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You can make more money selling
the Sylvania color bright 85XR.

And Olive Oyl will look just as beautiful.

Beauty is in the ev2 of the beholder.

And the beauty of the color Erieht
$5XR is that its picture is in the seme
league as the more expensive “black sur-
round " and “black matrix” color tubzs.

Our bright phosphors make the cawor
bright 85 XR real competition for any Dic-
ture tube on the market.

And our simplified manufactiring

process lets us sell it to you at a lower
price than any “black surround™ tube.

The picture will look beautiful to your
customer.

The profit will look beautiful in your
cash register.

[t thatisn’t beauty. whatis?

(313 SYLWVANIA

 d TV Reception Simulated. Ning Feaiares Nydic. te
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Study Guide for CET Examinations

=

TELEVISIO® SYMPTOM DIAGN

Wizmor & 5%1s

“Best Seller” Electronics Guides

Color-TV Field-Service Guildes

Invaluable for servicing color-tv in the cus-
tomer’s home, Each volume contains 80 dia-
grams covering over 3,000 chasslis . . . sensibly
organized with detailed chassis layout charts
on one page and specilic adjustment proce-
dures on opposite page. Indexed tor instant
reference.

No. 20864 (3 Vol. set)
No. 20796 (Vol. 1
No. 20807 (Vol. 2
No. 20847 (Vol. 3

Study Guide for CET Examinations

By J. A, wiison, CET, and Dick Giass, CET

A comprehensive review of the material cov-
ered by the CET (Certified Electronics Tech-
nician) examination. it's almost a ‘‘must’ for
gaining a CET designation, for passing a state
or local licensing exam, or for a *‘brushing-
up’ when applying tor a position In the elec-
tronics field. includes question-and-answar sec-
tions and a 50-question test in each chapter.
ORI HS A M ek o s 4 o » o apamiye F $5.95

99 Ways to Improve Your Hi-Fi

By Len Buckwaiter

This book covers many methods — many of
them simple, little- or no-cost adjustments—
for improving your hi-fi and stereo sound sys-
tems. All-inclusive coverage from the antenna
to the speaker is divided into ten sections and
supplemented, wherever necessary, by photos
and illustrations. Basic or elementary knowi-
edge, simple toals and equipment are all that
is needed to make the most of the suggested
innovations.

No. 20876 ..... o (5 ol BT TV ais .$8.60

Understanding IC Operational Amplifiers

By Roger Melen and Harry Garland

This book explains how IC op amps work and
how they can be used in many practical cir-

When it comes to electronics, let a
book in the modern Sams Technical
Library be your guide. Send for our
free catalog.

cuits. Discussss In detail basic semiconductor
electronics, imegrated op amp circultry, prac-
ical design considerations in circuits using
IC op amps, bias current, offset voltage, fre-
quency compensation, slew rate, and more.

[ o5T7E000 R s B R e e H L T $3.95

Commercial Radiotelephone License

Q and A Study Guide

By Woodrow Smith and Robert Welborn

This comprehensive study guide contalns
questions taken from the first four elements
of past and present Government publications
of “Study Guide and Refarence Material for
Commerclal Radio Operator Examinations,’
and thus presents questions used in FCC ex-
aminations.

No. 24027 ve...$6195

Practica! Design with Transistors—
and Edition

By Mannie Horowitz

This new and updated edition provides engi-
neers and techniclans with enough factuai
matedal to complete independent circuit de-
signs. With the aid of this book, anyone with
a working kmowiedge of algebra and radio
electronics should have no difficulty in de-
signing a transistor clrcuit.
TRONIZETEIE] &L 83 ke 510 15 a0, sl gl

Radia Operators License Handboox—
and Edition
By Edward M. Nol!

cepted oomrating procedures for the non-
licensed gperator, as wall as the licensed
operator. Questions and answers based on the
FCC exams for Elements 1, ii, and IX enable
the reader to prepare for any FCC license up
to, but nct including, the Second-Class li-
cense. It is an invaluable studx guide tor
obtaining Third-Class license with Broadcast
Endorsement. This book is a complete and
indispensable reference for the marine radio

tetephone, aviatlon radia, citizens band or
broadcast operator.
NoS BBETTAL < i« s5.0 4 a4 5'ns's el N E HEAD $3.95

Automotive Electronics

By Rudoif F. Graf and George J. Whalen
This book presents a complete picture of aii
the applicatlons of electionics in a modern
automobile. The electronic system of the auto-
moblle is divided into several smaller systems
and each i3 expiained in detail. A chapter on
test equipmunt and its use will be very helpful
to those who like to do their own trouble-
shooting and repair.

INO: ZUBE6 % 5aammans ool w1 5hans o bk $6.95

Television System Diagnosis

By Richard W. Tinneii

A completa training program providing the
necessary job-entry skills for students without
previous kaowledge of electronics circuitry.
Upon comgl2tion of the course, the student is
qualified te efficiently repair an inoperative
black-and-whita or color receiver.

Covers the laws, rules, regulatians, and ac- No: 20810 | IT: #hnd s srons a8 iud s Aerspamils $6.95
T B AR A WL R L A T R AR T T . I
| (") HOWARD W. SAMS & CO., INC. (020796 [J 20855 |
| () 4300 West 62nd Streel, Indianapolis. Indiana 46268 |
Order from your Electronics Parts Distributor,
| or mail to Howard W. Sams & Ca., Inc. O 20807 -0 24027 |
I Send bocks checked at right. $ losed.
Please include sales tax where applicable. {J 20847 [] 20868 I
I |
[0 Send FREE 1972 Sams Book Catalog
|
: 0 s0864 [ 20877 |
Name — |
| = (Please Print) ] 20834 [] 20856 |
Address._ —
| I
L~ e Zip O 20876 [J 20810
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Theres an Amperex replacement tube
for any socket in any set
youre likely to service...

TV, HiFi, FM or AM, House Radio, Car Radio,
P A. System or Tape Recorder. Imported or Domestic!

AMPEREX ELECTRONIC CORPORATION. DISTRIBUTOR SALES, HICKSVILLE, NEW YORK 11802

AMPEREX SUPPORTS THE INDEPENDENT SERVICE DEALER

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS

A NORTH AMERICAN PHILIPS COMPANY

. 3A3¢y
3AW3/382
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CBS-Sony 4-Channel Matrix Disc
How they put 4-channels on an LP. by Fred Petras

RCA-Panasonic-JVC 4-Channel Discrete Disc
Ultrasonic modulation in the groove is how.
by David Lachenbruch

RCA vs CBS
Battle of the 4-channel disc

4-Channel Adapters
Update your 2-channel program material for 4-channel
playback. by Chester H. Lawrence

Add-On AGC For PA Systems
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looking ahead

Home VTR

- — =}

The Cartrivision home
color video tape recorder de-
veloped by Cartridge Tele-
vision Inc. has gained another
adherent. Scheduled to in-
troduce 19-inch and 25-inch
combination color receivers
and VTRs later this year is the
West Coast television manu-
facturer Teledyne Packard
Bell. The combination sets are
expected to start at close to
$1,000. Pre-recorded tapes
may be rented, a feature film
going for three dollars a day.
Other brand names expected
to be offering color sets in
combination with Cartrivision
recorder-players are Admiral,
DuMont, Emerson, Montgom-
ery Ward and Sears Roebuck.

Cartrivision uses half-inch
tape in cartridge form. Tenta-
tive prices for blank tape car-
tridges are $20 for one hour,
$33 for two hours, $15 for 30
minutes and $10 for 15 min-
utes. Pre-recorded rental
tapes are designed to be
played only once by the renter
and cannot be rewound except
on a special machine. An ac-
cessory black-and-white cam-
era will be available at about
$200. The recorder can record
either from the camera or the
television receiver.

f=————————=————|
New uhf tuner

|

Beginning some time later
this year, you'll see a new type
of uhf tuner start to come into
common use. It's a midget unit
with detents which click into
place tor each of the 70 uhf
channels, the exact channel
number appearing in a win-
dow. The FCC has approved a
change in its “‘comparable tun-
ing” regulations to permit use
of the new tuner. The previous
rules have classified as ‘‘com-
parable” only uhf tuners with
memory fine tuning, and this
has led to tuning systems with
six uht positions, which are set

by the television dealer or the
consumer to bring in specified
local uht channeis. While the
new type of tuner lacks
memory tuning, it has the ad-
vantage of easily tuning any
uhf channel available any
place without pre-setting.
Channel identification systems
for the new tuner will use such
devices as counters similar to
automobile odometers, and
transparent back-lighted plas-
tic tapes with channel num-
bers printed on them.

Under the FCC's com-
parable-tuning rule, 10% of
each TV set makers’ models
now in production are required
to have the same tuning ease
for uht as for vhf. By July 1, the
proportion will rise to 40%; on
July 1, 1973, the rule will apply
to 70% of TV models, going to
100% on July 1, 1974. The pur-
pose of the rule is to encour-
age viewing of uhf channels.

A o S |
TV to cable?
L ____ __________|

A proposal to revamp the
nation’s television service by
switching most or all of it to
cable has been made by Mo-
torola’'s chairman, Robert W,
Galvin. Under the plan, there
would be a gradual switchover,
while new standards would be
set for television—Galvin sug-
gested possibly an 800 or
1000-line picture to make pos-
sible 3-by-4-foot wall displays
without line structure. Tele-
vision would be merely the first
service on the broadband
cable, which could accom-
modate other forms of one-way
and two-way communications
systems. For rural areas, some
on-the-air broadcasting would
continue, perhaps by direct
satellite transmission.

The spectrum space freed
by moving television to the
cable would be earmarked to a
large extent for new consumer
services, including “personal
communications, remote con-
trol applications, security
products and even the revitali-

zation of amateur radio with
expanded functions.”

4-channel broadcasting

The FCC apparently is just
as confused as everybody else
about quadraphonic sound,
and it plans to take plenty of
time before it authorizes any
discrete four-channel FM
broadcasting systems, except
on an experimental basis. Two
discrete four-channel systems
actually are on the air, but just
for test purposes. The Dorren
system is being tested by KIOI
in San Francisco, while Gen-
eral Electric is experimenting
with its own system during
non-broadcast hours on its
own WGFM in Schenectady,
N.Y. Other systems have been
proposed or are being devel-
oped by Toshiba and Matsu-
shita (Panasonic) in Japan and
by McMartin Industries and
William Haistead and Leonard
Feldman in the United States.

The proponents of the Dor-
ren system have asked the
FCC for approval of regular
broadcasting, but have run
into opposition from both CBS
and NBC, among others. Both
networks urged the Commis-
sion to look into all systems
before approving any one as
the standard. Staff sources at
the Commission have in-
dicated that the selection of a
discrete four-channel system,
if one is selected at all, will
have a fairly low priority. This
doesn’t mean there'll be no
four-channel broadcasting,
though. At press time, at least
70 stereo-FM stations were
broadcasting matrixed quad-
raphonic material, which
requires no FCC approval.
Matrixed four-channel may be
received as regular two-chan-
nel stereo, or mono. To receive
it in four channels, the listener
uses a decoder—the same
decoder used for four-channel
disc recordings. Most stations
now broadcasting matrixed
material are using the Electro-

Voice system.

it the FCC should even-
tually approve a discrete four-
channel broadcasting system,
it obviously would seek com-
plete compatibility with both
mono and stereo receivers.
There’s no assurance that the
Commission will even begin to
look at such systems in 1972,
S0 it could be a long, long time
before there's any regular dis-
crete broadcasting. As a guide
to how long it may take—it was
seven years from the in-
troduction of stereo records
until the FCC's selection of a
stereo-FM Dbroadcasting sys-
tem in 1962.

e =———1
Car stereo census
=" —— = — — - —=]

The vast majority of car ra-
dios are bought as original
equipment at the time the car
is purchased. But with stereo
tape players, it's quite the
other way around. The aver-
age car-stereo owner picks his
player after he has the car. For
example, last year it's believed
that Americans bought be-
tween 2,500,000 and 3,000,000
automobile tape players. Yet,
in the 1971 automobile model
year, American car manufac-
turers sold only 288,800 cars
equipped with tape players at
the factory.

General Motors led the way
among auto makers in factory
tape installations in the 1971
models, with 197,200 units as
compared to 63,100 for Ford
Motor Co., 27,100 for Chrysler
Corp. and 1,400 tfor American
Motors.

Except for Chrysler, the
American car makers offer
only eight-track cartridge play-
ers as accessories. Chrysler
offers both eight-track players
and cassette recorders, and in
the 1971 model year it sold
more cars equipped with cas-
settes (16,100) than eight-
tracks (11,000).

DAVID LACHENBRUCH
CONTRIBUTING EDITOR
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JILL,

Celebration values at all

best AM/FM stereo re
gh power to meet the
sic lover. Plenty of fea-
y Hi-Fi enthusiasts. The
changer the best value
ith base, dust cover and
Shure M9PI1E stereo
cartridge.

ersystemsinoiled walnut

Mfg. List
$359.95 NOW $27\\

How to read a hi-fiad

Puzzle picture: find the clue that tells you how good the advertised system
probably is. Our advice is to check the one component that is the source of
the sound —the phono cartridge. We say this because we know that the
dealer who’s assembled a superior package at a fair price is going to com-
plete it with a superior cartridge within the available price range. This dealer
ad above, for example, includes a Shure M91E Hi-Track. Even if you weren’t
aware of the effortless way it meets your most rigorous trackability demands,
you should know that it, as well as virtually every Shure cartridge, has been
acclaimed by hi-fi critics and authorities as best in its class, or best for the
cost. That’'s why you see so many of them teamed with ‘‘best-in-their-class”
components, and why they invariably mean a more-for-the-money total sys-
tem that’s going to make you very happy.

b EI=eTS
222 Hartrey Ave., Evanston, lll. 60204 Y | SHURE
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new & timely

FTC power output rule

A decision by the FTC to get industry
comment on what kinds of test conditions
should be set in order to get an accurate
measurement of high fidelity amplifiers'
power output will delay implementation of
their trade rule on output until the 1973
model year.

However, the Commission’s decision

| probably insures that the rule will be is-

sued, after industry comments are re-
ceived and studied. The rule will require
that all advertisements and labels on high
fidelity sets must show the continuous
RMS power of the amplifier's bandwidth.
The measurement must also be the min-
imum power output of the amplifier as
measured against the entire bandwidth.
The practice frequently seen in advertise-
ments of listing the power of sets as 150
watts peak power will be halted by the new
rule when it goes into effect.

| In-warranty service payments
NEA recently completed a survey
which indicated a wide variation in the
amounts paid by manufacturers for repairs
on warranteed TV sets and stereo con-
soles to individual shops across the coun-
try. Although the prices paid are slightly

6

BECAUSE OF ITS DIRECT TIME READOUT, this Seiko electronic timer otfers 100th-of-a-second res-

higher in California, Oregon, and Texas,
the surprising results of the random
sampling of service dealers all over the
country show that the greatest variations
are not by area.

For example, one dealer is paid
$15.00 by a manufacturer to make an in-
home service call on a black-and-white TV
console. Another dealer is paid $7.00 for
the same service call performed for an-
other manufacturer. Bench service
charges on a black-and-white TV varied
between $5.00 and $45.00; pick up and
delivery varied between $3.00 and $15.50;
and color TV service calls fluctuated from
$7.00 to $17.50.

Although the prices paid to one dealer
may be very different from those paid to
another for the same service, only one of
the TV manufacturers averaged far from
the other companies when compared in
the mean price paid for service.

Here are the average prices paid na-
tionwide:
$47.46:~Includes in-home service call on
acolor TV, taking the receiver to the shop
for a major repair; performing bench ser-
vice and returning the set to the home.
(One manutacturer paid only $13.00 for
the works!)

" A L g

oiution with no Interpoiation required. Two hundred light-emitting diodes from Monsanto are used in
the digital display. Seiko Is planning to offer the timer for sports, industrial, and medical use. Any
other applications where stop watches are now being used, but where better accuracy and resoiution

are desirable, are appropriate.

RADIO-ELECTRONICS ® MARCH 1972

A TV CAMERA LENS protrudes from nose-
cone of Maverick missile. The missiie,
recently developed by Hughes Aircraft Com-
pany, does most of the work while the pilot is
left free to make the decisions. While the mis-
sile is attached to the aircraft's wing pylon, its
camera presents a plicture to the pllot on a
cockpit screen. When the pllot selects a target,
he centers the camera’s cross-hairs on it, locks
on and launches the missile. After launch the
piiot Is free to veer away, attack other targets,
or leave the vicinity. The missile continues un-
der its own control, independently guided to the
spot on which its camera Is focused.

For a service call on a black-and-white TV
set, the average payment was $11.83; on a
color set, $12.83; on a stereo console,
$12.40. For bench service, major repair in
the shop, on a b-&-w TV set, $22.10; color |
TV, $31.37; stereo console, $22.71.
Pickup and delivery charges were $11.82
on the average, while carry-in shop ser-
vice, for minor repairs, on black-and-white |
sets was $8.29; for color TV's, $11.78; and
for stereos, $8.90.

David Sarnoff dies

One of the foremost figures in the
world of communications, David Sarnoff,
Honorary Chairman of RCA, died in New
York City after a lengthy iliness on Decem-
ber 12, 1971. He was 80 years old.

General Sarnoff arrived in this country
from his birthplace in Minsk, Russia, when
he was 9 years old. As a young wireless
operator at the Marconi station atop
Wanamaker’s department store, he and
his wireless were catapulted to world
prominence when the Titanic struck an
iceberg and sank with the loss of over
1000 lives. Young Sarnoff picked up the
message reporting the Titanic's distress
signal and made the news available to the
world. From the rescue ship he received a
list of survivors and other important mes-
sages related to the disaster. He remained
on duty for 72 hours, and President Taft
ordered every other wireless station along
the East Coast to maintain silence to pre-
(continued on page 12) !




TUNER SERVICE CORPORATION

PROVIDES YOU WITH A
COMPLETE SERVICE FOR
ALL YOUR TELEVISION
TUNER REQUIREMENTS
AT ONE PRICE.

TUNER REPAIR

VHF Or UHF Any Type $9.75.
UHF/VHF Combo $15.00.

In this price all parts are included.
Tubes, transistors, diodes, and nuvistors
are charged at cost.

_Fast efficient service at our four con-
veniently located service centers.

1 year guarantee backed up by the
largest tuner manufacturer in the U.S.—
SARKES TARZIAN, INC.

All tuners are cleaned inside and out,
repaired, realigned and air tested.

TUNER REPLACEMENT

Replacement Tuner $9.75.

This price buys you a complete new
tuner built specifically by SARKES TAR-
ZIAN INC. for this purpose.

The price is the same for every type
of universal replacement tuner.

Specify heater type

Parallel 6.3V
Series 450 mA
Series 600 mA

All shafts have the same length of 12”.

Characteristics are:
Memory Fine Tuning
UHF Plug In
Universal Mounting
Hi-Gain Lo-Noise

If you prefer we’ll customize this
tuner for you. The price will be $18.25.
Send in original tuner for comparison pur-
poses to our office in INDIANAPOLIS,
INDIANA.

TUNER SERVICE CORPORATION

FACTORY-SUPERVISED TUNER SERVICE

MIDWEST ........ 817 N. PENNSYLVANIAOST., Indianapolis, Indiana . . TEL: 317-632-3493
(Home Oftfice)

EAST  ...... 547-48 TONNELE AVE., Jersey City, New Jersey ... TEL: 201-792-3730

SOUTH 938 GOROON ST., S.W., Atlanta, Georgia . . . . . . . . TEL: 404-758-2232

SOUTH-EAST 1505 CYPRESS ST., Tampa, Florida . . . ........ TEL: 813-253-0324

WEST ............ SARKES TARZIAN, Inc. TUNER SERVICE DIVISION

10654 MAGNOLIA BLVD., North Hollywood, California TEL: 213-769-2720

Circle 4 on reader service card

MARCH 1972 e RADIO-ELECTRONICS 7



‘alive with NRI
Training Kits
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DISCOVER THE EASE AND EXCITEMENT
OF TRAINING AT HOME THE NRI WAY

New Achievement Kit—Custom
Training Kits—"Bite Size” Texts

Only NRI offers you this pioneering method of simpli-
fied 3 Dimensional’’ home-study training in Electron-
ics, TV/Radio and Broadcasting/Communications. It's
a remarkable teaching idea unlike anything you have
ever encountered, the result of more than half a cen-
tury of simplifying, organizing and dramatizing learn-
ing-at-home techniques. If you are an ambitious man
—regardless of your education—you can effectively
learn the Electronics field of your choice the NRI way.

NRI has simplified Electronics by producing ‘‘bite
size’’ lesson texts averaging only 40 pages each. Dozens
of illustrations open wide a picture window through
which you'll see and understand practical uses of Elec-
tronics. You start out with NRI’s exclusive Achievement
Kit, containing everything you need to get started fast.
(Illustrated at right.)

NRI has organized Electronics training to take you
step-by-step from the first stages into more intriguing
areas. Once you know the fundamentals thoroughly, it's
easy to grasp more advanced theory and techniques.
You move with confidence and enthusiasm into a new
adventure filled with the excitement of discovery.

NR! has dramatized Electronics through the careful
development of special training equipment that is
programmed into your training systematically . . . be-
ginning with your first group of lessons. Things you
read about come alive in your hands as you build, ex-
periment, purposely cause ‘‘problems’ in circuits—
and solve them. You learn to use test equipment, to
build radios and TV sets, transmitter, or computer
circuits. It's the priceless *'third dimension’” in NRI
training . . . practical experience.

More than 50 years of leadership
in Electronics Training

YOU GET MORE FOR
YOUR MONEY FROM NRI

Mail postage-free card now for your free NRI catalog.
Then, compare. You'll find—as have thousands of others
—NRI training can't be beat. Read about the new
Achievement Kit sent the day you enroll; about ‘‘bite-
size,"" texts and custom designed training equipment.
See why NRI gives you more value. Whatever your reason
for wanting more knowledge of Electronics, NRI has an
instruction plan for you. Choose from major programs in
TV/Radio Servicing, Industrial Electronics and Complete
Communications. Or select from

special courses to meet specific AvailableUnder
needs. Check the course of inter- NEW
est to you on postage-free card Gl BILL

and mail today for free NRI cata-
log.Nosalesmanwillcall. NaTioNnAL
Rapbio InsTITuTE, Electronics Div.,
Washington, D.C. 20016.

If you served since
January 31, 1955, or
are in service, check
G| line in postage-
free card.

Career? Part-Time Earnings!; Hobby? Choose From 12 Training Plans

1. TELEVISION-RADIO SERVICING —
Learn to fix all TV sets, including Color.
Includes your choice of NRI Color Kit or
19” black-white TV Kit. Also covers
radios, stereo hi-fi, etc. Profitable field
spare or full-time.

2. INDUSTRIAL-MILITARY ELECTRON-
ICS — Basics to computers. Starts with
fundamentals, covers servos, telem-
etry, multiplexing, phase circuitry, other
subjects.

3. COMPLETE COMMUNICATIONS 3k —
Operation, service, maintenance of AM,
FM and TV broadcasting stations. Also
covers marine, aviation, mobile radio,
facsimile, radar, microwave.

4. FCC LICENSE K — Prepares you for
1st Class FCC License exams. Begin
with fundamentals, advance to required
subjects in equipment and procedures.

5. MATH FOR ELECTRONICS — Brief
course for engineers, technicians seek-
ing quick review of essential math:
basic arithmetic, short-cut formulas,
digital systems, etc.

6. BASIC ELECTRONICS — For anyone
wanting a basic understanding of Radio-
TV Electronics terminology and compo-
nents, and a better understanding of
the field.

7. ELECTRONICS FOR AUTOMATION -—
Not for beginners. Covers process con-
trol, ultrasonics, telemetering and re-
mote control, electromechanical meas-
urements, other subjects.

8. AVIATION COMMUNICATIONS 3k —
Prepares you to install, maintain, serv-
ice aircraft in-flight and landing sys-
tems. Earn your FCC License with
Radar Endorsement.

9. MARINE COMMUNICATIONS 3k —
Covers electronic equipment used on
commercial ships, pleasure boats. Pre-
pares for FCC License with Radar
Endorsement.

10. MOBILE COMMUNICATIONS 3k —
Learn to install, maintain mobile trans-
mitters and receivers. Prepares for FCC
License exams.

11. ELECTRICAL APPLIANCE REPAIR —
Learn to repair all appliances, including
air conditioning, refrigeration, small gas
engines. Leads to profitable part or full-
time business.

12. ELECTRONICS FOR PRINTERS —
Operation and maintenance of Elec-
tronic equipment used in graphic arts
industry. From basics to computer cir-
cuits. Approved by major manufacturers.

*You must pass your FCC License

exams (any Communications course) or NRI
refunds in full the tuition you have paid.
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vent interference.

After the world-wide attention focused
on General Sarnoff, both the potential of
radio and of the young man were recog-

nized. In 1315 General Sarnoff wrote a
memorandum proposing a ‘‘radio music
box'' that would receive programs broad-
cast for public information and entertain-
ment. In 1919, when RCA was formed at
the request of the U.S. Government, Sar-
noff was named Commercial Manager of
the new company. He became General
Manager in 1921, and Vice President in
1922. His vision in 1923 was of television
as a parallel service to radio broadcasting.

In 1926, Sarnoff organized the Na-
tional Broadcasting Company as a subsid-
iary of RCA. He was elected President of
RCA in 1930 and Chairman of the Board in
1947. He retired in 1969 to be elected the

company'’s first Honorary Chairman.

In addition to his sclentific and indus-
trial activities, General Sarnoft achieved
wide recognition for his efforts in military

communications, especially during World
War Il. He was promoted to the rank of Bri-
gidier General in 1944 and was decorated
by both the French and United States gov-
ernments. A recipient of 27 honorary de-
grees from American colleges and univer-
sities, he also received mapy honors and
awards from scientific, industrial, military,
civic and cultural associations both here
and abroad.

CRT implosion protection

A simple and effective non-destruc-
tive method of determining the tension in
bands used for implosion protection on
cathode ray tubes has been developed by
IBM engineer, Charles Selzo. The method,
which involves no additional equipment
except for a linear measuring tool, is read-
ily adaptable to CRT production lines, and
shows when the tension band around the
periphery of the cathode ray tube is prop-
erly applied to provide the protection in-
tended. Insufficient tension would result in
loss of implosion protection.

As the sketch shows, the band is
marked at points 1 and 2. Distance D is
measured and then tension is applied to
the band. As the lension increases, the

band stretches (points b, c¢), forcing
points 1 and 2 closer together. The dis-

tance D’ is then measured. “The differ-
(continued on page 14)
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We compared our new deluxe preamp
to a 10° piece of wire.

First we ran a signal through a 10¢
length of shielded cable. What came
out the other end was, of course, audi-
bly identical to what went in. Then we
ran the same signal through our new
TA-2000F preamplifier, and ran an A-B
comparison between its output and the
wire's. Both were audibly identical. As
we'd expected.

This is not to say that sufficiently
Jrecise instruments could not detect
naudible differences between our pre-
amp’s signal transmission and a wire’s.
WNhereas a straight wire has no distor-
tion whatsoever, we must admit to
1aving some —three hundreths of one
cer cent harmonic, and five hundreths
>f one per cent intermodulation, maxi-
mum, at rated output. And whereas a
wire theoretically does generate some
10ise, its signal-to-noise ratio is still
somewhat better than the 73dB ob-
tained through the TA-2000F’s phono
inputs, or even the 90dB obtained
through our Aux, Tape and Tuner inputs.

But, as you'd expect,the big differ-
2nce in price between our deiuxe pre-
amp and two feet of cable, buys a great
Jdeal more than just a pure, clean signal.
As. our preamp’s 58 levers, switches,
meters, knobs and jacks would indicate.

NEARLY 2,000 RESPONSE
SETTINGS

Six of those controls are devoted to
precise adjustment of frequency re-
sponse. The calibrated, 2dB-per-step,
bass and treble controls have switches
that adjust their turnover frequencies,
s0 you can choose how deeply the tone
controls will affect —or not affect the
midrange. Still another switch cuts the
tone controls out of the circuit alto-
gether. And a single knob controis the
sharply-cutting, 12dB-per-octave,50Hz
and 9kHz filters. Together. these six
controls give you a choice of 1,935
precisely repeatable response settings
including ftat(10Hz-100kHz. 4+0,—2dB)
response.

The facilities for tape recording are
exceptional and unique; you can record
on two tape decks at once, monitoring
either (or your program source) at the
flick of a switch. You can dub from one
machine directly to the other, without
external patching or connections. For
straight microphone recordings, there's
a mic input position on the function

selector knob; for voice-over-music,
there's a separate mic level control that
diminishes all other input signals as
it increases the microphone level.
And, of course, the two, front-panel
VU meters, are as useful for testing as
they are for monitoring record levels

TOTAL INPUT AND OUTPUT
FLEXIBILITY

The TA-2000F can feed two stereo
amplifiers (and an additional mono-
phonic or center-channel amp) at one
time, at either a 1 voit or 300mV level
The second amplifier output couid also
be used for still another tape recorder,
should you wish to use the ultra-versa-
tile tone controls and filters in record-
ing. The front-panel output jack feeds
both high- and low-impedance head-
phones, or can be used as a tape out-
put, by suitable adjustment of its in-
dependent level control, the same
knob also controls the center-
channel output.

Five of the 8 rear-panel stereq
inputs have rear-panel level ad-
justments. A sixth—the Phono 1
input — has a switch that selects
three separate input impedances
at the normal 1.2mV sensitivity set-
ting, and two more impedances at
the 0.06mV setting that lets you
use even the lowest-output
cartridges.

96 TRANSISTORS VER-
SUS A SINGLE WIRE
But all these features
merely make our
TA-2000F more ver-
satile than any
wire. They don't
exptain how we
can come soO
close to the
wire's pure, un-
adulterated per-
formance. That
explanation will
rest with our cir-
cuit designers,
and with the 96
high voltage, and
Field Effect transistors they used.

THE TA-3200F: AN AMPLIFIER TO
TRULY COMPLEMENT OUR PREAMP
A preamplifier like the TA-2000F de-
serves, of course, its complement in a
Circle 5 on reader service card

power amplifier. Not too surprisingly,
we make one: the Sony TA-3200F. Its
fully direct-coupled circuitry produces
200 watts continuous (RMS) at 8 ohms,
with power bandwidth from 5 to
35,000Hz.IHF Dynamic Power is rated
at 320 watts into 8 ohms (and fully
500 watts into a 4 ohm load). Its distor-
tion, at a listening level of one half watt,
matches the preamplifier's at 0.03%; at
full rated output, it is still a mere 0.1%
And the signal-to-noise ratio is 110dB.
Our amplifier's facilities nearly match
our preamp’'s. The 3200F has controls
you've rarely, if ever, seen on power
amps before: switch-selected stereo in-
put pairs; a speaker selector switch; a
power limiter (which holds output down
to 25 or 50 watts, should you so desire),
and a rear-panel switch that iets you
iimit bass response below 30Hz., in-
stead of letting it extend to 10Hz.
For further information,
see your Sony dealer, or
write us. Or wire. Sony
Corporation of America,
47-47 Van Dam Street,
Long isiand City, N.Y.
11101

SON Y
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for every use

! i

Triad makes a variety of deflection
yokes for the majority of the television
receivers in use today —some complete
with plug, leads and network for spe-
cific application; others with toroidal
winding for multi-purpose use (YT's),
*mini-yokes" for color sets; and smaller
ones yet for use in domestic and foreign
sets with 20 mm. CRT neck size. Triad-
Utrad makes many of the original yokes
used today in popular color TV
receivers. The replacement units reflect
the sound engineering and workman-
ship that goes into the original.

FLYBAGKS

too.

You can service most of
the popular color sets
with a Triad exact replacement flyback.
For your convenience, we carry a great
many flybacks for new black-and-white
sets — both domestic and foreign—and
also most of the older models. All of
these are listed in Sams Photofacts and
Counter Facts. Have your distributor
refer to his counter copy for the recom-
mended Triad replacements in the sets
you are working on. And, be sure to get
the Triad TV Replacement Guide. Write
to Triad-Utrad Distributor Division, 305
N. Briant St., Huntington, Ind. 46750.

Miaﬂ-mﬂlﬂ Distributor

A DIVISION OF LITTON INDUSTRIES (B

YOKES

@
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ence between D and D’ indicates the
amount of tension on the band,” said Mr.
Selzo. “A minimum D-—D’ distance must
be determined for the implosion protection
threshold while a maximum D—D' figure is
required to ensure the band’s elastic limit
is not exceeded,” he continued. Once the
limits are determined, this simple test as-
sures implosion protection on cathode ray
tubes.

Hugo Gernsback
scholarship winner

John L. Spina of St. Louis, Missouri,
has been selected by National Technical
Schools to receive the Hugo Gernsback
Scholarship Award for 1972. The grant of
$125.00 is given annually by Radio-Elec-

tronics magazine to each of eight students
learning electronics at home study
schools.

In addition to his studies with NTS,
Mr. Spina works as electrical foreman in
the area of environmental control in-
stallations at the Johnson Control Com-
pany. Although this is his first home study
course, he has also completed a four-year
electrical apprenticeship and a number of
courses in air-conditioning, basic and
semi-conductor electronics, and com-
mercial blue-print reading.

Mr. Spina is 33 years old, has three
teenage daughters, and for recreation en-
joys water skiing and boating. About his
present NTS training program he says: “|
am very interested in the behavior of elec-
tronic circuitry and electronic equipment. |
hope to work in the field of electronics
with much more depth than | have in the
past.”

Free membership grant

Mr. M. L. Finneburgh, Sr., EH.F., the
Chairman of the Board of the Finney Com-
pany, announced a remarkable grant of
$35,000 contributed to the cause of na-
tional service technician associations
membership. The contribution was ex-
plained at the NEA Board of Directors
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meeting held in New Britain, Connecticut.

To qualify, a shop applies for mem-
bership in either NEA or NATESA, sending
along its check for the first year's dues.
When the shop is accepted, the associ-
ation will forward the new member a mer-
chandise certificate in the amount of the
first year’s dues, which can be used on the
purchase of Finco products at deaier’s net
cost. In this way the shop dealer not only
gets back the cost of his membership in
the association, he also makes his normal
mark-up on the merchandise.

The $35,000 grant from the Finney
Company, makers of antennas, accesso-
ries, MATV systems, components, and
other electronic merchandise, covers the
dues for 1,000 new members.

Leap seconds

A new time scale incorporating “leap
seconds’* went into effect on January 1st,
by international agreement. “Leap sec-
onds' are actually atomic seconds,
slightly shorter in duration than the astro-
nomical or earth seconds previously used.
These leap seconds, or earth seconds, are
added when needed to make the new time
scale agree with time kept by the earth’s
rotation. Those government and scientific
laboratory clocks, precisely set, will need
resetting about once a year, to add a leap
second. To the rest of us, with watches
that vary a second or more in a year, the
change won't make any noticeable differ-
ence.

The term “leap second” is used the
same way “leap year” is used: to describe
a rectification made periodically to com-
pensate for slight variations in our calcu-
lations of the duration of time caused by
using the earth’s rotation and motion as
part of our standard.

Home VTR’s

RCA is becoming increasingly active
in the videoplayer field. While still working
on its holographic videoplayer system,
which is still severdl years off, it now work-
ing to get competitive manufacturers to
adopt its SelectaVision video tape system
as the standard (both the holographic and
the magnetic systems will use RCA’'s Se-
lecta-Vision trade name). Although RCA’s
tape system uses the same % inch tape
system as the Sony system, the two are
not compatible. RCA claims its magnetic
recording system is potentially the lowest
priced, most reliable method proposed to
date, but at this time no technical details
have been released. R-E




GREATEST TV Schematic Bargain EVER Otfered

NOW-Gomplete IV Schematics for less than u¢ each

COLOR TV BLACK & WHITE
Covers ALL Coverage for
Color Sets 23 U.S. Brands
1960 - 1968 1965 - 1968

TV TECH /MATICS -
8 Giant Volumes
Cover 99% of Color TV-4 Years B&W!

Here are FABULOUS savings on
nationally-known TV schematic and
service data. Here is everything
you need to fill your vital service
data needs for TV model years 1965
through 1968 . . . plus COLOR TV
coverage from 1960 through 1968!
What it amounts to is a low, low
cost of less than $9.00 per year for
your TV service data . . . with an
extra 5 years of Color TV coverage
thrown in for good measure!
Compare that with the over $100 a
year you may now be paying for
comparable information.

SERVICE DATA FOR MORE
THAN 20 BRANDS

TV TECH/MATICS is the ideal Ser-
vice Data package for today’s mod-
ern technician. It includes com-
plete schematic diagrams and vital
servicing data for every TV receiv-
er produced by more than 20 lead-
ing American Manufacturers for
1965, 196b, 1967, and 1968. All dia-
grams and servicing details are
completely authentic, based on in-
formation provided by the original
equipment manufacturers. Each
year's coverage is permanently
bound into two convenient-to-use
volumes which open flat to 117 x
29%%”, ready to provide you with in-
stant service data at your work-
bench. Some of the diagrams are
as large as 58” x 22”.

EASY TO USE

TV TECH/MATICS is easy to use.
Brand names are arranged alpha-
betically by model year. No more
hunting through several file draw-
ers to find the schematic you need!
And at the special low price, think
of the savings you will enjoy on
your schematic needs . . . think of
the time you’'ll save by having the
schematics you need right at your
fingertips in handy, permanently-
bound form!

TV TECH/MATICS is the ideal way
to cut down your schematic expen-
ses, and to enjoy the convenience
of having all your data needs right
at your fingertips.

8 BIG Volumes
Regular Price $79.60

... NOW YOURS
for only $34.95

HERE'S WHAT YOU GET

You receive 8 BIG volumes in all,
two for each year from 1965
through 1968. Included is a clearly
detailed and annotated TV sche-
matic diagram for each specific
model. You also get complete re-
placement parts lists, alignment in-
structions, tube and component lo-
cation diagrams, plus key wave-
forms and voltage readings . . . all
the information you need to service
over 90% of the TV receivers you'll
encounter!

STREAMLINED AND CONVENIENT

All the information for a given mod-
el is contained on two facing
sheets. The special bound-leaf for-
mat allows pages to lie flat when
open. Each volume is organized al-
phabetically by manufacturer, then
numerically by model number. In
addition, a handy Chassis/Model
Finder is bound into each volume.

Regular list price for each year's
coverage — 2 BIG volumes — is
$19.90. All 8 volumes normally sell
for $79.60. Your price is ONLY
$34.95 ... a savings of nearly $45.00!

= f’

MONEY-BACK GUARANTEE

You MUST be satisfied that TV
TECH/MATICS is the greatest bar-
gain in TV Schematics ever offered.
Order at our risk for FREE 10-day
examination. Prove to yourself they
are worth many times the price.
You can return them in 10 days for
full refund or cancellation of in-
voice. No need to send money. But,
the supply is limited, so fill-in and
mail the NO-RISK coupon today to
obtain these time-saving, money-
making manuals.

-CONTENTS-

CONTENTS 1965 MODELS
Covers all 1965 models for: Admiral, Airline,
Andrea, Coronado, Curtis Mathes, Dumont, Elec-
trohome, Emerson, Firestone, General Electric,
Magnavox, Motorola, Muntz, Olympic, Packard-
Bell, Philco, RCA Victor, Sears-Silvertone,
Setchell-Carlson, Sylvania, Truetone, Westing-
house, and Zenith plus all color sets 1960-
1965, at no extra cost!
PUBLISHER'S LIST PRICE $19.90
CONTENTS 1966 MODELS
Covers all 1966 color and B & W modeis of: Ad-
miral, Airline, Andrea, Coronado, Curtis Mathes,
Dumont, Emerson, General Electric, Hoffman,
Magnavox, Motorola, Olympic, Packard-Bell, Phil-
co, RCA Victor, Sears-Silvertone, Setchell-Carl-
son, Sonora, Sylvania, Truetone, Westinghouse,
and Zenith.
PUBLISHER'S LIST PRICE $19.90
CONTENTS 1967 MODELS
Covers all 1967 color and B & W models of. Ad-
miral, Airline, Andrea, Coronado, Curtis Mathes,
Dumont, Emerson, General Electric, Hoffman,
Magnavox, Motorola, Olympic, Packard-Bell,
Philco-Ford, RCA Victor, Sears-Silvertone, Setch-
ell-Cartson, Truetone, Westinghouse, and Zenith.
PUBLISHER'S LIST PRICE $19.90
CONTENTS 1968 MODELS
Covers all 1968 color and B & W models for: Ad-
miral, Airline, Andrea, Coronado, Curtis-Mathes,
Dumont, Emerson, General Electric, Hoffman,
Magnavox, Motorola, Olympic, Packard-Bell, Phil-
co-Ford, RCA Victor, Sears-Silvertone, Setchell-

LARGE PAGES contain complete circuit schematics, replacement parts lists, alignment instructions
critical part locations, important waveforms and vottage readings.

TAB Books, Blue Ridge Summit, Pa. 17214

[ 1 enclose $34.95 for which please send me your complete 8-Volume Tech/Matics Schematic offer

postage prepaid.

Name
Company
Address

City
(Paid orders shipped prepaid.

Circle 6 on reader service card
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|
|
|
|
: [} Please invoice me for $34.95 plus postage. Same return privileges.
|
|
|
|
I Pa. resident add 6% Sales Tax.

Carlson, Sonora, Sylvania, Truetone, Westing-
house, and Zenith.
PUBLISHER'S LIST PRICE $19.90

State 2ip
Outside USA 10% extra)
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New electret
condenser
microphones for
flat response when
you record...

new dual-magnet
STEREO-V”
cartridges for flat
response when you
play back...

and exciting
4-channel sound
with new STEREO-4"
system.

Three of our latest
ideas for better
sound. For you.

We've got lots more.
Write for our
literature. Itll show
you the future.

ELECTRO-VOICE, INC., Dept. 324E.
613 Cecil Street, Buchanan. Michigan 49107

In Canada: EV of Canada, Lid., 345 Herbert Street. Gananogy
In Europe: Blectro-Voice. S.A_, Ly

Ontario
-Strasse 55, 2560 Nidau, Switzeriand

ElecthoYoree

a GULTON subsidiary
Circle 7 on reader service card

letters

THE “THIRD WIRE”

I just read Jack Darr’s Appliance
Clinic in the December 1971 issue of
Radio-Electronics, the one about the
“Third Wire.” It is the best I've read.

The three-wire outlet is much more
common here in the Southwest, where
much of the construction is relatively
new, and where the codes are appar-
ently very strict. There is a new safety
problem that comes up under these con-
ditions that might deserve mention.

It is just a fact of life that many
people here have both 3-wire and 2-
wire appliances in their kitchens. All the
3-wire appliances have a grounded
metal case (if it is metal), which means
that there are far more chances for
touching a *grounded object” than
there used to be. And there is still a
pretty good chance that a 2-wire appli-
ance will develop leakage to its metal
case.

The probability of getting a shock
is the same as the probability of touch-
ing both a hot and a grounded object at
once. The 3-wire appliances increase the
probability of touching a grounded ob-
ject, at the very same time they decrease
the probability of touching a “hot™ ob-
ject. The ner result is not easy to be pre-
cise about, but my guess is that here
there may be more probability of get-
ting a shock, not less. There is such a
proliferation of small, cheap, never-ser-
viced, 2-wire kitchen appliances these
days. and they sit next to stoves, refrig-
erators, dishwashers, etc., that are
grounded.

In my case | found a situation in
two different apartments with furnished
kitchens where the 2-wire refrigerator
was hot (enough to light an in-
candescent bulb). The nearby electric
stove was grounded. Fortunately, 1
fixed it betore anything happened, but |
wonder how lucky others have been.
JOHN HUNTLEY

Las Vegas. Nevada

TESTING CAPACITORS

Henry Rinton’s arficle in the De-
cember 1971 issue of Radio-Electronics,
“Testing Capacitors Fast.” describes an
extremely practical gadget. For the past
five years I've been using a similar de-
vice so I'd like to clarify a few things
and make some suggestions for im-
provement.

This capacitor checker is really just
a leakage checker. It shouldn’t be used
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to estimate capacitance, especially elec-
trolytic capacitance, where the inherent
leakage of these units would upset your
estimations. But the unit is perfect for
showing leakage of small capacitors—
the real cause of trouble in non-elec-
trolytics. It will work fine for checking
leakage in capacitors down to 0.5 pF,
instead of 0.001 pF as stated in the ar-
ticle.

Incidently. an interesting use for
the checker is checking leakage between
the windings of i.f. transformers. This
method will spot bad i.f’s fast. (Also
diodes!)

NE-2E/A9A
e ® 1
S! CHARGE =
90V —
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Fig. 1—ADDING AN SPDT SWITCH provides a
measure of safety. Wire the switch so that you
push to test, release to discharge.

A word of caution about using the
checker around solid-state components.
The current and voltage can wipe out
FET’s and transistors faster than you
can say Radio-Electronics! But because
of the ratings of the parts in these cir-
cuits, it is very unlikely that you would
use the device here.

Here are a few improvements that
will provide better performance from
this project. The first addition, shown in
Fig. 1, is an spdt push button switch. By
adding it you won’t get a shock from a
charged capacitor or from the leads of

sz REG IOMEG

NE-2E /A9A
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TEST >—<>\,i sov =
LEADS DISCHARGE T

Fig. 2—ELIMINATE FALSE INDICATIONS of
leakage by adding S2 and two resistors to con-
trol sensitivity and accuracy.

the unit. This unit can be extremely sen-
sitive to leakage, so the circuit shown in
Fig. 2 may be necessary.

I hope these modifications and sug-
gestions help. I'm presenting them to
aid the reader and not to knock the au-
thor of this extremely interesting article.
GARY MCCLELLAN
Fort Huachuca, Ariz.



ANTIQUE RADIO BUFFS REVISITED

In the November 1971 issuc of Ra-
dio-Electronics we called for informa-
tion from our readers about clubs and
associations for antique radio fans. and
sources to purchase antique radios. Al-
though the response was not over-
whelming, we did receive a few good
leads we thought we would pass on to
you now.

Society of Wireless Pioneers

P.O. Box 530

Santa Rosa. Calif. 95402

William A. Breniman. Executive Di-

rector

Antique Wireless Association

Holcomb. New York 14469

Bruce Kelley. Secretary

Three gentlemen told us that they

have collections of old radios. The
makes include Atwater Kent, Radiola,
Westinghouse, etc. They also have
tubes, horns, parts, electric radios. and
books and manuals on the subject.

Walter J. Christy. Jr.

423 Hemlock Lane

Rancocas Woods, N. J. 08060

Robert A. Lane
2603 Independence Ave.
Kansas City. Missouri 64124

Wilford D. Wilkes
Box 43
Brishin, Pa. 16620

They ask that if you write to them
you include a self-addressed. stamped
envelope for a reply.

If you know of any associations or
clubs for antique radio enthusiasts, or if
you stock old radios. let us know and
we'll let all Radio-Electronics readers
know.

Editor’s Note: 4 good source of old ra-
dios is the “swap and flea” markets, ofien
found operating in drive-in movies on
Sunday afternoon. R-E
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The blue ones were vour pills. You took
the brown ones . . . sone capacilors.

Save money and improve car
nerformance at the Same time.

Maintenance costs go down and performance increases when you put a
Delta Mark Ten Capacitive Discharge Ignition System on your car.

For eight years we've been telling you about the tremendous advantages of
CDI systems. We've promised and delivered better performance for cars,
boats and trucks. Hundreds of thousands of satisfied customers testify to
that fact. However during these eight years, we've been asked over and over
again, "If CDI systems are so great, why doesn't Detroit adopt them?" It's
taken a long time, but finally Detroit has recognized the value of the CDI
system. Chrysler, long noted for excellence in engineering, is now installing
CDis in new cars. Have you seen their ads? Heard their commercials? They're
repeating what we've said for eight years. CD/ systems not only improve
performance, but eliminate the need for most tune-ups. If you're not buying
a new car, but want new car performance, put a Mark Ten or Mark Ten B on
your present automobile. If you're purchasing a new car with no CDI system,
install a Mark Ten or Mark Ten B and enjoy the benefits of low maintenance
and increased performance.

HERE’'S WHAT A MARK TEN WILL DO FOR YOU:

Mark Ten and Mark Ten B — up to 20% increase in gasoline mileage
(1 Eliminates 3 out of 4 tune-ups (] Installs in only 10 minutes [ Spark

. plugs last 3 to 10 times longer [ Dramatic increase in performance [] Pro-

motes more complete combustion [J Instant starts in all weather.

Mark Ten B—Improves combustion, reducing contaminants (] Handy switch
with redundant contacts for instant return to standard ignition [ Applicable
to ANY 12 volt negative ground engine [ Eliminates starting and idle prob-
lems [J Longer spark duration during cranking and idling.

Dept. RE

/- DELTA PRODUCTS, INC.

P.0O. Box 1147 / Grand Junction. Colo. 81501
(303) 242-9000

Mark Ten (Assembled) $44.95

ppd
Mark Ten (Deltakit) $29.95

Kit available in 12 volt only, PPd
positive or negative ground

Mark Ten B $59.95 ppd

(12 volt negative ground only)

Please send me literature immediately

Enclosed is § Ship ppd. Ship C.O.D

| Please send
I Mark Ten B @ $59.95
' Standard Mark Ten (Assembled) @ $44.95
6 Voit: Neg. Ground Only ___Positive Ground
| 12 Voit: Specity
| Standard Mark Ten (Deltakit ) @ $29 95
(12 Volt Positive Or Negative Ground Only)
' Car Year. Make
I Name
Address
I City/State 2ip
Circle 8 on reuder service card
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10 Reasons why
RCA Home Training is

your best
Investment
forarewarding
career

In electronics:




LEADER IN ELECTRONICS
TRAINING

When you think of electronics, you im-
mediately think of RCA...a name that
stands for dependability, integrity, and
pioneering scientific advances. For over
half a century, RCA Institutes, Inc., a
subsidiary of RCA, has been a leader in
technical training,

RCA AUTOTEXT TEACHES
ELECTRONICS FASTER, EASIER,
ALMOST AUTOMATICALLY

Beginner or refresher, AUTOTEXT,
RCA Institutes’ own method of pro-
grammed Home Training will help you
learn electronics more quickly and with
less effort, even if you've had trouble
with conventional learning methods in
the past.

WELL PAID JOBS ARE OPEN TO
MEN SKILLED IN ELECTRONICS

RCA Institutes is doing something posi-
tive to help men with an interest in elec-
tronics to qualify for rewarding jobs in
this fascinating field. There are chal-
lenging new fields that need electronics
technicians...new careers such as com-
puters, automation, television, space
electronics where the work is interest-
ing and earnings are greater.

WIDE CHOICE OF CAREER
PROGRAMS

Start today on the electronics career of
your choice. On the attached card is a
list of “Career Programs”, each of which
starts with the amazing AUTOTEXT
method of programmed instruction.
Look the list over, pick the one best
suited to you and check it off on the card.

Construction of Multimeter.

SPECIALIZED ADVANCED
TRAINING

For those already working in electronics
or with previous training, RCA Insti-
tutes offers advanced courses. You can
start on a higher level without wasting
time on work you already know.

PERSONAL SUPERVISION
THROUGHOUT

All during your program of home study,
your training is supervised by RCA In-
stitutes experts who become personally
involved in your efforts and help you
overany “roughspots” that may develop.

HANDS-ON TRAINING

To give practical application to
your studies, a variety of valuable RCA
Institutes engineered Kkits are included
in your program. You get over 250 proj-
ects and experiments and as many as 22
kits in some programs. Each kit is com-
plete in itself. You never have to take
apart one piece to build another. They’re
yours to keep and use on the job.

FCC LICENSE TRAINING—
MONEY BACK AGREEMENT

Take RCA’s Communications Career
program--or enter with advanced stand-
ing and prepare immediately for your
1st, 2nd, or 3rd class FCC Radio Tele-
phone License examinations. RCA In-
stitutes money-back agreement assures
you uf your money back if you fail to
pass the FCC examination taken within
6 months after completing the course.

CONVENIENT PAYMENT PLANS

You get a selection of low-cost tui-
tion plans. And, we are an eligible insti-

tution under the Federally Insured Stu-
dent Loan Program.

1 0 RCA INSTITUTES IS FULLY
ACCREDITED

RCA Institutes is an accredited member
of the National Home Study Council.
Licensed by N. Y. State—courses of study
and instructional facilities are approved
by the State Education Department.

VETERANS: TRAIN
UNDER NEW GI BILL

SEND ATTACHED POSTAGE PAID CARD
TODAY! FREE DESCRIPTIVE BOOK
YOURS WITHOUT OBLIGATION!

If reply card is detached, send this coupon
today.

| RCA INSTITUTES. INC.
| DEP'T. 758-203-0

| 320 w. 31 ST.

| NEW YORK, N.Y. 10001

Please send me FREE illustrated career
catalog. | understand that | am under no
obligation.

City

State ZIP

9
|
|
|

| |

} !

l |

| I

: Name :

{ Address :

| |

| |
| |
| |

l |

| |

| |

! |

Age
V

eterans: Check here O
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make tricky jobs easy

SUPER LDNG NUTORIVERS

Over 20” long with 1/4” and 5/6” hex open-
ings, color-coded plastic (UL) handles, full length
hollow shafts.

Eliminate skinned knuckles and the frustration
of trying to reach tuners, bezels, other up-front
components from the back of a TV set with
ordinary tools.

Extra length means more convenience, greater
driving power for many other “fix-it” jobs.

INVERTED PALNUT DRIVER SHANKS

Fit all Xcelite 99" handles, including Tee and
ratchet types. Popular 7/16” and 1/2” external
hex sizes, hollow shanks.

Save time, prevent damage to fastener or
equipment when removing Palnuts on balance
controls, on-off switches, volume control shafts
of most TV sets, record players, portable radios.

nationwide availability through
local distributors
REQUEST BULLETIN N470

®

XCELITE INC., 10 BANK ST., ORCHARD PARK, N. Y.
In Canada contact Charles W. Pointon, Ltd.

Circle 9 on reader service card

appliance clinic

ELECTRICALLY-OPERATED VALVES

JACK DARR
SERVICE EDITOR

IN ALL-ELECTRIC APPLIANCES, THE CON-
trols are switches. In any appliance us-
Ing gas, water, or anything else but elec-
tricity, we need controls, too. They. too,
are switches. but they “switch” water,
gas, etc. To get automatic operation of
the unit, they are electrically-operated.
Let’s see how they’re made.

First and foremost, they must have
one feature: they must be “Fail-Safe”!
In other words, if anything at all goes
wrong; the electrical power supply fails,
the gas supply fails, or anyrhing else, the
instant and automatic reaction of these
devices must be to SHUT OFF. So,
there’s the one most important thing to
look for, when servicing; if the unit lets
anything go through with no power ap-
plied. it is BAD, and must be
fixed!

The basic design of these units in-
cludes some sort of spring-loaded “ac-
tuator”. The spring holds the valve
mechanism in the off or closed position;
when power is applied, the actuating
coil pulls a plunger up, which opens the
valve. Fig. | shows the “schematic” of

ELECTRIC
rNOWEVR— ey CROSS
SECTION OF
ACTUATOR
coiL
SPRING
[ VALVE ——
pand ~ GAS OUT
y — A
GAS IN — Fig. 1

this kind of unit. The spring forces the
valve itself into the seat, keeping it
closed. The valve itself may be of brass
or any other material, but the upper
part, the cylinder, will be made of soft
iron. So, when electrical power is ap-
plied to the actuating coil. this rod is
lifted or pulled into the coil, opening
the valve. This is called a *“solenoid”
(and some day I'm going to look up the
origin of that word.)

As long as everything is copasetic;
normal operating power applied. the
valve stays open. If the power fails. or if
the regular “turn-off” switch opens
(control thermostat, etc.) the spring

pushes the valve shut, quickly and
positively. This basic action leads to a
distinct resemblance between all types
of these valves, whether they control
gas, water. oil or anything else.

The operating voltage will vary, of
course. Some work on 117 volts ac, (or
even 240 Vac), others work on 24 volts
ac (from a small transformer) and some
even work on the very minute voltages
developed by a thermocouple (See
“Millivolt Systems” in the November,
1971 issue) This will give us different
values for test readings. but we can al-
ways use the same basic check; apply
normal operating power to the thing
and see if it works!

For a general rule, if we can read
the normal operating voltage across the
coil terminals, but the valve will not
open, it's defective. In most cases, you'll
hear a little “click™ or thump when the
valve operates. If the control has been
taken off, for testing, you can blow into
the input connection, then apply power
and see if it opens. Simple but effec-
tive.

If the coil is open, it will show up
on an ochmmeter test. The resistance of
the coils will vary. The higher the oper-
ating voltage. the lower the coil-resis-
tance. Some of the millivolt-system coils
will have a pretty high resistance—they
need quite a few turns, of fine wire, to
develop a usable magnetic field from
such a little supply. By the way, in some
of the millivolt systems, you'll find coils
that are not intended to pu// the valve
open. When the thermocuple heats up,
it will develop enough power to ho/d the
valve open, but you will have to push a
lever. etc., 10 open it manually. Others
are designed to pull the valve open; of-
ten with what is called a “bleeder”
diaphragm. The gas pressure helps to
open the valve. More on this in a future
issue.

If the coil checks good, but the
valve will not open, there's a good pos-
sibility that the actuating rod in the so-
lenoid is being bound or jammed by
dirt, foreign matter, etc. that has gotten
into the valve from the gas or water
supply. A great many of these can be
taken apart and cleaned without too

(continued on page 75)
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THE
TIME SAVERS

ARE HERE FROM THE

Seeing is believing.

MODEL LSW-330-SOLID STATE, POST INJECTION
SWEEP-MARKER GENERATOR. Compact utility un-
matched for color alignment, testing and servicing!
Accurate, stable, rugged, it provides all sweep and
marker signals for circuit alignment of video and
sound IF's; chroma, too! Features automatic limit
control and a 10.7MHz sweep for FM-IF use. A great
time saver! $409.95

MODEL LBO-301-3” PORTABLE TRIGGERED SCOPE.
All solid state, it's the only 3” scope with vertical and
horizontal calibration plus all the features you need
for bench or field use: DC to 7MHz bandwidth, 1us/
div. sweep speed, 5X magnification (max. speed
0.2us/div.), and a horiz. front panel design. A space-
saver and a time saver! $374.95

MODEL LBO-54B-5” WIDEBAND OSCILLOSCOPE. Cali-
brated vertical input; 10MVp-p/cm sensitivity; DC to
10 MHz bandwidth; high linearity sweep range with
automatic synch; distortion-free displays! This high
performance Leader scope is a real money maker for
every service operation. $284.95

MODEL LCG-384 -MINI-PORTABLE, BATTERY OPER-
ATED COLOR BAR GENERATOR. With its digital clock
binary system for high quality test patterns,the LCG-
384 uses just four 1.5V pentight cells and fits into all
tool caddies. Has 2 TV selectable ch. frequencies; 4
basic patterns including gated rainbow; and is fully
protected against ambient temperature and line volt-
age changes. With carry case and extra battery com-
partment. $129.95

LEADER

Your time is money. The more you save of one the more
you make of the other. That's why LEADER Instruments
are time savers . . . and money makers, for you! They're
designed and built to the highest performance stand-
ards, with rugged reliability and precision. What's more
LEADER Instruments combine more features at far
more realistic prices than competitive products. They
are simple to use, worry free — clearly your best value
in test instrumentation. See your distributor. He carries
a complete line of LEADER Instruments — ready to
save time and make more money for you.

“Prices subject 1o change without natice.

Send for catalog.

LEader
INSTRUMENTS CORP.
37 - 27 Twenty-Seventh Street,

Long Island City, N.Y. 11101 (212) 729-7410

Circle 10 on reader service card
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UNANIMOUS ACCLAIM!

Altogether, this new arm strikes us as an
excellent piece of engineering; it prob-
ably is the best arm yet offered as an
integral part of an automatic player. O
Operation is simple, quiet, and reliable.
[ All told, we feel that Garrard has come
up with a real winner in the Zero 100.
Even without the tangent-tracking feature
of the arm, this would be an excellent
machine at a competitive price. With the
novel (and effective) arm, the Zero 100
becomes a very desirable ''superchanger"
with, of course, manual options.

The GRAMOPHONE August, 1971

Reproduction quality was excellent with
no detectable wow, flutter or rumble
under stringent listening conditions. End
of side distortion, which is always a pos-
sibility with pivoted arms, was virtually
absent, due no doubt to the tangential
tracking arm.

LI Fall. 1971

One could go on cataloguing the virtues
of the Zero 100 indefinitely.

For 8-page test reports booklet and a 12-page
brochure on the Zero 100 and the entlre Garrard
series mall to British Industries Company,
Dept.C242, Westbury, N. Y. 11590

Name . _
Address

I City

State

The Zero-100 performed just about as we
expected after reading the specifications.
Wow measured .08 per cent—that is in
the band from 0.5 to 6 Hz. Flutter, in the
band from 6 to 250 Hz, measured .03 per
cent, both of which are excellent. O Thus,
the Garrard Zero 100 is certainly the
finest in a long line of automatic turn-
tables which have been around for over
50 years. [J We think you will like it.

Popular Electronics [Fms

Our lab measurements essentially con-
firmed the claims made by Garrard for
the Zero 100. We used a special pro-
tractor with an angular resolution of about
0.5°, and the observed tracking error was
always less than this detectable amount.
The tracking force calibration was accu-
rate, within 0.1 gram over its full range. O
The Garrard Zero 100 operated smoothly
and without any mechanical “bugs."

Stereo Review [es

Indeed, everything worked smoothly,
quietly, and just as it was meant to. If
there were any "‘bugs” in the Zero 100,
we didn't tind them. O Garrard's Zero
100, in basic performance, easily ranks
with the finest automatic turntables on
the market. Its novel arm — which really
works as claimed — and its other unique
design features suggest that a great deal
of development time, plus sheer imagina-
tion, went into its creation. In our view,
the results were well worth the effort.

PIEING S P

This unit has every imaginable gadget
and gewgaw one might possibly desire,
and it works. And considering how much
it does, and how well it does it, at 190
bucks it doesn’'t even seem expensive.
The changer has so much in it that an
analysis of its innards is almost a case
study in record player design.

GARRARD ZERO 100



Matrix system makes it possible to put four channels of
audio into the grooves of a conventional stereo record

q4 CHANNEL STEREO

4 Channels on a Disc

CBS - Sony SA matnrix

by FRED PETRAS

QUADRAPHONIC-FOUR-CHANNEL-SOUND HAS ACTIVELY
been on the audio scene for close to three years, but tens of
thousands of sound buffs are still enjoying two-channel
stereo—and are bypassing this new medium that was to “revo-
lutionize” the world of sound. They've read every word of ev-
ery article about the several approaches to four-channel
sound, but are still biding their time because they are not yet
fully convinced that four-channel sound is thar much better
than two-channel, and, if it is, who has the RIGHT system to
reproduce it?, and who has enough software (records, tapes)
to really make the investment worthwhile?

Four-channel stereo sound was conceived as a discrete
system, in which four distinct channels of sound information
would be engraved on four separate tracks of tape, the tape
played through a four-channel stereo machine into four chan-
nels of amplification, with the sound emanating from four
speaker systems. The first commercial tapes of such sound
were introduced back in 1961 by Nortronics Co., Inc., under
the “Stereo-Four” (patented) designation. But the concept
was apparently ahead of its time, and faded from the audio
scene.

The multi-source sound idea reappeared in the summer
of 1969, under the aegis of Vanguard Recording Society
which had been experimenting with the concept for about
four years, and Acoustic Research, a company that conducted
the first public demonstrations of the four-channel Vanguard
tapes labelled “Surround Stereo.” Columbia Records joined
with experimental 4-channel tapes, which were also demon-
strated by AR (Acoustic Research) in its New York City and
Cambridge, Mass., demonstration rooms.

In September of 1969, Peter Scheiber, an audio
buff/engineer/musician, startled the industry with a “com-
patible” four-channel stereo phonograph matrix record. It

was heralded as the salvation of the new medium since it
could be played in the home on a standard stereo record play-
back system (in conjunction with add-on decoder, etc.), be
broadcast in FM stereo, and heard on existing FM stereo re-
ceivers (equipped with the needed add-ons).

In the spring of 1970 along came David Hafler, then
president of Dynaco, with the “Dynaquad” system, which de-
rived four-channel sound from existing stereo LP records and
decoded matrixed records at moderate cost, via a $30 enhan-
cer/decoder and an additional pair of speaker systems.

Shortly thereafter, RCA Records debuted its “Q-8" 8-
track, 4-channel discrete cartridge tapes, and Motorola Au-
tomotive Products announced that it would produce auto tape
players for them. Simultaneously, RCA Corp. showed pro-
totypes of the first low-priced 4-channel home cartridge tape
equipment, in compact form, for marketing later in the year.

At the Consumer Electronics Show in June 1970, Sansui
Electronics Corp. bowed its QS-1, another form of disc ma-
trixing and playback. In September, JVC announced its CD-4
discrete four-channel disc system, and demonstrated the con-
cept at the October Audio Engineering Society annual meet-
ing. (See separate story on the JVC system elsewhere in this
issue.) It was at this same meeting that Electro-Voice took the
wraps off its E-V “Stereo-4” matrix system, applicable to
discs, tapes and broadcasts.

During this period, and beyond, other were ex-
perimenting with various approaches to four-channel sound,
in cassette form, in record form, and in radio broadcast form.

And during this period the audio marketplace was seeing
all kinds of action—and inaction. Droves of people were com-
ing into stores, listening, asking questions, comparing the
sparse offerings of equipment and software, but buying little.
Discrete reel tapes were in minimal supply; they were nearly
double the price of regular stereo tapes. Full-capability reel
tape equipment was beyond the reach of many audiophiles.
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Q-8 tapes were in short supply. stocks of equipment for them
were meager. The concept was wrong. said industry observ-
ers. Four-channel sound would never take off while restricted
to the medium of tape, even if availabilities improved and
prices dropped. It would not become popular until it was
available in LP disc form—the most widely used medium for
prerecorded sound—and in FM stereo broadcast form.

Despite all the announcements about 4-channel phono-
graph record systems, the pickings were slim in terms of
equipment. and in terms of records, the latter largely from
small companies, lesser-known artists. What was needed said
the industry observers, was “a BIG company willing to get
into the four-channel sound business with both feet.” The
thinking was that a big company with a big roster of “name”
artists and a lot of influence could be instrumental in bringing
about a standard, ending the problem of non-compatibility
between the quadraphonic record systems, another element
keeping four-channel sound from becoming the mass-market
medium it was supposed to become.

Enter Columbia Records, with a new matrix system
called “SQ”—for stereo/quadraphonic—developed by its CBS
Laboratories, and co-sponsored by Sony Corp., giant Japa-
nese electronic equipment manufacturer and also a producer
of phonograph records in Japan . . .

How the SQ system works

Like most of today’s stereo recordings, an SQ disc is
recorded in a studio on a multi-track master tape recorder
with sound picked up from as many as 24 microphones and
inscribed on the tape. The SQ master rape 1s then edited or
“mixed down”, a process that converts the many channels
into the four that are basic 4-channel sound.

4-4-4 SYSTEM
Integrated &
Amplifiers 5
LEFT FRONT — I_I = L}
Four ® ® 1 {]q
LEFT BACK —
o
Channel [ ] [ } —__i k
RIGHT BACK — Recording =
oo (@lo) i | K
RIGHT FRONT —i Sl L d

COMPLETELY DISCRETE SYSTEM maintains four separate channels all
the way from the recording studio through the playback equipment and into
four separate speaker systems in the listening room.

Next, these four channels are converted via an SQ en-
coder into two channels of sound that are “cut” into the
SQ master record. Heart of the SQ encoding process is a new
double-helical modulation concept. In addition to retaining
the traditional 45-degree/45-degree lateral-vertical left and
right channel modulations. which evolve as left and right
front sound channels, the system provides additional modula-
tions for the remaining two channels—left back and right
back. These recording stylus modulations are circular; as the
master record rotates and the groove advances, a clockwise
helix is produced for the left back channel, and a counter-
clockwise helix is produced for the right back channel.

The stylus during playback does not actually rotate
clockwise or counter-clockwise and follow the conventional
45/45 groove tracing at the same time. What is actually hap-
pening is that all four channels of information combine to
form a complex single stylus motion that represents the four
individual signals. The record groove that the stylus traces is
shown in the photo.

To hear the program material reproduced as 4-channel
sound on playback. an SQ decoder is needed. along with four
channels of amplification and four speaker systems, plus, of
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2-2-4 SYSTEM
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AMBIENCE RETRIEVAL SYSTEM approximates four-chanrel reproduc-
tion. The system retrieves sounds at the side and back during recording.

I 4-2-4 SYSTEM

lategratec
Armolifiers
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LEFTBACK 4 -5q~ Channet ;:" ; ‘ “$Q" LBG"D@
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| RIGHT BacK 4 Encoder | | Recording Decoder | pyJ
! Equigmentt— Recoraing || R31:]—m
RIGHT FRONT < “1:}—0(] i
BASIC OPERATION OF CBS-SONY SQ system Is shown in this block dia-
gram. Note how we both start and finish with four separate audio channels.

Speakers

LEFT FRONT o

LEFT FRONT —
—LT = =i
LEFTBACK o g —Q Li=Lr—j 0.707Ls + 0.707 R»
RIGHT BACK — Encoder !
—RT <O Rr=Rr+j 0.707Rs — 3.707 Ls
RIGHT FRONT —

WHEN FOUR INPUT CHANNELS GO THROUGH the SQ encoder they look
quite ditferent coming out. You can see how the various channeis are inter-
mixed by the encoder to produce a 2-channel signal for recording.



CBS FOUR-CHANNEL music system Including SQ-444 decoder/recelver.

Pickup Stylus Tip

4
.7 Rignht Channet
~  Modufation

Left Channel
Modulation

~
~

LEFT-FRONT AND RIGHT-FRONT channels are recorded on the two side
walls of the groove just as they are In normal stereo records, by cutting-
stylus motlon along the 45° linas shown here.

LI
v

Left Back
Modulation

Right Back
Modulation

REAR CHANNELS APPEAR IN RECORD GROOVE as a circular motion of
the stylus —clockwise tor one rear channel counterclockwise for the other.
As the record turns, this produces a helical groove cut.

Microphotograph Showing Groove Modulations
0f SQ Record

Left Front Channel

Right Front Channel

Left Back Channel

Right Back Channel

[N _ L .. R

FOUR SQ RECORD GROOVES each with only one channel of information
recorded on it. From this pholo you can see how the different channeis ap-
pear on the disc. Of course all four signals are combined in an SQ record.

course, a record player. The latter can be any good stereo
model, preferably—but not necessarily—with a high-com-
pliance cartridge. The playback system can be made up of an
existing two-channel stereo component-type outfit with tape
monitoring facilities, plus two additional speaker systems,
and a decoder such as the Sony SQA-200 that contains the ad-
ditional two amplifier channels. Or a system can be made up
of a four-channel receiver, straight SQ decoder, plus four
speaker systems and record player. There are other possible
combinations, including one built around a four-channel re-
ceiver/Q-8 tape cartridge player from CBS‘ Masterwork divi-
sion. (By the time this appears in print there will probably be
a fair supply of other SQ-oriented equipment to choose
from.)

In playback the SQ decoder senses the four basic SQ
modulations from the phono cartridge, separates them, and
produces four new signals, each containing predominantly
the sounds of the corresponding original four channels before
they were encoded. These signals are fed to the four amplifier
circuits and four loudspeaker systems placed in four corners
of the listening room or listening area, and result in a highly
realistic reproduction of the original quadraphonic master
tape. Some reports indicate it is almost as realistic as discrete
four-channel sound—the ultimate.

An SQ record can be played on regular two-channel
stereo phonograph equipment and sound not only as good as
any regular stereo disc, but with an added spaciousness that
enhances the listening pleasure. Thus, a person wanting to go
the SQ route can buy and enjoy SQ records as they are re-
leased, on his present equipment, while waiting for the day
that he invests in an SQ playback system. According to Co-
lumbia Records, playing an SQ record on conventional stereo

o s YO Lr+0707Re—j 0.7070s
g 2O Le+j0707Lr = 0.707Rs
Decoder | R~ Ry40.707Lr—| 0.707R¢

Right
it Total LM O Re+j 0.707Rs - 0.707Ls

SQ DECODER TAKES ENCODED SIGNAL (see last diagram on facing
page) and reconverts It into four-channel sound. Note that there is some
crossover between channels although loglc clrcuits can be used to Im-
prove front-to-back separation.

equipment will not harm the records four-channel capa-
bilities in any way.

Unlike some other matrixing approaches, the SQ system
permits FM stereo broadcasts of SQ records without the need
for an encoder at the radio station—a saving of major impor-
tance to smaller stations around the nation. Equally impor-
tant, the FM station can broadcast SQ now. However, the lis-
tener does need the full complement of equipment as noted
above to receive the program as four-channel sound. Other-
wise it will be received as conventional two-channel stereo.

The foregoing is the basics. But there are other ramifica-
tions to the SQ concept. Columbia states that center front
sounds are recorded in the same manner as with a con-
ventional stereo record; they result in a horizontal or lateral
modulation of the groove. Furthermore, the sound can be
“panned’ —caused to move—between the front left and front
right loudspeakers in just the same way as with traditional
stereo records. This similarity is the basis for the excellent
compatibility of SQ with regular stereo record playing equip-
ment.

Sound can also be made to move at will between any ad-
jacent pair of speakers. Any sound at the center back, Colum-
bia claims, is fully reproduced and accurately placed in four-

(continued on page 83)
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“At ComSonics we encourage all
our technicians and engineers to
enroll with CREI. Know why?”

WARREN BRAUN, President, ComSonics Inc., Virginia Engineer Of The Year,
ASE International Award Winner, CREI Graduate
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“As a CREI graduate myself,
| know the advantages of their

home-study programs. CRE| edu-
cation has proven an excellent tool of con-
tinuing education for our employees and
for me. And | strongly believe in CREI's
ability to teach a man to learn indepen-
dently and to use reference materials on
his own.

“As President of ComSonics, | see
changes taking place in our Electronics
business every day. We're in closed cir-
cuit TV and acoustical engineering...and
pioneered in Cable TV. CREI gives my
men the knowledge they need to work in
new areas...CREI's new course in Cable
TV is an example. The CATV industry is
expected to grow 250% in the next three
years. | know the opportunities in Cable
TV. | designed one of the first CATV sys-
tems in 1950. But technical advances are
constantly changing the field. And since
CREI's experts know most of what's going
on in all areas of Electronics. | know that
CREI can give' my men some of the im-
portant, specialized training they'll need
to maintain our position in Cable TV and
our reputation in Electronics.

“We've interviewed many technicians
and engineers for jobs in the past year
and had to reject them because their
knowledge is archaic and out-of-date. A
man is of no value to us if he doesn't keep
up-to-date.”

Some of the biggest names in elec-
tronics buy CRE! courses for their own
employees. CRE! students and graduates
prove themselves on the job. They move
ahead of the pack by earning promotions
and salary increases.

The Future Belongs To You

You've been in Electronics long
enough to know that the field is chang-
ing more rapidly than ever. New indus-
tries, like Cable TV, are born almost over-
night. But surveys show that three out of
four men now working in Electronics
aren't technically qualified to work in
these new areas. Clearly, the future will
belong to the man who gets the right edu-
cation now.

Start Learning At Home

But what you learn depends on which
schoot you choose. Here's why CREI is

®  among the best.

Photographed at ComSonics, Inc., Harrisonburg, Va

L

With the CRE! program you study at
home. At your own pace. There are no
classes to miss. no work to make up. Each
lesson is explained in clear, easy-to-read
language. That's why many men do far
better in home study than they ever did
in school...even if they've been out of
school for years. And the study habits they
learn from CREI are sustained through
life.

As a CRE| student, you'll be assigned
to an experienced instructor who will
grade your assignments and offer con-
structive comments and criticism. If
there's a special problem, the instructor
will work with you until you understand it
fully. You'll receive personal attention
from your instructor because he deais
with each student individually—as a class
of one.

What Will | Learn?

You'll be learning the latest in ad-
vanced technology. geared to specific
industry programs. Both theory and prac-
tical material are presented to meet all
phases of job-related training needs.

CREI courses are written for the man
who knows basic Electronics. but whose

advancement depends on keeping his °

technical know-how current. You choose
what you want to learn. You study sub-
jects which help you grow and advance

CREI, A Division of the McGraw-Hill
Continuing Education Company
Dept. E1403C. 3939 Wisconsin Ave.,
Washington, D.C. 20016

Programs.

oCATV Engineering

Please mail me free book describing CREI

| am interested in:oCollege Credits for CRE| Study
oSpace ElectronicsoElectronic Engineering Technol-
ogyoComputersoindustrial ElectronicsoNuclear En-
gineering TechnologyoElectronics Systems Engineer-
ingoNontechnical Course in Computer Programming

in your present job and which relate to
your career objectives. CREI offers you
the opportunity to continue your educa-
tion throughout your working life.

Constantly Up-Dated Courses

Because of rapid changes in Elec-
tronics, CREI courses are constantly
being revised and up-dated by profes-
sionals who work in Electronics every
day. New developments are included as
quickly as they occur. Right now, CREI
students are getting the latest up-to-the-
minute information on such things as
Cable TV, LSI chips. microminiaturization,
lasers and masers, telemetry systems.
servomechanisms, and data links. If it's
new in electronics. CREl—and you—will
know about it!

Developed By Top Scientists
And Engineers

CRE! maintains a full-time advisory
faculty of some of the top names in Elec-
tronics. Each is a specialist in his own
field, an expert who plans and develops
CREI lesson material. After each expert
submits his course plan. it is carefully re-
viewed and written by the CREI educa-
tiona! staff. Then each course is broken
down into individual lessons. And they
make certain each lesson is clear and
self-explanatory. Just the right length
for easy understanding and effective
study.

How Can | Qualify?

If you've read this far. your interest
in getting ahead in Electronics is evident.
Send for our famous book on how to pre-
pare for tomorrow's jobs in Electronics—
the book that has helped thousands of
men just like you get ahead. For your free
copy. simply mail postpaid card today.

Founded 1927

Accredited Member
of the National
Home Study Council

Free book tells you all about CRE! pro-
grams. For your copy. mail coupon. post-
paid card or write: CREI, Dept. E1403C.
3939 Wisconsin Avenue., Washington. D.C.
20016

Type of Present Work

Name Age
Address

City State Zip Code
Employed by

G B

APPROVED FOR TRAINING UNDER NEW G.I. BILL
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4 Channels on a Disc

RCA-PANASONIC-JVC discrete

4 independent full-frequency channels in one record groove!
Playback takes a special cartridge and decoder.

by DAVID LACHENBRUCH

CONTRIBUTING EDITOR

FOR ITS ENTRY INTO THE FOUR-CHANNEL RECORD FIELD,
RCA Records has chosen a discrete system based on the prin-
ciples of multiplex broadcasting technology. The system, cur-
rently known as CD-4 (for Compatible Discrete 4-channel)—
although RCA may rename it for commercial purposes—ac-
tually is the outgrowth of a technique developed eight years
ago by the Victor Corporation of Japan (also known as JVC)
to provide three-channel sound from phonograph records.
Finding no market for three-channel discs, JVC shelved the
development. but reworked it in 1970 as a four-channel sys-
tem in light of the new interest in quadraphonics.

Last year, JVC introduced to the Japanese market the
first CD-4 playback equipment and records, including some
made from RCA master tapes. JVC has no corporate relation-
ship with RCA, but is the licensee for RCA Records in Ja-
pan—that is. it manufactures and distributed discs there fea-
turing RCA artists and occasionally bearing the RCA label.
RCA became interested in the CD-4 system in its search for a
method of recording and reproducing discrete four-channel
material on phonograph discs as an alternative to the use of
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matrixing techniques which it regarded as “simulated four-
channel.”

Although RCA decided JVC’s CD-4 system was the best
available method for putting quadraphonics on record, it also
found some drawbacks. and last summer it started a crash
program to climinate them before introducing discrete four-
channel records in the United States. The major disadvantage
was the lack of total and universal compatibility with two-
channel stereo systems, which has necessitated the issuance in
Japan of two versions of each record release—CD-4 and con-
ventional stereo—reminiscent of the days when stereo and
mono discs were issued for each selection. RCA says it will
not offer four-channel discs until it has developed complete
compatibility for the system. so that it can issue a single line
of records which may be played monophonicaily, ste-
reophonically or quadraphonically. RCA Records President
Rocco Laginestra recently reported “phenomenal” progress
toward this goal. but declined to predict when RCA would re-
lease its first quadraphonic disc selections.

While RCA is working to perfect the disc, two other



manufacturers are cooperating to have the playback equip-
ment ready on ume and in sufficient quantities. These firms
are JVC and Panasonic, both aftiliated with Japan’s giant
Matsushita Electric Corporation. Other manufacturers, in-
cluding RCA’s own Consumer Electronics operation, are ex-
pected to join later in producing equipment.

How CD-4 works

The CD-4 disc operates on the same basic plus-and-
minus principle used in stereo FM broadcasting. The record
itself is similar to the standard “*45-45" stereo disc, with the
two groove walls at 45-degree angles to the vertical. However,
instead of one signal, two signals are recorded in each groove
wall—a sum signal and a difference signal. One groove wall
contains the left-front-plus-left-rear signal and the left-front-
minus-left-rear signal. the other the right-front-plus-right-
rear and the right-front-minus-right-rear. The sum signals are
recorded in the same manner as left and right are recorded on
conventional stereo discs, while the difference signals are
modulated on a 30-KHz carrier frequency, using a com-

CD-4 REPRODUCING UNIT

4-CHANNEL STEREO

bination of frequency modulation and phase modulation.
Since the 30-KHz carrier, and therefore the difference sig-
nals impressed on it, are well above the audible range (and
generally above the capabilities of existing stereo cartridges),
the listener hears only the sum signals when the 1ecord is
played through a conventional stereo system, and of course
he hears the sum of all four signals if the record is played
monophonically. To hear the record in four-channel sound,
the listener must insert a demodulator between the pickup
cartridge and his tour-channel amplifier. The demodulator
unscrambles the sum-and-difference signals into left front,
left rear, right front and right rear signals and feeds them into
the proper amplifier channels. in much the same way a stereo
FM receiver decodes L + R and L-R it receives off the air into
left and right signals. When a standard stereo record is played
through CD-4 equipment, the demodulator is simply
switched out of the circuit.
In addition to the demodulator. one other ingredient is
needed to play the discs in the 4-channel mode. This is a
highly compliant cartridge which can pick up and pass signals
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up to about 45 KHz (the carrier frequency plus the signal’s
maximum deviation). This sounds like a tough assignment
when you consider that heretofore it’s been necessary only for
cartridges to pass the audible frequency spectrum, up to
about 15 KHz or so. But cartridge manufacturers have said
that development of a 45-KHz cartridge isn’t particularly dif-
ficult—they’ve just never done it because there was never any
earthly need for such a gadget. Such cartridges are already
available in Japan, and more refined and less costly versions
are under development there, in Europe and in the United
States. RCA says the initial price will be the same as that of a
good stereo cartridge—about $30 and up for starters. Stylus
pressure can be as high as three grams.

The system is claimed to have full frequency response (30
to 15,000 Hz) on all four channels, plus a front-to-rear separa-
tion of 20 to 25 dB, or about the same as that between left and
right channels.

Panasonic and JVC plan to introduce playback equip-
ment in several configurations and price ranges: Complete
systems for those starting from scratch, combination demo-
dulators and two-channel amplifiers for those converting their
conventional stereo equipment, and separate demodulators to
add to existing four-channel systems. The initial cost of a sep-
arate demodulator will be about $50, but prices are expected
to come down as mass-production versions are designed. The
demodulator eventually will be supplied to equipment manu-

GROOVES AND CROSS-SECTIONS OF
CD-4 SYSTEM RECORD

facturers on an IC chip. The first complete systems are ex-
pected to sell for about $300 and up.

Here’s how the compatibility situation stands today, ac-
cording to RCA: A CD-4 disc can be played on standard
stereo equipment with results and life equivalent to that of a
standard stereo disc. A CD-4 disc may be played on four-
channel equipment with playing life equal to that of stereo
records at the time of stereo’s introduction, without any sacri-
fice in basic signal-to-noise ratio. A stereo disc may be played
on CD-4 equipment with “enhancement” due to the use of
four speakers. The one problem arises when a four-channel
record is played on conventional stereo equipment, and then
played later on four-channel equipment. The standard stereo
cartridge and stylus has a tendency to wipe out part of the
high-frequency carrier. This problem is being attacked on two
fronts: RCA is developing a more durable plastic base mate-
rial for records, and the equipment manufacturers are work-
ing on more sensitive demodulators.

RCA., in its progress report, said: “Partial mixed-system
playback compatibility has been achieved. Discrete discs,
played first on stereo equipment and then on four-channel
equipment, have a playback life which has been greatly in-
creased.” Although RCA won't estimate when the system will
be ready for marketing in the United States, there have been
indications that progress has been encouraging enough to
warrant hope for introduction this year. R-E

GROOVES AND CROSS-SECTIONS OF
CONVENTIONAL STEREQ RECORD

SPECIFICATIONS

Characteristics of the disc

Rpm & Size: same as conventional records

Compatibility: compatible with 2-channel stereo

records and mono records.

Frequency Range: Sum—30 to 15,000 Hz
Difference—20,000 to 45,000 Hz

Cross Talk: Between left and right—25 dB
Front to rear +20 dB

Signal to Noise Ratio: better than 50 dB

Life: Same as standard stereo disc

Characteristics of 4-channel reproducer
Pick-up Cartridge:
Frequency Response: 20 to 45,000 Hz
Stylus Type: elliptical
Stylus pressure: 1.5 grams

4-channel Decoder
Frequency response: 30 to 15,000 Hz each chan-
nel
Output: 0.1 volit
Transistors: 29
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4-CHANNEL RECORDS

discrete

matrix

advantages

1.

Each channel completely independent.
a. No crossover between channels.
b. Excellent front-to-back separation.

2. Each channel has frequency range of

30 Hz to 20,000 Hz.

Compatible with existing recording sys-
tems.

a. Plays as 2-channel stereo on 2-
channel system.

b. Plays as monophonic on monopho-
nic system.

Playing time same as for existing 2-
channel stereo record.

disadvantages

1.

Requires wide-frequency range phono
cartridge in addition to decoder. Car-
tridge response to 45,000 Hz required.

No records available in U.S.

Record wear a problem. New record
base material under development.

FM broadcasting requires FCC ap-
proval. Only being done experimentally

at this time.

Cannot be recorded on 2-channel tape.

advantages

1.

Records available now.

Compatible with existing recording sys-
tems.

a. Plays as 2-channel stereo on 2-
channel system.

b. Plays as monophonic on monopho-
nic system.

Plays on existing equipment with exist-
ing cartridge. Only decoder must be

added.

Playing time of record same as for
existing 2-channel stereo disc.

Can be broadcast by FM stations now.
No FCC approval required.

Can be recorded on 2-channel tape.

disadvantages

1.

3.

Channels not completely independent.
Front-to-rear crossover varies from 3
dB to 12 dB, depending upon playback
system.

Record costs more than equivalent 2-
channel disc.

Must use extra-cost logic circuit to in-
crease channel separation.
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Electro-Voice Matrix Decoder

Scoft 443 Quadrant Receiver

d4-Channel Adapter

by CHESTER H. LAWRENCE

THERE ARE SEVERAL SOURCES OF 4-CHANNEL PROGRAM MA-
terial available to the audio enthusiast today. They include
reel-to-reel tape; 4-channel 8-track cartridge tape; and two
newly-announced disc systems. (Both disc systems are de-
scribed elsewhere in this issue. There’s a complete study on
the CBS-Sony matrix system on page 25 and another story de-
tailing the RCA-Panasonic-JVC system on page 32.)

Unfortunately, prerecorded tapes and discs for 4-channel
playback are relatively rare right now, and expensive when
they are available. (By the time this article appears in print
CBS matrix records are expected to be available through Co-
lumbia Records.) This is especially true of prerecorded tapes
where there is a hidden cost—you get half-as-much 4-channel
material on the same tape. For instance, one hour’s worth of’
2-channel tape used for 4-channel material will only play for
30 minutes—the tape doesn’t move faster, but more tracks are
used simultaneously.

Also, like so many other music lovers, you probably have
an extensive library of 2-channel tapes and records, and you
listen regularly to 2-channel FM stereo broadcasts. To save
all of this existing material from the garbage dump, you must
have a way to convert this material into 4-channel sound—en-
joyable pseudo 4-channel sound (by pseudo we mean that the
program material you are starting with was not originally
recorded as 4 channels).

Happily, there are several different kinds of 4-channel
adapters available now. But before we step into the world of
4-channel adapters, let’s briefly review how 4-channel discrete
tapes operate. We'll look at both reel-to-reel and 4-channel 8-

FIG. 1—DISCRETE 4-CHANNEL TAPE SYSTEMS can take either of these
two forms: reel-to-reel at the top and 4-channel 8-track cartridge. Note
that in reei-to-reel the complete tape is used in one pass. On the car-
tridge tape it takes two passes to use all the tape.
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Everyone Has a System

track tape systems and how they work.

4-channel discrete tape systems

In Fig. 1 you can see how both reel-to-reel and 8-track 4-
channel tape systems operate. We have illustrated in block-
diagram form that there are four separate channels all the
way from the recording studio to your listening room—from
microphone to speaker. The advantages of this kind of system
are obvious. The most important one is that each track on the
tape can carry a completely independent channel of informa-
tion. Also, by switching the field of sound around the four
channels, it is possible to create unusual listening effects and
an interesting moving field of sound in the listening room.
However, you cannot simply take existing 4-channel program
material and play it through this kind of system and come out
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Pioneer QX-8000 Receiver

Roundup

Here’s a look at devices that turn existing

Toyo QC-1 Decoder

Sanyo DCA-1500X Decoder-Amplifier

2-channel music into 4-channel surround sound

with d4-channel sound. So some kind of adapter will be
needed.

DynaQuad—an early approach

One of the first 4-channel adapters to come along was the
DynaQuad. What does this system do? Basically, it repro-
duces sounds in the rear speakers which were present during
the original recording, but were hidden or lost when the
recording is played through a 2-channel system. It has been
called an ambience-recovery system. For the most part, these
sounds are “reflected” sounds—sounds that bounced off a stu-
dio or concert-hall wall and were picked up by the recording
microphones a fraction of a second after the direct sounds.

When you use a DynaQuad adapter to extract these
sounds from the original recordings and fed them to two ad-

-t 6-10 FT -

LEFT RIGHT
FRONT ) FRONT

|—> -
LEFT RIGHT
REAR REAR

ditional speaker systems located at the rear of the listening
room as shown in Fig. 2. Doing this heightens stereo realism
considerably, as this system does deliver a closer approxima-
tion to the sound as it was heard during the recording session.

None of the sound delivered this way are sounds that
have been created artificially. They are sounds actually
present during the recording and captured on the disc. Be-
cause of this, the DynaQuad system is completely compatible
with existing 2-channel recordings and matrix processed
records.

The great advantage of this approach is that it is in-
expensive and only a minimum of additional equipment is re-
quired. Two additional speaker systems and one inexpensive
(under $30) adapter. This is a good way to get introduced to
4-channel sound in your own home, but you will find the ef-
fect of this system varies from record to record and it will not
produce a noticeable effect on all recordings. Therefore, you
will eventually want to move on to an adapter that works with
all existing 2-channel material.

Matrix systems

This category of 4-channel adapters represents the major
type of device in use today. Matrix simply means adding and
subtracting. The purpose of a matrix system is to take apart
the signals recorded in all 2-channel stereo programs, add
some together, separate some, and then reassemble them into
4-channel stereo. The major effort in matrix was begun by
Electro-Voice and they have just been awarded a patent cov-
ering their efforts.

When fed through a matrix circuit, ordinary 2-channel

FIG. 2—-SPEAKER PLACEMENT when using the DynaQuad adapter. Note
that the listening position is at the rear of the room. Both rear speakers
tace each other with the list s positioned bety ) them. The front
speakers are angled toward the listeners.
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stereo signals L and R (left and right) are distributed as in
Fig. 3. Also, it is possible to use the matrix while recording—
but that is a different kind of story and will not be covered. in
detail, here.

Using this system it is possible to get effects that are very
close to those of discrete 4-channel sound. Fig. 4 shows how
this is done.

Phase-shift systems

Modern 2-channel recordings already contain a lot of in-
direct (reverberation) sounds. If it were possible to select only
these reverberation sounds and reproduce them from the rear
speakers in a 4-channel system it would be possible to re-
create a concert-hall effect in the home without distorting the
musical properties of the original sound source.

To see what happens when this kind of system is used,
see Fig. 5. Here, the sounds recorded in the L and R channels
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FIG. 3—THIS IS HOW MATRIX redistributes 2-channel sound to four
speakers in the listening room.
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FIG. 6—PLAYBACK THROUGH PHASE-SHIFT spreads the directivity of
the reverb signals as lllustrated here.
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Heath Stereo-4
Decoder (above)

Toshiba SC-410
Decoder (right)

Lafayette LA-44 Amplifier
With Decoder (above)

Eico QA-4 Quatra-Sonic
Adapter (right)

of a 2-channel stereo record contain the indirect sounds from
an infinite number of directions as well as the direct sounds
from the instruments. Using matrix circuitry we extract from
the L and R signals, the difference signal L - R.

Now let’s take this a step further. Using the L-R signal,
only the reverberation sounds are separated from the 2-chan-
nel source. But now we are faced with another problem. Re-
verberation sounds should not be reproduced by the front
pair of speaker systems. They must be fed to and reproduced
by the rear pair of speakers. Also, to get a realistic rever-
beration effect the sounds should be spread across the rear of
the room and not infinite from some particular spot.

To spread the reverberation effect, the phase-shift system
introduces a 90° shift in phase between the left rear and right
rear speakers. This creates an unfixed positioning sensation so
the listener can no longer tell exactly where the sound is com-
ing from. Fig. 6 shows how this works in the listening room.

Other systems are more correctly called synthesisers—
they manufacture a psuedo 4-channel effect and can be ad-
justed by the listener to produce the mix and balance of
sounds he desires. The great advantage of all of these systems
is that they enable you to play your existing 2-channel pro-
gram material through your four-channel system and come
up with an effect that sounds like 4-channel discrete. In time
discrete will probably be the only way to go. But for now
adapters are a must. R-E



Color Killer (Transistor)

SCREEN SYMPTOMS AS GUIDES WHERE TO CHECK FIRST

SYMPTOM PIC DESCRIPTION VOLTAGE WAVEFORM PART

Color cut off, but one

i C1 shorted
setting of threshold C2 shorted
control lets color

C2 leaky

through

Too much color at
mid-setting of
threshold control

C2 leaky

Color too high, then
missing altogether as
threshold control
turned clockwise

R3 low

No confetti at all,
except possibly near
mid-setting of
threshold control

R4 open
R5 open, low
R6 open, low

' ) C5 leaky
C?nt cut confetti offI CS shorted
with threshold contro Q2 shorted

*an Easy Read™ feature by FOREST H. BELT & Assoclates 01972



NOTES FOR SYMPTOM GUIDE:

Use this guide to help you find which key voltage to check first,
or to guide you to the causes of symptoms that don’t have voli-
age clues. (There are no waveform clues in these stages.)
Study the screen, with no station, for action of the KILLER
THRESHOLD control. Study the screen. with color bars, for ac-
tion of the ACC control.

The most helpful clues to the cause of whatever symptoms you
see are found at the key test points listed opposite them.
Make whatever voltage measurements are indicated.

Use the Voltage Guide to analyze those measurements.

For a quick check, test or substitute the parts listed as most
likely to cause the symptoms you see.

The Stages

The color killer in any color chassis stops the bandpass
amplifier section from operating whenever no color signal is
present. If left operating, the bandpass stages inject their own
noise into the black-and-white signal. The confetti, as it is
called, becomes particularly noticeable on the screen when a
station signal is weak enough to leave snow.

The turning-off is passive; the turning-on, active. That is,
left to itself, the third bandpass amplifier—the stage (not
shown) this killer acts on—stays biased off. Nothing, noise or
signal, gets past. A color signal reaching the acc/killer detec-
tor stage (also not shown) makes the killer voltage change to
forward bias for the bandpass stage. Chroma signals can get
through to the color demodulators. With only a monochrome
signal, the killer allows the bandpass stage to turn off.

The acc/killer detector, which precedes the acc amplifier
shown here, does the sensing. Field-effect transistor Q1 trans-
fers the color/no-color indication to the color killer transistor,
Q2. At the same time, the fet amplifies whatever effect color-
signal strength has on the acc/killer detector, and passes that
effect on to a control stage in the automatic color control (acc)
system. Chroma levels are thus evened out.

Signal Behavior

These stages handle no signal in the usual sense. They
deal with changes in dc levels. The dc shifts may occur sud-
denly or very gradually. Either one, however, gives a “signal”
nature to conditions in the stage, and operation can be de-
scribed somewhat in that way.

Two kinds of dc shift occur. One, for automatic chroma
control, is a gradual up-or-down variation of the dc voltage
applied to the gate of fet Q1. The variations can be fairly
rapid if signal strength varies rapidly for some reason. But
usually acc effects can be considered slow variations.

The voltage change caused by acc action is amplified by
the fet. A connection from the drain terminal goes to an acc
control transistor (sometimes also a fet) which in turn usually
controls gain in the first bandpass amp.

TO ACC
CONTROL AMPL

The other “signal” in these stages is the sudden shift
when a program changes from monocrhome to color. A
frequent example: color commercials interspersed in a black-
and-white movie. The change in voltage is abrupt, the equiva-
lent of one half-cycle at some fairly high frequency.

Capacitor C1 bypasses any chroma-sideband signal that
accidently gets through the acc/killer detector stage. The dc
should be reasonably “pure” so the fet senses only legitimate
dc shifts. The R1-C2 network may look familiar, being sim-
ilar to the anti-hunt network in horizontal afc systems. It
serves a like purpose here, damping overshoot or ringing that
might upset fet operation.

Capacitor C3 keeps the fet source element at rf (and af)
ground, and decouples the supply resistances. Capacitor C4
shunts to ground any rf or ringing signals that reach the drain
circuit of the fet.

Shifts of dc level in the output circuit of Q1 are coupled
1o the base of Q2 by R8 and acc control R7. Emitter capacitor
C6 decouples and bypasses, keeping the emitter of Q2 at “sig-
nal” ground. Network C5-R9 feeds a little “signal” back from
the collector of Q2 to the base, again damping any “hunting”
characteristic and killing any tendency of the stage to be
shock-excited into oscillation. Capacitor C7 mainly decouples
the output circuit of Q2 from the bandpass amp it controls. so
no chroma signal works its way back to upset killer operation.

DC Distribution

Operating dc voltages for these stages bear no oddities.
The gate of Q1 gets bias from the acc/killer detector (not
shown), and varies with operation of that stage.

The source of QI is biased from an 18-volt dc supply
line. R3-R4-R5-R6 make up the divider, with R4 adjustable
to set the operating point of Ql. You adjust the pot to keep
Q1 cut off until the gate exceeds a certain level of positive
voltage Thermistor R6 stabilizes the fet bias for any tempera-
ture variations.

The drain of Q1 gets operating power from the 18-volt dc
line through R2. (text is continued on page 42)

TO VIDEO

A
s

LAAA

* VOLTAGES WITH COLOR-BAR
SIGNAL APPLIED TO RECEIVER.
OTHERS WITH NO SIGNAL TO RECE!VER.
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DC VOLTAGES AS GUIDES
Voltage change to zero very low slightly low slightly high high
Q1 source C3 shorted R3 open R3 high C1 shorted RS high R2 low
Normal R4 open 22 shorted R6 high R4 open
*1.8v 3 leaky RS open
2.0v 4 leaky R6 open
Q1 gate C1 shorted C1 leaky R3 high R1 low RS high R2 low
Normal C3 shorted C2 shorted R7 open C2 leaky R6 high R3 low
*_0.3v C4 leaky R8 open C3 leaky R4 open
1.5V R3 open R5 open
R4 open R6 open
Q1 drain C3 shorted R10 open* R2 high* C2 leaky R1 open
Normal C5 leaky* R3 low
*18V R4 open
4.8V C1 leaky
C2 leaky
C2 open
2 base R10 open* C5 leaky* C1 leaky
ormal R11 low. C1 shorted
*18v shorted C2 shorted
15v C6 leaky R3 very low
C6 shorted R4 open
Q2 emitter R10 open* R11 low R10 low*
Normal R11 shorted C6 leaky
*16V C6 shorted
15.5v
Q2 collector R3 very low (fluctuates R7 high C5 leaky*
Normal R4 open when C6 open) R8 high
*_0.8V R7 open R11 low
15.5V R8 open C6 leaky
R10 open
R11 open
C1 leaky
C2 shorted
C6 shorted
Point A R3 very low (fluctuates R7 high R12 low
Normal R4 open when C6 open) R8 high R13 low
*_0.8v R7 open C7 shorted R11 low C5 leaky*
4v R8 open R12 low
R10 open R13 low
R11 shorted C6 leaky
R12 open C7 leaky
R13 open
C1 leaky
C2 shorted
C6 shorted '
NOTES:
*no-signal screen stops changing. If that point isn’t discernible, set ACC at

Use this guide to help you pinpoint the faulty part.

With no station signal, turn KILLER THRESHOLD full counter-
clockwise (ccw). Then turn it clockwise (cw) till confetti or col-
ored snow is blocked out of raster. If you can’t tell when colored
snow stops, just set KILLER THRESHOLD at midrange.

Feed signal from keyed-rainbow color-bar generator into re-
ceiver. Set COLOR control of receiver two-thirds up: set gener-
ator color knob fully clockwise.

Turn acc control full ccw. Then turn it cw till color level on

midrange.

Measure each of the seven kev voltages with vour vivm or fet-
vom, both with signal and without.

For each. move across to the column that describes whatever in-
correctness vou find in that voltage.

Read which parts might cause that alteration.

Finally, notice which parts are also named as possible causes of
other voltage changes vou find.

Test those parts individuallv for the defect described.
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R8 and acc control R7 connect the base of Q2 back to the
drain of Q1 and through R2 to the 18-volt supply. But dc volt-
age on the base depends mostly on base-emitter resistance of
transistor Q2 in series with the R8-R7-R2 return path.

The emitter is divider-fed. R10 and R1l form the di-
vider, across the 18-volt dc line. The collector supply path
isn’t shown in this schematic, being mainly in the video sec-
tion. R12 and R13 form a dc path to the bandpass amplifier
this killer acts on, but they are not a supply path for Q2.

Signal and Control Effects

Operation in these stages varies widely with signal level,
with control settings, and with whether station signal is pres-
ent or not. In fact, sensing and handling the presence of signal
is the only reason for these stages.

KILLER THRESHOLD control R4 varies the bias at the
source terminal of fet Ql. The object is to set the level af
which gate voltage allows QI out of pinchoff. That deter-
mines the color/no-color operating point for both stages.

Acc control R7 does not, as it might seem, control how
much dc voltage is applied from the drain of QI to the base
of Q2. Just the opposite. It affects the acc voltage applied to
the control amplifier (not shown) and sets the “normal” oper-
ating level of the first (or whichever is controlled) bandpass
amplifier. The Acc control has no significant effect on killer
action. ,

Signal and no-signal voltages are listed on the diagram.
They represent average conditions with the KILLER
THRESHOLD pot set to kill confetti in the snowy (no-station)
raster of a normally operating receiver.

Quick Troubleshooting

With no signals, your scope is useless. Your fetvom or
other electronic voltmeter gives you the best clues. A good
procedure:

(1) No station. Measure gate voltage of Q1. Then apply
color-bar signal. Voltage at gate should change con-
siderably in positive direction.

(2) No station. Measure change of voltage at Q1 source
as you rotate KILLER THRESHOLD. Voltage should
vary widely.

(3) No station. Measure change of voltage at Q| drain as
you rotate KILLER THRESHOLD. Voltage should at
some point vary sharply, not gradually.

(4) Set KILLER THRESHOLD at midpoint. Still measuring
at QI drain, note change of voltage as you apply
color bar signal. Voltage should alter considerably.

(5) Repeat (3) and (4) but measuring at base of Q2. Re-
sults should be similar.

(6) Repeat (3) and (4) but measuring at collector of Q2.
Results should be similar.

This procedure, coupled with analysis of incorrect volt-

ages by the Voltage Guide, should uncover the trouble
quickly and easily.

Wavetorms as Guides

Because these stages operate mainly on dc voltages and
on the effects of changing dc voltages, there are normally no
signal waveforms in the stages. Therefore no waveform clues
are possible. R-E

add-on agc for pa system

Resistor-diode network in a PA amplifier channel is the

easy way to add automatic gain control

Automatic gain control is a useful
feature in a PA system. It keeps volume
constant as the speaker moves closer to
or away from the mike, compensates for
the voice levels of various speakers and
permits the amplifier to be operated
close to the feedback level without
breaking into a howl if the speaker
raises his voice. .

The novel agc circuit shown here

2.2k
iy _T_ AAA—= 424V

T 100/25v

R2

Rt

. OFF
50K i A6C

was used in a PA system described by
Mr. George Hughes in Electronics Aus-
tralia. It is one of two identical micro-
phone preamp channels in the ampli-
fier. When agc is being used, resistor R1
and diode D2 form a variable voltage
divider across the signal path from the
output of Q2. Diode D2 is the variable
element in the divider. Its impedance
varies with the level of a signal-derived

ON 02

TO INPUT
STAGE

T MAIN
10K iAMPanER

47K

FROM
LwwmcC2

< voL

dc bias applied to it.

The signal output from Q2 also ap-
pears across a 4700-ohm resistor and is
rectified by D1 to develop the positive
control voltage for D2.

When the amplified mike signal is
high enough, D1 conducts and forward-
biases D2, lowering its impedance and
the signal voltage developed across it.
This controlled signal is fed to the fol-
lowing stage in the main amplifier. (If
you build this circuit, feed its signal into
your amplifier at a high-level point such
as radio, crystal phono or auxiliary in-
put.) When the. agc circuit is not
needed, R2, selected to match the at-
tenuation at agc threshold level, is cut
into the circuit so there is no need for a
major change in the volume setting.

The agc circuit begins operating
when a signal of about 8 mV is fed into
the mike input jack. Agc threshold is
constant for all settings of the mike vol-
ume control. Best results are obtained
by setting the volume control just below
the feedback level. Any increase in
mike input signal is leveled off’ before
feedback develops. At the same time,
the volume is held constant if the

) Qt = BCIO9, BCI49, 2N2926, SK3020, ECGI23A
Q2 = BCIO8, BCI48, 2Ni566, SK3020, ECGI23A
Di,D2 = BAIOO, IN9I4, OR EQUAL
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speaker drops his voice or turns away
from the mike. R-E



HOW DO YOU TEST BLANK CASSETTE

magnetic recording tape frequency re-
sponse and get meaningtul results?

You can try a listening panel. but
no matter how sharp the panel’s ears,
the results of listening tests are subjec-
tive. So we used a tape-testing system
devised by the Maxell Corporation. We
feel it is a good way to check frequency
response, although it ofters no measure
of distortion or noise. And at times
these factors can be more important
than response.

We start off with a Hewlett-Pack-
ard model 141B Dual Trace Storage
Scope and a Hewleu-Packard model
3300A Function Generator with a
mode! 3305A Sweep Plug-in. The gen-
erator produces a logarithmic sweep
from 20 to 20.000 Hz. The sweep time is
approximately 0.7 second.

For a tape deck we used a TEAC
model A-23 cassette deck that had been
biased for TDK SD tape. Incidentally,
bias variation to cover all of the tapes
commonly available is no more than
10% and this range of adjustment is

R-E tests
cassette tapes

Sweep audio generator and a storage scope
enable us to produce a waveform that

is @ measure of recording tape response

available in just about any cassette
recorder. It is a service adjustment and
should only be made by a qualified
technician.

The two waveforms in Fig. | are
our starting point. The 1op waveform is
the output of the signal generator. The
bottom waveform shows how this signal
looks after it has gone through the
record electronics in the TEAC deck.
Note that it now cuts off’ at 12,000 Hz,
the top limit of the deck electronics.

With the equipment on hand we
went out and purchased a variety of cas-
sette tapes and ran the same tests on 26
different brands. The results of these
tests are on the next two pages. Here's
how it was done.

The sweep generator output signal
is fed to the tape deck and recorded on
a fresh sample of blank cassette tape.
Then the cassette is rewound and the
recorded signal is played back and dis-
played on the scope. The scope is
switched to storage—this freezes the im-
age—and we take a Polaroid picture of
the waveform. We have made no at-

by JOE SHANE

tempt to judge the tapes ourselves, but
are simply presenting the waveforms
and letting vou, our readers. draw your
own conclusions from the photographs.

However, to help you interpret the
waveforms you will have to refer to Fig.
2 at the bottom of this page. It explains
what 1o look for.

If we had optimized the bias setting
of the tape recorder for cach tape, be-
fore we tested it. some of the waveforms
might have been improved somewhat,
but remember, we’re only talking about
a 10% variation.

No matter what recorder or what
tape you decide upon using there are
several points 10 observe to get the best
possible performance. First. decide on a
tape (brand and type) and always use
that tape. This will permit you o be-
come familiar with one tape’s character-
istics and abilities. Also. you can now
get the record bias of your recorder op-
timized for the tape you are using.

Now take a look at the waveforms
at the bottom of this page. The one in
Fig. 3 is typical of what we found when

Fig. 2—THIS DIAGRAM SHOWS information
that can be derived from the scope trace.

a. Superimposed fluctuations indicate ir-
regularity in tape travel usually due to wobbling
cassette hub.

b. Response curve (dashed line) can be
clearly read.

c. Superimposed rough edge denotes noise
levei.

d. Exact upper limit of tape deck—usually
not a function of the tape.

e. Outer envelope contour denotes equai-
Ization characteristic.

1. Large cutout of edge shows dropout.

g. High peak slice Indicates bind In cas-
sette or tape travel.

h. When increased levels are used to test
for tape saturation visible flats appear in ditter-
ent frequency ranges.

FiG. 3—(ieft) TYPICAL WAVEFORM of 'white-
box" tape. We tested severai samples and
found simitar poor performance. We show only
one exampie here.

FIG. 4—(center bottom) SIGNAL PLAYBACK
when using chromium-dloxide tape in recorder
blased for standard tape. Note exaggerated
high-frequency response.

FIG. 5—(below) C120 TAPE has lower signal
output than C60 tape. Other characteristics re-
main simllar. Lower output is caused by thinner
oxide coating on tape.
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we tried several “white-box™ cassettes.
Low prices—but low quality too. While
we tested several different “white box”
tapes they all had about the same per-
formance so we are showing only one
waveform here.

In Fig. 4 is an unlabelled wave-
form. It shows what happens when you
use chromium dioxide tape in a re-
corder that is biased for conventional
tape. Note the accentuation of the high-

frequencies. Some readers may find this
a good way to improve high-frequency
response of an inexpensive recorder.
But when played back on a quality deck
the high-frequency boost would prob-
ably be undesirable.

The last waveform (Fig. 5), la-
belled Mallory 120, is typical of all 120-
minute cassette tapes. The waveform is
very similar to the same manufacturer’s
60-minute cassettes, but because the ox-

ide layer on the tape is thinner on the
tape in the [20-minute cassettes. the
output signal level is also lower, by
about 40%. This is directly related to the
thickness of the oxide coating on the
tape. The more oxide the more signal.

Here are some numbers to illus-
trate this point. You can expect a C60
(60-minute cassette) to use 0.5-mil tape
with a 0.2-mil oxide coating. By con-
trast, a C90 cassette (90-minute cassette)

AMPEX 361

DYNASOUND CLASSIC LOW

MAXELL ULTRA DYNAMIC

Here are actual Polaroid photographs of tapes we tested

using the method and equipment described in this article.

All tapes were purchased locally over the counter in elec-

tronics parts stores, department stores, record shops, and

photography stores. The brand and type of each tape is in-

AUDIO MAGNETICS OHF

MEMOREX STANDARD

|!|‘n
A;Eiil"'
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uses 0.3-mil tape and a 0.15-mil oxide
layer. C120 tapes (120-minute cassettes)
use 0.24-mil tape with 0.12-mil oxide.
To get the best possible results
from any cassette tape, always run it
through your recorder once in each di-
rection (fast forward, then rewind) be-
fore using it. This will loosen up the fac-
tory-wound tape and insure smooth
playing with minimum wow and flutter.
When fresh the tape is wound tighter

than it ever will be while you use it.

Next, remember not to use the first
ten or fifteen seconds of tape at each
end of the reel. This also goes for the
last ten or fifteen seconds of tape. This
keeps you from using the part of the
tape that tends to stretch and wrinkle
because of the strains placed on it when
it is played.

Another point that is critical for all
tape recorders and especially for the

narrow track cassette machines is (o
keep the tape heads clean. Make it a
practice to run a cleaning tape through
the recorder every ten or twenty hours
of use and about once a month use a
cotton swab with an appropriate cleaner
directly on the heads.

Lastly, dont forget to clean the
rubber pinch roller that presses against
the capstan. Use plain alcohol here,
again with a cotton swab. R-E

dicated on the waveform. All tapes tested were C60 (60-

minute cassettes). The taller the waveform, the higher the

level of playback signal. Other details of evaluating the

photos are shown in Fig. 2. Keep in mind that optimizing

bias will improve performance.

BASF LH

MALLORY C60

3M EXTENDED RANGE

[ty

SONY UFF

BASF SK

3M HIGHLANDER

AMPEX EDUCATOR

MAXELL LOW NOISE

] !".

NORELCO 100

R

TDK STANDARD
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Join the high-paid electronics technicians

who got their start through NTS Home Training.

Your home can become your
own private classroom-workshop.
NTS sends you everything you
need to learn valuable technical
skills in electronics. You get easy-
to-grasp lessons, comprehensive
kit manuals, large fold-out charts,
and more. Plus the finest profes-
sional equipment available today.
It's all included in your tuition,
yours to keep.

Your equipment is sent to you
in kit form, matched to lesson ma-
terial. With the NTS Project Meth-
od, you start with simple projects,
then move from basics to more
complex concepts. You discover
how electronic principles work by
performing practical, fascinating
experiments. Learn at your own
pace.

You quickly become expert in
the actual equipment and meth-

ods you’ll use on the job. And
soon you're ready to cash in on
the tremendous opportunities in
the expanding, exciting world of
electronics!

If your field is television, you
might decide to join a first-class
TV repair center. Or start a shop
of your own. Or specialize in in-
dustrial applications of television.
Once you master an area of elec-
tronics, the direction you take is
really up to you. And you’ll be
able to use the test instruments
you built yourself!

It all begins at home, with NTS
Project Method Training. Find out
how fast and easy it is to learn
skills that pay off. Check card or
coupon today for your free full-
color NTS Catalog and complete
details. No obligation. No sales-
man will call.
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NTS COLOR AND B&W TV
SERVICING

Build the largest, most advanced
color TV made! Over-all solid-state
design, 315 sq. in. ultra-rectangular
screen, matrix picture tube, built-in
self-servicing features, “instant On,”
A.F.T., solid-state VHF tuner, and
much more! Also build and keep AM-
SW Radio, Solid-State Radio, FET
Volt-Ohmmeter, and Electronic Tube
Tester. Learn trouble-shooting, hi-fi,
stereo, multiplex systems, radio,
color and B&W TV servicing.

Solid-state
B&W TV
74 sq. in.
picture
(cabinet
included)

Learn sophisticated solid-state cir-
cuitry as you build this B&W TV re-
ceiver. Course covers the full range
of home entertainment electronics.



e

-
|

New solid-state
315 sq.in.color TV

NTS COMPUTER
ELECTRONICS

Buiid and operate the exciusive NTS
Compu-Trainer! Loaded with inte-
grated circuits, it teaches you the
how, what, and why of computers
faster, more thoroughly. You per-
form all wiring and patch-cording.
No short-cuts. No pre-wired circuit
boards. Also receive an FET Volt-
Ohmmeter and a 5" wide-band
Oscilloscope.

NTS ELECTRONIC
COMMUNICATIONS

Gain the prestige and earning power
of owning an FCC First Class Radio
Telephone License! Two exciting
courses in the fields of transmitting
and receiving. Experiment with an
amateur phone 6-meter VHF trans-
ceiver, NTS' exclusive 6-transistor
solid-state radio, and a fully transis-
torized volt-ohmmeter.

« &

e

5-watt AM
transmitter/
receiver.

gin arhome.

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

Systems automation is the future of
industry — and you can play an im-
portant roie! Enter the age of elec-
tronic controls by training on the
NTS Electro-Lab —a
complete workshop.
Also receive a 5"
wide-band profes-
sionally rated Oscil- |
loscope. Build five
industrial controls to
regulate motor
speed, temperatures,
pressure, liquid level
and much more.

5" Oscilloscope

CLASSROOM TRAINING

AT LOS ANGELES

You can take classroom training at Los
Angeles in sunny Southern California
NTS occupies a city block with over a
miltion dollars in facilities devoted ex-
clusively to technical training. Check box
tn coupon.

APPROVED FOR VETERANS

Accredited Member: National Associa-
tion of Trade and Technical Schools
National Home Study Council.

e
The exclusive
NTS Compu-lrainer

NATIONALGEED SCHOOLS

WORLD-WIDE TRAINING SINCE 1905
4000 S. Figueroa St., Los Angeles, CA 90037

[==cecscccccccca

NTS GUIDE
ELECTRONKCS

Please rush Free Color
Catalog and Sample
Lesson, plus infor-
mation on course

0]
checked below. No
obligation. No sales-

2
-
man will call. :f___.

National Technical Schools
4000 S. Figueroa St., Los Angeles, CA 90037

] Master Course in Cotor TV Servicing
[ Color TV Servicing (For Advanced

Technicians)

Master Course in B&AW TV & Radio

Servicing

Master Course in Electronic

Communications

Practical Radio Servicing

FCC License Course

Master Course in Eleclironics

Technology

Automation & Industrial Elecironics

Computer Electronics

Basic Elecironics

Stereo, Hi-Fi & Sound Systems

High School at Home Dept. 206-032

Name Age
- Address -
City State Zip

Check it interested in Veteran Training
under new G.t. bill

Check it interested ONLY in Classroom
Training at Los Angeles
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S TEREO

how to desig

your own solld-state
audio amplifier

THE QUANTITY OF POWER THAT CAN BF
delivered by a Class-A amplifier is ex-
tremely limited. A transistor can dis-
sipate a specificamount of power. Should
the transistor conduct current over the
entire cycle, as well as when it is idling,
a considerable amount of power is
wasted just keeping the device operat-
ing at its predetermined quiescent bias.
This is the state of affairs in Class-A
operation.

On the other hand, Class-B power
amplifiers are biased so that no collector
current flows when the transistor is
idling. The transistor does not conduct
until the applied signal is of such mag-
nitude and polarity as to put the device
into its active region. NPN transistors,
for example, do not conduct until the
signal applied to the base relative to
the emitter, is positive and greater in
magnitude than the 0.6 or 0.7 volt
necessary to turn on the base-emitter
junction.

Even though the amount of power
dissipation in Class-B remains identical
to its capabilities in Class-A, in Class-B
the amplifier will dissipate this power
only when conducting useful audio cur-
rents. The portion of power wasted in
maintaining the Class-A bias is applied
here to enable the Class-B amplifiers
to deliver more useful signal output.

Only one half of a purely ac sinusoi-
dal cycle will turn on a Class-B biased
transistor. To reproduce the alternate
half of the cycle, the circuit must use a
second transistor to conduct during this
latter portion of the cycle. Two tran-
sistors are required to reproduce a full
cycle in Class-B-biased amplifier circuits.

Class-B statistics

A push-pull Class-B amplifier cir-
cuit is shown in Fig. 1 using two npn
transistors. Should a sinewave be fed to
the input, the various waveshapes shown
can be found at the specific points in the
circuit when they are measured with
respect to ground. The dots next to the
ends of the input transformer windings

*Chief Project Engincer, EICO Electronic Instrument Co.
Inc.

Class AB power amplifiers

by MANNIE HOROWITZ*
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FIG. 1—TRANSFORMER-COUPLED Cilass-B
push-pull circult. Significant waveshapes are
shown.

indicate that the corresponding leads
or terminals are identical in polarity
with respect to those at the unmarked
ends. The base of Q1 is in phase with
respect to its emitter as is the “hot”
lead of the input signal with respect to
ground. Establishing the proper status
for push-pull operation, the polarity at
2's base is 180° out of phase with that
at Q1's base.

During the first half cycle, Q1’s base
is positive with respect to the emitter,
so this transistor conducts. Q1 does not
conduct during the second half cycle
for during this interval, the base-emitter
junction is reversed in polarity. The col-
lector voltage is, as shown, for the
voltage across the transistor and the
upper half of the transformer winding
is reduced as the transistor goes into
conduction.

The second half of the cyvcle turns
Q2 on; for only then does the signal bias
that base positive with respect to the
emitter. The waveform of the output
voltage at the bottom of the output
transformer with respect to the center
tap, as well as across the transistor, is
as shown. The voltage across the entire
primary is relatively sinusoidal. as is
the output signal across the load Ry.
Ideally, the output signal is a magnified
version. power-wise, of the input signal.

As discussed for the Class-A ampli-
fier, the two transistors see the actual
load Ry, reflected as a resistor, Ry’, into
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the entire primary winding of the output
transformer T2. Ry’ = Ry (N,/N,)? is
an equation describing the relationship.
In this formula, N, is the number of
turns in the entire primary winding and
N, is the number of turnsin the secon-
dary. Either one of the transistors sees
a resistance, Ry”, across one half of the
transformer winding. Since the number
of turns each transistor sees is N;/2,

Re” = Ru®Nz/N)t = (Ru/4) (No/N)2
Comparing the two equations, we arrive
at the important conclusion that Rp”
is equal to 1{R;’ or that the ac load
seen by either one transistor appearing
across half the primary winding of the
transformer. is equal to one-fourth that
seen by both transistors across the entire
transformer.

Each transistor delivers power to
the load. To determine the power deliv-
ered by two transistors. we need only
determine the power one transistor
delivers and multiply this number by
two

Using one transistor, draw the
Pepm maximum power dissipation hy-
perbola discussed last time. on the collec-
tor characteristic curves of the transis-
tor. As was our previous practice, we
omit the actual transistor curves toavoid
cluttering the drawing. Assuming half
the primary winding of T2 has zero
resistance. the dc load line, defined by
the equation Veg = Ecc — IcRp. is a
vertical line up from the Ecc voltage
point on the V¢g axis. Rp in the equa-
tion is the resistance of }2 of the primary
winding of transformer T2.

The ac load resistance is Rp” =
(Rp/4) (N,/N,)2. Assume that at its
maximum, the load line is tangent to
the Pcea curve. (\We will deviate from
the concept of not working above the
Pcewm curve later on. Here, we assume
the load line cannot cross this hyper-
bola.)

If a sinusoidal signal is at the input,
a half cycle of voltage and current ap-
pears at the output. For the maximum
output, the collector to emitter voltage
will swing from Ecc to zero and the



collector current will swing from its
I maximum to zero. As the rms values
of a half sinewave is the peak voltage or
current divided by two, the signal
power delivered to the ac load, Ry, is

I E
n=(5(T)

_Ecc? _lem®Ro” M

4Ry 4
This equation is valid irregardless of
where the ac load line is with respect
to the Poga hyperbola. The maximum
power is dissipated by the transistor at
the instant the swing is at the center
of travel, or

Pc (max) = (I’“Z“)(P%(‘) ()

This equation is also independent of
the Pggn curve. [t should be emphasized
that Pg{max) is not the average power
the transistor will dissipate. It is the
power the transistor will dissipate only
at the instant the swing is at 1ga/2 and
Ege/2. This is the maximuni power it
will dissipate at any point in the swing.
If the load line is tangent to the maxi-
mum allowable power dissipation hyper-
bola, Pg(max) is equal to Pegng. The
power dissipated when averaged over
the entire cycle is less than P¢(max) for
it is Pg(max) for but two instants in the
half cycle as it swings on the load line.

Comparing equations 1 and 2, we
note that the transistor can deliver as
much power as the maximum instan-
taneous power it will dissipate in the
half cycle. This is double the power the
same transistor can deliver in the Class-
A mode of operation.

The average or de current in a half
sinewave of collector current is I¢ag,/m.
This was discussed in the article on
rectification. The power supply must
provide this dc current. It must provide
Ecc(Iea/m) watts to the transistor.
Comparing this with the power delivered
to the load, the percent efficiency of the
circuit is ]O()I’err;‘l’(suppl_v) = 1007, ¢

= 78.59,—a decided improvement over
the Class-A case.

The transistor dissipates power dur-
ing 14 the cycle only for it does not con-
duct during the alternate half cycle.
Over a complete cycle, one transistor
of the push-pull pair will dissipate

Pirana(for 1 cycle) =

0.068Ecc?/Ry” watts (3)
if the signal swings the output from
zero to its E¢e maximum limit. The
average power the device wlll dissipate
over the cvcle, is higher if the swing is
less than the maximum. Should the
transistor deliver about 409, of the
PRL" in equation 1, it will dissipate

more power than it will dissipate with
any other size of signal swing. The power
it will dissipate is

Pu(av) = Vee?/7IRL” watts )
if the power it delivers to the load is
409, of the maximum. Comparing this

with equation 2, the transistor can
deliver about 2', times the power it
may dissipate.

Averaged over a complete cyvele,
the transistor may dissipate Pggay watts.
It will cross the Pegay hyperbola and
vet be within the power dissipation
rating of the transistor when the dissipa-
tion is averaged over the 360°. This
differs from the Class-A case for here
the idling and average power over the
cycle were at Pggas when the transistor
was biased for minimum distortion. \s
the power during idling (and hence the
average during the cycle) was not per-
mitted to exceed Pegar, the load line
was not permitted above the maximum
power dissipation hyperbola.

Class-B design procedure

Assume yvou want to design a 60-
watt push-pull amplifier which will drive
an 8-chm speaker system. How would
vou proceed to specify the output tran-
sistors and transformer? Use the circuit
in Fig. 1.

If the two transistors are to deliver
60 watts, each one must he capable of
delivering half the power or 30 watts
to the load. If the transformer is 259
efficient, the transistors must deliver
30 watts + 25 of 30 watts = 37.5
watts to the primary of half the output
transformer. Add about 1077 to com-
pensate for losses due to saturation
voltage and leakage current, so that
the circuit should he designed to be
capable of providing about 42 watts.

A good power transistor for this ap-
plication is the 2N 3055, The maxinnim
collector current that can safely flow
through this transistor is 10 amperes,

COLLECTOR
CURRENT

COLLECTOR
VOLTAGE N\
WITH RESPECT
TO THE EMITTER

FIG. 2—-PLOT OF LOAD lines for Class-B amplI-
tier. A sinusoidal input and output signal is as-
sumed.

AC LOAD
LINE=4.668

< VeE
Ecc=28V

FIG. 3—CURVES FOR CLASS-B design proce-
dure.

Adding some leeway, use 6 amperes as
the maximum collector current. As the
rms current of the half sinewave (see
Fig. 3) is 62 = 3 amperes, the load the
transistor must see at the primary of
the transformer is:

R,” = l’n;' leme2 = 42,9 = 4,66 ohms

The supply voltage, from equation
1, is:

Eee = (4RLnPRl~ W= (4 x 4.66x 42)}
= 28 volts

Maximum power is dissipated by
the transistor when the power delivered
to the load is about 409, of 42 watts, or
16.8 watts. \When delivering this power,
the transistor dissipates Vcg?/m2Rp”
watts = 783, (9.9)4.66 = 17 watts. The
2N 3055 can casily cope with this power
dissipation requirement.

(It is interesting to stop for a mo-
ment and note several things here. For
the full swing, the transistor will dissi-
pate 0.068Vce? Ry” = (0.068) (783)
4.60 = 11.4 watts. This is less than the
power dissipated when 409 of the max-
imum power is delivered to the load.

(The power a transistor will dissi-
pate is equal to the power taken from the
supply less the power delivered to the
load. The power furnished by the supply
can be calculated as follows. Based on
equation 1, the square of the collector
current swing is 12(40%) = 4P,

1

(40¢), Ry,” for the case where the out-
put is 409  of maximum. Hence,
12407 ) = 4(10.% watts),/4.60 ohms =
144 amperest. The current is then
IcM07) = /144 = 3.79 Amperes.
The power from the supply is Ege
(Ic(409%) /) = 28(3.79,/3.14) = 339
watts. Subtract the 16.8 watts delivered
to the output at 4077 of the maximum
output power from the 33.9 watts sup-
plied by the power source. and the
transistor must dissipate 17.1 watts.
This is very close to the 17 watts solu-
tion determined from the Vge? w2Ry”
equation above. This alternate method
is presented to indicate a logical pro-
cedure used to determine the transistor
power dissipation at any portion of the
maximum power the device can deliver,
rather than being required to memorize
a nebulous formula.)

Since the impedance across one-half
the primary of the output transformer is
4.66 ohms, the impedance from collector
to collector, across the entire primary,
is 4 x 4.66 ohms. or 18.64 ohms. The
impedance ratio of the entire primary
to the secondary is 18.64 ohms: 8 ohms

2.33:1. The wurns ratio is the square
root of the impedance ratio, or 1.51:1

Turning to Class-AB

A typical set of collector characteris-
tic curves are in IFig. 4, for the 2N 3055.
Notice that they are not evenly spaced.
Should the collector-current swing the
full 10 amperes for the half cycle. the
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FIG. 4—TYPICAL OUTPUT characteristics of
power transistors. Courtesy RCA

o 10

current gain differs at different points
of the cycle. For example, at the point
the in cycle where 2 amperes collector
current is required, the base current at
the input is about 40 ma. At the 4
ampere collector current point in the
cycle, the base current is about 120
ma, while for 6 amperes. it is about
250 mA. In the portion of the output
curve where there is a 2-ampere
collector current rise from 2 to 4
amperes, the equivalent base current
increase about 120 — 40 mA = 80 mA.,
while for the same 2-ampere collector
current increment from 4 to 6 amperes,
the equivalent base current increase
250 — 120 ma = 130 ma. Even though
the increase in collector current remains
at 2 amperes in both cases, the base
current drive required was greater at
higher collector currents. This informa-
tion could, of course, have been derived
from the beta curves which show that
beta varies considerably with collector
current, The a-c and d-c current gain
is nonlinear producing distortion.
Another curve, shown in Fig. 5,is a

Vee=4V

/

Ic-AMPS

E-Y
N

0 05 [ .5 2 25
Vge VOLTS

FIG. 5~TYPICAL TRANSFER characteristics of
power transistors. Courtesy RCA

plot of the collector current against the
base-emitter voltage. You may recog-
nize this as a transconductance curve,
where the definition of transconductance
is not unlike that applied to the JFET.
Notice that this curve, after the first
0.6 or 0.7 volts is a relatively straight
line. The slope of this line is the a-c
transconductance. It is equal to
Ale/AVge, where the A indicates a
change or difference. The a-c trans-
conductance is relatively constant with

changes in collector current. Should
the half cycle of 10 ampere collector
current be at the output, the required
input base-emitter voltage at the 2
ampere collector current point in the
cvcle is 0.9 volts, at the 4 ampere point
it is 1.1 volt, and at 6 amperes it is 1.3
volts. While the collector current in-
crease is in increments of 2 amperes,
the base to emitter voltage increase in
one case is 1.1 volts — 0.9 volts = 0.2
volts and in the second case it is 1.3
volts — 1.1 volts = 0.2 volts. Hence
equal changes in base emitter voltages
produce equal changes in collector
current. This is a linear situation favor-
able to the cause of low distortion.

Good power amplifiers are driven
from low impedance voltage sources
where transconductance is the control-
ling factor, rather than high impedance
current sources where the varying beta
determines the relatively distorted out-
put.

In Fig. 6-a, we apply half a sine
wave of voltage to the input between
the base and emitter. The collector
current at the output appears next to
the I¢ axis. Note that there are portions
in the cyvcle where there is little or no
output current. This is known as the
crossover region. For the two transistor
push-pull circuit in Fig. 1. the output
across the load, Ry. would appear as in
Fig. 6-b rather than be perfectly sinu-
soidal. This signal has a considerable
amount of odd harmonic distortion and
intermodulation distortion. Even worse,

Veg=aV
. cE
—
]
outPUT & 8 7
CURRENT X A
os 6
- << /
e o4 /
5 /
2 2
(8]
0 05 1 ]15 2
— 180°—
VBE‘VOLTS
T
ca INPUT
Vee=0 VOLTAGE
BIAS VOLTAGE
a
b

FIG. 6-a—COLLECTOR CURRENT due to half a
sinewave input. b.—COLLECTOR CURRENT as
it appears for a full cycle. Note crossover dis-
tortion. Courtesy RCA
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in conjunction with transformer and
speaker inductance, this abrupt cross-
over can cause sharp peaks in the circuit
which can damage or destroy the tran-
sistor.

Crossover distortion can e mini-
mized if the transistor is biased so that
it is always conducting some minimal
amount of collector current. .\ normal
procedure to determine the minimum
base-cmitter voltage for this type of
operation is to extend the straight line
of the curve to the Vgg axis. The curve
in Fig. 5 crosses this axis at .75 volts,
The transistor should be bhiased at this
voltage. It may be true that some power
will be dissipated due to the idling
collector current (about 40 mA\ at 0.73
volts). but the reduction in crossover
distortion is well worth this minor
expenditure of power. Some manufac-
turers cause the transistors to idle at
much higher current to assure that the
collector current will never be com-
pletely cut off. This tvpe of biasing
puts the transistor into what is referred
to as Class-\I3 operation.

A drawing of the output current
when the transistor is hiased at 0.75
volts is shown in Fig. 7. There is no por-

Veg 24V
i0 T
ouTPUT
CURRENT o L
2
)
<
o af———f
of——f——
_ l
0 05,1 15 2
I¢ IDLING Vgg-VOLTS |
CURRENT  vge i
IDLING /
VOLTAGE

FIG, 7—CURVES WHEN TRANSISTOR Is
biased for Class AB operation. Courtesy RCA

tion of the half ¢vcle during which there
is an absence of collector current flow.
The distortion is relatively low when
compared to the Class-B mode of opera-
tion. The output over the full cycle is a
relatively good sine wave,

Should the circuit in Fig. 1 be biased
for Class-AB operation. it could take the
form shown in Fig. 8. The bias voltage
is developed across Rx. which is applied
betweeri the bases and emitters of the
two transistors. R and Ry form a
voltage divider with Epp as the source
of the base bias supply voltage. The
quiescent hase current can be deter-
mined using  Thevenin's cequivalent’
circuit procedures described in an earlier
article. Do nat forget to include the dc
resistance of the driver transformer’s

(continued on page 83)



THIS MONTH I'M GOING TO TAKE MOST
of your time to discuss something really
new and interesting—haven't decided
whether it is a device or component—
and I think you'll find its concepts and
applications exciting. It is still in its
horse-and-buggy stage but appears to
be the answer to many problems. I'm
talking about the ESD (energy storage
device) made by Gould lonics. It is an
electrochemical capacitor with quite a
few unique features. Among those of
greatest interest to electronics engineers
and experimenters are:

Very high capacitance—Values are
rated in farads, not in uF or pF as are
conventional types. Currently made in
0.01. 0.1, 0.5, 1.0, 5 and 50 farad units.

Very high capacitive density—The
50-farad unit occupies less than 0.33 cu.
in. Density averages 160 farads per cu-
bic inch.

Very high leakage resistance
(= 10" ohms)—Retains more than 97%
of its initial charge after 16 months of
storage.

Very low leakage current—Typi-
cally less than | pA. A particularly use-
ful factor when charging current is a
few microamps or less and discharge
current is in milliamperes.

Stores large amounts of charge at
low voltages.—A 50-farad unit stores up
o 25 coulombs at 0.5 voit.

ESD cells can be paralleled or
series-connected. —Follow conventional
capacitor and battery arrangements for
greater voltage and higher current capa-
bility.

Low equivalent series resistance
(R.5).—R.. is inversely proportional to
the diameter of the device—less than |
ohm for a 5-farad, l-inch diameter de-
vice and less than 10 ohms for a similar

device 0.5 inch in diameter. The R.. is.

the sole factor limiting the ability of the
ESD to transfer its charge to a load.
The ESD is composed of chem-
ically stable compressed powders and
there is no danger of damaging or de-
stroying adjacent components due to
leakage. Shelf-life is said to be in-

TECHNICAL

TOPICS

Introducing the ESD—a brand-new component
with a myriad of applications in electronics—and more

definite, even when stored under ran-
dom temperatures ranging from -65°C
to +140 C. It is a sturdy component,
not prone to catastrophic failure. It
takes large amounts of energy to de-
stroy an ESD used outside its ratings.
When used as a power source, it
has a low power density when com-
pared with batteries. Further, both its
maximum voltage and current per cell
(500 mV and | mA) are much lower
than most other electromotive cells.
ESD’s can be connected in series, paral-
lel and series-parallel combinations for
the desired current and voltage ratings.
Figure l-a shows the symbol the
manufacturer uses for the ESD. Figure

FROM

by ROBERT F. SCOTT
TECHNICAL EDITOR

1-b is the constant-current discharge
curve for a typical ESD. When used
purely as a capacitor, the current-time
characteristic capacitance is
C = I;/V, where V is 500 mV.
When used as an energy source, ESD’s
can be operated at up to 625 mV per
cell for an increase in energy storage
capability of approximately ten times or
t o+ 2
For example, a S5-farad, 10-cell
ESD can provide current for time ¢ as
determined by the current drain. For a
1-volt drop (from 5 to 4 volts) a 100-mA
drain can be sustained for about 50 sec-
onds. With a I-mA drain it would take
about 5000 seconds for the charge to

POWER

FIG. 1-a~THE ESD SuPPLY

(energy storage device)
has a symbol repre-
senting Its dual func-
tions as a massive filter
capacitor (rated In
tarads) and as a low-
capaclty storage bat-

tery.

'3 ‘ TO CIRCUIT

MULTI-CELL ESD

500 mv -—--

FIG. 1-b—TIME CURVE
tor the ESD when dis-
charged at a constant
rate. The normal

NORMAL OPERATING AREA!
1

1
]
1

charge is to 500 mV. 1
Charging to 625 mV in-

creases the operating

range by a factor of at

least ten times.

FIG. 1-c=RAPID RE- I
CYCLING OF ESD
TIMER uses the charge I

2

and discharge times of
the device. its low cur-
lent rating prevents the
use of a short-circult
discharge device.

1
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drop | volt. The same ESD charged to
6.25 volts would have a power increase
of at least ten times. This allows an in-
crease in current or time or a reduction
n device size.

Applications

Source of standby power in cases
where loss of primary power can be ei-
ther dangerous or extremely inconven-
ient. For example. in a crystal-con-
trolled digital clock, a simple circuit like
that in Fig. I-a might be used to supply
the oscillator and counters so they won’t
lose step during power interruptions.
The same applies to memory systems in
computers.

An excellent decoupling device for
use when large numbers of circuits are
operated from a common power supply.

Pulse-power source to minimize .

overall power drain in devices with low-
current power sources which must have
an occasional low duty-cycle, high-cur-
rent output. A typical example might be
a remote weather station or flood-warn-
ing system powered by solar cells.
Power is stored slowly over relatively
long periods and then pertinent infor-
mation is telemetered out in one short
burst of energy.

In timing circuits, the charge-stor-
age capability and low leakage-current
make the ESD an excellent current-time
integrator whose performance is limited
only by the characteristics of the ex-
ternal circuit components. Fig. 1-b
shows the time versus constant-current
charge/discharge curve for the ESD.
Note that regardless of the charging
current, time ¢ is linearly proportional
to voltage. Due to the low voltage at
which a charge can be stored in an ESD,
the device can be charged from a volt-
age source through a resistor that holds
the current constant.

Since time equals KV (where K is a
constant and V is voltage). time can be
set as accurately as voltage can be
measured. Although some ESD’s show
capacitance increases up to 0.1% per de-
gree C, the voltage/time repeatability is
better than 0.1% when temperature is
held constant.

For indefinite life. the maximum
charge and discharge currents of an
ESD should be limited to | mA al-
though occasional higher currents can
be tolerated.

In most electronic timers. a capaci-
tor is charged to a given voltage level
and then discharged rapidly through a
short circuit to reset for the next timed
cycle. This method is not particularly
suited to this new device. For example.
a 0.5 F, l-inch diameter ESD—when
shorted—has an R-C time-constant of
about 0.5 second (R is less than |
ohm) and takes around 3.5 seconds to
discharge to 0.1% of its initial charged
value. When discharged through a 500-
ohm resistor—to limit current to | mA

at 0.5 volt—the R-C time-constant is 250
seconds and the period required to dis-
charge to 0.1% is 1750 seconds; nearly
30 minutes.

However, when timing is based on
the R-C time-constant—the time in sec-
onds required for the voltage across the
charging capacitor to rise to 63% of the
applied voltage or to lose 63% of its
charged voltage—the long discharge-
time required by the ESD may still be
acceptable. For example, when charg-
ing current is limited to 10 pA. the
charge time is 25,000 seconds. When the
discharge current is limited to 1 mA, re-
set time is 250 seconds. only 1% of the
timed interval and quite acceptable in
many applications.

When a more rapid reset time is
needed. the timed period may be made
equal to the sum of the charge and dis-
charge times. In this case, the circuit is
held in the required state as long as the
ESD is charged above zero (see Fig. 1-¢).
In this type of design, the ESD is com-
pletely discharged and the time delay
before the next period begins is a func-
tion of the system’s logic speed.

Figure 2 shows how the ESD, an
op-amp and a few components can be
used to make a free-running multivibra-

+Vvee

tor with periods ranging from a few sec-
onds to several million seconds. When
power is first applied to the circuit (with
the ESD fully discharged) the op-amp
output V,, will be positive. Diode D1 is
forward-biased so voltage V.. (greater
than zero and less than 500 mV) ap-
pears at the non-inverting input.

The ESD then charges from Vg,
(positive) through R3 at a constant-cur-
rent rate lgsp. Maximum lgspisa 1 mA
and circuit values should be adjusted so
(Vour = Vr5et/2)/R3 is less than 1 mA.
When the voltage across the ESD—ap-
pearing at the inverting input—is more
positive than Vi, Veu changes from
positive to negative. This reverse-biases
D1 and the voltage at the non-inverting
input drops to zero. The ESD is then
discharged from the negative V.,
through R3. When the voltage across
the ESD becomes more negative than
zero, the op-amp again switches state—
going from negative to positive (the
starting condition) and the cycle re-
peats.

Time tl equals
C(R2/R1 + R2) X R3(Vou - Vi1/Vou
- vr\-f/z)
and approximately equal C(R-2/R1 +
R2)R3. And, if Vi equals 500 mV, 1 =

m
v
o
A
\ 4

*c
Vret N\t
PAl

@ v,
op-AE__ L =Y
-
AANA :‘

+Vvee 12

=Vee
_ C(ESD) Vret

t1= t2 =
N )

+vce

-Vce

ESD FARADS 1(ESD) 1 = t2 (secs)

0.01 1mA 5

0.50 100uA 1,500

50 10uA 2,500,000

Y - C(ESD) Vref

— AM—
<
3
<

< 12 >

1, (ESD)

) C(ESD) Vret
t2(ESD)

FIG. 2—MULTIVIBRATOR USES AN ESD to drive an op-amp fiip-tiop with periods up to several mil-
lion seconds. Circult in Fig. 2-a provides symmetrical output and needs two power supplies. Fig. 2-b

needs only one supply and has a variable space-mark ratlo.

54 RADIO-ELECTRONICS ® MARCH 1972



CV,ut/lgspman. Thus. tl is 5 seconds
when V. . is 500 mV. C is 0.01 farad and
Igs, is 1 mA. When using the same
ESD and setting Igsp at 10 pA the time
increases to 500 seconds. By using

COAX
LEAD-IN

__LIGHTNING
[ ARRESTER

higher ESD values and charging cur-
rents around 10 pA. times up to 2% mil-
lion seconds can be reliably produced.

The circuit in Fig. 2-a provides sym-
metrical output (t1 = t2). Figure

.

—

e

47K 200uH}=
[

1 ST LLF TRANS

FIG. 3 (above)-BROADBAND BOOSTER for
broadcast and shortwave receivers that can use
more sensitivity.

FIG. 4 (left)—IC Q-MULTIPLIER uses tuned cir-
cult between output and Inverting Input for se-
jective regeneration.

FIG. 5 (below)—VARIABLE SELECTIVITY In
Halllcrafters SX-133 receiver is provided by Q-
muitiplier around the crystal.
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2-b incorporates changes to permit the
op-amp to operate from a single power
supply and to provide asymmetrical
output. The ratio between tl and 12 can
be as much as 100,000: 1 with either tl
or 12 being the greater. depending on
the input bias current of the op-amp.

At its present state of development
the ESD can be compared to the point-
contact transistor of 1948. Thus it is not
a component you can rush out and pur-
chase over the counter at your friendly
parts dealer. You have to order them
from the manufacturer: Gould lonics
Inc.. P.O. Box 1377, Canoga Park. Calif.
91304. The eight types covering six ca-
pacitance values are $30.00 each and
the minimum order is three pieces. Be-
fore ordering. I suggest writing to
Gould lonics for copies of Bulletins
70107. 70818. 71304 and 71324,

The “more” on the blurb refers to a
broadband signal booster for fre-
quencies ranging from below the broad-
cast band to well up in the shortwave
bands. The circuit in Fig. 3 is one of
several for different frequency bands
described in Le Haut Parleur. It should
be just the thing for BCB and shortwave
DX’ers whose receivers are not as sensi-
tive as they would like them to be. It
works best into receivers with antenna
input impedances between 100 and 500
ohms. With the circuit values shown,
the gain is flat from around 150 kHz to
30 MHz.

A Q-multiplier is a scheme of using
positive feedback (regeneration) to in-
crease the effective Q of a L-C network.
They are used in active filters in lab test
gear and are fairly common.

The circuit in Fig. 4 was described
by Richard C. Gerdes in Electronics
magazine. The parallel-tuned L-C net-
work (resonant at 33 kHz in this case) is
in a feedback network between the out-
put and inverting input of an op-amp.
Circuit selectivity is shaped by the po-
tentiometer.

Possibly the most unusual use of a
Q-multiplier thus far is in shaping the
response of the simple crystal filter in
the Hallicrafters $X-133 commu-
nications receiver as in Fig. 5. The crys-
tal filter is by-passed and full-fidelity re-
sponse is available for AM reception
when the SELECTIVITY switch is in the
NORMAL position. In the BROAD posi-
tion, the crystal is inserted in series with
the input to the first i.f. amplifier. The
triode section of the 6EAS8 acts as the Q-
multiplier. Multiplier gain is limited by
degeneration across the 680-ohm cath-
ode resistor. The SHARP position of the
switch shorts out the 680-ohm resistor;
increasing multiplier gain and sharp-
ening i.f. selectivity. A fourth section of
the switch decreases the coupling ca-
pacitance between the audio stages.
This peaks the audio response for best
CW reception while eliminating the
possibility of audio how]. R-E
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UT ELECTR

LYTICS

LAST MONTH WE REACHED THE POINT OF
testing electrolytics with a scope—mov-
ing the vertical input probe along the
B+ line as filter capacitors were
bridged with good ones to note their ef-
fect on ripple and hash.

There is one, and only one, ex-
ception to this rule. You will find a
fairly high ripple on the input filter ca-
pacitor. This is normal, because the dc
hasn’t gone all the way through the
whole filter as yet. Actual ripple voltage
here will vary, depending on the design.
However, at the filter output, you
should never have more than about 1.5
- volts p/p ripple, and this for tube-type
circuits. Solid-state circuits should have
practically zero ripple. Transistors are
much more sensitive to hum than tubes
are.

Insufficient filtering

There is one other place where you
could run into problems. This is in the
cheaper sets where the complaint is of-
ten “I've got a light-colored bar floating
up and down in the picture” Checking
the original electrolytics on a capacitor
tester shows that they are all in the ball-
park. Yet the scope shows you a pecu-
liar “writhing” ripple waveform on the
output of the filter!

This, in several cases, turns out to
be insufficient filter capacitance in the
original design! The cure is obvious;
add more capacitance to the circuit.
Shunt another electrolytic across the
output filter until you have reduced the
ripple to a level where it won’t cause the
light-bar symptom. I have had to add as
much as 100 pF of extra filtering in
some scts!

Intermittent electrolytics

This discussion wouldn’t be com-
plete without mentioning the most an-
noying fault found in electrolytic ca-
pacitors—the intermittent! It is the cause
of the infuriating problem where the set
has all sorts of symptoms, yet the instant
you touch anything in the circuit with a
test-prod (even a scope probe!) it goes
pow! and starts to work perfectly again!
In most cases, it will keep right on
working, no matter how you hammer
on it, etc. Once it is turned off and al-
lowed to cool, the same problem comes
back. (In the worst cases, it won’t come
back at all—that is, until after you have
taken the thing home again! There it
usually cuts out no later than the next
day, and you've got a call-back.)

This type of problem is caused by
an intermittently-opening electrolytic
capacitor. When you bridge a good ca-
pacitor across one of these, the resulting

FIG. 10—VERTICAL-FREQUENCY spike found
on dc power lines cancelled true vertical sync
puise.

surge of voltage seems to weld the bad
contact, and the capacitor seems per-
fectly good again.

The problem here is identifying the
bad one. You can have very similar
symptoms with bad solder joints or bad
PC board conductors. However, when
you see the trouble, check carefully to
see if it looks like “open-filter” trouble.
(Hum-bars, bending, feedback, etc.)
There is one way to check. Turn the set
ofl, and then clip the scope across the
suspected unit or circuit. Now turn the
set back on. If you see any sign of signal
or ripple on the dc power supply. that’s
it. You can then inrentionally “trigger”
it back on, by touching it with a volt-
meter probe, etc. If the “signal” dis-
appears, OK. Replace the filter capaci-
tors. You can also use this method with
a substitute capacitor. Turn the set off
and hook your bridging capacitor across
the circuit. then turn it on again.

The weirdos

High power-factor or odd troubles
inside an electrolytic capacitor can
cause some strange and wonderful
symptoms, especially in color TV's. In
one well-remembered case, the set had
absolutely no vertical sync. Everything
else worked beautifully, and the com-
posite sync waveform at the sync-sepa-
rator plate looked fine. After checking
all the things that would normally cause
this, the scope was used on the power-
supply lines. You can sce the result in
Fig. 10: a high-amplitude, very sharp
spike, 60 Hz. coming from the vertical
output stage! This was getting into the
sync-separator tube’s dc plate supply,
with exactly the right frequency and
phase to literally “punch out” the verti-
cal sync, leaving the horizontal sync un-
touched! A closer look at that com-
posite-sync waveform showed that there
was no vertical sync in it after all! Re-
placing one of the big electrolytics in
the filter system cured it.

The backward feedback case
If you had a color TV, and you
could see a small resistor between two
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