MODEL MAS5002
Class-H amplifier.

i .._L ] -
FIG. 14—POSITIVE SLEW RATE of Class-H am-
plifier operating at 250 watts-per-channel.

FIG. 15—NEGATIVE-GOING SLEW RATE of
Class-H amplifier operating at 250 watts-per-
channel,

sistors. Each figure shows transistor heat
loss in the area bounded by the scope
trace and the X- and Y-axes to the left.
In Figs. 7 and 8, a 250-watt amplifier is
operated at one-third its rated output
power (the required preconditioning test
point of the FTC's rule on amplifier-
power disclosure).

Figure 7 shows the amplifier operating
in conventional Class AB, without the
vari-proportional control system. In Fig.
8, the same amplifier is operated at the
same power-output level but using the
Class-H concept. Figure 7 shows that the
area representing transistor dissipation is
obviously greater for the conventional
amplifier. A double exposure of the two
curves on the same film is shown in Fig.
9; the area between the two curves is a
direct measurement of the savings in hcat
dissipation on each output transistor with
the vari-proportional concept.

FIG. {5;10 kHz SQUAREWAVE OUTPUT from
Class-H amplifier.

o = |
FIG. 17—LOW FREQUENCY SQUAREW
output frem Class-H amplifier.

AVE

Figure 10 shows the same amplifier
now delivering its full rated 250-watt
output, but without vari-proportional
control. In Fig. 11 the same amplifier is
delivering full rated output, this time
using the vari-proportional dual-supply
circuit. The change in slope of the curve
in Fig. 11 is caused by the vari-propor-
tional system increasing the voltage
availablc to the output transistors. Again,
the area to the left of the trace and
bounded by the left and lower X-and Y-
axes is substantially greater than that of
Fig. 10. Figure 12 again shows a double
exposure of two curves; the area between
the curves represents the savings in heat
dissipation or heat loss for each output
device.

The major advantage claimed for this
method over other efficiency-improving
schemes is that there is no switching or
changing of signal paths within the basic
amplifier itself. All the controls for in-
creasing the power-output capability on
ar as-required basis act only within the
power supply and are therefore outside
the feedback loop of the audio amplifier
circuits and have no effect on the distor-
tion, stability or slew rate of the basic
amplifier circuit.

New power amplifier
Soundcraftsmen’s first commercially
available product using this circuit ap-
proach is their new model MA5002
power amplifier, which is rated at 250
watts-per-channel, into 8-ohm loads,
both channels driven from 20 Hz to
continued on page 106
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Engineers
design
electronic
circuits
-SO can
you!

Only CREI offers you a choice
of 18 home study programs

in electronics with circuit design,
plus special arrangements

for engineering degrees

Advanced Electronics

Circuit design is perhaps the one qualifi-
cation that distinguishes advanced
technical personnel and engineers from
the average electronics technician.

If you can design electronic circuits,
you can more readily understand the
circuitry of all types of electronic equip-
ment. Thus you can more easily handle
the repair and maintenance of such
equipment, as well as assist in the devel-
opment of new electronic systems.

The ability to design electronic cir-
cuits to solve practical engineering prob-
lems is one of the most valuable skills
you can possess. Those with this ability
arc sought after and command posi-
tions of far greater responsibility, pres-
tige and pay than the average techni-
cian.

If you are going to have a worthwhile
career in the field of electronics, the
ability to design circuits is a skill you
will want to acquire.

Circuit design in
all CREI programs

CREI covers circuit design in its home
study programs in eclectronics. This is
one of the factors that makes CREI
training different from most other home
study schools. CREI programs, of
course, are college level—the same level
of training you will find in any college
or university offering programs in elec-
tronic engineering technology.

CREI training, however, is designed
for home study. The programs give you
cfiective, step-by-step training to help
you move up in your career in elec-
tronics by using your spare time for
technical self improvement,

Unique Design Lab
CREI gives you both theory and prac-
tical experience in circuit design with its
Electronic Design Laboratory Program.
The professional equipment included in
this program allows you to construct,
test out and correct the circuits you de-
sign until you have an effective circuit.
This Lab Program helps you under-
stand advanced electronics. It also gives
you practical experience in many other
important areas of electronics, as in
prototype construction, breadboarding,
test and measurement procedures, cir-
cuit operation and behavior, characteris-
tics of electronic components and how
to apply integrated circuits.




Career Training at Home

Only CREI offers this unique Lab
Program. It is a complete college lab
and, we believe, better than you will
find in most colleges. The “Lab” is one
of the factors that makes CREI training
interesting and effective. And the pro-
fessional equipment in this program be-
comes yours to keep and use throughout
your professional career after you com-
plete the training.

Engineering Degree

CREIl offers you special arrangements
for earning enginecering degrees at cer-
tain colleges and universities as part of
your home study training program. An
important advantage in these arrange-
ments is that you can continue your full
time job while “'going to college” with
CREI. This also means you can apply
your CREI training in your work and
get practical experience to qualify for
carcer advancement.

Wide Program Choice

CREI gives you a choice of specializa-
tion in 14 arcas of electronics. You can
select exactly the area of electronics
best for your career field. You can spe-
cialize in such areas as computer elec-
tronics, communications engineering,
microwave, CATYV, television (broad-
cast) engineering and many other areas
of modern electronics.

FREE Book

In the brief space here, there isn’t room
to give you all of the facts about CREI
college-level, home study programs in
electronics. So we invite you to send
for our free catalog (if you are qualified
to take a CREI program). The catalog
has over 80, fully illustrated pages de-
scribing your opportunities in advanced
clectronics and the details of CREI
home study programs.

Qualifications

You may be eligible to take a CREI
coliege-level program in electronics if
you are a high school graduate (or the
truc equivalent) and have previous
training or experience in clectronics.
Program arrangements are available
depending upon whether you have ex-
tensive or minimum experience in
electronics.

Send for this FREE Book
describing your opportunities
and CREI college-level

programs in electronics

Mail card or write describing qualifications ta Gl Bill
CREI programs

CAPITOL are approved
RAD'O for iraining of
9D {
ENGI NEE RIN G ;cfrlslrggfze:n:mder
INSTITUTE the G.I. Bill.

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue Northwest
Washington, D.C. 20016

Accredited Member National Home Study Council
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LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

DYNACO, INC.. IS ONE OF THE FEW MAN-
ufacturers who still offer their products in
both wired and kit form. The unit we evalu-
ated was factory-wired, but we explored its
internal construction in enough detail to state
that, with a few hand tools, a soldering iron,
and the will to follow the step-by-step assem-
bly instructions to the letter, the mode! SCA-
50 would make an ideal beginner’s project,
even if you have never built any hi-fi equip-
ment before.

The model SCA-50. shown in Fig. | (the
cabinet is an option), has a silver extruded
front panel whose dimensions far exceed the
height and width of the perforated black metal
cover normally supplied with the unit. Thus, it
Is casy to “‘custom-mount” the unit into any
cabinet by making a single cutout.

The two large rotary controls at the upper
left section take care of program source
sclection (there are two TAPE play positions,
PHONO, TUNER and a sparc or AUX position)
and master VOLUME adjustment. Smaller rota-
ry control knobs at the upper right scction
handle channel BALANCE, BASS and TREBLE.
Pushbutton switches below are used for the
lape monitor circuit, mono/stereo switching,
tone control defeat, and to select one or both
pairs of speakers, which can be connected to
the rear panel of the unit. A headphone jack
adjoins these pushbuttons, while at the ex-
treme lower right section are a POWER on/off
button and an indicator light.

Two switched and one unswitched AC con-
venience receplacles are located at the left end
of the rear panel (Fig. 2), next to which are

thumb-screw, color-coded speaker terminals,
inscribed with printed speaker-symbol di-
agrams and polarities to insure proper connec-
tion of up to two pairs of speaker systems.
Tape-out and tape-in phono tip jacks come
next, followed by the other pairs of input
Jacks; the phono jacks and their associated
ground terminal arc located as far away from
the AC and power-supply parts as possible.
The diagram of Fig. 3 shows the assortment of
components that can be connected 10 and used
with model SCA-50.

An internal view of the completed amplifier
is shown in Fig. 4. Note that the three major

— — -

PC boards (the preamp-control board and two
power-amplifier modules) come preassembled,
so that what appears like a great deal of wiring
really is the only major work in assembling the
kit aside from the usual mechanical pro-
cedures.

[ TABLE |
AMPLIFIER PERFORMANCE MEASUREMENTS |
R-E R-E
POWER OUTPUT CAPABILITY MEASUREMENT EVALUATION |
| Rms power/channel, 8 ohms, 1 kHz (watts) 32.0 Very good
Rms power/channel, 8 ohms, 20 Hz (watts) 29.0 Excellent
Rms power/channel, 8 ohms, 20 kHz (watts) 30.0 Excellent
Rms power/channel, 4 ohms, 1 kHz (watts) 30.7 Good
Rms power/channel, 4 ohms, 20 Hz (watts) 29.0 Very good
Rms power/channel, 4 ohms, 20 kHz (watts) 25.0 Good
Frequency limits for rated output (Hz-kHz) 10-40 Excellent |
DISTORTION MEASUREMENTS l
Harmonic distortion at rated output, 1 kHz (%) 0.022 Excellent
Intermodulation distortion, rated output (%) 0.05 Very good
Harmonic distortion at 1-watt output, 1 kHz (%) 0.018 Excellent
intermodulation distortion at 1-watt output, (%) 0.015 Excellent |
DAMPING FACTOR, AT 8 OHMS 50 Very good
PHONO PREAMPLIFIER MEASUREMENTS
! Freguency response (RIAA +dB) 0.1 Superb
Maximum input before overload (mV) 110 Very good
Hum/noise referred to full output (dB) 63 Good
(at rated input sensitivity)
HIGH-LEVEL INPUT MEASUREMENTS i
Frequency response (Hz-kHz, +dB) 10-40 Excellent
Hum/noise referred to full output (dB) 82 Very good
| Residual hum/noise (minimum volume) (dB) 82 Good
TONAL COMPENSATION MEASUREMENTS
Action of bass and treble controls See Fig. 5 Very good
Action of secondary tone controls
Action of low-frequency filter(s) |
Action ot high-frequency filter(s) |
]
|. COMPONENT MATCHING MEASUREMENTS
Input sensitivity, phono 1/phono 2 (mV) 1.65 |
Input sensitivity, auxiliary Input(s) (mv) 130
Input sensitivity, tape input(s) (mVv) 130
Output level, tape output(s) (mV) 130
| Output level, headphone jack(s) (V or mW) 250 mW (8 ohms)
EVALUATION OF CONTROLS,
CONSTRUCTION AND DESIGN
| Adequacy of program source and monitor switching Good
Adequacy of input facilities Very good
Arrangement of controls (panel layout) Excellent
| Action of controls and switches Excellent
Design and construction Very good
Ease of servicing Excelient
OVERALL AMPLIFIER PERFORMANCE RATING Very good
—c il - ——

=
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Circuit highlights

The preamp section consists of two active
low-noise circuit elements, both using inte-
grated circuits with Class-A output and pow-
cred by regulated + 15 volts DC. The phono-
equalizer section uses DC-connected feedback
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TABLE Il

OVERALL PRODUCT ANALYSIS

Retail price $249 (wired);
$149.00 (kit)
Price category Low
Price/performance ratio Excellent (kit);
Very good (wired)

Styling and appearance Very good
Sound quality Excellent
Mechanical performance Very good

Comments: Dynaco has obviously carried over many of their design ideas incorporated in their
more expensive integrated ampiifiers into this lowest-powzred and lowest-priced unit
in the line. The kit price is outstandingly low, but the large difference between the wired
and unwired prices makes it samething less than a bargain if you lack the inclination
(or skill) to assemble and wire the unit yourself. That large price difference is al3o a
clua to the undeniable fact that this unit requires quite a bit of labor if you are going to
puichase it in kit form. There seems to be a high density of interconnecting, point-to-
point wiring and cabling—more so than on some competitive kits we have examined
recently. Kit instructions are easy to follow and well written, and the wiring is made
much easier to follow thanks to a large, multl-colored overall wiring diagram, which is
separable from the rest of the construction manual and can be kept in full view on your
workbench.

if you are looking for the iatest frills found in some other preamps or integrated
amplifiers, this unit may not be for you. Such nicetles as ‘ow- and high-cut filters are
absent, as is a second tape-monitor circuit (now commen on many amplifiers) or a
second phono input pair. However, parts used are of top guality, and it is obvious that
Dynaco set out to deliver as much performance for a product in this price range as
they possibly could, even if that meant leaving out some of the less often used frills or
switches that add flexibility and overall versatility in a component system made up of
separates. In terms of pure sound, when driving speakers of reasonably high effi-
ciency, we could not fault the mode/ SCA-50. The somewhat higher than usual phono
input sensitivity was also welcome, and woulid enable the user to choose a cartridge
thet delivers somewhat lower output than the norm. Generally (but not always) that
means a somewhat higher quality cartridge. All in all—good value, good sound within
its power limitations and excellent for the budget-minded.

MANUFACTURER’S PUBLISHED SPECIFICATIONS:

Power Output: 25 watts continuous per channel, 20 Hz to 20 kHz, 8-ohm loads. Rated
THD: 0.25%. (Power at “Clipping”: 35 watts, 1 kHz, 8 ohms; 35 watts, 4 ohms; 20
watts, 16 ohms). IM Distortion: 0.1%. Frequency Response: Phono: RIAA +1.0 dB.
High Level: 15 Hz to 45 kHz, +0.5 dB. Hum and Noise: Phono: 72 dB below 10-mV
reference; High Level: 89 dB below 0.5-voit input. Phono Overload: 100 mV at 1 kHz.
Input Sansitivity: Phono: 1.65 mV; High Level: 125 mV. Tone Control Range: + 10 dB
at 50 Hz and 15 kHz. Dimensions: 132 x 12 x 4% inches high. Net Weight: 15 Ibs.
Power Consumption: 20 watts at **no signal’’; 240 watts maximum, 50 to 60 Hz, 120 ar
240 volts. Suggested Retail Prices: $249 (wired); $149 (kit).

for RIAA equalization, and the tone-control
circuit also uses DC feedback around another
IC, with AC feedback used for varying bass
and treble response. Turn-on or turn-off
“thumps” are attenuated by means of a low-
resistance FET at the tone-control output.
Power amplifier stages are of the full comple-
mentary configuration and are DC-coupled to
the speaker terminals, while a differential
input pair of transistors is used in the first
stage of the power amplifier section.

For circuit and speaker protection, a pair of
diodes limit available current for each signal-
waveform polarity. In addition, each polarity
has a fuse to protect against excessive output
current. If the heat-sink surface temperature
rises to 80°C., a built-in thermal circuit break-
er will shut down the amplifier until safe oper-
ating temperatures are achieved. Major power
supply parts (transformer, filters, rectificrs,
etc.) are all separately mounted and wired;
and, since the unit is intended for home
construction, the overall layout is open.

Amplifier performance
measurements

Table | summarizes results of our lab mea-
surements made on the Dynaco model SCA-
50. Comparing these restults with the pub-
lished specifications in this report, a few com-
ments are in order

Our measured 32.0 watts (at | kiHz into 8
ohms) does not contradict Dynaco's claim of
**35 watts at clipping.” Clipping represents
around 1.0% of harmonic distortion, whereas
we measured I-kHz output for rated distor-
tion, which is a lower 0.25%. The amplifier
more than met its 25-watt-per-channel “FTC"
rating over the entire 20-Hz-to-20-kHz power
band.” Intermodulation distortion and total
harmonic distortion at rated output were, in
fact, all well below the rated figures given-
often by a whole order of magnitude. The
disparity between our hum-and-noise findings
and Dynaco’s represents a bit of “specsman-
ship.” Dynaco’s phono hum-and-noise spec is
based upon a 10-mV input signal. On the other
hand, our measurement was based upon an
actual input sensitivity of 1.65 mV. Our figure
of 63 dB, if referenced to 10 mV, would exceed
78 dB—much better than the 72 dB claimed.
In the case of high-level input signal-to-hum
and noise, Dynaco references a 0.5-volt input
signal, whereas in fact the input sensitivity of
the high-level circuitry is 130 mV, and it is to
that level that our 82-dB result is referenced.
Again, if we were to translate that figure to a
0.5-volt reference, hum and noise would result
in —-93.7 dB—or better than Dynaco’s claim.
The fact is that the hum and noise figures for
both input levels were good-—and better than
specified. Tone control and loudness control at
various levels are shown in Figs. § and 6.
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Summary

The Dynaco Model SCA-50 is a straightfor-
ward preamp/amplificr that does not have
some of the secondary control features found
in more expensive and more powerful units.
However, it is well designed for what it is and
offers the ambitious kit-building audiophile a
chance to win a reasonably priced integrated
amplifier in this power class.

Table 11 contains our overall product evalu-
ation as well as additional summary com-
ments. R-E

Heath AR-1515
AM/FM Receiver

HEATH'S MODEL AR-[515 IS A TOTALLY NEW
design that is different in appearance from any
of Heath’s earlier all-in-one receivers. Digital
frequency readout has been borrowed from the
company’s carlier Modulus tuner-preampli-
fier (and works for both the AM and FM
frequencies). While the latter separate com-
ponent, when coupled to a single stereo basic
amplifier sells for a total of $780.00 and
dclivers 60-watts-per-channel, by combining
amplifier and tuner-preamplifier on a single,
elegantly designed chassis, Heath offers a 70-
watt-per-channel receiver for $550.00. The
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receiver, shown in Fig. |, is available only in
kit form, and if building hi-fi kits is evening
recreation in your home, figure on several
weeks’ work at least.

Figure I shows the front panel's hinged flap
or “trap door™ in its open position, disclosing
both the major and less-used controls; but
when the flap is closed, only the major rotary
controls along the top arc exposed: The TUN-
ING knob, MODE switch (mono or stereo),
SELECTOR switch for program selection and
the VOLUME control. Behind the hinged fap
are two speaker-selector pushbutton switches,

MANUFACTURER’S PUBLISHED SPECIFICATIONS:

FM TUNER SECTION:

RADIO-ELECTRONICS

=24
N

Usable Sensitivity: mono, 1.8 4V (10.3 dBf); stereo, 3.5 uV (16.1 dBf). S/N Ratio: mono,
70 dB; stereo, 60 dB. Selectivity: 100 dB. Capture Ratio: 1.5 dB. Image, IF and
Spurious Rejection: 90 dB. AM Suppression: 65 dB. 50-dB Quieting: mono, 2.3 4V
(12.5 dBf); stereo, 35 uV (36.1 dBf). Harmonic Distortion: 1 kHz: mono, 0.3%, stereo,
0.35%. Stereo Separation: 40 dB at 1 kHz; 25 dB at 10 kHz. Frequency Response: + 1
dB, 20 Hz to 15 kHz. Carrier and SCA Suppression: 60 dB. Mute Threshold: 0 .V to 5
uV (variable).

AM TUNER SECTION:

Sensitivity: 5 4V (50-ohm direct input). Selectivity: 20 dB at 10 kHz. Image Rejection:
at 600 kHz, 70 dB. IF Rejection: at 1400 kHz, 60 dB. Hum and Noise: -45 dB. THD: 3%.
Frequency Response: +3 dB, 20 Hz to 4 kHz.

AMPLIFIER AND PREAMPLIFIER SECTIONS:

Power Output: 70 watts continuous per channel, 8-ohm loads, 20 Hz to 20 kHz. THD:
0.08%. IM Distortion: 0.1%. Damping Factor: 60. Frequency Response: -1dB, 8 Hz to |
45 kHz. Input Sensitivity: phono 14& 2, 2 mV; high level, 200 mV. Phono Overload: 100
mV. Phono Frequency Response: RIAA +0.5 dB. Hum-and-noise: phono, 65 dB; high
level, 80 dB, minimum volume, 100 dB. Tone Control Range: Bass, + 12 dB at 20 Hz,
Treble, +12 dB at 20 kHz. Filter Cuto: low, -3 dB at 30 Hz; high, -3 dB at 7 kHz.

GENERAL SPECIFICATIONS:

Power Requirements: 108 to 132 volts or 216 to 264 volts, 50/60 Hz, 60 watts at no
signal to 260-watts maximum. Dimensions: 21 W. X 6%s H. X 15 inches D. Weight:
36 Ibs. Price (kit): $549.95; ($589.90 with Dolby option).

BASS, TREBLE and BALANCE controls, a tone
defeat switch, high and low filter switches, FM
mute switch (Heath calls it a SQUELCH defeat
button), BLEND switch (for reduced noise in
weak-signal stereo FM reception), LOUDNESS
switch, tape monitor and dubbing switches,
and a Dolby FM switch (active only if you buy
the Dolby board available as an option). The
lower section of the panel also contains a head-
phone jack and a pair of dubbing jacks (input
& output).

The upper left area of the front panel is
highlighted by giant frequency-readout illumi-
nated digits. This section of the front panel
also contains the center-of-channel and signal-
strength meters as well as illuminated words
indicating mode, program source sclected and
the presence of a received stereo signal. (Inter-
estingly, Heath uses the words FMm PILOT for
this last indication, probably in recognition of
the fact that a station could have its 19-kHz
pilot ““on the air,” but at the same time be
transmitting monophonic material-—either in
error or deliberately.)

The rear panel of the model AR-1515
shown in Fig. 2, is equipped with the usual
array of input jacks, tape-in and out jacks, a
chassis ground terminal, 300- and 75-ohm
external FM antenna terminals, a pair of
preamplifier output and main amplifier input
terminals (interconnected by means of plug-
to-plug wire jumpers), onc switched and one
unswitched convenience AC receptacles, an
AM antenna jack, and two pairs of speaker-
connection sockets designed to accept mating,
polarized screw-terminal plugs that are sup-
plied separately. The advantage of this ar-
rangement is that if the speakers have to be
disconnected, the polarized plugs remain with
the speaker wires so that when they are recon-
nected, proper phase relationships are main-
tained between left and right speakers.

The AM antenna jack referred to earlier is
for connection of Heath's “built-in™ antenna
loop. Heath maintains (and we agree) that a
traditional large AM loop antenna (the one
you build from kit parts ends up as a loop
having approximately a two-foot diameter) is
a better AM signal interceptor than the more
common ferrite “sticks” used on hi-fi re-
cevers.

An internal view of the completed receiver
is shown in the photo of Fig. 3. Thirtcen sepa-



TABLE |

FM PERFORMANCE MEASUREMENTS

SENSITIVITY NOISE AND R-E R-E
FREEDOM FROM INTERFERENCE Measurement Evaluation
IHF sensitivity, mono (uV) (dBf) 1.8 (10.3) Very good
Sensitivity, stereo (uV) (dBf) 3.5(16.1) Excelient
50-dB quieting signal, mono (uV) (dBf) 2.3(12.49) Excellent
50-dB quieting signal, stereo (uV) (dBf) 29.0 (34.4) Excellent
Maximum S/N ratio, mono (dB) 73 Excellent
Maximum S/N ratio, stereo (dB) - 64 Good
Capture ratio (dB) 1.3 Very good
AM suppression (dB) 65 Superb
Image rejection (dB) 93 Excellent
IF rejection (dB) 90 Excellent
Spurious rejection (dB) 92 Excellent
Alternate channel selectivity (dB) 100+ Superb
FIDELITY AND DISTORTION MEASUREMENTS
Frequency response, 50 Hz to 15 kHz (+ dB) 1.0 Very good
Harmonic distortion, 1 kHz, mono (%) 0.12 Excellent
Harmonic distortion, 1 kHz stereo (%) 0.40 Good
Harmonic distortion, 100 Hz, mono (%) 0.12 Excellent
Harmonic distortion, 100 Hz, stereo (%) 0.60 Fair
Harmonic distortion, 6 kHz, mono (%) 0.14 Excellent
Harmonic distortion, 6 kHz, stereo (%) 0.64 Good
Distortion at 50-dB quieting, mono (%) 1.4 Fair
Distortion at 50-dB quieting, stereo (%) 0.55 Very good
STEREO PERFORMANCE MEASUREMENTS
Stereo threshold (uV) (dBf) 1.0(5.2) Faw
Separation, 1 kHz (dB) 44 Excellent
Separation, 100 Hz (dB) 40 Excellent
Separation, 10 kHz (dB) 30 Very good
MISCELLANEOUS MEASUREMENTS
Muting threshold (uV) (dBf) See text
Dial calibration accuracy ( + kHz at MHz) “Perfect” See text
OVERALL FM PERFORMANCE RATING Very good
TABLE Il
AMPLIFIER PERFORMANCE MEASUREMENTS
R-E R-E

POWER OUTPUT CAPABILITY Measurement Evaluation
RMS power/channel, 8-ohms, 1 kHz (watts) 80.0 Excellent
RMS power/channel, 8-ohms, 20 Hz (watts) 75.0 Excellent
RMS power/channel, 8-ohms, 20 kHz (watts) 75.0 Excelient
RMS power/channel, 4-ohms, 1 kHz (watts) 117.0 Excallent
RMS power/channel, 4-ohms, 20 Hz (watts) 108.0 Excallent
RMS power/channel, 4-ohms, 20 kHz (watts) 108.0 Excalient
Frequency limits for rated output (Hz-kHz) 18-23 Very good
DISTORTION MEASUREMENTS
Harmonic distortion at rated output, 1 kHz (%) 0.013 Superb
Intermodulation distortion at rated output (%) 0.05 Very good
Harmonic distortion at 1-watt output, 1 kHz (%) 0.013 Excellent
Intermodulation distortion at 1-watt output (%) 0.022 Excellent
DAMPING FACTOR, AT 8 OHMS 60 Excellent
PHONO PREAMPLIFIER MEASUREMENTS
Frequency response (RIAA + dB) —-1.5dB Falr
Maximum Input before overload (mV) 120 Very good
Hum/noise referred to full output (dB)

{(at rated input sensitivity) 65 Very good
HIGH LEVEL INPUT MEASUREMENTS
Frequency response (Hz-kHz, + dB) 10-37, 1.0 Very good
Hum/noise referred to full output (dB) 91 Excellent
Residual hum/nolse (minimum volume) (dB) 95 Very good
TONAL COMPENSATION MEASUREMENTS
Action of bass and trebie controis See Fig. 9 Vety good
Action of secondary tone controls
Action of low-frequency filter(s) See Fig. 10 Excellent
Action of high-frequency filter(s) See Fig. 10 Excellent
COMPONENT MATCHING MEASUREMENTS
Input sensitivity, phono 1/phono 2 (mV) 1.7
Input sensitivity, auxiliary input(s) (mV) 150
Input sensitivity, tape input(s) (mV) 150
Output level, tape output(s) (mV) 150
Output level, headphone jack(s) (V or mW) 105 mwW
EVALUATION OF CONTROLS,
CONSTRUCTION AND DESIGN
Adequacy of program source and monitor switching Good
Adequacy of input facilities Very good
Arrangement of controls (panel iayout) Excellent
Action of controls and switches Good
Design and construction Excellent
Ease of servicing Excellent
OVERALL AMPLIFIER PERFORMANCE RATING Excellent

rate PC boards are used (including the option-
al Dolby FM board that our test sampic
included). The elaborate wiring harness is
supphed completely ready for wiring when
purchasing the kit and is fully color-coded for
easy identification of wire terminating points.

FM measurements

Table I summarizes the major performance
measurements made for the FM tuner section.
The results can be readily compared with the
manufacturer’s specifications listed elsewhere
in this report. In general, sensitivity and quiet-
ing for both mono and stereo signals were
excellent. THD in stereo, for mid-frequencies,
was a shade higher than specified but was
deemed acceptable. The stereo threshold level
was set a bit lower than we would have liked
so that even very noisy, weak stereo signals are
able to switch the circuitry into stereo decod-
ing. Of course, it is always possible to switch
the MODE swiltch to mono; or, in less objec-
tionable situations, to depress the BLEND
switch for reduced stereo FM noise at the
expense of some high-frequency stereo separa-
tion. In our sample, the SQUELCH control (and
internal adjustment) had been adjusted so that
no muting took place. Of course, a kit builder
(we did not assemble ours) could easily sct this
control for best noise rejection when tuning
between stations. We did so, setting the
threshold at a comfortable 3.0 4V or so. Natu-

rally, dial calibration was perfect, since the
digital counter when properly assembled can
only read the “‘true” received frequency (with-
in 100-kHz increments). Since the readout is
governed only by the frequency of the local

continued on page 80
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The facts and fallacies

surrounding CB antennas, mounts and

NEXT TO GREEK LITERATURE, THE MOST
prolific source of myth and misinforma-
tion can be found in discussions about
Citizens band radio antennas. Many
CB’ers are so concerned with “standing-
wave ratio,” “antenna performance” and
*“gain” that they totally ignore how an
antenna’s design affects its performance.

Starting with the question of which
antenna is best for mobile applications,
the most common answer is a quarter-
wave 108-inch whip. This is not neces-
sarily so. When a car stands still, there is
no doubt that the long whip is the best
antenna you can use. Unfortunately, the
car does not always stand still and as the
long whip bends back during car move-
ment, it will detune. The extent of the
detuning depends on the car speed. In
addition, this antenna layback changes
the angle of radiation. The same is true of
top- and center-load antennas.

So, while on paper a long whip, a top-
or a center-loaded antenna may appear
the best, a base-loaded antenna is actual-
ly the best. The base load has the least
amount of change when the car begins to
move because the coil does not move.
The antenna’s capacitance, therefore,
changes much less and the chances of
dangerous detuning during motion is
less.

Antenna performance therefore is af-
fected by mechanical design. The elec-
trical theory that mechanical designers
must follow can be summarized as fol-
lows: A quarter-wavelength vertical an-
tenna at resonance develops a radiation
pattern that is essentially the shape of its

*President, Antenna Incorporated, Cleveland,
OH,

installation techniques

MILTON R. FRIEDBERG*

associated mounting plane. Since the
quarter-wavelength design operates as a
ground-plane antenna, it uses its mirror
image in the ground plane to provide
essentially the same performance as a
halfwave antenna.

On the other hand, a ground plane
whose radius is greater than two wave-
lengths has little practical effect upon the
radiation pattern of a vertical CB anten-
na. A ground plane shorter than two
wavelengths will result in a pattern dete-
rioration equal to the relative ground-
plane length in any direction.

In mobile applications, the car body
acts as the ground plane. This means
that, theoretically, the antenna’s position
on the car has a definite bearing on the
relative length of the ground plane from
the antenna. An antenna that is mounted
near the rear right-hand corner of the
vehicle results in a radiation pattern in
which the maximum direction is over the
left front fender, on a diagonal line from
the right rear corner through the left
front fender. If the antenna is centered on
the trunk deck close to the rear window,
the directionality of the pattern is re-
duced. Mounting the antenna in the cen-
ter of the car roof provides as omnidirec-
tional a pattern as possible.

Antenna height

A popular fallacy concerning mobile
antennas is that raising the antenna
height on the vehicle will effectively
increase the range. Actually changing an
antenna’s location from the bumper to
the trunk deck or roof will increase range
very little.

The supposed increased gain fails to

materialize because the angular change
in pattern caused by a three-foot height
increase in the position of a mobile anten-
na is insignificant when compared with a
range of one mile or longer. Height can
contribute to gains in range, but it
requires a sizable height difference. A
50-foot change, for example, is effective
because it can result in an appreciable
gain in both the radiation angle and the
line-of-sight.

While height changes may not add
much to performance, changing an an-
tenna’s position can be devastating for
other reasons. An antenna designed for a
rooftop mount will not work as well when
it is trunk-mounted. The better manufac-
turers specifically design and factory-
pretune antennas for specific applica-
tions. Therefore, you cannot assume that
any antenna will work anywhere.

Range is affected more by RF interfer-
ence than by the antenna’s location; your
Good Buddies, not your antenna, are
doing you in. The best place to mount an
antenna, therefore, is wherever it is the
simplest and most convenient. The roof-
top mount is still considered the best in
terms of radiation pattern; but with the
growth of CB’s popularity, many other
equally effective mounts are now avail-
able, and the performance and range de-
pend on the quality of the -mechanical
construction of the antenna and its
mount.

The mount has two basic functions: It
electrically insulates the radiating por-
tion of the antenna from the vehicle, and
it physically supports the radiator in its
proper position. Obviously, the mount
should act as a feed-through from the 50-




CENTER-ROOF MOUNT provides the best om-
nidirectional response. This location requires a
magnetic mount or a hole cut into the roof.

ohm cable to the whip, and, as in all fecd-
through insulators, the internal capaci-
tance should be minimized and insulation
qualities maximized.

Electrical connections should not be
made through compression springs,
which can act as loading coils or induc-
tances. Maximum effort should be di-
rected towards making a perfect connec-
tion to the vehicular grounding metal,
making sure that the ground connection
maintains this pristine condition. Those
small swivel balls that allow a three-foot
whip to stand vertically are totally un-
necessary. They only serve to add one
more joint in the clectrical path and,
consequently, more resistance.

THE SPRING CLAMP gutter mount adjusts to
the car’s rain gutter and needs no screws.

BUMPER MOUNT does not provide optimum

MAGNETIC ROOF MOUNT is a cinch to install
snd rermove. It has a 48-inch whip and the
gnet is covered with a layer of clear plastic

directional resp but sttaches di-
rectly to bumper.

This is not to say that the antenna
should not be vertical. Antennas
mounted at angles will not perform as
well as those mounted vertically, but a
simple bend of the whip at the top of the
adaptor will do a better job without
affecting performance. Long whips on
large swivel ball mounts are helpful
because they can be mounted almost
anywhere on any vehicle while still per-
mitting the whip to be vertical.

Faulty designs, however, do not allow
the swivel ball to be properly tightened,
and poorly designed units only bear on
the inner surface of the half-ball. If the
half-balls tighten so that they touch at

GUTTER-MOUNT ANTENNA has s fold-over
mount.

to protect the car roof against scratches.

the center of the ball, the whip motion is
resisted by a very short lever arm and the
ball turns. Ball size is extremely impor-
tant. Small swivel balls, even where pro-
perly designed and constructed, just do
not have a long cnough lever to support
102-inch whips!

Obviously, there must be no stress
concentrations to break the swivel ball or
crack the insulator. Most plastic mate-
rials low under heavy compressive loads.
Other inexpensive materials also distort,
allowing the ball to loosen on its support,
so that it again rotates. No matter how
often you tighten that big nut, the whip
just comes loose again! With proper
design and good materials, you can in-
stall the ball once and for all, and while
good materials are expensive, corner cut-
ting is a false economy.

Long whip mounts

Other styles of long whip mountings
have problems different from those of the
swivel mount. For example, there are two
styles of chain bumper mounts. One uses
a dog-chain type of link which somehow
can't ever be made to stay in place. The
stamped-link style is too small to be flex-
ible enough to conform to bumper
shapes, and the links stretch when tight-
ened under normal whip movement. In
addition, both the dog-chain type and the
stamped-link style are subject to either
stretching or breaking when the bumper
is subjected to any form of impact. If you
back into a parking barrier, you usually
part company with your chain-mounted
antenna.

There is a simple solution to the prob-
lem. Since the advent of the impact

L4161 ¥Y380LD0
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safety bumper in 1972, most bumpers
have a lip to which a sturdy clamp can be
affixed without using chains. The Anten-
na Incorporated design, for example,
combines two adjustments at right angles
1o each other so that the whip can be put
into a vertical position by rotation in
either the horizontal or vertical planes
(sometimes called “‘equatorial mounting”
by astronomers). This type of mount,
when made of a heavy enough material,
is an ideal support for long or heavy
antennas.

Trunk-lid mount

The trunk-lid mount is the easiest
antenna to install and is inoffensive to the
eye. A metal bracket supports the anten-
na, which is held to the edge of the trunk
by two setscrews. Since the bracket is
hidden by a decorative covering cup, the
bracket can and should be of stiff steel,
heavily cadmium-plated to prevent rust,
The setscrews should be cup-pointed (as
opposed to cone points) to cut through
the paint for grounding while still pre-
venting the setscrews from digging in too
deeply.

The bracket should also make room for
cable clearance at the trunk edge. If that
clearance is missing, what results is a
crushed cable, and eventual cable
shorting or tearing.

Since even a slight movement of the
cup tends to scuff and cut the body paint,
a polypropylene plastic cup plus a soft
gasket should be used to prevent damage
to the trunk-lip paint. Even if the soft
gasket is lost, the plastic minimizes the
paint damage.

If metal cups are used, they should be
nonferrous, and have a decorative finish.
Chrome-plated steel cups are the cheap
way to cover the mounting bracket, and
you can also be sure that the manufac-
turer has also economized on the support
bracket thickness and plating. You get
what you pay for!

Obviously, the coax cable termination
at the antenna should be secure and
include lockwashers for a tight connec-
tion. It is best to buy preassembled
connections whether you are an installer
or a do-it-yourself’er. Make sure the
manufacturer has soldered the preassem-
bled connections for maximum reliabil-
ity. This can save you up to 15 minutes of
tedious assembly.

ldeally, the cable should also have an
in-line connector so that you can easily
feed the cable through from the set to the
antenna location. This connector should
be the same size as the cable, so that you
do not have to drill holes. In installing
rear-mount antennas, the easiest cable-
feeding method is to remove the bottom
rear-seat cushion and feed the in-line
connector up behind the vertical cushion
to the trunk-hinge area. The secret is that
the small in-line connector goes where
the cable goes without requiring a large
hole. It is virtually impossible to feed the

large PL-259-type connector through
from the trunk without completely re-
moving the rear seat back and tearing a
large hole in the rear wall.

Hatchback mounts

Hatchback mounts have been fostered
by the small cars with their lift-up combi-
nation trunk lid and rear window. The
prime criterion here is innovation to meet
all possible mounting positions, and the

SWIVEL-BALL MOUNT permits vertical orienta-
tion of antenna.
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TRUNK-LID MOUNT has clearance to preveat
coaxial cable damage.

quality of the mount should be measured
by its strength and plating, as well as its
ability to bite through paint for a
ground.

We recommend a hatchback mount
that combines a full 360-degree horizon-
tal swivel plus a full 180-degree vertical
swivel for a vertical or horizontal mount-
ing on any edge. Obviously, the hardware
must be heavily plated and use stainless-
steel fastening devices.

The cophase syndrome

One of the greatest fallacies of antenna
mounting pertains to the cophase, or
dual-antenna. A long-time favorite
among truckers, the dual antenna does
not work in mobile applications.

If you mount a vertical antenna paral-
lel to another vertical antenna exactly
108 inches away, and there is no vertical
metal within two wavelengths, or 73 feet,

the resulting radio radiation is increased
in a “figure-8" pattern along the bisector
of the line between the two antennas.
However, if the spacing is not exactly 108
inches, or if the vertical metal is closer
than two wavelengths, the results are not
the same. Even worse, in a mobile situa-
tion, the results become difficult to pre-
dict because the base impedance is no
longer 50 ohms.

If the antennas do not provide a 50-
ohm impedance, the standing-wave ratio
goes out of sight. You may actually be
losing power that would have been radi-
ated if only a single antenna was used.

Nevertheless, if cophased antennas are
used, the easiest way to tune them is to
us¢ an auxiliary length of RG-58/U
cable from the set to one antenna, trim
that antenna with the cable instead of the
harness provided with the two antennas,
and then trim the other antenna using the
same piece of cable. When both antennas
are tuned, reconnect the harness and you
should be in resonance, provided that the
individual legs of the harness are exactly
equal in length.

Again, if the antennas are base-station
units mounted exactly 108 inches apart,
you will end up with true cophasing.
However, on a mobile unit, a field
strength meter, at least one-fourth of a
mile distant directly ahead or behind the
car, will not show any real improvement
over a single antenna unless you have
been lucky and have found a true cophase
situation.

Theft protection

There are service problems associated
with devices that mount antennas on the
trunk-lid rim and then fold up to hide the
antenna. The ground connection is the
culprit. All the devices have a hinge that
acts as a high resistance. Moreover, the
ground path is from the hinge to the
scratched paint at the trunk-lip edge,
which can result in no ground. All these
things tend to blow those expensive tran-
sistors in the final output stage of the
transceiver.

Magnetic mounts

A magnetic mount or a true disguise
antenna are the obvious answers to the
theft problem. There are many forms and
variations of magnetic mounts on the
market.

The number of pounds of lift is not the
best measure of a magnetic mount’s
effectiveness. The ability to lift 900 paper
clips or pull a Volkswagen with the
antenna is as significant as a pen's ability
to write under water. Straight vertical
pull is unimportant because cars are not
lifted by their antennas. The most impor-
tant criterion is the magnet’s resistance
to being dislodged when tipped. Two
other important factors: The mount must
not “walk™ along the roof from the vibra-
tion caused by either whip sway or car

continued on page 78



TEST EQUIPMENT

all about
RF signal

generators

PART Illl—A continuation of a series on one of the most
versatile and useful test instruments

CHARLES GILMORE*

LAST MONTH WE TOOK A LOOK AT SOME OF
the fundamentals of signal generators.
Now let's examine some important fea-
tures that affect its overall performance.

Output level stability

Output level stability, as with output
frequency stability, is given through a
range of environmental factors including
time and temperature, which are of ma-
jor interest. Other factors that may be
included are changes in load and in oper-
ating voltage. Again, these are given as
plus-minus a number of decibels for the
indicated change. Output level stability
specifications are usually confined to
newer, more expensive generators.

Spectral purity of output signal

The spectral purity specifications indi-
cate the amplitude and frequency of
signals other than the desired frequency
which appear at the output of the RF
signal generator. Although in simple ser-
vicing or home experimentation these
may be of little or no consequence, they
are of the utmost importance for exacting
design work. Even the more sophisticated
servicing of communications equipment

*Manager Design Engineering, Heath Co., Ben-
ton Harbor, MI.

may be disrupted by signals appearing at
undesired frequencies.

Harmonic content

Harmonic content is a specification
indicating the maximum amplitude of
any harmonics of the output signal. The
specification indicates the greatest am-
plitude of a harmonic in decibels below
the fundamental amplitude. This is not
necessarily the second harmonic, as push-
pull amplifiers are frequently used at the
generator output. These amplifiers have
a high order of second-order product
rejection but permit the passage of third
and other odd-order harmonics.

When dealing with the bandswitched
LC oscillator where the RF oscillator is
oscillating directly on the output frequen-
cy, there should be no unwanted signals
other than those harmonically related to
the fundamental frequency, or those
caused by modulation of the fundamental
frequency. Harmonics at 20 dB to 30 dB
below the fundamental are common on
low cost and older generators. The newer
high-priced gencrators operate with 30-
dB to 50-dB harmonic suppression.

Residual FM
Residual FM is a specification indi-

.
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cating undesired signals that are caused
by unwanted frequency modulation of
the basic oscillator. This specification is
not confined to FM generators, but is
given on both AM and FM generators.
Frequently, on low-cost generators, this
is a 60-Hz modulation. Residual FM is
specified in one of two ways. First, it may
be listed as a maximum peak deviation in
Hz. Second, it may be specified as a
maximum deviation expressed as a per-
centage of the oscillator frequency.

The residual FM has two effects.
When measuring an amplitude modu-
lated system, moderate amounts of resid-
ual FM cause no problems at all except
the purity of the beat note in the receiver
decreases as the amount of residual FM
is increased. In other words, a 1-kHz beat
note produced in a single-sideband com-
munications receiver would contain a 60-
Hz buzz if 60-Hz residual FM existed in
the generator. The amplitude of this buzz
is directly dependent upon the amount of
residual FM.

When making FM measurements, the
residual FM becomes significant when it
is a reasonable percentage of the desired
deviation, or if extremely low-distortion
measurements are made, such as those on
broadcast FM receivers. For example,

2261 4390120
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residual FM with 60-Hz deviation would
only produce 0.08% noise (that would
show up as total harmonic distortion in
such an analysis) on a 75-kHz deviation
mecasurement. However, the same 60-Hz
residual FM would show up as 1.2% total
harmonic distortion when that measure-
ment was made on a system with 5-kHz
deviation.

In cither case, the acceptability is
dependent upon the measurements to be
made. In the particular previous exam-
ple, the 0.08% total harmonic distortion
at 75 kHz may be much more significant
because total harmonic distortion figures
in the area of 0.1% are sought after in
high fidelity equipment, whereas total
harmonic distortion figures in the area of
5% to 10% are acceptable in the commu-
nications industry.

Residual AM

In a like manner, a signal generator
may have residual AM. Residual AM is
specified in decibels below the carrier for
the RMS value of all AM sidebands lying
within a specified frequency range of the
carrier. Residual AM has little or no
effect on FM measurements, and unless
it is a significant factor, it produces no
real cffect on AM measurements. Resid-
ual AM levels of 40 dB or greater need
only be of concern in very exacting mea-
surements.

Phase noise

Phasc noise consists of random noise
extending above and below the carrier for
some considerable range, such as a MHz
or more. This noise is generated by the
random noise in the generator circuits,
creating minor carrier phase shifts. Each
of these phase shifts causes frequency or
phase modulation and therefore creates a
number of sidebands above and below the
carrier. As the noise is random, so are the
sidebands. Therefore, this group of side-
bands appears as random noise.

Phase-noise measurements are usually
made as single-sideband measurements.
That is, they are made on the upper or
lower side of the carrier. Being a random
noise, the specification indicates the
RMS value of the noise over a small
bandwidth, usually 1 Hz, at varying
distances from the carrier. It is therefore
graphically represented in most cases. On
top of the line generators, specifications
might include a plot of the single side-
band phase noise amplitude relative to
the carrier amplitude (expressed in deci-
bels) for frequencies 1 kHz to 1 MHz
above the carrier frequency. Phase noise,
when specified, is normally found 120 dB
to 140 dB below the carrier amplitude.
When not specified, it may be consider-
ably higher, but is not normally of con-
cern to the operator.

Subharmonic signals

Subharmonic signals are those that are
fractionally related to the desired RF

output frequency. Non-harmonically re-
lated spurious signals are those that can
neither be identified as products of mod-
ulation nor as harmonics or subharmon-
ics of the basic oscillator frequency. All
such products are specified in decibels
below the desired output amplitude. Both
of these types of spurious signals are
gencerally the result of sophisticated sig-
nal generating systems. Subharmonically
related signals may be a function of the
dividers used for signal generation, and
non-harmonically related spurious sig-
nals may be the result of third or higher
order mixing products when two signals
are combined to produce a desired output
signal.

Radio-frequency signal generators
that use digital frequency meters as part
of the readout system are particularly
guilty of generating such non-harmoni-
cally related spurious signals. The time-
base oscillator (often 1 MHz) may have
harmonics because it is generated as a
squarewave, or subharmonics because it

is divided down to a much lower frequen-
cy before it is used as a gating signal.
These spurious or unwanted signals may
well appear in the output of the signal
generator. Typical specifications for such
signals show them in the —30 dB to —40
dB area, or even lower, depending again
on the price of the generator and the
nature of signals.

Amplitude modulation

The most common form of modulation
found on RF signal generators is ampli-
tude modulation. The low-cost genera-
tors are all AM. With the exception of a
few specialized generators, older vacuum
tube generators of the moderately expen-
sive variety were all AM. Even though a
generator has only AM capability, it can
be used on FM equipment, although
there are test procedures that are not
possible.

The modulation sources

Modulation signals can be derived
from one of two sources; either an inter-
nal generator or an external signal
source. The internal modulating frequen-
cies are usually 400 Hz or 1 kHz, or both.
The accuracy of these frequencies is
usually in the order of 10%. External
modulation input specifications include
operating frequency range, which is fre-
quently the classical audio range of 20
Hz to 20 kHz, and may extend to DC on
generators with automatic leveling cir-
cuitry. Often, the external modulating
input specifications include the input im-
pedance of the external modulation am-
plifiers and the amplitude range over
which modulation can be achieved from
an external source.

Percent of modulation

Depth of modulation, or maximum
percentage of modulation, indicates the
ability of the generator to provide differ-
ent percentages of modulation. Most cir-

cuits are geared to provide lowest distor-
tion at 30% modulation. Many genera-
tors, however, do extend to well above
30% modulation capability, with an up-
per limit between 60% and 90% charac-
teristic for older vacuum tube generators.
The newer solid-state generators tend to
have a modulation depth range of 0% to
100%. An extremely inexpensive gener-
ator may have a fixed percentage of
modulation.

Many generators specify a maximum
modulation that cannot be achieved at
full output. The limitation at full output
is a limitation placed on modulation
capability by the power amplifier. If the
maximum capabilities of the power am-
plifier are at or near the maximum with
an unmodulated output, the power ampli-
fier is not able to handle the added 50%
power required for 100% amplitude mod-
ulation. A reduction in power amplifier



output amplitude by one-third permits
100% modulation.

Accuracy of modulation percentage

Modulation percentage accuracy de-
pends on two factors: the type circuit
used to make the measurements, and the
accuracy of the metering circuit itself.
The simpler modulation monitoring tech-
nique offers poorer specifications. Modu-
lation accuracy is specified as a percent-
age of full scale. Typical accuracy figures
extend from the worst case + 10% to the
more conventional *5%. Remember,
these figures are given as a percentage of
full scale, so a meter with 100% full scale
and +5% accuracy sct at 30% modula-
tion can only guarantee the modulation
depth to be between 25% and 35%.

Modulation distortion

The best distortion specification for an
AM generator is given at 30% modula-
tion, the depth chosen for many standard
AM receiver tests. Typical figures range
from 1% distortion on some of the better
generators to 5% distortion on very low-
cost generators. Additional specifications
show percentage of distortion at greater
modulation depths. Usually the distor-
tion increases significantly at higher
modulation levels.

AM induced FM

In the process of amplitude modulat-
ing a generator, especially one of the
MOPA (Master Oscillator/Power Am-
plifier) type, some frequency modulation
of the carrier is likely. The amount of
FM produced this way is different than
generator incidental FM. Additional FM
is either specified as a percentage of
operating frequency, or less than a cer-
tain peak deviation.

The incidental FM created by ampli-
tude modulating the generator does not
interfere with most routine uses of the
signal generator. However, when at-
tempting to measure the susceptibility of
an FM receiver to AM modulation, the
amount of incidental FM must certainly
be taken into consideration. Peak devia-
tion values for most generators run from
less than 100 Hz on the best to the area
of a few kHz on generators with greater
susceptibility.

Frequency modulation and
deviation

Frequency-modulation capability is
becoming more and more common as
newer generators are being developed
with both communications and labora-
tory use in mind. Maximum peak devia-
tion is the specification equivalent to
depth of modulation on an AM genera-
tor. Generators may have a maximum
peak deviation that varies from band to
band, or that is range-switched to main-
tain uniformity over a number of bands.

The peak-deviation capability of the
generator is highly dependent on its use.

One designed primarily as a common
communications servicing tool normally
has peak-deviation capability in the area
of 25 kHz. Generators built for applica-
tions involving commercial FM receivers
in the 88- to 108-MHz range have peak
deviations in excess of 75 kHz and
frequently upwards of 300 kHz.

FM modulation sources

Frequency-modulation sources are
typically the same as amplitude modula-
tion sources, offering internal generator
and external capability; 400 Hz and 1
kHz are also commonly used with FM
generators. External modulation capabil-
ity also covers the audio range, with an
extension to DC for generators providing
an electronic frequency offset capability.
External inputs specify the required am-
plitude for the external modulating sig-
nal and the input impedance that must be
driven.

Deviation accuracy

Deviation accuracy depends on both
compensating networks to insure uniform
deviation across the band, and meter
accuracy. Once again, this is given as a
plus-minus percentage of full scale,
which one must take into consideration
when setting low levels of deviation.

FM modulation distortion

Distortion of the modulating waveform
is extremely important for certain mea-
surements on FM receivers. This is espe-
cially true in receivers designed to receive
commercial FM broadcasts. Generators
designed to work in this area specify
distortion for +75 kHz deviation. Dis-
tortion is usually 1% or less. Distortion
specs for generators designed for other
use may be somewhat higher than this.

FM induced AM

When frequency modulating the gen-
erator, some AM may be introduced. The
amount of AM created by the FM proc-
ess is specified as a percentage depth of
AM, and is normally 2% or less. Such
AM caused by the frequency modulating
process should not be confused with inci-
dental AM.

Pulse and video modulation

Pulse and video modulation are rather
specialized characteristics found only on
a few generators. Both are special cases
of amplitude modulation. Some earlier
vacuum tube generators had built-in
pulse generators, as they were designed
for radar systems and other such pulse
oriented equipment. Video modulation
simply indicates an extremely wide band-
width on the external input so video
signals can be handled in the modulation
system. Bandwidths in the area of 4 MHz
to 6 MHz are required so the video signal
can be properly processed. Both pulse
and video capability are confined to gen-

crators that operate in the high VHF and
the UHF regions, as extremely wide
bandwidth is required for these services.

Many different features

The RF generator is much like the
oscilloscope. Both are extremely complex
instruments and both command a rela-
tively high price. Both instruments have
extensive specifications and both are
available with a wide number of optional
features. Not all manufacturers include
all features or make all features available
on all RF generators. Thus, to insure a
particular desired feature, another may
have to be deleted, or additional features
purchased, depending upon what you
need. The following is a list of the major
ones available today.

Special outputs

When thinking of RF signal genera-
tors, we usually think in terms of a single
output that contains the RF signal whose
amplitude is controlled by the attenuator
and whose frequency is determined by
the internal oscillator frequency. Fre-
quently an unattenuated signal is pro-
vided that is identical to the signal fed to
the attenuator. This unattenuated output
may be used to drive an external digital
frequency meter so precise signal gener-
ator frequency setting can be made. It
may also serve as a reference signal in
systems where the output signal has been
buried in noise, and detection or extract-
ing the signal from the noisc depends on
having such a reference signal available.

Any time this special output is used,
we must make certain that it does not
reduce the integrity of the RF shielding.
Some generators have a special capacitor
that must be connected to this output
connector before the generator meets full
shielding specifications. In addition to
the RF output, some generators have
audio frequency outputs consisting of the
internal modulation frequencies. Once
again, these may be used on special
demodulators to test for coherency of the
modulated signal with reference to the
signal derived from the generator itself.

Synchronizer input

A number of RF signal generators
have an input that permits a slight
adjustment of the generator frequency,
typically +1% or +2%, by means of an
applied DC voltage. If the generator is
used with an external synchronizer, the
generator can be locked to an exact
frequency. The unattenuated radio-fre-
quency output is applied to the synchro-
nizer mput.

The synchronizer compares the gener-
ator frequency with a digitally derived
version of the same frequency generated
from a crystal timebase within the syn-
chronizer. Frequency difference gener-
ates a DC output that is used to return
the generator to the desired frequency.

continued on page 82
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hobby corner

Timers, timers, timers—555, 7490, 7448—they all work

together.

EARL R. (DOC) SAVAGE K4SDS
HOBBY EDITOR

TIMERS SERVE A VARIETY OF PURPOSES.
Perhaps the most useful timer is the 10-
minute kind that times eggs, long-dis-
tance telephone calls, darkrooms, Ham
identification and repeater time-outs.
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Figure 1 shows the basic 555 unit. The
LED flashes once for each timing inter-
val or period (T), and that interval can be
varied from milliseconds to several min-
utes by the value of C, and the setting of
R,. Table | shows the values of C, that
produce ranges including certain useful T
values.

TABLE |
C, T
SuF 1 sec.
20uF 15 sec.
25uF 30 sec.
S0uF 1 min.

Many other R and C values will pro-
duce similar ranges. For example, for 30
seconds: C, = 10uF, R, = | megohm, R,
= 1 megohm; for 1 minute: C, = 25uF,
R, = 2 megohm, R, = 100K. Note that
normal 10%-tolerance components can
give slightly different results. Increasing
any one or more of these three parts will
increase T.

There are two precautions to observe
with the 555 circuit. First, when using
larger values of C,, avoid units with high
leakage. Second, the initial interval after
each turn-on is always longer than those

the usual Arabic numbers. Although you
can remove the individual LED's, you
could leave them in place and become
more familiar with binary numbers while
watching both counts.

Circuit refinements
The counter can be started and

that follow. The addition of the parts in Vs v
Fig. 2-a will make the first T interval +5 :5
more equal to the others. This can be
done more accurately by using the Fig. 2- 33K 3.3K
b circuit, but be sure not to adjust the 4K T
potentiometer so far that it affects the >®) INSI4
intervals following T,.
To actually count the pulses, add the 2.6K 4K
7490 circuit shown in Fig. 3. The four :
LED’s light up to count from 0 to 9 in the
binary (base 2) system. If you have (A) <B )
trouble keeping up with the binary count-
ing, you could add the circuit of Fig. 4 for FIG. 2
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stopped most conveniently by putting an
SPDT switch on pin 4 of the 555 circuit
When pin 4 is grounded, the counter
stops; when it is connected to V, (+5),
the counter runs.

The 7490 circuit can be reset to 0 by
connecting pins 2 or 3 to V,; it can be
reset 10 9 by also connecting pins 6 or 7 to
V,. The reset and start /stop functions can
be combined in a single DPDT switch

Things to try
1. You can have an audible time sig-
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nal by connecting a Sonalert between pin
3 of the 555 circuit and ground. If the
Sonalert is connected between pin 11 of
the 7490 and ground, it will sound a tone
warning at count 8.

2. A second digit can be added so that
the counter indicates up to 99 intervals.
This will require a second 7490 circuit
and four LED’s for binary; or a second
7490, a 7448 circuit and a 7-segment
digital unit for Arabic. In either case,
connect the input (pin 14) of the second
7490 to pin 11 of the first 7490. Of
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course, a third, fourth and more digits
can be added similarly.

3. A common anode digit and a 7447
circuit can be substituted for the 7448
and common-cathode digit

4. Follow the 7490 with a 74145
(BCD-to-decimal decoder-driver) and 10
LED’s to make a 0-t0-9 sequential light
counter. If interval T is made short, the
light will appear to sweep up the line of
LED’s.

Troublesome circuits

If you have trouble with any of these
circuits, there could be three causes:

|. You may have made a wiring error,
which is easy to correct unless something
went up in smoke when you applied
power. That’s why wiring should a/ways
be checked before throwing the ON
switch—we all make wiring errors from
time to time.

2. One of the components may be bad
or it may have a value outside of accept-
able tolerance. Since sometimes this in-
formation is difficult to find, we'll try to
call your attention to any parts that seem
critical

3. Typographica' errors do occur on
rare occasions. This is a toughie to
correct in your project. About all we can
say is that a correction will be printed as
soon as possible.

continued on page 120

our new model of
General Television
Servicer

American Technology's model ATC-10, the original General Television Servicer,
has earned Its reputation for a wide range of useful functlons, dependable
performance and profit making potential in every imaginable job situation
from a simple house cail to the toughest dog.

Our new model, the GTS-10, carries on this tradition with added
teatures like 4.5 Mhz Seund Carrier . . . Blue Raster ... Green
Raster . . . Color Trio. Advanced yet sensibly priced the

GTS-10 is the ultimate Instrument on the TV service

equipment market.

Some of GTS-10 feetures and facts: 3.58 Monitor pattern
for oscillator frequency checks with no need to short the
AFPC test point / Yector / Color Bars (6th bar marker) /
Gray Quad pattern for simplified gray scale tracking
checks and adjustments ! Red Raster pattern for check-
ing and adjusting purity at the flip of a switch / Hatchdots -
versatile composite pattern “or stetic & dynamic convergence /
Crystal controlled RF ; Wide range RF-IF attenuator / Video and IF out-
puts for signal injection/ Interlace / and more.

e

accepted for same day shipment.

2 year factory warranty against all failures in normal use.

CIRCLE 3 ON FREE INFORMATION CARD

30 day money back guarantee.

I‘ l L 225 Main Street, Dep:. 10C, Canon City, Colorado 81212, (303) 275-8991
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state of solid state

Applications of National’s tachometer/speed switch IC, pius
microcomputer notes and HP’s alphanumeric display in a
dual in-line package. KARL SAVON, SEMICONDUCTOR EDITOR

BY NATURE, MACHINERY AND ELEC-
trical signals have a related intrinsic
characteristic—both exhibit rate of
change or frequency. In all kinds of
measurement and control applications,
frequency is an essential parameter that
must be monitored directly or used to
regulate an open or closed loop system.

Frequently an electrical signal origi-
nates from an electromechanical sensor
responding to motion of a machine part.
Electronic processing systems can be put
together from off-the-shelf reservoirs of
analog I1C’s, digital IC’s and the exotic
microprocessors. It’s not hard to see how
such a scheme often outperforms the
mechanical alternatives.

The frequency-to-voltage converter is
a subsystem that appears over and over
again in electronic systems. You will find
them in speedometers, tachometers,
speed-limit sensing; and automotive lock,
clutch and brake controls.

Tachometer IC

National Semiconductor has added the
LM2907 and LM2917 Tachometer/
Speed Switch IC’s to their analog line. It
combines a precision frequency-to-volt-
age converter with an operational-ampli-
fier/comparator.

The circuits are available in the four
possible combinations with and without
active Zener regulation and in 8- or 14-
pin packages. The 8-pin configuration
saves two pins by internally grounding
the inverting reference tachometer input
and forming an internal connection be-
tween the tachometer charge-pump out-
put and the non-inverting input of the
operational-amplifier/comparator. Four
terminals of the 14-pin package are not
used.

The basic concept of the system is to
take the input signal and convert it to
constant-width output pulses so that the
average value of the current is propor-
tional to frequency. In switching the
internal currents, the input frequency is
doubled. This simplifies the external fil-
tering problem for the user.

First the circuit must interface with
the outside world and receive a signal
that as a rule is contaminated with noise.
Hysteresis sensing is the usual way of

dealing with noise caused by imperfec-
tions in pickup devices and harsh envi-
ronments, and the LM2907 and LM2917
IC’s are no exception.

The input signal can be applied differ-
entially to the 14-pin package or single-
ended with respect to ground in the 8-pin
version. In either case the input feeds a
PNP differential amplifier that has emit-
ter-follower input stages with 10-uA cur-
rent-source loads. Current-source loads
provide the necessary transistor DC cur-
rent while presenting a high AC imped-
ance. The input amplifier has offsets in
the 3.5- to 10-mV range that are about
50 percent higher in the 8-pin version.
Input bias current is typically 0.1 uA and
has a maximally specified value of |
HA.

Grounding the inverting input of the 8-
pin circuit gives the luxury of full input
protection. Once one input is connecied
to ground, the useful range of the re-
maining signal input terminal is within
about 100 mV of ground. The amplifier is
protected by a diode from positive valt-
age swings that exceed V, on pin 6. The
diode does not restrict the negative volt-
age swing since the diode is back-biased.
Positive swings are limited to V,, (base-
to-emitter voltage drop) above ground
which is much greater than the voltage
needed to completely switch the differen-
tial amplifier.

Perhaps the most natural of applica-
tions for the LM2907/LM2917 is a
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FIG. 1—ENGINE TACHOMETER connects to the
breaker points on the distributor and has inter-
nal Zener regulation to maintain system cali-
bration.

tachometer. Figure 1 shows the hookup
for an engine tachometer that connects to
the breaker points on the distributor. The
14-pin package is used with internal
Zener regulation to hold the system cali-
bration. The output operational-ampli-
fier is wired as a unity-gain buffer ampli-
fier with the output connected directly to
the inverting input. Indication of engine
speed is displayed on a current meter
located in the collector of output-tran-
sistor Q45. The collector current is ap-
proximately equal to the output voltage
divided by the emitter calibration resis-
tor.

The output voltage is proportional to
the capacitance connected to pin-2 of the
charge pump. Based on this idea, the
circuit in Fig. 2 makes a neat capacitance
meter that works over a range of 0.01 to
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CHARGE
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FIG. 2—CAPACITANCE METER, the output
voltage is proportional to the capacitance con-
nected to pin 2 of the charge pump.

0.1 uF with R, set at 111K. Over this
range of capacitance, the output voltage
varies from 1 to 10 volts with a 15-volt
power supply. A constant frequency ref-
erence is taken from the 60-Hz line.
Figure 3 is one possible overspeed
alarm where the operational-amplifier
comparator is used to compare the con-
verter output with a DC threshold volt-
age. The circuit flashes the LED when
the input frequency exceeds 100 Hz.
Increases in frequency raise the average
current out of terminal 3 so that frequen-
cies above 100 Hz reduce the charge time
of C2, increasing the LED flashing rate.
Anti-skid controllers may require an
input proportional to the lower of two
wheel-speed input sensors or an input
proportional to the greater of the two.
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FLASHING BEGINS WHEN f,p, 5> 100 Hz.
FLASH RATE INCREASES WITH INPUT FREQUENCY
INCREASE BEYOND TRIP POINT.

FIG. 3—OVERSPEED ALARM uses operational
amplifier to compare the converter output with
the DC threshold voltage.

Figure 4 is a circuit that generates the
second function. The two output-follower
transistors Q45 and Q45-a act as recti-
fiers giving the more positive of the two
outputs preference. The transistor with
the lower base voltage will be cutoff by
the other device.

The average of the wheel sensors could
be produced by simply summing the
charge-pump outputs of two IC's.

In quantities of 100, the LM2907 and
LM2917 cost $1.65 each. They are avail-
able from National Semiconductor Cor-
poration, 2900 Semiconductor Drive,
Santa Clara, CA 95051.

Microcomputers

IMSALD’s Intelligent Breadboard con-
sole is both a learning and developmental
tool useful in the conversion of hardware
to software. The board connects to an

Vee o

IMSAI-8080 computer.

Circuits including 1/0-interface and
memory systems can be breadboarded
outside of the computer chassis. IC’s,
resistors, capacitors, and other compon-
ents are inserted into solderless terminal
strips. LED’s are used for indicators.

As a kit the breadboard console with
space for 40 16-pin IC’s, 10 LED’s, two
5-volt regulators, two 50-pin and one 26-
pin connectors is priced at $435. The
assembled-unit price is $625.

Another accessory for the IMSAI-
8080 and other computers is a $399
printer kit. The printer uses the standard
64 character ASCI! subset. Lines with
more than the 44-character limit are
automatically continued on the next
line.

Information on both products is avail-
able from IMS Associates, Inc., 14860
Wicks Blvd., San Leandro, CA 94577.

IMSAI PRINTER uses the standard 84-character
ASCII subset.

North Star Computers, Inc., has intro-
duced an 8080 compatible hardware
floating-point board. The floating-point
board performs decimal floating-point
addition, subtraction, multiplication and
division with up to 14 digits. Ten digit
multiplications typically take only 111
microseconds compared to 5.5 millisec-
onds for the best 8080 firmware.

The model-A floating-point board has
the Altair-IMSALI bus structure and the
model-B is compatible with the Intel
SBC and MDS bus structure. An ex-

tended BASIC interpreter is planned to
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o

FIG. 4—AUTOMOTIVE WHEEL—SPEED detector provides output voltage proportional to the greater

of the two wheel speeds.

)
c
E]

1 1k

o o

take advantage of the speed and memory
savings of the floating-point board. Price
is $359 for the kit and $499 assembled.
For further information write to North
Star Computers, Inc.,, P.O. Box 4672,
Berkeley, CA 94704.

RCA now has a high-level language
for their CDP1800 microprocessor fami-
ly. MicroFORTH executes 10 to 1000
times faster than BASIC. The language
is compatible with other languages devel-
oped by FORTH, Inc. of Manhattan
Beach, CA, for other microcomputers.
8K of memory is used by micro-FORTH
with more than 2K of room left for appli-
cation software. An assembler, compiler,
cross compiler, inner interpreter, and
outer interpreter support the high-level
language. RCA/Solid State Division,
Route 202, Somerville, NJ 08876.

EPA’s 66-page User’'s Manual in-
cludes programming examples and a flow
chart listing of the MON-1 monitor pro-
gram. The $5 price is refundable with the
purchase of a Micro-68 computer. In-
quiries should be sent to Electronic Pro-
duct Associates, Inc., 1157 Vega Street,
San Diego, CA 92110.

Fairchild will manufacture and market
the Motorola 6800 microprocessor fami-
ly. Under an agreement between the two
companies Motorola will provide photo-
masks and technical assistance. Fairchild
also manufactures the low cost 8-bit F8
microprocessor. Fairchild Camera and
Instrument Corp., 464 Ellis St., Moun-
tain View, CA 94042

HP components

Hewlett-Packard is producing a low
cost Schottky-barrier diode for clipping,
clamping, sampling, Baker Clamp tran-
sistor speed-up, RF signal detection and
power monitoring applications. At 1 mA,
the forward voltage is 410 millivolts. Low
quantity prices of the HSCH-1001 is
80¢.

The HP HDSP-2000 is a four char-
acter 5X7 dot-matrix alphanumeric dis-
play including built-in shift registers and
externally-programmable constant-cur-
rent drivers. Upper and lower case let-
ters, punctuation marks, and mathemat-

HEWLETT-PACKARD HDSP-2000 5X7-dot ma-
trix elphanumeric display.

ical symbols and numbers can be dis-
played. In clusters of 125 the displays are
priced at $47 each. Unit quantity price is
$80. Inquiries: Manager, Hewlett-Pack-
ard Company, 1501 Page Mill Road,
Palo Alto, CA 94304. R-E
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service clinic

A logical look at digital circuits. Don’t panic, troubleshoot.

I'VE JUST READ AN EDITORIAL BY WARREN
Baker in the latest edition of TS4 News-
letter published by Television Service As-
sociation of Northeast New York. He
reminds his readers that new things are
coming out all the time and that a lot of
these items are going to use digital logic,
such as video games, remote controls, TV
tuners with digital readouts, etc. His
main point, which I shall appropriate
with deep gratitude, is that someone out
there is going to have to service the
things.

Guess who? Yep, us. Warren makes
another major point: Technicians who
don’t know digital theory and refuse to
learn it are going to be left all alone—
way out in left field! Actually, while
digital circuitry looks quite complex as a
whole, most of it is made up entirely of a
lot of very simple circuits connected
together.

Digital circuits really do only one
thing—mostly turn on or off. So, here is a
very basic primer on what you will find in
such circuits. (These tips arc based on
several years of scrabbling around trying
to find out information myself.)

To start with, the symbols used are
confusing because many of them don’t
show a DC power-supply connection. The
fact is, each unit does have a DC power
supply. Sometimes, the symbols are
drawn as shown in Fig. I, which helps

Vee

-Vee
Fig. 1

somewhat. Some use a dual-polarity DC
power supply, usually +5 and —5 volts.
Some usc a single-polarity power supply
of +5 volts, and others use — 5 volts, of
course.

Another confusing thing is the lack of
any ground connections. This applics to
both power and signal circuits. In the

JACK DARR, SERVICE EDITOR

dual-polarity power supplies, ground is
the center tap of the power transformer
(see Fig. 2). In the single-polarity circuit,
the “other end” of the DC power supply
is the ground or common. This is the
negative lead with a + 5-volt supply, but
could be the positive lead if the DC
supply is — 5 volts. We'll see a better way
to do this shortly.

1IVAC g’l
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1MIVAC ‘l A
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+
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OUAL-VOLTAGE SUPPLY
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SINGLE-VOLTAGE SUPPLY
Fig. 2

Gates and states

Digital circuits have only two “states.”
The signals used in these circuits are
mainly pulses. These may be very short
or very long pulses. For example, if an
output went from +5 volts to zero and
stayed there for quite a while, it can be
considered as a very long zero-pulse.

The term “state™ is often used. This
refers to the voltage on the output of a
device. If the output voltage changes
from “high to low,” it means that the
output changes from +35 volts (high) to
zero (low). The opposite is true, for a
change from low to high. This is one of
the good clues that we can use in servic-
ing. Incidentally, I used the term “zero”
for low.

In many actual circuits, low may not
80 to zero but only drop from about +35
to maybe + 2 volts. The change of level is
the actual signal pulse, and if it’s enough
to activate or cause a change in the state
of the following device, fine.

The term “edge™ is another mystifier.
Digital circuits use pulses. Each pulse has

a negative-going edge and a positive-
going edge. These circuits detect the
transition and it is the edge that is used
as the actuating signal. Only the positive-
going or negative-going edge is ne