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The first and only solid-state

test equipment
guaranteed for 5 years.
Now EICO, because of its emphasis on reliability in engineering and manufacture, offers
the industry this breakthrough.
EICO's new line of solid-state test equipment
comes with an unprecedented 5 -year guarantee of performance and workmanship. (Send

for full details of this EICO 5 -year GUARANTEE
on factory -assembled instruments.)
Additional advanced features include: new
functional design, new color -coordinated esthetics, new PC construction, new easier -to build kit designs.

New EICO Solid -State Test Equipment

240

150

242

379

EICO 240 Solid -State FET-VOM $59.95 kit,$79.95 wired.
One all-purpose DC/AC OHMS Uniprobe®. Reads 0.01V to 1 KV
(to 30 KV with optional HVP probe). 7 non -skip ranges, in 10 dB
steps. AC or battery operated. RMS & DCV: 0-1, 3, 10, 30, 100, 300,
1000V P -P ACV: 0-2.8, 8.5, 28, 85, 280, 850, 2800V. Input Z: DC,
11 M; AC, 1 MD. Response 25 Hz to 2 MHz (to 250 MHz with optional RF probe). Ohmmeter reads 0.2 to 1 MD in 7 ranges. 41/2"
200 µA movement. HWD: 81/2", 53/4", 5". 6 lbs.

EICO 242 Solid -State FET-TVOM $69.95 kit, $94.50 wired.
All the versatility of the EICO 240 plus: AC/DC Milliammeter, 1 ma
to 1000 ma in 7 non -skip ranges; single all-purpose DC/AC-Ohms
MA Uniprobe®; and large 61/2" 200 µA meter movement.

-

EICO 150 Solid -State Signal Tracer $49.95 kit, $69.95 wired.
Multi -purpose troubleshooter for TV/FM/AM & Audio Equipment.
Independent RF Audio inputs. Speaker and meter output indicators.
400 mW continuous power output. Substitution amplifier, output
transformer, speaker. Input for rated output: 1 mV RF, 63 mV audio.

330

Hum 60 dB below 400 mW, 105-132 VAC, 50/60 Hz, 5VA. HWD:
71/2", 81/2", 5". 6 lbs.

EICO 330 Solid -State RF Signal Generator.
$59.95 kit, $84.50 wired.
5 fundamental bands 100 kHz to 54 MHz. Vernier control 0-100%.
Output 300,000 uV into 50 -Ohm load. External signal modulation
or internal 400 Hz, 0 to 100%. 105-132 VAC, 50/60 Hz, 1.7 VA.
HWD: 71/2", 81/2", 5". 5 lbs.
EICO 379 Solid -State Sine/Square Wave Generator.
$69.95 kit, $94.50 wired.
5 sine wave and 4 square wave bands. Low distortion Sultzer feedback FET circuit. Sine: 20 Hz to 2 MHz; 0-7.5V rms into hi -Z, 0-6.5V
into 600 ohms Max. distortion 0.25%. Square: 20 Hz to 200 kHz;
0-10V p -p into hi -Z, pos. direction, zero ground. Rise time at 20
kHz less than 0.1 µ sec. 105-132 VAC, 50/60 Hz, 10VA. HWD: 7V2 ",
81/2 ", 81/2 ". 9 bs.
I

New EICO Probes for the Pros

New EICO High Performance Instruments

HI -Voltage Probe HVP-5, Wired $19.95.
Convenient built-in voltmeter. Barrier sections isolate HV tip from handle and
meter. Measures up to 30 KV. Lightweight, compact.
Solid -State Signal Injector Probe PSI -1, Kit $5.95, Wired $9.95.
Pen -size, 1 -ounce, self -powered signal generator. Frequency range from 1kHz to
ideal for signal tracing in the
30MHz, with harmonics. Clip it to your pocket
field.
Solid -State Signal Tracer Probe PST -2, Kit $19.95, Wired $29.95.
Flashlight -size, 2.2oz, self -powered. Hi -gain amplifier, 50Hz to 200MHz with
demod tip. Input Z: 35000, 35KO, 350KO; Output: 0.3 p -p volts. Noise -45dB.
Distortion <5%. Complete with earphone, all probe tips, AA battery, pocket clip.
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-State Portable Color Generator $79.95 Kit. $109.95 Wired.
-- Solid
Wideband Vectorscope/Oscilloscope $179.95 Kit, $249.95 Wired.
1025- Solid -State Power Supply $79.95 Kit,$119.95 Wired.
443 - Semiconductor Curve Tracer $69.95 Kit, $99.95 Wired.
633 - CRT Tester & Rejuvenator $69.95 Kit, $99.95 Wired.

385
465

635

-

Portable Tube Tester $44.95 -Kit, $69.95 Wired.
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EICO Electronic Instrument Co., Inc.
283 Malta Street, Brooklyn. N.V. 11207
EICO Canada Ltd.
20 Millwick Drive, Weston, Ontario

Who said B & K couldn't improve the
only complete Television Analyst?
Now there is a new model ...the 1077-B, with solid state
sweep drive.
The B & K Television Analyst has become standard
equipment in repair shops everywhere. And for good reason.
It's the quickest, simplest way to test every stage of any TV.
But even classic instruments have to keep up with the times.

That's why we've added a solid state sweep drive in our
latest model. It can check any new transistorized color set
on the market today.
It's so easy, too. Because the unique B & K signal substitution
technique eliminates the need for external scopes or
wave -form interpretation.
Whether it's tubes or transistors, VHF or UHF, simply inject
the appropriate test pattern or any other known signal.
The new Model 1077-B, with its exclusive flying spot scanner,
checks everything from the antenna terminals to the input
of the picture tube.
Ask your distributor about the new Television Analyst.
Only B & K makes it. And now B & K makes it even better.
Model 1077-B $389.95

Product of DYNASCAN CORPORATION
1801 W. Belle Plaine, Chicago, Illinois 60613
Circle 3 on literature card
March, 1970/ELECTRONIC

SERVICING

I

March, 1970

Volume 20, No.

EDITORIAL

3

GEO. H. SEFEROVICH, Director
J. W. PHIPPS, Managing Editor

CARL BABCOKE, Technical Editor
WENDALL BURNS, Business Operations Editor
CAROLYN TICE, Editorial Production
MARY M. SYMON, Editorial Assistant
DUDLEY ROSE, Art Director

Electronic
Seriìcìng
Formerly PF Reporter

e

CONTRIBUTING AUTHORS

Bruce Anderson

Allan Dale
Wayne Lemons
Robert

G.

Middleton

TECHNICAL CONSULTANT
A.

JOE

EDITORIAL ADVISORY BOARD

/Me

24 Dale's
Allan
scope
stereo

GROVES

LES NELSON, Chairman
noward W. Sams & Co.. Indianapolis

R.

Service Bench: Testing Stereo With Square Waves.
Dale explains a tried and proven method of using the
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The BUSS HTA fuseholder measures only 1-25/32 inches in overall
length and extends behind the face
of the panel only one inch.
The holder features the popular
bayonet type knob. A strong coil
spring inside the knob assures good
contact when the fuse is inserted
into the holder. if a test hole in the
knob is needed, a breakaway hole
can be punched out to allow use of
a test probe.

Rugged in construction to withstand vibration and shock, the HTA
fuseholder can also be furnished with
a special washer to make it drip proof from the front of the panel.
And the best feature of the HTA
fuseholder is that it has famous
built-in BUSS quality. You can't get
it anywhere else.

complete line of BUSS small dimension fuses, f useblocks, and fuseholders, write for BUSS Bulletin SFB.
In Canada:

ATLAS ELECTRONICS LIMITED
50 Wingold Ave., Toronto 19, Ontario
Bussmann Mfg. Div. McGraw -Edison Co.
St. Louis, Mo. 63107
SUPPLIED THE ECONOMICAL War
THRU DISTRIBUTORS

For more information on the HTA
fuseholder, or anything else in the
Circle
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news of the industry

simplifies soldering

New
TEMPMATIC®
Temperature
Controlled Soldering Tool
Combines all the advantages of a pencil iron,
a fast heating soldering gun, and tip
temperature control. Exclusive removable
Powerhead contains Weller's temperature
control system. Protects components even in
the most delicate work situations. Tool weighs
7 oz. Use it for light or heavy duty soldering.
Model GT -7A has 700°F. 3/6" chisel point
Powerhead. Model GT -6B has 600°F. 1/8"
conical point Powerhead.

The original
Dual Heat Guns
Fast heating. Long -life tips. Exclusive
trigger-controlled dual heat. High

soldering efficiency. Spotlight. 3
models from 100/140 watts to
240/325 watts.

Dependable MARKSMAN Irons
They outperform other irons of their size and weight. Longreach stainless steel barrels. Replaceable tips. 5 models
from 25 watts to 175 watts.

LPJddgº1t-;

Weller 25 -watt Iron for intricate work
Industrial rated. Weighs 13/4 oz.
Delivers tip temperatures to
860°F. Cool, impact -resistant
handle. Model W -PS with 1/6" tip.
WELLER ELECTRIC CORP., Easton, Pa.
WORLD LEADER IN SOLDERING TOOLS
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TV X -Radiation Limits Set
The maximum amottitt of X-radiation emitted by
b-w and color TV receivers manufactured after January 15, 1970 must be limited to .5 milliroetgen per
hour measured at a distance of 5 centimeters from any
point on the outside of the receiver, according to standards and regulations established by the Environmental Control Commission of the U.S. Department of
Health, Education and Welfare.
Every receiver manufactured after January 15, 1970
must carry a label or tag certifying that the set meets
the new X-radiation standard.
The new regulations also state that:
Sets manufactured after January 15, 1970 must
not exceed the established X-radiation limit even if the
user adjusts the outside controls in a way that increases
the capacity of the set to produce X-radiation.
Sets manufactured after June 1, 1970 must not
exceed the limit even though both external and internal
controls have been misadjusted in a way that increases
the amount of X-radiation emission.
Sets manufactured after June 1, 1971 must not
exceed the limits even if both internal and external
controls are misadjusted and a component or circuit
failure increases the ability of the set to produce Xradiation.
The regulations further require that the allowable
amount of X-radiation not be exceeded even if the line
voltage supplied to the set increases up to 130 volts.

Technician License Bill Filed in New York State
A bill to license both radio and television service
technicians has been filed in the New York State legislature.
Requirements for application for a license, under
the terms of the bill, are:
at least 18 years of age
good moral character
a minimum of six months experience in the repair
and maintenance of radio and TV, or has successfully
completed a course of study in the repair and maintenance of radio and TV which has been approved
by the advisory board of examiners.
After January 1, 1971, 18 months of experience
would be required. Six months of credit toward the
experience requirement would be allowed for those
successfully completing a course of study approved by
the advisory board.

to Survey TV Fires and Smoke
Service shops belonging to the National Electronic
Associations (NEA) have been requested by the National Commission on Product Safety to conduct a
continuing survey to report incidents of fires or smoke
originating in TV sets.
The reason for the NEA survey, according to Richard Glass, executive vice president of NEA, is because
NEA Shops Asked

PROVIDES YOU WITH A
COMPLETE SERVICE FOR
ALL YOUR TELEVISION

TUNER REQUIREMENTS
AT ONE PRICE.

TUNER REPAIR
VHF Or UHF Any Type $9.75.

this price all parts are included.
Tubes are charged at cost.
In

24 hour service at our conveniently

located service centers.

itiRrER

REPLAMINI.

Replacement Tuner $9.75.
This price buys you a complete new
tuner built specifically by SARKES TARZIAN 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

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

Universal Mounting
Hi -Gain Lo -Noise

1

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

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

TUNER SERVICE CORPORATION
FACTORY -SUPERVISED TUNER SERVICE

MIDWEST
EAST
SOUTH-EAST
WEST

817 N. PENNSYLVANIA ST., Indianapolis, Indiana

TEL: 317-632-3493

(Home Office)

TEL: 201-792-3730

547-49 TONNELE AVE., Jersey City, New Jersey

.938 GORDON ST.,

S. W.,

TEL: 404-758-2232

Atlanta, Georgia

SARKES TARZIAN, Inc. TUNER SERVICE DIVISION
10654 MAGNOLIA BLVD., North Hollywood, California

.

.

TEL: 213-769-2720
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AT LAST

solid state

triggered sweep, wide -band
at a price you can afford!

e

LECTROTECH
MODE TC1-50

POWER

F

EXTERNAL EIOMIS AMP.

LEVEL

EXTERNAL
NOW IN

e

TEST SIGNALS
SCALE ILL

ASTIGMATISM

FOCUS

INTENSM

CO"

/1St

Made in U.S.A.

osci I loscope/ vectorscope
Triggered Sweep: Easy to use. Positive sync results in absolute
stability of patterns.
Solid State: For reliability and performance.
Wide Band: 10 MHz-for increased use in all servicing, industrial
and educational applications.
D.C. Amplifiers: Eliminates pattern bounce. Permits viewing A.C.
signals and D.C. level simultaneously. Use as a sensitive D.C.
voltmeter.
plus .
Calibrated vertical attenuator.
Calibrated horizontal
time base. Automatic sync mode. TV sync selector. Vector scope input for color TV servicing. External horizontal amplifier.
60 cycle horizontal sweep (sine wave) with phasing control.
Compatible with all sweep generators. Edge lit calibrated scale.
All solid state (tube protected input).
.

.

the Commission on Product Safety is convinced that
many fires and other incidents evolving from unsafe
product designs are never reported to the manufac-

turer.
The commission reportedly believes that more accurate accounting of the incidence of fires in TV's can
be obtained by a continuing survey of TV service
shops.
Eastern Division of Castle Tuner Moves
The Eastern Division of Castle TV Tuner Service
has moved from Long Island City, New York to 13005 89th Road, Jamaica, N.Y. 11418.
The new facilities provide overhaul of TV tuners
for the entire Eastern section of the U.S.
The main plant at 5710 N. Western Ave., Chicago,
Ill. 60645 continues to provide similar service for the
rest of the U.S.
NARDA Leader Proposes Union of
Home Retail Sales and Service Associations
An alliance or merger of all retail trade associations
whose members sell and/or service appliances, home
entertainment electronics products, kitchens and furniture was proposed by Jules Steinberg, executive vice
president of the National Appliance and Radio-TV
Dealers Association (NARDA), at a meeting in Chicago of the American Institute of Kitchen Dealers, according to a report in Merchandising Week.
Included in the proposal as potential members of
such a union were the National Alliance of Television
and Electronic Service Associations (NATESA) and
the National Electronics Associations (NEA).
Replying to the proposal, Frank Moch, executive
director of NATESA, reportedly said, "There's a vast
area of mutual interest worth exploring and investigating."
"But," cautioned Moch, "Uncle Sam might look at
it with a jaundiced eye. It seems he's more interested
in watching what the little guy does than what the
big ones do."
NEA National Office to New Address
The National Electronic Associations' (NEA) national office has been moved to new facilities at the
following address:
12 South New Jersey Street
Indianapolis, Indiana 46204
Phone (317) 636-9062
All administrative, legal and financial business will
be conducted through the new national office.
Public relations information and materials relating
to the NEA will continue to be handled by:
Jack Betz C.E.T.
2525 W. 4th Street
Waterloo, Iowa 50701

ONE YEAR WARRANTY

TO-50-oscilloscope/vectorscope
See your

distributor or write Dept.

Net

32950

ES -3

LECTROTECH, INC.

111
4529 North Kedzie Avenue
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Montgomery Ward TV-Stereo Production
Purchased by Admiral
Admiral has purchased Cortron Industries, the TVstereo producing arm of Montgomery Ward.
Cortron reportedly will continue to supply TV and
stereos to Montgomery Ward.

Now the
Chromacolor revolution
comes to
replacement tubes too!
Now you can install Zenith's patented Chromacolor
picture tube that outcolors, outbrightens, outcontrasts and outdetails
every other 23" diag. color picture tube.

With a full 2 -year warranty!
After years of pioneering research
and development, Zenith has perfected a color TV picture tube different than any other on the market. So
revolutionary that it outcolors, outbrightens, outcontrasts and outdetails every other 23" diag. color tube.
And it's a Zenith exclusive-covered
by U.S. Patent No. 3,146,368.

Before Chromacolor, every giant screen color picture was made up of
tiny dots on a gray background.
But Zenith made the dots smaller,
surrounded them with jet black and,
for the first time, fully illuminated

The Zenith Chromacolor tube will
readily replace the 23" diag. tube in
almost any TV, whatever brand. And,
unlike most replacement tubes, it's
warranted for two full years.
Ä

T

T
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6

T

T
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T
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Order the Zenith Chromacolor picture tube from your Zenith distributor
for your next installation. And put
your customer in a better light.
At Zenith, the quality goes in before
the name goes on.®

Ä
Y

Magnified drawing of
ordinary color TV screen
before Chromacolor

Magnified drawing of
Zenith Chromacolor
TV screen

every dot. Result: the brightest,
sharpest picture tube in giant -screen
color TV.

TWO-YEAR WARRANTY
Zenith Radio Corporation warrants
the replacement CHROMACOLOR
picture tube to be free from defects
in material arising from normal usage for two years from date of original consumer purchase. Warranty
covers replacement or repair of picture tube, through any authorized
Zenith dealer; transportation, labor
and service charges are the obligation of the owner.

Simulated TV picture

)2/1-Firif
CIJHIII.

*MÁ(
ONLY ZENITH HAS IT
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However, the drop in TV service rates during recent
years cannot be attributed to greater efficiencies or reduced costs of doing business. The cause seems primarily to be unrealistic service pricing.-Bear Facts,
Calif. State Elect. Assoc.

Bargain Priced in Today's Economy
The shaded area in the chart indicates the level that
TV service prices have followed, compared to other
economic indicators.
The U.S. Department of Labor started keeping track
of TV service rates in 1953. In that first year TV service rates were low. During 1954 through 1959 the
TV service rate indicator climbed strongly. By 1959
the cost of TV repairs had caught up to the costs of
other services and the indicator for wages of factory
workers (per hour). In that year, TV service rates, at
103.5, exceeded the General Cost of Living Index,
which then was only 101.5.
In 1960 the TV service index rose again, but had
reached its peak. That year saw TV service rates at
105.0. Other services (less rent) went to 107.4. The
index for hourly wages of factory workers rose to a
similar 107.0. The general Cost of Living, at 104.2,
was still a shade below the TV service indicator.
From 1960 through 1964 TV service rates froze at
approximately 105 while the other indicators were
continuing to rise.
In 1965 TV service rates actually dropped to 102.6,
while the other indicators went on climbing.
The latest figures (November 1969) show TV service rates at only 101.0 while the other costs are now
skyrocketing.
In an inflationary economy, when a cost indicator
holds steady or drops off a bit, usually there is a good
solid reason. The prices of transistor radios, for example, have dropped because of Japanese imports and
automation.
TV Service is

Consumer electronic service training sessions conducted by TV manufacturers, distributors, service associations and universities which are open to all interested
consumer electronic service technicians will be announced in this column. Send the dates, location and a brief
description of the subjects to be covered to: Service
Training, ELECTRONIC SERVICING, 1014 Wyandotte St., Kansas City, Mo. 64105. All information
should be submitted two months prior to the date of
the training session.
Iowa State University:
All -Day Classes

March 9, 1970-Ottumwa, IowaAlignment
March 11, 1970-Ames, Iowa-Introductory Servicing Home Calls

5 -Week Classes

March 3, 10, 17, 24 and 31,

1970-

Council Bluffs, Iowa-Transistor
Sweep Circuits

March 5, 12, 19, 26 and April 2,
1970-Dubuque, Iowa-FM Stereo

Comparative Price Index

of 1957-1959
Average
170%

160%

Service Training Schedule

1953-1969

Source: U.S. Dept. of Labor
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"For" Licensing
In regards to Mr. Norton's letter, which was in the
December '69 issue of ELECTRONIC SERVICING,
I would like to say that there is no reason for any
oldtimers to be forced out of business because of
licensing laws. If the oldtimer is a real technician,
then he has been keeping up with advances in his
field and he should be able to pass any test he might
have to take, without even "boning up" beforehand.
If, on the other hand, he is a "seat -of -the -pants"
repairman (well, that didn't help so let's replace this
and see what happens), then perhaps it is better for
all involved if he is either put out of business or, as
is more likely, is made to attain an acceptable level
of competence.
As for "servicing speakeasies", we already have them
in California, and it takes only one irate customer or
competitor to blow the whistle.
Licensing might not have eliminated all abuses
among doctors and dentists, but even so I would not
want an unlicensed doctor doing "major repairs" on

I also am selling a CRT -1 Picture Tube Adapter
accessory, which tests all picture tubes, including the
new 110-degree deflection tubes. This can be used
with all current Hickok manual tube testers.
All the equipment is in excellent condition. The
latest set-up information and manuals are included.
For more information about these instruments,
please contact me.
Bernard H. Serota
2502 S. Philip St.
Philadelphia, Pa. 19148
Touchy Horizontal Locking
This is in regards to Mr. R. G. Fruehauf's letter

30 years.
My hope is that the "silent majority" of service

concerning the horizontal locking in a Zenith color
set, which appeared in the Troubleshooter department
of the December '69 issue of ELECTRONIC SERVICING magazine.
The factory modifications you gave for elimination
of hooking left out the important change for increasing
the filtering on the AGC line-changing the .033-mf d
capacitor at test point E to a .1-mfd capacitor.
Because of insufficient filtering, the horizontal hold
was erratic when switching from channel to channel.
Once a channel was tuned in, the hold was very
stable. A quick fix in the home can be accomplished
by soldering the .1-mfd capacitor from test point E,
which is clearly marked, to chassis ground, leaving
the original .033-mfd capacitor in the circuit. This
change is needed only in the "Y" series chassis.
Robert Corcoran
East Haven, Conn.

people will read this fine letter. Thanks for printing it.
Jack Watt
Ontonagon, Mich.

Service Labor Rates Should Reflect
Your Cost of Doing Business

me.

Joseph V. Breen
Sacramento, Calif.

"Against" Licensing
Three big cheers for Mr. Wolfson of Chicago, whose
letter against licensing appeared in the January '70
issue of ELECTRONIC SERVICING. He states my
views precisely, and I have been voicing them for over

Comments on Antenna Installation
I have some comments regarding Bruce Anderson's
article titled "Facts About Basic Home TV Antenna
System Components", which appeared on page 50 of
the January '70 issue of ELECTRONIC SERVICING.
I feel that mounting or grounding an antenna to
any vent pipe or sewer stack is not only dangerous
(sewer gas will explode) but also against the majority
of the electrical codes. Also, in some areas antennas
are not permitted on chimneys. Ground rods should
be at least 8 ft. to do a good job. An installer should
always check the state and local building codes, or
he might find himself in court.
Burt's Radio ce TV
Grand Rapids, Minn.
Tube Tester and Accessories for Sale
I have for sale a Hickok Model 6000 tube tester
equipped with a Model CA -4 Universal Adapter,
which enables the technician to test 5-pin, 7-pin and
the new 10 -pin Nuvistors, Novars and Compactrons.

I was very impressed by your recent article on
service pricing (Dec. '69 issue). However, I also was
very upset by it.
I could not help
.
After reading your article
what a fanabout
a
little
and
daydreaming
stopping
tastic life I would have if such service charges were
realistic.
It might very well be true that the mentioned
places, Electro -TV, and yes, even Wholesale TV, can
charge such outlandish prices and get away with it,
but what about such areas as I live in?
This is not to say that I live and work in a poor
section of the country, but certainly not the kind that
these two people live in.
The population of Skowhegan is around 5,000 people but the total for the servicing area is about 15,000.
When I started my business I obtained contracts
for work through several department stores, two of
which are national chains. Both of these left the service charges open to me for decision. Before I made
up my mind about charges, I contacted several of the
well-established businesses in this area to seek out
.

.
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their charges. Then I made a service charge form
(schedule of rates) which was turned over to these
stores for approval.
Needless to say, the charges that are my policy are
far, far from the charges you listed as within sight of
all. I can say only that if everyone who services in
this area charged the outlandish prices that are mentioned in this article, there would be no service shops
remaining.
The average charge for a home service call in this
area is $7.00, and is for the first hour, not 30 minutes.
This is the price that I charge both to my customers
and to the department stores. There is no additional
charge for installing tubes, changing capacitors, etc.
If this were the case, not many shops would remain
in this area.
My only comment to those who charge so much is
that if such policies were to be national, the manufacturer would be forced to provide service since the
average customer, and I mean average, not people
who have five-figure incomes, could not afford such
service.
As I glance down some of the charges, I can not
help wonder why someone would pay a minimum
charge of $58.50 to have repaired a transistor TV that
could be bought new for slightly more than this.
The only thing accomplished by charging such
prices is to further the sales end of the companies'
income rather than the service end.
I guess I have said enough. The article really ticked
me off, so I had to say my peace.
I enjoy reading your magazine and the articles are
excellent. Do keep up the good work!
Edward B. Whittaker
Skowhegan, Maine

It is true, Mr. Whittaker, that the specific prices
in the Dec. '69 issue of ELECTRONIC SERVICING
probably cannot be applied to the economic conditions that exist in Skowhegan-and a lot of other
towns and cities across the country. This was pointed
out in the article. It also was pointed out that the
purpose of the article was not to introduce specific
service labor charges, but rather to present the philosophies and pricing methods of two shop owners
who have attempted to develop service labor rates
that are more realistic for their operations and market
areas-service labor rates that enable them to provide
their technicians adequate salaries and fringe benefits. That's what it takes to attract and retain good
technicians. Consumers can benefit, because as the
competence and efficiency of the service industry increases, better service will be rendered at a fair price.
The prices of products and services, if they are
realistic, generally reflect what they cost the seller.
Included in the price should be such costs as employee salaries and benefits, shop overhead-including
taxes, lease, insurance and utilities-and depreciation
of equipment.
The cost of some of these items-such as taxes,
lease, utilities and employee salaries-can vary drastically from one area of the country, or state, to another. Consequently, the prices charged for services
and some products also should vary.
An article titled "Soaring Cost of Living Seems Far,
22
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Far Away From a Town in Maine" appeared in the
January 6 issue of the Wall Street Journal. The article
described the low cost of living in Lubec, Maine, a
town of 2,684 residents on the easternmost peninsula
of the Maine coast.
According to that article, the 37 -cent breakfast, the
dime cup of coffee and the $7.00 motel room still
survive in Lubec, and a husband and wife can live
very comfortably on $4,500 a year. Houses that sell
for $30,000 or more in New York and San Francisco
can be purchased for $8,000 to $12,000 in this town,
whose two police officers each receive $1.70 an hour.
Taxes also are low in Lubec. The municipal debt
totals only a little more than $6.00 per resident, while
in New York the municipal debt averages about $714
a resident.
The same article also mentioned that services are
cheap in Lubec. For example, television technician
Owen Wilson charges only about $9.00 labor for replacing a certain transformer in a TV. The typical
labor charge for replacing this transformer in a TV
set in Boston reportedly is $14.95.
Wilson has raised his fees for house calls to $3.50
in town and $4.50 outside of town-up 50 cents, or
14%, in 15 years. Compare this with the spiraling indicators in the national cost -of-living index.
Labor rates for television repair in Lubec, Maine
are lower because the cost of doing business is less,
and because a TV technician (and other residents) can
live comfortably on less income than he could in
many other areas.
A TV shop owner or technician in Los Angeles,
Chicago or New York would starve to death if he
charged the same labor rates that are charged by
Owen Wilson in Lubec, Maine. Why? Because it costs
more to produce the same service-and it costs more
to live.

It is much more important that a shop owner know
exactly what it costs him to produce the services he
sells, than what the same services sell for out of his
economic or market area. Also, he should not mimic
the prices charged by his local competitors without
knowing for sure that his cost of doing business is no
more than theirs-differences in shop efficiency can
make a big difference in what it costs different shop
owners in the same city block to produce an hour of
service labor.-The Editor.

for Sale
1 through 905
for sale at reasonable prices. Please contact me for
PHOTOFACT Folders

I have Sams PHOTOFACT folders

more information.
Ruben's TV
1006 13th St.
Green Bay, Wisc. 54304
Info on Imported Products
Your November '69 article on page 38 titled "Source
Guide to Imported Consumer Electronic Products"
indicates Sams coverage for Morse products but no
Sams coverage for Electrophonic products.
The distributors for both products are one and the
same. Morse and Electrophonic products are identical
in all respects including model numbers and cabinetry.

The first two digits of their model numbers represent
the chassis; therefore, Sains coverage for any Morse
model will automatically cover any Electrophonic
model bearing the same first two digits in the model
number.
I hope this will help your readers.
Robert D. Sanford
Oxnard, Calif.

flameless
1000°
heat

Instant, precise heat f
shrink tubing,
soldering-desoldering,
forming, bonding, deburring,
drying, setting adhesiv
World's most complete lin
Models from 200-1000°
Send for new free Cat
1001 uses

Diode Reversed
I recently had an RCA CTC24 chassis on the bench
with convergence problems. Using PHOTOFACT
folder 912-3, I located an open diode on the convergence panel.
I decided to replace the RCA diode module with
GE 504 diodes, which I had on hand. I located the
diodes on the schematic, and wondered about the
biasing of X6A.
I then pulled out my RCA field service guide and
located the diode identified by RCA as CR 801 E.
It seems that the PHOTOFACT folder pictures this
diode in the circuit backwards. Those who use this
folder may want to note on the schematic that diode
X6A should be reversed.
I am a very happy reader and subscriber of your
magazine and a constant user of Sams PHOTOFACTs. However, since none of us can be expected
to be perfect, it is handy to have other sources of
servicing information in the shop.
Pat Pasco
Suitland, Md.

you can h
in your han

1745 FLETT AVE., RACINE, WI 53403

Help Needed
I recently purchased a used Simpson Electric Co.'s
Model 330, Series 3538 tube tester. However, I cannot seem to find an updated roll chart or manual. I
have written to the manufacturer and a tube data
service company, but neither can help. I would appreciate any assistance in obtaining this information.
Thank you.
M. C. McCready
7908 Riverview Ave.
Pittsburgh, Pa. 15218

Circle 10 on literature card

" " " FREE

I am in need of a diagram for a Pioneer Stereo
Model SMB200A, No. M1179. Any information will
be appreciated.
Bill Blackmore TV
22102 80th Ave. West.
Edmonds, Wash.
I recently purchased an old television sweep signal
generator, Model No. Tele -Sweep TSW-50, but have
been unable to contact the manufacturer to inquire
about obtaining an operating manual, schematic, etc.
The manufacturer's name listed on the chassis is
Vision Research Laboratories, P. O. Box 52, Kew
Gardens, New York. I wrote to the address, but my
letter was returned stamped "No Such Address."
If anyone could help me locate the articles noted
above, I would gladly reimburse them for such information.
Jesse D. Mann
3728 Loomis St.
Lakewood, Calif. 90712

CATALOG "

"
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TV PICTURE TUBE REBUILDING EQUIPMENT

C.R.T. Equipment Company, Inc.
2740 Old Lebanon Road
Nashville, Tennessee 37214
Telephone (615) 883-0215
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Dale's service bench
by Allan Dale

Testing Stereo
with Square Waves
The subject this month is a tried
and proven method of testing stereo
amplifiers. I've watched guys fumble
around with one method and another, sometimes piddling with half
a dozen different approaches to one
simple service job. They waste a lot
of time that way.
I like a square wave. It's easy to
trace with a scope, and it tells you
quite a bit about the amplifier, just
at a glance. All you have to do is
remember what a few waveforms
look like. You can even make a
chart, if you don't fix amplifiers

ei

+///

Mu"

own

shapes.
You don't need a lab generator.
An ordinary service -type is okay.
Nor do you need a triggered scope
(although that's what I use). But
your scope must be a wide -band
model, like you have for color TV
work. A poor scope can distort a
square wave seriously; if you're not
careful, it'll fool you into thinking
an amplifier is bad when it isn't.

Generator Versus Scope
Always use the same scope and

generator. Get accustomed to them.
If the scope response is poor at one
end, you must allow for it. It happens I have an old scope with bad
low -frequency response, and I've

never bothered fixing it. That

doesn't really hurt anything, as long
as you know it's that way.
First thing to do is hook your
square-wave generator directly to
the scope. On my old scope, a 200 Hz square wave from my kit -type
generator looks like Fig. lA. I always set the scope sweep and sync
to show three cycles of waveform.

II"

r/r

A

A

1
Here's what the signal from a
service -type square -wave generator
may look like on your service scope.
(A) At 200 Hz (B) At 4000 Hz.

Fig.
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Fig. 2 Rounding of leading edges reveals rolloff of high frequencies; squarewave fundamental frequency and the
amount of rounding are clues to which
frequencies are lost. (A) At 2000 Hz
(B) At 4000 Hz, same amplifier.

Fig. 3 More waveshapes you may see
when servicing an amplifier with square
waves. (A) Low -frequencies deficient,
or highs overpeaked (B) Overload-increasing input doesn't give more amp-

litude.

1..1...

I chose 200 Hz because that's a

good frequency with which to start
testing. A square wave tests an amplifier's low -frequency response
down to about one -tenth of the
square -wave frequency. Thus, a
200 -Hz square wave is meaningful
down to 20 Hz-about as low as a
practical stereo amplifier needs to
operate.
The flat-tops of the waveform in
Fig. 1 are tilted and have a slight
upward curvature near the leading
edge. That's a sign the scope response is a bit poor down toward
20 Hz. You'll have to remember
that when you test an amplifier.
Now set the generator dial for
4000 Hz. Set the scope sweep and
sync to lock -in three cycles. My
scope and generator make a display
like Fig. IB. The waveform is a
true square at this frequency.
A square wave tests an amplifier's high frequency response up to
about ten times the square -wave
frequency. With 4000 Hz, you can
tell how an amplifier operates up
near 40,000 Hz. The waveshape in
Fig. 1B is okay, so my scope's

vertical amplifiers are okay up past
40 KHz.
Some stereo amplifiers are designed for flat response well above
50,000 Hz. That's far out of hearing range. But, if the manufacturer
says the amplifier should respond
that far, go ahead and test it. If you
want to test it for response at 100
KHz, use a 10-KHz square wave.
But always check how it looks on
the scope first.
Square Wave in an Amplifier
What happens to a square wave
in the stages of a stereo amplifier is
the result of what a square wave is.
You probably remember that a
sharp, square-cornered waveform is
composed of the fundamental sine
wave plus odd -order harmonics out
to infinity. As a practical matter,
harmonics out to the eleventh or
thirteenth are enough to keep a
waveshape square.
The shape of a square wave in an
amplifier depends on the frequency
response of the stages. If harmonics
are attenuated, the shape doesn't
stay square. So studying the wave-
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Fig. 4 Square waves reshaped by bass tone control. Effects are almost exclusively
on trailing edges. (A) Normal waveshape when controls are at "flat" (B) Trailing
edge low-bass reduced (C) Trailing edge high-bass boosted (D) Bass boosted
even more.
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shape tells you how the amplifier
performs.
The leading edge is the first place
to look. If it's rounded off, the amplifier is rolling off some of the frequencies up toward the tenth harmonic of the square -wave fundamental. If it stays sharp, that means
the amplifier is passing those harmonics okay. A 4000 -Hz square
wave that stays square all the way
through an amplifier proves the
high-frequency response is reasonably flat through at least 40 KHz.
If a 200-Hz square wave goes
through okay, it means the frequency response of the amplifier is
normal and reasonably flat down to
20 Hz.
If the leading edge is over -sharp,
the response to subharmonics of the
fundamental is deficient.
The waveforms in Fig. 2 both are
from one of the amplifiers I recently had on the bench. They show
poor frequency response.
The slight rounding of the leading edges of the waveform in Fig.
2A tells you the response isn't flat
at high frequency. The input signal
here is 2 KHz. The rounding means
frequencies up toward 20 KHz are
being rolled off, or amplified less.
The rounding looks worse in this
amplifier if the square -wave fundamental is made higher. Fig. 2B was
taken with the generator set for 4
KHz. Severe rounding tells you almost no frequencies up near 40
KHz are coming through. (This
might not matter for listening, but
the manufacturer claims flat response to 50 KHz.)
The trouble, I found, was in two
transistors. One of them was pretty
far gone with ICBO (collector -base)
leakage-over 12 A. The other
one was slightly leaky, too, but it
worked okay in a stage where it
wasn't DC -coupled to another transistor stage.
The symptom of an opposite fault
is pictured in Fig. 3A. The trailing
edge is depressed, and the leading
edge is abnormally high. The balance between highs and lows is
wrong. This waveform was produced by an amplifier into which I
fed a 200 -Hz square wave. Frequencies down toward 20 Hz were
being lost. I tracked this waveform
backward from the output with my
scope and found that the incorrect
March, 1970/ELECTRONIC SERVICING
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shape originated in a pre -driver
stage. From there on back to the input, the waveshape was square. A
defective electrolytic capacitor was
the cause.
I saw the waveshape in Fig. 3B
several times while I worked on
those amplifiers. One flat -top is
rounded. It's one you'll see if you
overload any stage with too much
input signal. It can be cured by
turning down the generator output
It wasn't that easy in one ampli-

rt
4.4

fier, however. The square wave was
normal through all the preamplifier
stages. Beyond the level control, the
waveform in Fig. 3B showed up. I
made sure it was overload by turning the generator up higher (If it is,
the scope waveform doesn't get any
higher at all-the tops and bottoms
just get thicker. It was overload.) I
could straighten out this one by
turning the level control down. But
the stages following the level control should be able to handle full-

rim
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Fig. 5 Square waves reshaped by treble tone control. Effects ate almost exclusively
on leading edges. (A) Leading edge pulled down-treble reduced (B) Leading edge
pulled way down-treble reduced severely (C) Leading edge raised-treble boasted
(D) Treble boosted even more.
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A
Fig. 6 Effects of adjusting both tone controls in the same direction. (A) Both turned
up (B) Both turned down.
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volume. So I hunted for trouble.
I turned the generator back down
so the wave was square up to and
past the level control. I found the
overload in a driver. DC measurements revealed a bias upset that let
the stage act like a limiter. Funny,
but the real fault was the transistor
preceding the driver. It handled the
signal okay, but its DC collector
current wasn't right--and that was
part of the bias current for the
driver.
Effects of Tone Controls
One way to see how frequencies
affect square waves is by testing the
tone -control stages of a good amplifier. The series of waveform photos
in Figs. 4 and 5 show the various
results. A 1000-Hz square wave is
good to try this with. It checks amplifier response from 100 to 10,000
Hz.
Make sure the preamplifier is operating normally. Feed in the signals, and connect the scope anywhere after the tone stages-the
output of a predriver is fine.
Waveform A in Fig. 4 is the
square wave when the tone controls
are set for perfectly flat response.
This is a good way to verify the
flat setting of both controls.
Waveform B is with the bass
control turned down. There are now
fewer bass frequencies in the (former) square wave than treble. When
frequencies are missing toward the
low end-to and beyond 100 Hz in
this case-the slope of the flat-tops
from leading edge to trailing is
downward.

Waveform C shows what happens
when you turn up the bass control.
Balance between treble and bass
frequencies is upset, but without destroying high-frequency response.
That's why there's no rounding at
the leading -edge. Boosting bass frequencies makes the slope of the flattops slant upward from leading edge
to trailing edge.
Exaggerated bass boost is shown
in waveform D of Fig. 4. This gives
an amplifier that "juke-box" boominess. To an unpracticed eye, there
seems to be a similarity between
this waveform and the rounded one
in Fig. 2B. But look at that leading
edge. In waveform 4D, there's still
a sharp corner. That means high
frequencies are not being cut. The

high trailing edge indicates only that
bass is being boosted more than
treble.
The waveforms in Fig. 5 show results of adjusting the treble control.
In A the sharp corner of the leading
edge is pulled downward, leaving
the corner rounded. This shape is
the result of turning the treble control down. Frequencies up toward
10 KHz are being rolled off (the test
signal is still 100 Hz). Bass frequencies aren't bothered.
Waveform B of Fig. 5 shows severe rolloff at 10 KHz. Notice, however, that the trailing edges remain
sharp -cornered, being neither raised
nor lowered. That means low notes
are still not bothered by this extreme effect on high notes.
Treble boost is shown in waveform C. Notice how the leading
edge of the square wave is pushed
upward sharply without affecting
the trailing edge.
And waveform D of Fig. 5
shows extreme treble boost. The
treble control is turned way up for
this.
The secret of square -wave analysis must be obvious from these
waveform photos. In case it isn't
deeply impressed on you, here it is:
Whatever is being done to high frequencies manifests itself at the leading edge of the otherwise square
waveform. Whatever is being done
to low frequencies shows up on the
trailing edge.
Fig. 6 proves this dramatically.
In Fig. 6A both bass and treble controls have been turned up. Extreme
highs and extreme lows are both
being boosted. The high leading
edge shows emphasis on treble, and
the high trailing edge shows emphasis on bass. Fig. 6B, on the
other hand, was produced by opposite settings of these controls. The
downturned leading edge shows
treble is reduced, and the downslant
to the trailing edge shows bass is
reduced.

Distortion
Square waves make distortion obvious. Some distortions I found in
the amplifiers I told you about are
pictured in Fig. 7. These all happened to involve oscillations, too,
which is a common cause of "peculiar" or "not right" sounds from
stereo amplifiers.

The waveform in Fig. 7A first
looks like a sawtooth. But a definite
thickening in both slopes and the
wavy triple lines at the peaks denote
oscillation. As it turned out, there
were two distinctly separate faults
in this amplifier. The sawtooth was
being shaped in a preamplifier
stage, where a leaky capacitor had
upset the bias. The oscillation was
in the four -transistor output stage; I
had to replace half the feedback
network and redress some capacitors that had been moved by a

"prober."
Fig. 7B is the result of parasitic
oscillation. You can see its little RF
"burst" riding at the bottom trailing
edge of each cycle. This one also
is creating some ringing oscillation
at the top leading edges. Turning up
the generator input made the major
oscillation worse, as shown in Fig.
7C; it also revealed a very low overload factor in the amplifier. The
trouble was in a driver section
where part of the feedback system
was bad. A resistor had changed
value.

A badly oscillating stage in another amplifier produced the waveform in Fig. 7D. The cause was a
bad transistor. Notice that the
square shape is eliminated completely. The stage is producing its
own RF signal, triggered by the
square -wave input.

What's Next
All this information on square
waves should, at least, put you on
the track of troubles in stereo amplifiers. It's amazing how much information a square wave gives you,
if you know where and how to look.
Just be sure the test frequency fits
what you want to test.
In my next column, I have a real
goodie for you. If you work on car
radios much, you've undoubtedly
run into search -tuning jobs. They
drive some technicians right up the
walls.
If that happens to you, take next
month's column up there with you.
When you get back down to earth,
you may know how to approach
search tuners more confidently.

Fig. 7 Distortion as seen in square waves, with oscillations. (A) Two separate faults
-waveform distortion plus oscillation (B) Parasitic oscillation in output stage (C)
Same as B, except signal is overloading output stage (D) Stage self -oscillating,
triggered by square -wave input.
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VECTOR PATTERNS:
Fig.

1

Simple Lissajous waveforms.

How the vector pattern is developed and what it can
tell you about the performance of a color receiver
by Bruce Anderson

Simple Lissajous Patterns

A) In -phase signals

B) Out -of -phase signals

C) Sl onals in quadrature.
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The "daisy" or "starburst" pattern produced by a vectorscope is
actually one of a group of patterns
properly labeled "Lissajous figures".
These are patterns which are generated when both the horizontal and
vertical inputs of a scope are excited
by signals which bear a simple harmonic relationship to each other.
The three Lissajous patterns in
Fig. 1 are simple to explain and also
are very easy to produce on any
ordinary oscilloscope.
Fig. lA shows the result of applying the same 60 -Hz sine wave to
both inputs of a scope. If the two
signals are in phase, a diagonal line
from upper right to lower left is
displayed.
Fig. 2A illustrates how this type
of pattern is developed. Since both
the vertical and horizontal deflection voltages reach maximum positive at the same instant, T2, the
spot on the CRT reaches its maximum upward deflection at the same
moment that it is deflected to the
right as far as it can go. At times
Tl, T3 and T5, there is no deflection, since both inputs are zero;
when both inputs are maximum, at
time T4, the spot reaches its maximum point of deflection to the lower
left.
Fig. 1B shows the pattern produced if the polarity of one of the
inputs to the scope is reversed-a
180° phase shift. Again a diagonal
line is the result, but it extends from
upper left to lower right. How this
pattern is produced also can be deduced from Fig. 2A, simply by vis-

ualizing either of the inputs as being
inverted.
How the circle in Fig. 1C, which
is the result of inputs in quadrature,
is produced, is shown in Fig. 2B.
When the vertical -deflecting voltage
is zero (times Tl, T3 and T5), the
spot is centered in the vertical plane;
at times T2 and T4, the spot is
centered in the horizontal plane. If
only these points are plotted, it is
not clear whether the pattern would
be a square or a circle, so additional
points must be considered.
At a point in time halfway between T 1 and T2, both voltages are
positive and .707 of their maximum
values (sin 45°
.707), so deflection is upwards and to the right,
.707 of maximum in each direction.
Converting to polar coordinates by
extracting the square root of the
sum of the squares of the two inputs, we can prove that the total
amount of deflection remains the
same, but that the direction of the
deflection is 45° to the right from
vertical. If all the instantaneous
values of the deflection voltages
were calculated in the same fashion,
it could be proved that the deflection always would be the same
amount and that the direction would
continuously change.
An RCA Model WO 91 oscilloscope was used to produce the
waveforms of Fig. 1; however, the
patterns may be duplicated using
any make of scope. To produce Fig.
1A, the vertical input selector of the
WO 91 was set to CAL, which supplies a .3 -volt signal to the vertical
amplifier, and the horizontal selec-

_

Generation and Interpretation
tor was set to LINE, providing a
sample of the filament voltage to
the horizontal amplifier. By changing the settings of the vertical gain
control, the polarity reversing switch
and the horizontal gain and phasing
controls, the pattern can be varied
at will.
Fig. 3 shows some of the patterns
which may be generated by feeding
into the two scope inputs two signals which are harmonically related.
Waveforms of this type are useful
for measuring frequencies; for example, in checking a remote -control
transmitter. In Fig. 3A the vertical input frequency is twice the horizontal-input frequency; in Fig. 3B
the opposite is true. Fig. 3C was

generated by using a vertical -input
frequency equal to the third harmonic of the horizontal -input frequency. Fig. 3D results when the
vertical input has a frequency of 2/3
of the horizontal input. Notice that,
in every case, the ratio of frequencies is the same as the ratio of the
number of loops (or "humps") at
the top and side.
The Vectorscope Pattern
Having seen how the basic Lissajous patterns are formed, it is not
too difficult to visualize a way of
"making a daisy vector pattern." To
do this, we must start with the fundamental circular pattern and then
cause the deflection in both planes

Fig.

2

to fall to zero at regular intervals.
In other words, the inputs must be
"chopped". Of course, the chopper
must operate at some exact multiple
of the signal frequency, so that the
deflection will drop to zero at the
same points as each succeeding
circle is formed. If the chopper were
to operate at twelve times the frequency of the signal, the pattern will
have twelve loops. If two of these
are gated off, a waveform very similar to the vectorscope "daisy" will
result.
A keyed -rainbow color generator
produces horizontal sync pulses at a
rominal rate of 15,750 pulses per
second, and it also generates a color
subcarrier which is 15,750 Hz less

Formation of Lissajous patterns.
B) Inputs in

A) Inputs in phase

quadrature

T2

T2

T5

T5

T4

T4
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Depending on the exact axes of
demodulation, the vector pattern
may be a circle or an ellipse. In receivers using R-Y and B -Y demodulation, the axes of demodulation
are separated by 90°, and the pattern is circular. If X and Z axes are
used, the pattern will be ellipsoidal,
with the major axis inclined upwards to the left.

Fig. 3 Lissajous figures resulting from

harmonically related frequencies.

A)

F v

= 2Fh

C) FY = 3F

B) Fh = 2F v

h

D) Fh = 3Fv

than the frequency of the reference
oscillator in a television receiver. As
a result, the difference -frequency
between the color subcarrier from
the generator and the output from
the reference oscillator in the receiver is exactly equal to the scan
rate. (During broadcast reception,
the scan rate is reduced to approximately 15,734.29 Hz.)
Because of these frequency relationships, the output from each demodulator is a sine wave having a
frequency of one cycle per scan interval. Since the demodulators (or

perhaps some other circuit in the
chroma system) are cut off during
horizontal -retrace time, a portion of
this sine -wave output is blanked,
and only about 300 degrees are visible. Thus, two of the petals of the
daisy are lost.
As we have just discussed, each
chroma demodulator produces a sinusoidal output which is blanked
for about 60°. Since the color-bar
generator is keyed on ten times during the unblanked interval, there remain a total of ten petals in the
vectorscope pattern.

1/2 WATT
B -Y

I

N

-4---1
.01

470K

12K

HORIZONTAL
INPUT

1/2 WATT

Fig. 4 B -Y attenuator probe to prevent saturation of scope horizontal amplifier.
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How Characteristics of
Test Instruments Can
Affect the Pattern
The Lissajous waveforms described in the preceding section can
be displayed on nearly any scope; no
special features are required. Much
the same is true of the vectorscope
pattern, but it is important to remember some of the effects which
the characteristics of the oscilloscope and other test equipment can
have on the display.
Most television receivers currently in production have at least

500 KHz of response to each
chroma sideband, a total chroma
passband of at least 1 MHz. In some
receivers, response to colors in the
fleshtone region is extended somewhat in the lower sideband. Although the I-axis modulation of the
transmitter extends to about 1.5
MHz, it has been determined (at
least in part by empirical methods)
that extending the response of the
chroma circuits in a receiver beyond
about 500 KHz often degrades performance rather than enhancing it,
because of the added noise which
is produced.
The color-difference signals produced when a standard broadcast is
being received extend no further
than 500 KHz, except perhaps in
the fleshtone region, but the side bands produced by a keyed -rainbow
generator can extend above this
limit (although reduced in amplitude
by the response characteristics of
the receiver), unless the instrument
is designed to limit the sidebands.
Thus, the test signal may differ significantly from the signal which the
receiver is designed to receive. This
may preclude the use of the color bar generator and vectorscope as a
means of analyzing bandpass problems. Before relying on a specific
generator and scope, make a few
"trial runs" on receivers known to
be out of alignment; then perform
vector analysis of each after they

have been aligned, to be certain of
the test equipment.
The scope used for observing the
vector pattern need have response
only up to about 1 MHz to display
color -difference signals properly.
This is no problem in the vertical deflection system, but many scopes
have horizontal amplifiers with quite
narrow bandpass. Because of this,
the scope itself can distort the display. fhis can be remedied, if necessary, by decreasing the plate -load
resistors in the horizontal amplifier
of the scope, or by connecting the
B -Y signal directly to the horizontal
deflection plates of the CRT. The

manufacturer's specifications should
tell the frequency response of the
horizontal amplifier; it can be verified by a simple frequency response
check.
If the response of the vertical
amplifier of the scope is much wider
than the response of the horizontal
amplifier, the greater delay of the
vertical amplifier will cause a phase
shift of the vector pattern. This is
the same situation which exists in
any color television receiver, and is
the reason for the luminance -channel delay line. For this reason, it is
desirable to use a scope with a relatively narrow bandpass in the vertical amplifier.
Referring once more to Fig. 1C,
the circle will be produced only if
the gains of the horizontal and vertical amplifiers are such that the
respective inputs produce the same
amount of deflection. Since both
scope amplifiers have gain controls,
it is a simple matter to adjust them
to produce a circle, but unless the
gains are calibrated, the fact that a
particular receiver produces a circular pattern is meaningless. Adjusting the gain controls to produce
a circular pattern is possible, even
if one color -difference signal has
much less than its specified amplitude.
Most modern oscilloscopes have
provisions for calibrating the vertical amplifier, but few have means
to calibrate the horizontal amplifier.
The horizontal gain can be determined by injecting some known
voltage and marking the horizontal gain control, so this really is no big
problem.
Oftentimes, the B -Y signal at the
picture-tube grid will drive the hori-

zontal amplifier of the scope into
saturation. This may be prevented
by constructing a simple attenuator
probe for the B -Y input. Usually a
30:1 to a 50:1 voltage divider (Fig.
4) will do the job. A blocking capacitor should be used between the
receiver and the divider to prevent
loading the B+ supply to the difference amplifier. The circuit shown
in Fig. 4 is suitable for many scopes
and can be modified for others. If it
will not function properly with a
particular scope, the attenuation
may be increased by increasing the
value of R1, or it may be decreased
by increasing the value of R2.

Fig. 5 Normal color-difference

signals.

A)

R

-Y signal

Interpreting the Pattern
As a basis for this discussion, we
shall assume that the receiver being
serviced is one using R-Y and B -Y
demodulation. These demodulation
axes are at 90° and 180° with reference to the burst signal. Fig. 5
shows the waveforms viewed at the
difference -amplifier outputs, using
both normal techniques and the vectorscope approach. These waveforms
were photographed after the receiver was aligned carefully and
checked for satisfactory operation.
Fig. 5A shows the output of the
R -Y amplifier. The tint control was
set so that the sixth bar was at null
(zero output point), although this
position of the control did not give
the best possible flesh tones when
viewing an actual colorcast. Without changing the tint control, the
outputs of the B -Y and G -Y amplifiers were observed; these are shown
in Fig. 513 and 5C, respectively.
When observing the G-Y signal, the
vertical gain of the scope was increased so that all three waveforms
would have about the same amplitude.
After the outputs of the difference amplifiers were viewed with a
linear time base, the scope was connected to produce the vector pattern of Fig. 5D. The R -Y signal was
connected to the vertical amplifier
and the B -Y signal was used for
horizontal deflection. The excursions of the sweep in the vector pattern normally are counted clockwise from blanking time; hence, the
vertical petal which extends upwards is the third pulse and corresponds to the third pulse in the waveform of Fig. 5A. It also corresponds

B) B -Y signal

C) G -Y signan

D) R -Y vertical, B -Y horizontal

E) B -Y

vertical,

R -Y

horizontal
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to the third bar (red) displayed on
the picture tube.
The broadening of the trace in

the fourth, fifth, seventh and eighth
petals was attributed to a small
amount of instability in the colorbar generator rather than to any
malfunction of the receiver. This
was verified by checking several
other receivers, all of which showed
the same effect. This jitter also was
noticeable on the scope when observing the signals in Figs. 5A, B,
and C, but it could not be photographed. This is a "plus" for the

vectorscope technique-jitter

is

more easily spotted.
The leads to the scope were reversed for the next experiment, and
the pattern in 5E resulted. The order of the positions of the petals is
reversed (petal 1 of Fig. 5D is petal
10 of Fig. 5E, etc.), but more important, the shape of the individual
petals is greatly modified. Since
none of the receiver controls were
changed between the times when the
two photographs were taken, it must
be assumed that the scope itself, or
the test leads and probes used with
it, must be responsible. This suggests, but certainly does not prove,

Fig. 6 Vector patterns using
G -Y

signal

that the particular scope used to observe the vector pattern of any receiver might be a significant factor
in shaping the pattern.
It is obvious that receivers which
use three chroma demodulators
(some models of RCA, Motorola,
and General Electric, to name three)
cannot be completely checked by
observing the R-Y/B-Y vector pattern. In servicing these receivers, it
is necessary either to observe one of
the vector patterns which uses G-Y
as an input, or to resort to conventional, time -base displays, such as
the one in Fig. 5C.
There are four possible vector
patterns which incorporate the G -Y
input. These are:
1. G -Y to horizontal input and
R -Y to vertical input,
2. G -Y to horizontal input and
B -Y to vertical input,
3. G -Y to vertical input and R -Y
to horizontal input, and
4. G-Y to vertical input and B -Y
to horizontal input.
The first and second of these possible waveforms are shown in Figs.
6A and 6B, respectively. These
waveforms are much less convenient
to analyze than those in Figs. 5D

Fig. 7 Waveforms with
axis shifted

R -Y

and 5E since the input signals are
not in quadrature and the patterns
are not circular. This must be considered as a "minus" for the vectorscope technique. Naturally, the
other two possible patterns which
include the G -Y input also can be
used, but these have the same disadvantage.
Even in receivers which use only
two demodulators, it is possible to
encounter malfunctions which are
not indicated by the single, familiar
vector pattern of Fig. 5D. In general, any circuit problem which occurs in the G -Y difference circuits
beyond the point of matrixing will

have no effect on this pattern.

Therefore, it must be concluded that
no receiver can be checked completely without using either a second
vector pattern or resorting to time base observations.
In checking the relative merits of
the techniques using vector and
time -base waveforms, it was assumed that most service problems
can be divided into four broad categories: 1) complete or partial loss
of signal in one or more color difference channels, 2) phase shift in
the axes of both demodulators, 3)

Fig. 8 Waveforms with B -Y
axis shifted

ArrAN
A) G -Y horizontal,

R -Y

vertical

B) G -Y horizontal, B -Y vertical
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A) Time -base waveform of

B) Vector waveform

R -Y

A) Time -base waveform of

B) Vector waveform

B -Y

RCA CALLS IT ICTJ.
YOU'LL CALL IT THE GREATEST SERVICE
AID EVER TO COME ALONG.

ICTJ* is more than a test jig. It's a complete system
designed by RCA to help you service Color Television
faster and more precisely.
With the updated ICTJ system you'll be able to
service more than 90% of all Color TV consoles on the
market-that's over 1,500 different models from
more than 17 different manufacturers.
Here's what it includes: First, the test jig itself, in bench
or portable models.
Second, an assortment of adapters engineered to
match almost any Color console chassis to the test jig.
'Industry Compatible Test Jig

Deptford, New Jersey

Third, a complete reference book to take the
guesswork out of which adapter to use with each
chassis-and RCA keeps it up to date through a
subscription service.
And there's also a new optional high voltage meter
kit to give you safe, accurate and continuous monitoring.
ICTJ lets you pull a chassis with the complete
assurance that the picture in your shop will be the same
as the customer sees in his home.

See your RCA Parts and Accessories Distributor today;
chances are you'll find a less important use for that
old jury rig.

RC,'

Circle 12 on literature card

Parts and
Accessories
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phase shift in the demodulation axis
of one demodulator, and 4) problems caused by incorrect bandpass
of the receiver.
The first of these types of troubles
could be analyzed about as well with
either technique, since amplitude of
the signals was the item of concern.
We found the time-base waveforms
somewhat more convenient, since
the scope being used had no ready
method of calibrating the horizontal
gain; but this might not be true of
the vectorscopes used in many
shops. Troubles in the second category, phase of both demodulation
axes shifted in the same direction
(as when the tint control is tnisadjusted or the AFPC circuits are out

Fig.

9

Waveforms with chroma
misalignment

A)

R -Y

waveform

of alignment), were analyzed about
as easily with either technique. It
made little difference whether we
checked to see that the third petal
was vertical or that the sixth bar of

graphs of these two waveforms are
shown in Figs. 7A and 7B. The B -Y
demodulator was "bugged" in the
same fashion; the resulting waveforms are shown in Figs. 8A and

the R -Y signal was nulled.
For the next comparison, the
phase -shift network between the reference oscillator and the R -Y demodulator was "bugged" so that the
phase was shifted about 30° from
normal. When the time -base waveform was observed, it was noted
that the null was at approximately
the seventh bar instead of the sixth.
When the vector patern was viewed,
the pattern had become elongated
along an axis extending from the
upper right to the lower left. Photo -

8B.
As a final comparison, the patterns produced by a misaligned re-

Fig. 10 Waveforms with IF

misalignment

A) R -Y waveform

ceiver were observed. The receiver
first was misaligned by turning the
core of the chroma take-off coil
about two turns. The waveforms
which resulted appear in Fig. 9. By
comparing these time -base waveforms with those in Figs. 5, 7, and
8, it can be noted that the distortions produced by misalignment are
similar in appearance to those which
result from demodulator phase shift.
Such is not the case with the vector
patterns. Note particularly the appearance of the third, sixth, and
ninth petals.
After the receiver was realigned,
the 41.25 -MHz trap, located in the
input circuit of the first IF amplifier, was tuned deliberately into the
receiver passband. This produced
the series of waveforms in Fig. 10.
Again, we found that the vector pattern gave a more definitive indication than did the time -base waveforms. Also, it was noted that both
the chroma take-off coil and the
trap could be returned to the correct
frequency by observing the vector
pattern, but not by watching the
time-base waveform. Of couse, it is
unlikely that a receiver with several
tuned circuits out of adjustment
could be aligned using only the vector pattern.

Summary
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B) B -Y waveform

B) B -Y waveform

C) Vector waveform

C) Vector waveform
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From the series of tests made in
preparing this article, it appears that
several servicing routines can be
simplified by use of vector analysis
techniques, although the same problems can be solved by conventional
methods.
If a vectorscope is to be used, it
is mandatory that its characteristics
be thoroughly learned to get the
most benefit from it. It is suggested
that the experiments described here
be duplicated as a first step in this
familiarization, and that a little extra time be taken to use both techniques, vector and time -base waveform analysis, on a number of receivers before the vectorscope and
the technician decide to "go
steady".

Our hot ones are the last to go.
The last thing you need is to be
called back a day or two after you've
replaced the sweep or high voltage
tubes in somebody's color TV.
But, they're usually the first to go.
Because they get so hot.
So we figured out how to cool them.
Now, they last a lot longer.
Take our 6JE6C/6LQ6, for example. It's the horizontal deflection
tube that takes such a beating when
the set gets hot.

Well, we've given it special patented radiator fins that first absorb the
heat and then radiate it out of the
tube.
Now it runs cooler and lasts longer.
Same for our 6JS6C.

Or take our 6BK4C/6EL4A.

That's the shunt regulator that eliminates runaway high voltage. We gave
this one a whole new anode and
shield design to improve heat transfer
and stability.

Now it also runs cooler and lasts
longer.
Or take our 3A3B high voltage
rectifier. This one's got leaded glass
for added protection. And it lasts
longer too.
So next time you have to replace
any of the hot ones, just cool it.
You'll both last longer.

SYLVAN IA
GENERAL TELEPHONE & ELECTRONICS

Circle 13 on literature card
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Using the Scope and HD
to track down distortion
been established, it is generally
agreed that a hi-fi amplifier should
have less than 1% harmonic distortion. The harmonic distortion in
the waveform in Fig. lA is within
acceptable limits for a hi-fi amplifier; the other five waveforms are

by Robert G. Middleton

It is difficult, and sometimes impossible, to evaluate harmonic distortion with only a scope. For
example, consider the sine-wave
patterns illustrated in Fig. 1. Although no industry standards have

not within acceptable limts. Note
that you cannot distinguish visually
the difference in distortion between
Fig. lA and Fig. 1B.
Although a scope by itself cannot accurately indicate whether a
sine -wave pattern has hi-fi charac-

(B) 2%

(D) 4%

(F) 10%

Fig.
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1

Examples of harmonic distortion in sine waves.

Meter

in Audio A mp!1 fie rs
teristics, do not jump to the conclusion that a scope is useless in
tracking down distortion. You will
find that a scope is the most useful
supplementary instrument to use in
conjunction with the basic hi-fi test
instrument: the harmonic distortion
(HD) meter.
The basic design of a harmonic distortion meter is shown in Fig. 2.
It contains a tunable frequency reject filter, an amplifier, and a
meter calibrated in percentage of
harmonic distortion. In operation,
the audio oscillator is set to the desired test frequency, such as i KHz,
and the output from the amplifier is
fed to the meter. An attenuator (not
shown in Fig. 2) is then set for the
reference calibration by bringing the
meter pointer to full-scale indication. We are then ready to measure
the percentage of harmonic distortion in the audio signal.
First, the function switch of the
HD unit is thrown to the Test position. Th;s places the reject filter in
series with the signal path. When
the filter is tuned to reject the fundamental component of the test frequency, the meter indicates a minimum value because only harmonic
voltages then can pass through the
filter. The amplifier in the HD unit
can be adjusted for 100%, 30%,
10%, 3%, or 1% full-scale indication on the meter. This amplification of the harmonic signal permits
an accurate reading, just as the
lower voltage ranges on a VOM or
VTVM permit accurate reading of
small voltages.
Although the test procedure is
relatively simple, there are certain
technical points to be observed:
1. The audio oscillator should
have considerably less distortion

than the amplifier under test.
Good service -type instruments
have less than 1% HD, and lab type instruments may be rated for
as low as 0.05% HD.
2. An audio oscillator may be
checked for distortion as shown
in Fig. 3. As in most electronic
units, tubes are the most common
troublemakers, followed by defective capacitors. Remember that
the HD meter itself can become
defective and require servicing.
3. If an audio amplifier is being
tested, as shown in Fig. 2, a
power resistor of suitable value
should be connected across the

amplifier output terminals, and
the output from the audio oscillator should be advanced to drive
the amplifier to maximum -rated
power output.

Distortion Characteristics of
Scope Vertical Amplifier
A scope that is used in tracking
down audio distortion should have
a vertical amplifier with high-fidelity characteristics. Some service -type
scopes have hi-fi response, and virtually all lab -type scopes employ
vertical amplifiers with less than
1% harmonic distortion.
It is easy to check a vertical am-

HARMONIC -DISTORTION ANALYZER

FUNDAMENTAL

HARMONICS

AUDIO
OSCILLATOR

-

AMPLIFIER

AMPLIFIER

FILTER

UNDER
TEST

CAL

TEST

AMPLIFIED
HARMONICS

FUNDAMENTAL
PLUS HARMONICS

Fig. 2 Diagram of test setup
used to measure harmonic
distortion with HD analyzer.

Fig. 3 Test setup
for checking
distortion of
audio oscillator.
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REAR TERMINAL BLOCK

Dl

HORIZONTAL
DEFLECTION

AMPLIFIER

D2

H

o
HOR Z

CATHODE-RAY

SIGNAL
INPUT

TUBE

I

o
SWEEP
GENERATOR

o

POWER

o

SUPPLY

EXTERNAL
SYNC

SIGNAL
VERTICAL

o
VERTICAL
SIGNAL
INPUT

o

D3

o

DEFLECTION

AMPLIFIER

o D4

o
(A)

TO GROUND TERMINAL
OF

HARMONIC- DISTORTION

METER

0.1
TO INPUT OF
HARMONIC -DI STORTI

Fig. 4 (A) Most
scopes are
provided with a
rear terminal
block that makes
it easier to test
distortion of
scope. (B) Test
connection for
HD check.

ON

METER

(B)

Fig. 5 Setup for input-output Lissajous scope test of

harmonic distortion.
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plifier for harmonic distortion, as illustrated in Fig. 4. A rear terminal
block commonly is provided on the
scope, which makes it easier to connect the scope to a harmonic -distortion meter.
Note that practically all scopes
have double -ended (push-pull) drive
to the CRT, whereas most HD meters have single -ended input. Therefore, couple one of the vertical amplifier output terminals to the input of the HD meter, and ground
the case of the scope to the case of
the HD meter, as shown in Fig. 4B.
A low -distortion audio oscillator
should be used to drive the scope in
this test. The vertical-gain control
of the scope is set to display the
sine-wave pattern at normal height
on the screen. The percentage of
harmonic distortion is measured
with the HD meter.
The foregoing procedure can also
be applied to terminals DI and D2
in Fig. 4A to measure the harmonic
distortion in the horizontal amplifier
of the scope. If you find that both
the vertical and horizontal amplifier
have very low distortion, the scope
can be used to considerable advantage in tracking down distortion, as
we shall discuss next.

Input-Output Lissajous Patterns
The test setup in Fig. 5 provides
an input-output Lissajous pattern.
That is, the input signal is fed to the
horizontal amplifier, and the output
signal is fed to the vertical amplifier. Examples of how harmonic distortion is indicated by Lissajous
figures are shown in Fig. 6. Notice
that small percentages of harmonic
distortion show up more clearly in
this method than in the patterns
illustrated in Fig. 1. For example,
it is practically impossible to detect
that the waveform in Fig. 1C has
3% distortion, whereas the line pattern in Fig. 6C shows definite curvature when examined closely.
The chief disadvantage of the test
method depicted in Fig. 5 is that
few service -type scopes have hi-fi
vertical and horizontal amplifiers.
A perhaps unexpected advantage
of the test method shown in Fig. 5
is that it drastically reduces the effects of any harmonic distortion in

the audio oscillator. in other words,
the shapes of the patterns in Fig. 6
will be the same, whether the audio
oscillator has 0.05% distortion or
30% distortion. The reason for this

independence is that the audio oscillator applies the same waveform to
the amplifier under test and to the
horizontal -input terminals of the
scope (Fig. 5). The practical result

that distortion from the audio
oscillator does not change the shape
of the Lissajous figure, but merely
causes various changes in brightness
along the trace.
is

(A) 1%

(B) 2%

(C) 3%

(D) 4%

(E) 5%

(F)

10%

Fig. 6 Examples of harmonic distortion in Lissajous figures.
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Use of Scope With
Harmonic -Distortion Meter
Because the vertical amplifier of
a service -type scope generally has
much better characteristics than the
horizontal amplifier, a scope is com-

AUDIO
OSCILLATOR
OUTPUT

monly used with a harmonic -distortion meter in the manner shown in
Fig. 7. (Again, if the speaker is disconnected from the amplifier, a
power resistor of suitable value
should be substituted for it.) Mea -

HAFMON CDaSTORTION

AMPLIFIER

p
oQ

I

UNDER TEST

o
oINPUT

o

,c):

CIIVf'Lft

.o

SCOPE

©

@V

ziO

OG

METER

OUTPUT

OUTPUT

Fig. 7 Test setup for distortion measurement using oscilloscope and HD meter.

8 Typical
change in shape of
a harmonic distortion waveform
as the harmonic distortion meter is
tuned through the
null point.

Fig.
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surement of harmonic distortion is
usually made while the amplifier is
driven to maximum rated power
output. Most HD meters contain a
built-in voltmeter for convenience
in measuring the level of the audio
voltage. Since power in watts is
equal to E2/R, if an amplifier is
rated for a maximum power output
of 10 watts, and works into a load
of 8 ohms, the voltmeter of the HD
unit will read approximately 9 volts
at maximum power output.
When the HD meter is set to its
Set Level position in the test setup
shown in Fig. 7, the scope pattern
will be similar to the examples
shown in Fig. 1. However, when the
HD meter is switched to read the
percentage of harmonic distortion,
the scope will display the distortion
components in the amplifier output
waveform because the fundamental
has been removed. Examples of
such scope patterns are shown in
Fig. 8. If the audio oscillator is
tuned to 1 KHz, for example, 60Hz or 120 -Hz hum voltages will appear with the distortion products.
When the audio oscillator is tuned
to 60 Hz, any 60 -Hz hum voltage
would be rejected along with the
fundamental frequency in the signal.
If the scope is swept at a comparatively high rate, such as 500 Hz,
hum voltages will show up as a
thickening of the trace.
Note the peaks in the patterns in
Fig. 8. These peaks in the waveform are an important clue to one
source of distortion: grid -current
flow. Possible causes are a leaky
coupling capacitor in the amplifier,
or an equivalent defect that would
cause low grid bias.
Also note the "wiggles" in the
patterns in Fig. 8. These usually are
caused by parasitic oscillation. Parasitic oscillation is often associated
with grid -current flow. In other
words, when a bias defect is corrected so that grid current does not
flow, the parasitic oscillation is generally cleared up at the same time.
Distortion can be predominantly
second -harmonic or third -harmonic.
Consider the distortion -product
waveform in Fig. 9. The sweep rate
of the scope has been adjusted to
display two complete cycles of the

audio test signal (as shown in Fig.
1). The HD meter indicates 2%
harmonic distortion. The distortion product waveform has four peaks,
compared with two peaks in the
audio test signal; this indicates
second -harmonic distortion. However, there also is some third-harmonic distortion present, which becomes more evident when the test
signal from the audio oscillator is
applied to the horizontal amplifier
of the scope, the next procedure we
shall discuss.
Fig. 10 shows the Lissajous distortion-product pattern that is displayed when the scope is swept with
the audio test signal. Observe that
there is a crossover near the center
of the pattern, and that there is
another crossover near the righthand end of the pattern. The rule
of crossovers states that a second
harmonic produces one crossover,
and a third harmonic produces two
crossovers. Therefore, we know that
both second - and third -harmonic
distortion products are present in
the waveform in Fig. 10. (A lab type scope was used in this test, to
insure that the distortion indicated
in the pattern was actually from the
amplifier under test, and not from
the scope.)
The basic Lissajous figure with
one crossover is shown in Fig. 11.
In this example, the two waveforms
start at the same instant, and the
"bow-tie" pattern is symmetrical.
However, a distortion -product waveform is generally shifted considerably in phase with respect to the
fundamental. In turn, a "bow -tie"
pattern may assure the sequence of
shapes depicted in Fig. 12. For
example, compare the basic curvature in the pattern of Fig. 10 with
the curvature in the pattern of Fig.
12B. Always evaluate all distortion product patterns with respect to
phase shift, as well as noting the
number of peaks or the number of
crossovers in a pattern.

Signal -Injection Tests
The test setup shown in Fig. 7 is
an over-all harmonic -distortion test.
To isolate the specific source of distortion is an amplifier, signal -injection tests often are very helpful. For

Fig. 9 A distortion product waveform.

Fig. 10 A Lissajous

distortion -product
waveform.
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Fig. 11 Generation of Lissajous patterns.
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example, an over-all test of the twostage amplifier in Fig. 13 might indicate an excessive amount of harmonic distortion. It then must be
determined whether the distortion is
being caused by a defect in the first
stage, in the second stage, or possibly in both stages.

A
11

i

The logical procedure is to couple
audio oscillator to the base of
second transistor, and measure
harmonic distortion produced by
second stage. (The output from
the audio oscillator should be coupled to the base of the second transistor through a 5-mfd capacitor, to
the
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avoid DC voltage drain -off.)
The result of the foregoing signal injection test can be evaluated as
follows:
1. If the percentage of distortion
produced by the second stage is
almost the same as the over-all
value, the source of the trouble
probably will be found in the
second stage.
2. If the percentage of distortion
produced by the second stage is
tolerable, such as 1% or less,
the source of the trouble probaby will be found in the first
stage.
3. If the percentage of distortion
of the second stage is a substantial fraction of the over-all value,
there is a defect in each stage
(such as leaky capacitors), or a
defect common to both stages
(such as subnormal supply voltage).

Signal -Tracing Tests
Some technicians prefer to make
signal -tracing tests, instead of signal injection tests. Signal -tracing tests
are feasible in most cases, because
the input resistance of a harmonic distortion meter is fairly high (300,000 ohms is typical).
To measure the distortion produced by the first stage in Fig.
13, the HD meter can be connected
to the collector of the first transistor.
In this example, a blocking capacitor is not required, because only a
slight amount of current is drawn
by a shunt resistance of 300,000
ohms. However, when testing tube type amplifiers that operate with
comparatively high plate voltage, it
is good practice to connect a 0.25mfd blocking capacitor in series
with the input lead to the HD meter.
Tracking down distortion in a circuit like the one in Fig. 13 is relatively simple because there is no
feedback loop from the output stage
to the input stage. On the other
hand, when a negative -feedback
loop is present, such as in the circuit
in Fig. 14, the signal applied by the
feedback loop to the input stage
might need to be taken into account
when the test results are evaluated.
For example, when an over-all test
of the circuit in Fig. 14 shows that

There are now eight new SK devices to broaden
replacement coverage in AGC, horizontal deflection, vertical deflection, damper, and audio
stages of color TV; and in transmitting stages of
CB radio, amateur radio, and communications
equipment. Result: RCA now offers you a
complete system of 47 "Top -of -the-Line"
universal semiconductor replacements. Use
them with confidence in all entertainment -type
electronic equipment.
Every SK device has electrical characteristics
comparable with, or superior to, those they
replace. And in virtually all cases the recommended SK replacement transistor, rectifier, or
integrated circuit can be installed without
changes in mechanical mounting arrangements,
circuit wiring, or operating conditions.
Get the SK habit. You'll save time, reduce callbacks, and win a reputation for making your
customers' sets look and sound like new.
Maybe even better.
For complete information, call your RCA
Distributor.
RCAIEIectronic Componentsl Harrison, N.J. 07029

111LC11

8 more SKways
to repair
and forget
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an objectionably high percentage of
harmonic distortion is present, a
single measurement will not be sufficient to track down the specific
cause of the distortion.
If distortion occurs in either the
first stage or the second stage in
Fig. 14, the output signal from Q2

will be distorted accordingly. Since
a sample of the output signal is fed

back to the emitter of 01, the collector output from Ql will contain
distortion products, whether the
source of distortion happens to be
in the first stage or the second stage.
Therefore, a harmonic -distortion

o
L

C

5K

[o

12V

5mfd

(TO HD METER

AND SCOPE)

rg

(DAUDIO

OSCILLATOR

Fig. 13 HD measurement in a simple two -stage audüo amplifier.

o

+

Vcc

OUTPUT

lOmfd

(TO HD METER

AND SCOPE)

AUDIO
OSCILLATOR
470

S2

+

10mfd
1

Fig. 14 A more complex two -stage audio amplifier with
a
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measurement at the collector of Ql
is meaningless, by itself. However,
if you also make a harmonic -distor-

tion measurement at the emitter of
01, you then can conclude whether
the source of the distortion is in
the first stage, or not. The evaluation can be made as follows:
1. If the HD meter indicates practically the same percentage of
distortion when connected to the
emitter and when connected to
the collector of Q 1, the Q 1 stage
is not causing the distortion. That
is, the trouble will be found in
the second stage.
2. If the HD meter indicates substantially more distortion when
connected to the collector of Ql
than when connected to the emitter of 01, the circuitry of 01 is
causing the distortion.
Another method of localization
also can be employed: Make the
configuration in Fig. 14 equivalent
to that of Fig. 14, opening the feedback loop between the collector of
Q2 and the emitter of Q I. Although
the system distortion is thereby increased, the process of tracking
down the source of the distortion
becomes simpler because there is
no interaction between the output
and input stages. With the audio oscillator signal applied to the first
stage, connect the HD meter to the
collector of Ql in Fig. 14 to determine whether the trouble is in the
first or second stage. Since the feedback loop is open, the evaluation
can be made as follows:
1. If the HD meter reads a low
value, such as 1% or less, the
first stage is operating acceptably,
and the source of the trouble
probably will be found in the
second stage.
2. If the HD meter reads an objectionably high value, there
probably is a defect in the first
stage.
3. In case the HD meter reads an
appreciably higher value at the
collector of Q2 when there is an
objectionably high value of distortion at the collector of Q 1, defects are present in both stages.
Capacitors are the most common
causes of distortion; collector leakage in transistors also can cause dis -

tortion. Leaky capacitors usually can
be isolated by DC voltage measurements. On the other hand, open capacitors are isolated either by signal tracing with a scope, or by bridging
the suspect with a known good
capacitor. Collector leakage in a
transistor causes a change in DC
voltage distribution, and in case of
doubt whether abnormal voltages
are caused by a defective capacitor
or by a defective transistor, it is advisable to disconnect one end of the
capacitor for test. After the defective component has been replaced,
do not forget to re -connect the feedback loop, so that the amplifier
operates normally with minimum
distortion.

Tests in Push -Pull Stages
Tracking down distortion in transformer -coupled push-pull stages is
complicated by the interaction of
the two circuit sections. If the upper
push-pull transistor in Fig. 15 has
excessive collector leakage, and is
producing distortion, a distorted
waveform will appear initially at the
collector of this transistor; however,
it is then coupled via the primary
of the output transformer to the collector of the lower push-pull transistor. Consequently, distortion measurements at the collectors of the
individual transistors will give practically the same reading, regardless
of the location of the defect.
In this type of circuit, it is advisable to make an overall HD test
first. If the reading is excessively
high, first check the driver stage by
connecting the HD meter at the collector of the driver transistor (Fig.
15). If a satisfactorily low reading
is observed, the trouble probably
will be found in the push-pull section. The best approach is to make
DC voltage measurements in the
push-pull stage, and to compare the
values with those specified in the
receiver service data. This procedure will pinpoint a transistor with
collector leakage, or an off -value
bias resistor. As noted previously,
suspected open capacitors in the
feedback loop or in the supply circuit are easily checked by means
of a scope, or by bridging with a
new capacitor.

ture of both. If distortion is being
caused by grid -current flow in a
tube, this fact shows up as peaks in
distortion -product waveforms. Parasitic oscillation in a stage will show
up as "wiggles" or "bulges" in a
distortion -product waveform.
The utility of both signal -tracing
and signal -injection tests in tracking
down distortion has been reviewed.
It has been observed that signal tracing procedures are more desirable when analyzing distortion produced within a negative -feedback
loop. In other configurations, signal tracing and signal -injection procedures are equally applicable. As a
further diagnostic aid, a feedback
loop often can be opened for test
purposes.
Push-pull amplifiers with transformer coupling require a somewhat
indirect approach, because a dis..
torted signal from one side of the
circuit is coupled into the other side
of the circuit. Since AC defects often are accompanied by localized
abnormal DC voltages, it is usually
helpful to make systematic DC voltage measurements.

Conclusion
This article has considered the
use of a harmonic distortion meter,
supplemented by the scope, to track
down distortion in audio amplifiers.
The HD meter is one of the least understood basic audio instruments.
Its utility is obvious when we attempt to evaluate small percentages
of distortion in audio signals; even
the most experienced technician
cannot detect the presence of 2%
or 3% distortion in a sine wave
displayed on a scope.
We have discussed the fact that
oscilloscope amplifiers might not
have hi-fi response. Unless the scope
amplifiers are better than the hi-fi
unit under test, it is pointless to try
to track down distortion by means
of input-output Lissajous figures. It
also has been pointed out that the
harmonic distortion present in a
scope amplifier can be measured
with an HD meter.
It is very helpful to supplement
an HD meter with a scope, because
you then can observe whether the
distortion is principally second harmonic, third -harmonic, or a mix-
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CUP

Symptoms and cures compiled from field reports
of recurring troubles

1 F__

Chassis-Zenith 12A10C15

Chassis-RCA CTC36

PHOTOFACT folder-1067-2

PHOTOFACT folder -1012-2
.

(-

05

10G -Y AMP
05

3K

(-- 10

R

-Y AMP

(--

VIDEO

r

.05

314

DETECTOR

10 8-Y
AMP

K

TO VIDEO

FROM

AND
CHROMA

SECOND IF

AMPS

--g?-11+1
'24V

+24V

DEFECTIVE

3.58 MHz +--1
3.58 MHz

-1-

-*--/

Symptom-raster is reddish when burst
Cure-replace integrated circuit IC1

is received

Symptom-AGC overload; very little snow off
channel

Cure-check

and, if defective, replace the video

detector diode, X3

Chassis-Packard Bell 98C19
PHOTOFACT folder -1019-1

Chassis-General Electric KE
PHOTOFACT folder-1028-1
1ST IF

(DA

FROM LINK

6M11

SOUND IF AMP
FROM

SOUND.

IF DETECTOR

FROM
AGC KEYING

1

l0mfd

OPEN

OPEN

6VOLTS

Symptom-vertical shimmy or poor vertical locking
Cure-replace C10, if it is open or has poor power
factor. Use only

a

tantalum type capacitor

Chassis-Electrohome C5
PHOTOFACT folder -1044-1
HV

RAND

® 6KG6A

Symptom-intermittent audio buzz and distortion
Cure-replace C59

Chassis-Admiral K10
PHOTOFACT folder -1022-1
10 3CV3A

10K

HORI! OIIIRpt

LEAKY'
TO DAMPER

CATHODE

TO YOKE

FROM
COLOR
CONTROL

2ND CHROMA
IF AMP

330
TO

DEMODULATORS

RAISED

TO YOKE

Symptom-picture off -center toward the right
Cure-R166 increased in value; replace

Symptom-weak or no color; base voltage low on
Q16

Cure-replace shorted or leaky C150
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cure
Chassis-General Electric KE
PHOTOFACT folder -1028-1

Chassis-Admiral K10
PHOTOFACT folder-1022-1
REACTANCE FET

H

3pf

TO

A

3.58

FROM
PHASE

6AG9

VIDEO OUTPUT

MHz

TO

OSC

SERVICE-

NORMAL SWITCH

DETECTOR

DEFECT IVE

+26V

410V

FREQUENCY

ADJUSTMENT

+7V

Symptom-no color locking
Cure-check or replace the reactance

Symptom-high voltage decreased; picture blooms
out, returns if CRT socket is removed
Cure-check for open L19; also, high -voltage rectifier might be damaged

FET, Q19

Chassis-Philco 19QT87
PHOTOFACT folder -1026-3

Chassis-Admiral K10
PHOTOFACT folder-1022-1
AGC KEYING

6GH8A
FROM VIDEO AMP

3.58 MHz OSCILLATOR

1470pí
lOpf
.

22

AGC CONTROL

T `T

SHORTED
CAPACITOR

J

L

C8/6%ß

SHORTED

Symptom-no color; excessive AGC;

Symptom-weak green produced
no emitter

voltage on Q9

Cure-replace shorted

place of all

Cure-check for

a shorted 470 -pf capacitor across
the secondary of L33. Remove the old one, but do
not replace it

C86

Chassis-Philco 19QT87

Chassis-Philco 19QT87
PHOTOFACT folder -1026-3
8

in

other colors

PHOTOFACT folder -1026-3

6GH8A

1ST CHROMA AMP

COLOR
CONTROL

(mfiil

COLLECTOR
TO

OF 3R D

2nd
CHROMA

GRID
OF

BURST

AMP

INTERMITTENT

SOUND

82pf
OPEN

DETECTOR

FROM COLOR KILLER

Symptom-poor color locking
Cure-check and, if open, replace

Symptom-volume of sound varies intermittently;
picture normal

C117

Cure-replace

L

TO

SOUND
IF

110pí

AMP
TO

(¡

VIDEO IF

L23

A

'
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notes on analysis of test
instruments, their operation
and applications

Microvolt DC Meter
Electronic Applications Co. has
announced the availability of their
new Model 100 DC microvolt converter. This instrument will transform any AC millivolt meter into a

iß

..U,6..W

..

+ : -4.'-."< le

':-:,.
t.,.
tl

i

direct -reading DC microvolt meter
with zero drift and 1 microvolt resolution, it is reported.
The manufacturer states that 1%
accuracy is accomplished by the use
of an ultra linear DC to AC converter.
Other features include 10-megohm input impedance and automatic
polarity. It is stated that use of the
Model 100 requires no AC millivolt meter modifications.
The price of Model 100 is
$49.50.

Immediate readings after turn on
and tube warm up are made possible by the use of a field-effect transistor (FET) in place of the vacuum
tube previously used in the circuitry
of the tester, according to the manufacturer.
Other changes include replacement of the function switch with
push buttons, and the addition of
another socket (bringing the total to
13) to enable technicians to check
the most recent types of tubes, as
well as tubes that were seldom used
in the past but recently have become more popular.
One other advantage realized
from the use of an FET in place
of the vacuum tube is that it eliminates the possibility of the leakage
test being affected by the leakage
of the tube used in the tester itself,
according to Herb Bowden, president of SENCORE.
Model TC154, housed in a
brushed steel and vinyl case, is
priced at $89.50.
Circle 51 on literature card
Solid -State Triggered Scope
Leader Instrument's latest entry
into the solid-state triggered-sweep
oscilloscope field is the LBO -501.
The 5 -in. scope has a bandwidth of
DC to 10 MHz. Features include
triggered sweep, calibrated vertical

Circle 50 on literature card

FET-Equipped Tube Tester

Instant readings without the need
for tester warmup time reportedly
is one new feature of SENCORE's
updated version of their Mighty
Mite Six tube tester, Model TC154.

input and calibrated time base. A
size and weight reduction has been
effected by the extensive use of
semiconductors, inclu ding a new
solid-state high-voltage power supply, according to the manufacturer.

DC coupling enables the user to
make precise measurements in the
DC millivolt region where a meter
cannot be used. The triggered sweep
makes it useful for viewing complex
waveforms, according to Leader.
Special sweep positions for viewing
horizontal and vertical TV are pro48
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vided. Among the conveniences offered are a lighted graticule, sharp
rise -time square waves for calibration, and a tilt stand for easier viewing. The vertical sensitivity is 20
mv pp/cm, and bandwidth is DC to
10 MHz. Triggered sweep range is
from 0.2 us/cm to over 0.2 sec/cm.
Model LBO -501 measures 101/2
in. X 8 in. X 161 in. and weighs
20 lbs. The price is $339.50.
Circle 52 on literature card

High -Voltage Meter icit
For Color Test Jigs
A high -voltage meter kit that is
designed for direct installation in
RCA color test jigs and adaptation

to other brands of test jigs is announced by the Parts and Accessories Division of RCA.
The kit, No. 10J110, consists of
a 31/2 -in. rectangular 50-µa meter
calibrated for a range of 0 to 35 KV
DC, with 70 scale divisions; a meter

multiplier and cable assembly comprised of a special high -voltage resistor which reportedly is precisely
calibrated under operating conditions and double encapsulated with
insulation to withstand voltages as
high as 50 KV DC; a meter ground
lead for grounding the meter to the
ground connection of the test jig;
and mounting hardware and instructions for installation of the meter in RCA Color Test jigs Models
10J102, 10J103, 10J104, 10J105,
and 11A1015A, or universal mounting in other brands of jigs.
Price is $24.95.
Circle 53 on literature card

Regulated Low -Voltage Supply
The new Heathkit Model IP -28,
1- to 30 -volt, regulated, currentlimiting, solid-state power supply,
will deliver up to 30 volts DC at 1
amp maximum load with less than
50 mv variation. For more critical
circuits in which the voltage drop
across the supply leads is an important consideration, the Remote

Sensing feature of the IP -28 reduces the voltage variation at the
load to less than 20 mv.
A front panel rocker switch selects either 1-10 volts DC or 1-30
volts DC ranges, and the output is
continuously variable. Variable current limiting in two switch -selected

e

ranges from 10-100 ma or 10 ma -1
amp is also included to protect the
load.
A 31/2 -in. meter can be switched
to read either voltage or current,
and two pilot lamps indicate which
function is being monitored. For
extra convenience, a DC On/Standby switch on the front panel removes voltage from the load for
making circuit changes without having to disconnect leads. External
AC and DC programming terminals
for special applications are provided on the rear panel.
The new IP-28 reportedly can
be assembled in about eight hours,
with circuit board -wiring harness
assembly. Price of the kit is $47.50.
Circle 54 on literature card

Push-button Multimeter
Olson Electronics Inc. has introduced Model TE -235, a push-button
multimeter. It incorporates taut band meter suspension; large push
buttons are used for function and

range selectors. The expanded scale
meter has a built-in mirror for para lax correction.

stop

Characteristics

record wear

Sensitivity: 30K ohms/volt
DC Volts Range: 0-1, 2.5, 10,
50, 250, 1000 volts
AC Volts Range: 0-2.5, 10, 50,
250 volts
dB Range: -10 to +36 dB.
Resistance: 0-5,000, 50K, 500K,
5 meg ohms
DC Current: 0-5 µa, 100 ma, 250
ma, 500 ma, 10 amps.
The size of the Model TE -235
is 81/2" x 51/2" x 2 13/16". Batteries and test leads are included
in the $39.98 price.
Circle 55 on literature card

Pin Tip Plugs

Four new pin tip plug models
have been made available by Pomona Electronics Co., Inc.
Model 2072 Shorting Bar is used
as a connecting link with equip-

ment having pin jacks. Model 2192
Component Mounting Double Pin
Tip Plug features set screws to secure leads; recess in body for
mounting small components. Model
2953 adapter converts a Single Pin
Tip Jack to a binding post. Model
2978 adapter converts a Double
Pin Tip Jack to 3/4 -in. spaced binding post.
Shorting bar resistance less than
1.5 milliohms; current rating of

QIAMOMO PHONOGRAPH

rifE01ES

APiJ CARTRIOGES

Put this E -V

needle/cartridge
display next to
your cash register
...it insures
good fortune!
Put this handsome merchandiser
with its stock of E -V literature
on your counter. You've just taken
the first step toward bigger phono
needle & cartridge sales.
Now, take the second
step. Let your E -V distributor help you fill it with
the best-selling needles &
cartridges in town.
Best-selling because the Electro Voice computer prepares accurate,
up-to-date popularity lists for
your guidance. Easy -selling because
all E -V needles and cartridges
meet or exceed original equipment

specifications for quality.

amps continuous, 10 amps intermittent. Tip Jacks are beryllium
copper, gold flashed. Pin Tips are
0.080 in. diameter, nickel -plated
brass.
Prices are: Model 2072, $0.75;
Model 2192, $1.85; Model 2953,
$1.35; and Model 2978, $2.25.
5

Your Electro -Voice distributor
has the broadest line of exact replacement phono parts in the
business. Needles, cartridges, wheels
and belts. Plus a merchandiser
deal that helps you sell them.
Start your good fortune today at
your nearby E -V distributor's!
ELECTRO -VOICE, INC., Dept. 307R
632 Cecil St., Buchanan, Michigan 49107

Jkcerroilid
A

SUBSIDIARY

OF GULTON

INDUSTRIES. INC.

Circle 56 on literature card
March,

1970/ELECTRONIC SERVICING

49

Getting a yearly health
checkup could be a waste
of your precious time.

New Important SLIMS Books

But that's a risk you'll
have to take.

NEW 13TH EDITION OF THE INVALUABLE

SAMS TUBE SUBSTITUTION HANDBOOK

The most complete and updated direct tube substitution guide available. Lists over 12,000 direct substitutions for all
types of receiving, picture tube, miniature, industrial, and
communications types. Includes substitutions for foreign
tubes. Handy, quick reference format for easy use. Instructions tell you when and how to make proper substitutions,
often resulting in better performance.
Order 20769. Twin-Pak (regular size for bench use; pocket
size for caddy) both for only
$2.25
$1.75
Order 20768. Shop edition, only

Waste some more

of your precious time.
Learn the
7 warn ing signals
of cancer:
Color -TV Waveform Analysis
by ROBERT G. MIDDLETON. This book provides both the theoretical and the practical knowledge of waveform analysis essential for profitable and efficient color -TV
servicing. It begins with the rf and i -f
sections, and proceeds through the video amplifier, bandpass-amplifier, color-sync,
color -demodulator, and matrix circuits.
Also includes a full discussion of vector grams, and coverage of keyed -clamp dc restorer circuits found in the newest color TV receivers. An invaluable servicing aid.
$3.50
Order 20763, only

ABC's of Thermistors
by RUFUS P. TURNER. Explains in detail
this simple, but extremely useful solidstate device with which many technicians
are unfamiliar. Discusses thermistor fundamentals, instrument applications, control and alarm applications, amplifier and
oscillator applications, thermistors in communications, and supplementary circuits.
Provides a valuable understanding of thermistor basics and their practical use.
Order 20765, only
$2.95
101 Questions & Answers About
Hi-Fi and Stereo
by LEO G. SANDS and FRED SHUNAMAN. A
practical and useful reference book explaining the essential facts about hi-fi and
stereo, with important help on troubleshooting and maintenance. The six sections of the book cover: high-fidelity systems; amplifiers; tuners; record and tape
players; maintenance and troubleshooting
procedures. A valuable reference source.
Order 20753, only
$3.50

Color -TV Trouble Clues, Vol. 3
by HOWARD W. SAMS EDITORIAL STAFF.
This valuable book helps to eliminate the
time-wasting false starts and inconclusive
tests many technicians experience in diagnosing color -TV troubles. Tells how to get
right to the heart of the problem, how to
make positive checks, how to use meaningful clues for quick trouble -shooting. Supplements the popular earlier volumes in
the series, but contains all -new material,
especially on late -model color chassis.
$3.50
Order 20762, only

Send books checked at right. $
D Send FREE 1970 Sams Book Catalog

enclosed.

Name

3.
A sore that does not heal.

4.
Change in bowel or
bladder habits.

5.
Hoarseness or cough.

6.
Indigestion or difficulty
in swallowing.

7.
Change in size or color
of wart or mole.

l
20769

D

20753

D

20768

D

20762

D

20763

D

20771

D

20765

State

Zip

Circle 14 on literature card
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If a signal lasts more
than two weeks, see your
doctor without delay.

American Cancer Society

PA.,

Address

50

A lump or thickening
in the breast or elsewhere.

SWL Antenna Construction Projects
by EDWARD M. NOLL. Provides detailed
information on how to construct 35 different antennas for improved short-wave reception. Explains basic antenna principles
and then presents the construction projects
which fall into six basic classes of design.
This practical book helps the short-wave
fan select and construct the antenna best suited to his requirements.
Order 20766, only
$2.95

HOWARD W. SAMS & CO., INC.

City

2.

ABC's of Voltage -Dependent
Resistors
by RUFUS P. TURNER. The Voltage -Dependent Resistor (VDR) is relatively unknown, even to experienced technicians,
so that its advantages 'have gone largely
unrecognized and unused. This book explains in simple language the principles of
VDR's, and describes the many types
available, and how they are used in a variety of applications. Apart from these particular applications, others will undoubtedly suggest themselves to the alert circuit
$2.95
designer. Order 20771, only

Order from your Electronics Parts Distributor, or
mail to Howard W. Sams & Co., Inc., Dept. ES -3
4300 W. 62nd St., Indianapolis, Ind. 46268

PLEASE

1.
Unusual bleeding or
discharge.

20766

J
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coupons!

Amplifiers

UHF frequency amplification
problems often found in large all channel /on -channel MATV systems

Present one or more to your participating RCA Test Equipment
Distributor for big discounts on these four instruments during
RCA's big Spring Coupon Carnival. (Only one coupon will be
accepted per instrument.) Do it today. Offer good only between
February 15th and April 30th, 1970.
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please refer
RCA
Mr.
1970 Carnival announcement. Void
where prohibited, taxed, or restricted.
Cash value 1 /20d. Offer expires
30, 1970.

Mr. Distributor, please refer to RCA
I1970 Carnival announcement. Void
Iwhere prohibited, taxed, or restricted.
Cash value 1/20d. Offer expires
April 30, 1970.
RBI

desired in apartment buildings,
schools, etc., reportedly have been
met and solved by The Finney
Company (FINCO), with their new
M-174 and M-175 solid-state UHF
amplifiers.
According to the manufacturer,
the M-174 single -channel UHF amplifier offers a 30 -±3 dB gain with
a 1 -volt output on a single UHF
channel, whereas the M-175 broadband UHF amplifier offers a 30
±3 dB gain with a 1 -volt composite
output on all UHF channels. Both
amplifiers have a 75 -ohm single
output, The Finney Company reports.
Model M-174 lists at $145.00,
and Model M-175 sells for $160.00.
Circle 60 on literature card

Vehicular Antennas
Now available from the Antenna
Specialists Co. are two low-silouette, high-performance communications antennas for VHF and UHF
frequencies.
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Look to RCA for instruments to test/measure/view/monitor/generate
RCA Electronic Components, Harrison, N. J. 07029

MCBM

Circle 32 on literature card
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Now it costs less
to owa the best
VOM you need.

According to the manufacturer,
the special-environment antennas
are intended primarily for buses,
trains, trucks, squadrols and similar
vehicles operating in areas where
communications are vital and antenna security may be a problem.
Encased in high-impace molded
plastic and secured with heavy bolts
from the inside, the antennas may
be mounted in either vertical or

r

The best you need is the new solid-state RCA WV -510A
Master VoltOhmyst®. The most functional VOM we've ever
produced, the 510A has all the features you'll ever need no
matter what your requirements may be.
And we've added some extra features you won't find in
any competitive VOM, at any price ... features designed to
make your work easier, help you get the job done faster.
For example: The RCA WV -510A operates from batteries
or AC. Remove the detachable AC line cord while you're
taking a measurement and the batteries take over immediately without a fljcker of the pointer. And you'll get maximum
life from the batteries because they're always on trickle
charge during AC operation. Stability? Switch from range to
range and watch a whole series of measurements without
constantly having to zero -adjust the meter.
Some statistics:

MC J3

Inexpensive (Duality
jOptional Distributor
Resale Price

Current:
0.01 milliampere to 1.5 amperes in 8 ranges.
Resistance:
0.02 ohm to 1000 megohms in 7 ranges.
DC Volts:
0.01 volt to 500 volts in 8 ranges.
AC Volts:
0.2 to 1500 rms AC volts in 7 ranges plus peak -to -peak
voltages of complex waveforms.
21 megohm resistance on all DC ranges.
And it's only $128.t complete with DC/AC ohms probe
and flexible shielded input cable with BNC connector,
and removable AC line cord.
Some statistics! For complete details, contact your local
RCA Distributor.
RCA Electronic Components Harrison, N. J. 07029
Circle 33 on literature card
I
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I

horizontal position. Model ASP-572
operates in the 450 -to -570 -MHz
range, while Model ASP-571 operates in the high bands. The power
ratings are 100 watts and the VSWR
is 1.5/1 or better, Antenna Specialists reports. The radiation patterns are essentially omni-directional.
The cost of Model ASP -572 is
$19.25, and Model ASP -571 sells
for $29.95.
Circle 61 on literature card

VHF Distribution

Amplifier

Finco solid-state deluxe VHF
distribution amplifiers (Models M108 and M-109), designed for use
in large hotel and apartment installations, are now ªvailable from the
Finney Company.
The high -output, broad -band amplifiers offer a minimum gain of 40
dB on both high and low bands with
individual gain control on both
bands. Silicon overlay transistors in
the driver and output stages provide a high-level output with very
low intermodulation. Silicon transistors are used to eliminate tempperature problems.

A variable slope control with a
range of 6 dB is fitted in each
band to compensate for the very
long cable runs which the amplifiers can handle. A test point at
-20 dB is provided at the amplifier output.
Electrical specifications are the
same for both models, with the exception that Model M-109 has sep-

Now it costs less
to own the best

oscilloscope
you need.

GAIN
EO &AND

NI BAND
TIAT

...._

..wA,t

FINCO'
ó
MT

POINT
OUTPUt

arate low-band and high-band input at 75 ohm. Both come with all
matching connectors.
The price of Model M-108 is
$165.00, and Model M-109 sells for
$171.00.
Circle 62 on literature card

Th,

GET COMPLETE
about the products
advertised or described
in this issue.

Use Free

Reader Service Card.

to include

your name and address

nli

l-tt (lgrillncrna

The best you need is the new 5 -inch RCA WO -505A, all
solid-state oscilloscope. It makes yesterday's generalpurpose 'scopes look old-fashioned.
At just $298.501 the WO -505A offers an unmatched list of
features usually found only in more expensive, laboratory
type instruments. For example there's the all solid-state
circuitry... an illuminated graph screen calibrated directly
in volts, and a deep -lip bezel for exceptional clarity. The
regulated power supply minimizes trace bounce and provides excellent stability. And the camera mounting studs
offer still more evidence of the functional value built into
the new WO-505A.
But you've got to see this new RCA 'scope in operationsee the sharp, clean trace it provides-to appreciate it.
Some statistics:
High -frequency response, usable to 8 MHz.
High Sensitivity (.05 V p -p range).
DC vertical amplifier; DC/AC input.
Return trace blanking ...Trace polarity reversal switch...
Phase control.
High -frequency horizontal sweep; solid lock -in on 5 MHz.
Preset TV "V" and "H" frequencies for instant lock -in.
Built-in square -wave signal for calibrating P -P voltage

DETAILS

Be sure

R(`A !^r(1_S(1FA

measurements.
Provision for connection to vertical deflection plates of
liexpensive Quality
}Optional Distributor
Resale Price

CRT.

Some statistics! For complete details, contact your

RCA Distributor.
RCA Electronic Components Harrison, N. J. 07029
I

I
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The Sony One -Gun

Color CRT
Design, theory of operation and convergence procedures
by Forest H. Belt

Fig. 1 Sony portable color receiver
using 12 -inch Trinitron picture tube (11
inches viewable diagonal). It's all -solidstate.

The Sony one -gun Trinitron*
color picture tube often is confused
with a different color CRT called
the chromatron, which never got
into a commercial set. But they're
definitely not the same. Nor even
much alike. To end any mixup,
here's a thorough description of the
Trinitron, how it works and what its
advantages are.
Sets with 7- and 12 -inch Trinitrons are already being sold in the
U.S., and 16- and 18 -inch versions
are due later. One 11 -inch (viewable
diagonal) model is pictured in Fig.
1. For the most part, this little portable looks and operates much like
any other color set.
That is, it does until you open it
up and look for the adjustments.

ELECTRON
BEAMS

PHOSPHOR
STRIPES

Fig. 2 Phosphors
are deposited on

screen in vertical
stripes. Aperture
grille is really a
vertically slotted
shadow mask.

APERTURE
GRILLE

*A Sony Trademark.
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Fig. 3 Structure of Trinitron electron gun, which produces three beams. Simplicity makes surrounding circuits very
simple.
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ELECTRON BEAM
(GREEN)

Then it's a different story. There
are so few-only a half-dozen, including convergence. That's a far
cry from the couple dozen a conventional picture tube needs.
Color by Vertical Stripes
The first odd thing you notice
about a Trinitron picture tube is its
color phosphors. There are three
primary colors-red, green, bluejust as in a regular color CRT. But
these in the Trinitron are deposited
on the tube face in vertical stripes,
side by side. There's a red, then a
green, then a blue; then another red,
another green, another blue, and so
on, as shown in Fig. 2.
The second unusual thing is the
Trinitron shadow mask. It doesn't
have holes like a conventional one.
It has slots. It's not even called a
shadow mask; it's called an aperture
grille.
You can see its relationship to
the phosphor stripes in Fig. 2. It's
just behind the stripes, between
them and the guns. The vertical
slots line up with the green phosphor. Each slot is only as wide as
one stripe. You can see from the
sketch, the slots and stripes are
both much narrower than the beam
of electrons from the electron gun.

APERTURE
GR I LLE
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ELECTRCN BEAM
(RED)

B

R

G

B

R

G

R

G

One Gun, Three Beams

To understand how the aperture
grille works, you need to know what
the electron gun of the Trinitron
does.
Conventional color CRT's have
three guns. The Trinitron has only
one. But it puts out three beams.
How that's done is illustrated in

ELECTRON BEAM

(BLUE)

Fig. 3.

There are three cathodes. Each
one emits a bunch of electrons that
are gathered roughly into a beam
when they go through a hole in the
control grid, or Gi. The three cathodes are in line horizontally-side
by side-and so are the three holes
in G1. Green is in the middle.
Another grid, G2, is an accelerating anode. It's also called the
screen grid. It speeds up the electrons in the three beams as they

B

R

G

Fig. 4 Masking effect of aperture -grille slots. Angles of beams are adjusted
so they illuminate only the phosphor for their own color.
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pass through the three holes in the
G2 structure.
The beams, now with plenty of
energy, enter the first of a set of
focus elements. A DC field bends
the blue and red beams toward the
middle. At one spot inside this focus
assembly, they cross over each other
and the green beam. In the same
process, each stream of electrons is
concentrated into a tight, round
beam. Green continues straight
ahead. The red and blue beams
angle off, aimed toward opposite
edges of the screen.
Before they've gone very far, all
three beams pass through an array
of convergence plates. Those plates
carry the same 19 KV supplied to
the second anode. The static field
and the shape of the plates bend
the red and blue beams back toward each other and the green
beam. If the voltage is exactly right,
all three beams meet again (converge) right at the aperture grille.
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BEAM LANDING
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Fig. 5 Purity adjustment for center is with purity magnet; edge purity
is adjusted by sliding yoke. Best to check green and red for purity.

One Color Per Beam
The aperture grille and its relationship to the deflection yoke are
the key to color purity and easy
convergence in the Trinitron.
First, look at Fig. 4 and how the
aperture grille masks each of three
beams. It allows each beam to hit

Fig. 6 Neck -twist coil is rotated to improve
green purity. DC flowing in it keeps the three
CRT beams lined up horizontally.
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only the phosphor it's supposed to
excite.
Each beam covers at least two of
the slots in the grille. The green
beam, coming straight in, hits green
phosphor stripes. The red beam
comes into the slots at an angle set
by the convergence plates. It strikes
two red stripes, but can't hit blue or
green-the grille prevents it. Likewise, the blue beam, coming through
the grille slots from the opposite
angle, can't hit red or green stripes
-only blue.
Getting purity in the center is
easy. But when the yoke sweeps the
beams, they could easily land wrong.
The yoke has to be in just the right
position along the CRT neck so the
point of deflection (called deflection
center) is correct. Fig. 5 illustrates
this.
A purity magnet (Fig. 5A) mainly
affects how the beams land near the
center of the screen. The arrows

B

G

show how shifting the magnet moves

beam relationships. If you're adjusting the purity magnet, you try for
best purity in the center. Use a
green raster.
Fig. 5B illustrates yoke positioning. If it's too far back on the neck,
the deflection center is out of position. Out near the edges, the beams
don't go through the slots like
they're supposed to. You adjust for
best purity all over the screen by
sliding the yoke forward or backward on the neck of the CRT.
There's one more adjustment to
assure that each beam lands on only
its intended color. It's called the
Neck-Twist Coil. Slight misalignment in the gun may keep the three
beams from lining up horizontally.
The effect is shown above the photo
of the coil, in Fig. 6. The red or
blue beam may spill over onto some
green stripes. Turning the neck -twist
coil corrects this. During adjust-

ment, watch a red raster; this adjustment doesn't affect green.

Converging at the Edges
With purity as good as you can
get it, turn your attention to keeping the beams going through the
slots together all the way across the
screen. The face of the Trinitron is
only slightly convex. The angle of
beam deflection inscribes a much
shorter radius.
Fig. 7 illustrates what this does
to the beams. The deflection point
is further from the screen at the
edges than at the center. If the beam
crossover point stays the same distance from the gun, out near the
edges the beams cross before they
reach the aperture grille. That's mis convergence.
What's needed is something to
lengthen their focal distance at the
beginning of each line, let it return
to normal as the beams sweep

R

CONVERGED BEAMS
(NO CORRECTION)

CONVERGED BEAMS
DUE TO INCREASE IN
CONVERGENCE VOLTAGE

SCREEN

HORIZONTAL CONVERGENCE WAVEFORM

Fig. 7 Sketch shows how parabolic waveform added to
convergence plates lengthens focal point of beams as
they sweep toward edges. The controls in the photo
are the only convergence adjustments you normally
will make.
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Fig. 8 Circuitry surrounding Trinitron picture tube stresses simplicity, compared with shadow -mask -tube circuits. Photo shows second -anode cap at
top of tube instead of at side of bell as in conventional CRT's.
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across center, and lengthen it again
as they move on toward the right
edge.
DC voltage on the convergence
assembly determines the crossover
point in the first place. So, logically, a parabolic voltage that's perfectly in step with the horizontal
sweep can be added to it; the resulting voltage variation alters the
focal length as needed.
The parabolic voltage waveform
is shown in Fig. 7, below the sweep
sketch. Applied to the convergence
plates, the parabolic voltage adds to
the 19 -KV DC that's already there.
Rising and falling, it stiffens the
beams during the start and finish of
each line-moving the focal point
out and back to conform exactly
with aperature-grille curvature.
That's all there is to horizontal
convergence. The circuit is simple.
A parabolic signal is taken from
the horizontal -yoke return circuit
and fed through a capacitor to the
convergence plates.
Vertical convergence is even simpler. Slight vertical misconvergence
doesn't show up anyway; if a beam
lands a little high, it's still on the
same color stripe so there's no visible error. Whatever slight correction
is needed is designed into the vertical output stage and deflection
coils.
There are only two convergence
adjustments (Fig. 7). One is the
Vertical Static adjustment. You
make it first. Just put horizontal
crosshatch lines on the screen and
adjust the control to converge them.
The other, the Horizontal Dynamic
adjustment, primarily affects vertical crosshatch lines. It makes one
end or the other of the parabolic
signal higher in value, in case a
little extra beam-stiffening is needed
toward one side of the screen.
There's also a capacitor you can
change to improve convergence if a
replacement Trinitron cannot be set
up correctly.

Powering the Trinitron
Supply circuits for the Trinitron
are diagramed in Fig. 8. The photo
shows the second -anode button and
the 19 -KV high-voltage connection.
As mentioned earlier, there are
three cathodes. They are the driven

elements

in the Trinitron. Color
video signals, to which the Y or
brightness components have already
been restored, are fed to the cathodes. They control how many electrons get into the beams, and thus
determine average scene brightness
and the mixture of primary colors
that make a color scene. About 70
peak -to -peak volts of video are applied to them.
The control grid (G1) is common
to all three beams. With the cathodes driven, G1 stays at ground
(zero volts) potential most of the
time. Average bias is set by whatever average DC is on the cathodes
-about 100 volts DC. However,
horizontal and vertical blanking
pulses are fed to the grid, driving it
deeply negative for those short intervals when they are present.
The efficiency of Trinitron phosphors is closely matched for all
colors. Also, because of the common G1, transconductance for each
beam is about the same. There's no
need for complex gain adjustments,
so the screen (G2) is common to all
beams, too. No gray -scale tracking
is necessary. There's no series of
screen adjustments-just one. It
varies the DC voltage applied to G2
-between 300 and 400 volts.
Focus voltage can be varied from
zero (ground) potential to the full
voltage that's available for G2. I
have already indicated the voltage
on the convergence plates; it's 19
KV, plus the parabolic dynamic convergence signal.

Toward Easier Servicing
The Trinitron is simpler than picture tubes of the three -gun shadow mask variety. There's less to go bad
inside and outside a Trinitron.
The Trinitron color portables I've
seen in operation produce a satisfactory picture. Convergence was
good, and colors seemed warm and
true. Color pictures are bright
enough to be viewed comfortably
under strong flourescent lighting,
but they don't seem any brighter
than (if as bright as) pictures on the
new black -surround color CRT's in
some U.S. brands.
Whatever its other advantages,
the Trinitron is unique and easy to
set up.

you don't have to be
a magician to sell .. .

This deluxe UHF -VHF and FM
Stereo antenna with exclusive
Gold -Guard finished elements and
handsome base complements any
decor. Features that help you sell
include 6 -position tuning switch

telescoping 4 -selection elements
assure maximum signal strength
beautifully packaged in full color
shelf talker carton complete with
lead-in wire and mounting terminals. Model No.32-306. Suggested
retail $12.95

These GC products sell like magic, too.
GC
Win

A Step

All Channel UHF-VHF
Antenna
Gold -Guard finish, 6
position switch, packaged
complete with lead-in
wire and terminals.
No. 32-303, Suggested
retail $5.60

VHF Antenna
Delivers peak VHF
reception; aluminum
dipoles extend to 38",
Supplied complete with
heavy no -tip base, lead-in
wire and terminals.
No. 32-300 Suggested
retail price $2.10

Economical VHF Antenna
Back -of-set model

delivers top performance
on all channels. One of a
complete line of exact
replacement antennas made
to original manufacturers
specifications. Complete
with mounting screws,
lead-in wire and terminals.

All New 312 page G C
Electronics General Catalog
featuring thousands of
items is yours for the
asking. Write to
address below.

No. 32-304 Sugg. retail $3.75.

GC ELECTRONICS
ELECTRONICS

.22>

400 SO. WYMAN ST., ROCKFORD, ILL. 61101
HYOFIOMETALS, INC.

A DIVISION OF

Circle 15 on literature card
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troubleÉî iQci'
Excessive Brightness
I have a Zenith 23XC38 color chassis with too much
brightness. Even with the brightness, brightness range.
CRT bias and screen controls at minimum, there is
still a lot of brightness.
The CRT, all controls, resistors 193 and 194 and the
12HL7 video output tube have been checked, but no
defect found. All the voltages on the CRT are normal
except the cathode voltages, which are 25 to 35 volts
low. I presume this is my trouble. How do I correct
this problem?
Ed Anderson
Gonvick, Minn.
When you are troubleshooting direct -coupled video
circuits, the "no -signal" DC voltages on most schematics can be very misleading. CRT cathode voltages
that are only 20 to 30 volts low will make the picture
brighter, but not as much as you indicate. Remember,
the CRT cathode voltages will be at least 20 volts more
positive on station. Also, you have indicated that the
brightness, brightness range and CRT bias controls all
have been misadjusted to produce minimum brightness;
this will increase the CRT cathode voltages nearer to
normal. Consequently, the CRT cathode voltages you
measured are not merely 20 or 30 volts low. You must
add to the no-signal voltage on the schematic another
20 volts because a station is tuned in, plus approximately 30 volts because the controls have been adjusted. Thus, the CRT cathode voltages are about 80
volts low-enough to make a huge difference in
brightness.
Don't depend entirely on a tube tester when evaluating the video tubes; better replace them to be sure.
DC voltage analysis is your best bet to pinpoint the
cause of this brightness problem. I suspect that the
cathode and grid voltages on the 12HL7 have been
interchanged on the schematic, because the collector of
02 is marked 11 volts, while the grid of V5 (with zero
resistance between) is labelled 15 volts and the cathode
11 volts, which would cause the grid of the tube to be
positive with no signal applied.
The source of this brightness problem probably is in
the video stages.
No High -Voltage Regulation
A Curtis -Mathis CMC26 color chassis (PHOTO -

FACT 921-1) has no regulation of the high voltage.
The high voltage at times reaches 30 KV, as though
the 6BK4 regulator were not in the circuit. Any suggestions?
Pete Gonzales
Gallup, New Mexico
Yes, we have a few suggestions, Pete. One of the
parts failures that occur most.often in any high -voltage
regulator circuit using a 6BK4 is the 1K cathode resistor (R152 in this set ), which may be burned open
by a shorted or gassy 6BK4. Even after a new tube
is installed, there will be no regulation if the cathode
circuit is open. This resistor is checked best with an
ohmmeter.
60
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If R152 is burned, C93 (.01 mfd capacitor connected
from 6BK4 grid to cathode) may be shorted, too; these
two parts often fail at the same time when the 6BK4
arcs or shorts. With C93 shorted, the regulator will
draw excessive high-voltage current after a new R152
is installed. The excessive load may even kill the high
voltage.
The other general cause for loss of high -voltage
regulation is excessive bias on the 6BK4. Only about
-13 volts on the grid, measured from the cathode
( with a VTVM ), will cut off all regulator current.
The cathode voltage is clamped by its connections
to B+, and the grid is supplied by a voltage divider
from the B -boost. Adjustment of the high -voltage
control changes this grid voltage to set the regulator
current and the amount of high voltage. If the bias is
greater than -13 volts, unsolder the resistors in the
grid circuit of the 6BK4, and carefully check them on
an ohmmeter; their value is critical for proper regulator action.

Inadequate Stereo Separation
Produced by Multiplex Adapter
I have a Webcor stereo Model WC1068-1B, which
did not include multiplex, so I purchased a multiplex
unit to use with it. (The tuner is covered in PHOTO FACT folder 522-13 and the multiplex unit is in folder
644-12.) My problem is that I do not have good
stereo on FM. I have tried to align the multiplex
unit, but it didn't help. Is this normal with this type
of adapter, or is there something that I can do to
achieve better stereo FM?

John C. Leahy
Lenanon, Pa.
The Webcor Model A-1946 FM -stereo adapter is
one of the "first -generation" types, in which the separation is around 15 dB, or about half that of later
ones with the diode -switching bridge circuit. In the
earlier types the 38-KHz injected carrier phase is very
critical, so L2 (Al) and L3 (A2) may have to be set
with the aid of a multiplex generator. If you do not
have access to a generator, you may be able to adjust
the phase satisfactorily by moving to a position where
the right and left speakers are near your right and
left ears, respectively, and then make these two adjustments carefully for best stereo effect.
IF response curves are more critical for stereo reception, so it may be necessary to perform sweep
alignment for a broader, flat-topped response.
According to the picture in the PHOTOFACT, the
speakers in the cabinet of your unit are not separated
very far apart; this will reduce the area where acoustic
separation is possible. If the speakers are 3 feet apart,
the position of the listener for best directional stereo
effect will be in front of the center of the cabinet and
just 3 feet from each speaker.
Be sure the multiplex adapter is connected correctly to the tuner. For example, there is an outlet on
the tuner for normal FM with de -emphasis and another for multiplex with only an IF filter. Use the one
marked "multiplex".
Also, determine if the separation is satisfactory
using the input from the phonograph. FM -stereo will
never exceed the amount of separation obtained from
the phonograph.
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The New Heathkit® IG -57A Costs Up To $265 Less
Yet Has The Features To Do Every Color Alignment Job That Needs Doing
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Compare The Features. The comparison chart above (prepared from the
manufacturer's operation manuals) shows all three major sweep -marker
generators to be quite similar. This similarity speaks for itself ... they
how much are you willing to spend ?
can all do the job. The question is
Compare The Price. The Heathkit IG-57A in factory assembled and tested
form costs only about half of the other two sweep -marker generators... in
easy -to -build kit form the IG -57A is substantially less than half the price
of others. You don't have to spend more to get precision color alignment
capability.
Compare The Value. Heathkit test gear has been the choice of servicemen,
technicians and engineers world wide for over 23 years. The reason is
value
that skillful blend of low cost, needed features, top performance
and quality engineering.
Compare The New IG -57A For Features, Price & Value. Order yours
now and keep up to $265 in your pocket.
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NEW
FREE 1970 CATALOG!

Heath Company, Benton Harbor,
Michigan 49022.
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-

eh

Ern

i 1n

pppMfA ait'PU7
Q Sen ffRnM,r

Rr-

4EaiER

$135.00*
$199.00*
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IG -57A SPECIFICATIONS
Marker frequencies: 100 kHz. Marker frequencies, crystalcontrolled: 3.08, 3.58, 4.08, and 4.50 MHz x.01%. 10.7, 39.75, 41.25, 42.17, 42.50, 42.75,
45.00, 45.75, 47.25, 67.25 and 193.25 MHz 1.005%. Modulation frequency: 400 Hz. Input
impedance: External Marker/Sweep, and Attenuator
75 ohms. Trace in
220 k ohms.
Output impedance: Marker Output, Sweep Output, and Attenuator
75 ohms. Scope Vert.
k ohms. Bias Voltage: Two individually adjustable supplies; Positive or negative polarity.
Type of Marker: Birdie. Controls: Bios controls; Marker/Trace
dual concentric; Sweep
Width/Sweep Center
dual concentric; Marker Out
concentric with Sweep Range switch;
and Phase. Switches: Rocker type
separate switch for each of the above listed frequencies;
Blanking, On/Off; Trace Reverse; Modulation On/Off. Sweep frequency ranges and output
2.5 to 5.5 MHz
voltage: LO Band
dB at 0.5 volts RMS (min.) fundamentals, and 10.7
MHz on harmonics. IF Band
38 to 49 MHz *1 dB, at 0.5 volts RMS (min.) fundamentals. RF
band
64 to 72 MHz a1 dB at 0.5 volts RMS (min.) fundamentals and 192 to 198 MHz on
harmonics. Attenuator: Total of 70 dB of attenuation in seven steps
dB, 3 dB, 6 dB, 10 dB,
10 dB, 20 dB and 20 dB. Power requirements: 120 volts, 60 Hz AC at 4.5 watts.
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Please send model (s)
Please send FREE Heathkit Catalog.
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HEATH COMPANY, Dept. 25-3
Benton Harbor, Michigan 49022

D Enclosed is

Now with more kits, more color.
Fully describes these along with
over 300 kits for stereo/hi-fi,
color TV, electronic organs, guitar amplifiers, amateur radio,
marine, educational, CB, home
& hobby. Mail coupon or write
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Schlumberger company

plus shipping.

D Please send Credit Application.

Name

Address
City

L

-Mail order prices; F.O.B. factory.

Zip
State
Prices & specifications subject to change without notice.
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Hot and Cold Approaches
to Solving
Heat from lamps and cold frcm coolant sprays
help pinpoint temperature -sensitive defects.

by Lon Cantor

Two of the most effective aids for
locating intermittent defects also are
the simplest: a 100 -watt lamp and
an aerosol can of cooling spray.
The Basic Technique

Intermittent defects that are triggered by heat often disappear when
the chassis is removed from the
warm cabinet to the cooler environment of the test bench. Normal operating temperature can be obtained
best by using a 100-watt bulb in a
socket -reflector fixture equipped
with a padded spring clamp for easy
attachment to the chassis. Place the
lamp about a foot from the circuit
which you believe is the most likely
source of the intermittent. Check
occasionally to make sure the lamp
is not warming any of the parts too
much.
After the heat from the lamp has
triggered the defect into activity, individually spray with coolant each
component in the suspected circuit.
Use an extension tube connected to
the nozzle of the spray can to confine the spray to only one component or small area at a time, as shown
in Fig. 1. Watch the picture or listen to the sound, depending on
which is affected by the intermittent.
When the defective component is
cooled with the freeze spray, the
trouble will disappear almost immediately. In some cases, the suspected part can be heated slightly
with a soldering iron to trigger the
defect, then cooled again as additional proof.
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Solid -State Problems
Defective solid-state components,
especially transistors, are often the
cause of a complete loss of signal
when they reach normal operating
temperature. The actual defect in
such cases is apparently an open
circuit at the point where the leads
are attached internally. Output transistors in auto radios often are offenders in this way. Warm up the
circuit until the sound cuts out, then
spray the transistor with coolant.

Before you can shut off the spray,
the sound will be back, if the trouble is caused by an intermittent thermally sensitive defect.
Detector diodes are good suspects
when an overload or AGC problem
appears after the receiver has become warmed thoroughly. Before
the cooling sprays were marketed,
we had to replace the diode, and
hope. Now a whiff of spray will help
pinpoint the defect. One warning:
Diodes with glass bodies can be

1 Test setup shown here is for checking leakage of capacitor with low
voltage rating. Leakage is indicated in form of voltage by FET VOM. If leakage drastically decreases when capacitor is sprayed with coolant, defect is
heat sensitive, or thermally intermittent. Plastic tube attached to nozzle of
can enables the technician to confine the coolant to one component or small
area of circuit.

Fig.

cracked by a direct application of
coolant. Therefore, spray just the
leads, or wrap a small piece of
paper around the diode before you
spray it.
Sometimes very little cooling is
necessary. 1 remember well the time
I replaced an output transistor in a
portable stereo amplifier only to
find the new one apparently just as
sensitive to heat as the original, and
just as easily restored to normal
operation when cooled. A more
careful investigation showed that a
small amount of the spray had been
bouncing onto the driver transistor,
which was just behind the output
stage. Replacement of the driver
transistor permanently cured this
intermittent.

VERT OUTPUT
TRANSFORMER

360V

HORIZ OUTPUT
STAGE

VERTICAL YOKE

Fig. 2 Quick -repeating intermittent short in capacitor (C2) across vertical centering control caused rapid vertical movement of picture displayed by Magnavox T922 chassis.

A

Intermittent Capacitors
In many cases, it is easier to find
the bad component by its reaction
to the cooling spray and explain
later what caused the symptoms.
This was true of a Magnavox T922

color chassis that fluttered vertically
after it was thoroughly warm. At
first it appeared to have rapidly
changing height, but a closer examination revealed the entire raster
was bouncing up and down at an
erratic rate. When the 25-mfd capacitor across the vertical centering control (C2, Fig. 1) was cooled,
the picture suddenly became steady.
This test was repeated several times,
both before and after a new capacitor was installed. Apparently the defective capacitor shorted intermittently when a critical temperature
was reached.
Other capacitor defects may be
present when the set and components are at room temperature but
disappear when operation of the
receiver has raised the ambient temperature inside the cabinet. Such
was the case with an RCA CTC19
chassis in which random horizontal
areas of the picture jerked sideways
(almost like an arc, but with more
movement) during the first five minutes of operation. After five minutes, the picture became very steady.
Because of the rounded edges of the
intermittent disturbance, the problem seemed to originate in the horizontal AFC circuit.
Heat and cold were applied alternately to the horizontal oscillator

HORIZ OSC

HORIZ AFC

HORIZ
(

k..

OUTPUT

GRID

HORIZ
HOLD CONTROL

INPUT

27K

HORIZ HOLD

33K

CONTROL

820pf
375V

Fig. 3 Intermittent leakage of capacitor C72, in feedback loop between horizontal AFC and oscillator stages of RCA CTC19 chassis, caused random
horizontal strips of the picture to jerk to one side.

VTVM OR

FET

VOM

380V FROM TV

CHASSIS
CHASSIS GROUND

Fig. 4 Test setup for detecting extremely temperature-sensitive leakage in
capacitor. DC voltage of about 3/4 rating of capacitor is applied to one end
of capacitor and VTVM or FET VOM is applied to other. Leakage will be detected in most capacitors. After capacitor is charged fully, a slowly changing
or erratic reading indicates a defect.
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and AFC circuits, with no results
after the first five minutes of operation. The heat lamp and cooling
spray apparently failed in this case,
yet chassis heat seemed to have a
definite effect on the problem.
After many hours of analyzing
the trouble symptom and the schematic, it was decided the defect was
C72, which perhaps was intermittently leaky. The capacitor was replaced and the trouble disappeared.
To prove to ourselves that the
old C72 was intermittently defective, that night, before closing the
shop, we connected the old capacitor between the 380 -volt DC source
of the chassis and VTVM, as shown
in Fig. 3. The next morning, while
the shop was still cool (it was summer), the VTVM and receiver were
turned on. The meter reading quivered erratically. Occasionally the
pointer would go up to +360 volts
and stay there long enough to read,
then would swing back to zero. The
lamp was positioned to warm the
capacitor: it was only a few minutes
before the indication of intermittent
leakage stopped. We succeeded in
making it intermittent again by alternate cooling and heating, but the
temperature was very critical-just a
little too much heating or cooling
and the trouble was cured temporarily. Moral: Not every part needed

maximum heating or cooling during
diagnosis. Apply heat or cold sparingly at first.
Heat can also make a leaky capacitor much leakier. Sometimes,
heating with a soldering iron the
leads to a suspected capacitor will
produce the trouble symptom and
pinpoint the source of the trouble.
In other cases, it is better to heat
the whole general area with the
lamp, then cool just one part at a
time. The latter method was used
to find the loss of color in an Admiral G l 1 chassis.
The color on the screen of this
chassis disappeared after 15 minutes of normal operation. A negative
voltage was measured on the plate
of the killer tube, which should be
one of the first suspects in such a
case of missing color. Each of the
parts in the killer and bandpass amplifier stages were sprayed individually. When C1O9 (.1-mfd grid bypass capacitor in Fig. 4) was cooled,
fully saturated color was restored.
Tubes Can Be

Temperature Sensitive
A part-time serviceman brought
in a chassis that displayed vertical
rolling during the first 15 minutes
of operation. He explained that
changing the tubes had not cured
the trouble symptom. We sprayed

A

6GH8A

COLOR KILLER

COLOR KILLER

CONTROL

-

3.58 MHz
OSC GRID

.-,I

-

1

Fig. 5 Leakage of bypass capacitor (C109) in grid circuit of color killer caused
all color to disappear from screen of Admiral H12 chassis after 15 to 30
minutes of normal operation.
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all the vertical components. No results. We changed the vertical oscil-

lator -output tube and the trouble
disappeared. The old tube was reinstalled to double check the diagnosis. The rolling returned. As an
experiment, we sprayed the bottom
of the tube (spraying the glass will
usually crack it). The picture started
rolling, confirming that the tube
was temperature sensitive.

Other Uses for Cooling Spray
Heat damage to a transistor during installation need never concern
you if the transistor is cooled until
it frosts before you solder it to the
board. Incidentally, higher-pressure
sprays are available that can cool
down to -50°F.
Have you ever had trouble soldering mike, or coax, cable or even
plastic -covered wire because the
plastic was softened by the heat
and was deformed or caused shorts?
This will not happen if you spray
the plastic with coolant just before
soldering.
Hard -to-find cracks in circuit

boards or burned resistors often can
be uncovered if the suspected area
is sprayed until frost is formed.
Tests in ELECTRONIC SERVICING's laboratory indicate that
high -value small -wattage resistors
can be raised to an out -of-tolerance
value by only slightly more heat
than is normally used in soldering.
To prevent this, cool the body of
such resistors shortly before they
are soldered, and they will stay at
their original value.
Conclusion
Any tool, instrument, chemical or
technique that will reduce the time
needed to isolate the cause of a
temperature -sensitive, intermittent
defect should be considered an essential part of an electronic technician's working inventory of tools,
test instruments and service -aids.
Because of their effectiveness,
pointed out in the techniques described in the preceding paragraphs,
heating devices and cooling sprays
have earned their places in the select inventory of valuable serviceaids that save diagnostic time-and
in the business of servicing consumer electronic products, time is
spelled m-o -n -e -y.

here
more
There's
than meets

What you are looking
is RCA's solid-state"`
color chassis-the CTC-40.
A whole lot went into that
chassis. Like fifteen years of technical research. Pioneering in the development
of Solid State. And the backing of a national
workshop program like nobody else's.
That's where you come in.
We've written a technical manual
on the CTC-40 especially for Electronic Service Technicians. It has color
at

the

diagrams, pictures, and

everything there is to know
about our CTC-40.
You can buy it from your
eye.
RCA Consumer Electronics Distributor, but there's a better way.

Attend the next RCA Consumer Electronics Distributor CTC-40 Workshop and get
the manual free. Our distributor can tell
you when it will be held next in your
area. See you there.
*one tube rectifier

P"
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Installation

Auto reverb units

OandperationServicing,

version found in automobile sound
systems adds a few embellishments
of its own, these reverberators can
offer the listener much realism and
added enjoyment.

by Joseph J. Carr

The function of an auto reverberation unit is to delay the sound
to the rear seat speaker by a factor
of a few milliseconds (usually 25-30
ms) to create an illusion of being in
a concert hall. In an actual concert
hall, sound bounces off the walls as
well as traveling to the listener in a
direct line. The incident, or reflected, sound wave arrives at the
listener's ear a few milliseconds
later than the direct wave because it
has a longer path to travel. This
split-second delay is the basis of reverberation. Although the artificial

The delay unit is an electromechanical device that uses springs to
accomplish the delaying function.
The input is an electrical -to -mechanical transducer that is similar in
operation to a permanent-magnet
loudspeaker. The delay spring(s) is
connected axially to a rotating permanent magnet. This magnet, in
turn, is placed coaxially inside an
electromagnet coil. This design is
similar to a permanent -magnet
(PM) loudspeaker; however, in the
PM loudspeaker the coil is the movable piece, while in the reverberator
delay unit the coil is fixed and the
magnet moves.
Signal applied to the input coil
creates a magnetic field that alter-

Basic Design

There are two main sections in
reverberator units: the audio amplifier (Fig. 1) and the spring delay
unit (Figs. 2A and B). The amplifier is usually a three -stage unit similar to those found in the audio sections of regular car radios. Although
this type of amplifier offers considerable gain, the overall gain of the
entire system is approximately one.
This is because of the high attenuation produced by the delay line.
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Schematic diagram of Motorola reverb amplifier.

Typical Installations
There are two basic designs of
reverberator systems available for
automotive use. One system houses
the entire control circuit, delay line
and amplifier chain inside one unit
that is designed to hang beneath the
automobile's dashboard. The lowerpriced Motorola reverb and most of
the reverbs imported from Japan
are of this type of construction, and
are usually mounted to the lower lip
on the underside of the dashboard,
with small "L" brackets for support. A one- or two -conductor wire
is run beneath the floor mats or
carpeting to the rear -seat speaker.
There are also usually two other
pairs of wires; one to hook to the
front speaker and one to the radio
output.
The other basic reverberator design has a control head mounted
either in or under the dashboard.
This control head is connected via a
four- or five-conductor cable (similar to antenna rotor wire) to the

nately adds to and subtracts from
the field about the permanent magnet. This action causes the magnet
to move in step to the applied audio
signal. The signal, which at this
point is a series of mechanical vibrations, drives the permanent magnet in the output transducer.
The output transducer is like the
one at the input, except in some
cases the impedance of the coil is
different.
The mechanical vibrations transmitted along the spring cause the
permanent magnet in the output
transducer to vary its relative position inside the coil. The signal current thus induced in the output coil
is the input that is applied to the
audio amplifier chain.
Some reverberators use a one spring delay line, while others use a
twin -spring arrangement. It is common for the two-spring design to
have one spring designed to produce a 25 -millisecond delay and the
other to give 27 milliseconds.

PERMANENT MAGNETS

INPUT
TRANSDUCER

OUTPUT

TRANSDUCER
DELAY

JEWEL

JEWEL

SPRING

!

PIVOT

PIVOT

+

-bebó3bdDááá`--

AUDIO INPUT
FROM RECEIVER

DELAYED AUDIO OUTPUT
TO REVERB AMPLIFIER

2 Photo and drawing show physical construction of delay line employed in
Motorola reverb unit.

Fig.

delay/amplifier unit in the trunk.
The control head usually is wired to
function as a regular rear -seat
speaker control when the reverb is
not in use.

The delay/amplifier unit is
housed inside a rectangular box. It
should be mounted so that the long
axis of this box runs fore and aft
along the center line of the automobile, as shown in Fig. 3. This
technique is supposed to lessen the
"chiming" effect that occurs when
the car is driven over rough roads.
Secure the unit to the trunk interior
with both sheet metal screws and
star washers. Proper installation is
critical to the functioning of the reverberator unit.
In -Car Troubleshooting
A majority of the troubles en-

countered in reverberators are
caused by improper installation. A
common complaint is weak reverberation. The fader pot usually operates poorly in both reverb and
normal RSS modes, or it doesn't operate at all. This problem often is
found to be caused by reversal of
the two pairs of wires leading from
the control head to the radio output
and front speaker. This reversal can
be either a case of mistaking one
pair for the other, or a case of the
two wires within one pair being
reversed.
Another common problem results
when the installer mistakes one of
the other wires for the power "A"
lead. The symptoms are weak and/
or distorted sound usually accompanied by the acrid odor of burning
electronics parts. Unless the error is
caught in time, it will cause the
control pot and the input coil of the
delay unit to burn out.
Another all -too-common trouble
that will cause weak and distorted
sound is a short in the wire harness
to the unit in the trunk. Often, when
the trim and carpets are repositioned, a screw will puncture the insulation on the wire harness. If the
screw rips through the power lead it
will cause the fuse to blow. If it
punctures the audio lines, however,
weak and distorted audio will be the
result.
Deciding whether to pull the re verb for bench service is simple:
Determine whether both the audio
input signal and DC power are
March, 1970/ELECTRONIC SERVICING
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reaching the unit. A VOM (or 12 volt pilot lamp with alligator clip
leads attached) is all that is necessary to confirm the presence or absence of DC power. A small test
speaker will check out the audio input. If both power and signal are
reaching the reverberator, and it is
known that the rear speaker is in
good shape, it is a safe bet that the
reverberator should be pulled for
bench diagnosis.
Bench Troubleshooting
Before attempting to troubleshoot
a reverberator on the bench, determine which terminals on the input
plug go to power, audio, etc. If
power is applied to the input coil by
mistake, it will burn out the transducer before the error can be reailized. The proper connections should
be identified either by consulting
the schematic or by tracing the
wires.
There is one quick and simple
check that will prove out the entire
audio amplifier chain and the out -

put side of the delay line: Very
gently and carefully touch the delay line springs with a screwdriver
or similar tool. If a loud, resounding crash comes blaring through the
speaker as this is done, then the
output transducer and the amplifiers
are working. If there is no sound or
only a very weak sound, the most
probable source of the trouble is in
these sections.
If the preceding check proves the
sections from the springs through to
the speaker are operating normally,
the trouble is likely to be in the input wiring or the input transducer
on the delay unit. A low -impedance

audio source, such as

a

radio

speaker output, is required to properly check out the input side of
the reverb. Disconnect the high side
of the input transducer coil and apply an audio signal to it. A healthy

output from the reverberator
speaker indicates that the entire delay line and amplifier chain is functioning normally, and the trouble
must be elsewhere in the input cir-

f

3

OF

Diagram

showing proper positioning of reverberator unit in trunk
of auto.

AUTO

r
REVERB
DELAY LINE/

TRUNK
AUTO

OF

AMPLIFIER
UNIT

J

L

TAPE

RUBBER BAND END

HOUSING WALL

4Ql QttQO
RUBBER BAND

HOUSING WALL

Qll4044,DELAY SPRINGS

TAPE

RUBBER BAND END

Fig. 4 Rubber band passed through delay spring eyelets and taped to housing wall,
as shown, eliminate "chiming".
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"Chiming"
One of the more common complaints heard from reverberator
owners is the tendency of these
units to produce a "BOING" sound
whenever the car is driven over
rough roads. The name for this
problem is "bongo effect" or "chiming". The cure, or at least as much
of a cure as is possible, is absurdly
simple. The only materials required
are two short pieces of electrical or
masking tape and one small -size
rubber band.
The rubber band is cut at one
point and then the two ends passed
through the eyelets that fasten the
two halves of each spring in the delay unit. The ends of the rubber
band are then fastened to the delay
line housing with the pieces of tape,
as shown in Fig. 4.

Interference and Noise
Alternator whine and ignition
noise generally can be suppressed in
reverberator systems by the usual
methods employed on the engine to
suppress radio interference. Occasionally, however, the reverberator
will pick up noise when the radio is
free of such interference. When this
occurs, usually no amount of suppression equipment in the engine
compartment will eliminate the

FRONT

Fig.

cuit. An ohmmeter will tell if the
input coil is open, but the method
just mentioned is necessary to detect
a shorted coil. This is because of the
low impedance of this coil (just a
few ohms).

noise.
Two possible causes for this type
of interference are: 1) inadequate
grounding of the reverberator, and
2) the position of the rear seat harness relative to the wiring in the
automobile.
The first case can be taken care
of by scraping the paint from
around the mounting holes of the
delay line/amplifier unit and using
star washers between the mounting
tabs and the car body.
The second cause usually can be
cured by rerouting the reverberator
wire harness to the other side of the
car. (It is good practice during original installation to run these wires
down the opposite side of the car
from the normal automobile wiring

harness.)

You're making money in electronics now.

obototaclii

RCA Offers 4 Ways to Make More.

PHOTOFACT BULLETIN lists new PHOTOFACT coverage
issued during the past two months for new TV chassis.
This is another way ELECTRONIC SERVICING brings you
the very latest facts you need to keep fully informed
between regular issues of PHOTOFACT Index Supplements issued in March, June and September. PHOToFACT folders are available through local parts distribu-
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Licensed by New York State Education Department. Approved
for Veterans. Accredited Member National Home Study Council.

DELMONICO
60SC303
AM -FM Radio Chassis
TC -773

1079-1
1079-1-A

EMERSON
Chassis 120918, 120920A/B,
1089-2
120956

r

GENERAL ELECTRIC
TR100TEB-5 (Ch.

T-5)

RC,'

MAIL THE COUPON NOW FOR COMPLETE INFORMATION.

Please rush me FREE illustrated catalog.
that am under no obligation.

1080-2

I

understand

I

MAGNAVOX
Chassis T944 -01 -AA/ -02 AA/ -03 -AA/ -04 -AA

1

RCA INSTITUTES, Inc., Dept.661-003-0
320 West 31st Street, N.Y., N.Y. 10001

Name
1085-1

Address

Chassis 16TS-930A/B
Chassis E/F/G/J19TS-

1086-2

City

597C/D

1087-2

MOTOROLA

Age
(please print)

ZIP

State

L

Circle 17 on literature card
March, 1970/ELECTRONIC SERVICING

j
69

FAST IN TIGHT PLACES

PANASONIC
AN -109N, AN -309D,
AN -409T (Ch. N-93)
TR -415B, TR-415BC
Chassis N -93A

1077-1
1086-3
1087-3

2363A, 2364

1089-3

PENNCREST

PHILCO-FORD
S1040WH, S1042BK
( Ch. 19HT15)
R1252WA ( Ch. 18CT24 )

.

1078-3
1084-2

RCA
HANDLE ONLY 33/a" LONG
18o Working Arc.

Chassis CTC36M/N/
XAA/XU/XW
1077-2
Remote Control Receiver
CTP18, Transmitter

-

Stainless steel Midget Ratchet handle, 17 Drivers, 3.5/8"
extension, two slotted and two Phillips bits, 12 hexagonal
bits from 0.050 to 5/16", one square adapter for

sockets-all

1/4"

wrench

in pocket -sized plastic covered steel case with

molded foam interior.
Kit No. 1320

Complete $11.00
You may purchase from your local Industrial
Supply House or direct from
THE CHAPMAN MANUFACTURING CO.
Manufacturers of Midget Ratchet Offset
Screwdrivers for over 25 Years.
10 SAW MILL ROAD, DURHAM, CONN.

CRK11E
Chassis KCS156AA/

1077-2-A

AD/AH

1088-3

SEARS

Chassis 562.10420/421/
422/423
1079-2
SEARS SILVERTONE
Chassis 528/529.72940 thru
528/529.72948
1081-2

SONY
TV -920U
KV-701OUA

06422

Circle 18 on literature card

1083-2
1085-2

WARDS AIRLINE

(,I?\-11760A

(63-11760)

1089-1

ZENITH
Chassis 14Z38, 14Z39,
14Z43

1080-3

Chassis 13Al2, 13Al2M,
13Al2S, 13Al2S1

1084-3

PRODUCTION CHANGE BULLETIN,

ADMIRAL
Chassis 15H1063-15,
19H1073-11,
19H1073-14

1081-3

GENERAL ELECTRIC
Chassis Dl

1079-3

Chassis TS-924B/C,
E14TS-/F14TS-924D

1077-3

Chassis 564.80081
5034 (Ch. 562.10461)

1077-3
1081-3

MOTOROLA

SEARS

TRUETONE
EIS2885A-86/85B-86/
85C-86, EIS2887A-86/
87B -86/87C-86, EIS2889A86/89B -86/89C-86
1087-4
"I'm taking the gamble out of operating a small
business, Fenton-you're fired."
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ZENITH
Chassis 12A10C15

1085-3

%11tN I NG
BEWARE OF

COUNTERFEIT
BLUE S'T'UFF
A few electronic parts
are marketing a cheap

distributors
imitation of

STUFF FOR TONERS under names like BLUE FOAM FOR
ALL TUNERS and BLUE MAGIC.
BLUE

These iiaitations do not carry a manufacturer's name and may deceive

the technician into thinking that the
material is BLUE STUff , or the
same as BLUE STUFF packaged under private label.

DON'T BE MISLED
These counterfeit products are NOT
BLUE STUff or the same exclusive

formula

as

BLUE

STUff

YOU CAN BE SURE..
is in the can
if BLUE
BLUE STUff will be on the label.

sniff

TECH
SPRAY
P.O. Bcx 949 Amarillo, Texas
Canada Wm. Cohen, Montreal

Export: Empire Exporters, N.Y.C.

Circle 19 on literature carri

TV
RECEIVING

TUBES
o

UP

TO

OFF LIST

STOCK UP NOW!
SEND FOR LATEST
PRICE SCHEDULE

T & T SALES CO.
4802 AVENUE K
BROOKLYN, N. Y. 11234
Phone: (212) 241-2868
Circle 20 on literature card

REBUILD

booknü
The Semiconductor Data Book,
Fourth Edition: Motorola Semiconductor Products Inc., Phoenix, Arizona 85036; 2160 pages, $4.95.
This book includes specifications
for all discrete semiconductors registered by the EIA at publication
time, as well as many Motorola numbered types.
Numerical listing of the important parameters of all semiconductors registered by the EIA (those
with 1N-, 2N- or 3N- prefixed),
presented in a 185 -page section, is
provided. It gives the information
needed to identify and characterize
any registered device and find recommended replacements for obsolete, hard -to-obtain or nonpreferred
devices.
The majority of the book is devoted to data sheets giving information on all Motorola discrete semiconductor devices. The data sheets
are arranged in alphanumeric order
for easy location.
Also included are: selector guides
for all categories of discrete semiconductors; case outlines for semiconductors; selector guides for digital and linear integrated circuits;
and application notes explaining
how to use the devices described.
An updating service, with a minimum of two supplementary books
published in 1969, is also available
for an additional $2.00.
Color TV Waveform Analysis:
Robert G. Middleton, Howard W.
Sams & Co., Inc., Indianapolis,
Ind. 46206, 1970; 125 pages, 51
in. X 81/2 in., paperbound, $3.50.
This book is written for technicians who are familiar with basic
scope operation and with the general principles of color -TV receivers. It provides a theoretical presentation of waveform processing
along with a practical application of
waveform analysis.
Waveform analysis in RF and IF
sections is covered in Chapter 1,
while Chapter 2 deals with waveform analysis of the video and
bandpass amplifiers. Chapter 3 is
concerned with chroma-demodulator waveforms and Chapter 4 is
titled "Analysis of Matrix Waveforms." Analysis of color -sync
waveforms and circuit actions and
color TV waveforms are presented
in the final two chapters.

YOUR OWN

PICTURE TUBES?

i

Wi+h Lakeside Industries precision equipment, you can rebuild any picture tube!
EASY TO OPERATE!

Requires only 4x8 ft. of space.
Your cost to rebuild black and white$1.50
Your cost to rebuild Color-$5.80
For complete details, mail coupon.

r Lakeside

Industries

5234 N. Clark St.
Chicago, III. 60640
Phone: 312-271-3399
Free demonstration appointment
(I Send me more information

q

Name

llddress
State

City

Circle 21 on literature card
IF

YOU ARE A TV REPAIR
MAN YOU NEED

TV TECH AID!
TV TECH AID is the best trouble
shooting guide available today. It taken
all the guesswork out of TV repair
and is designed to help you solve your
problems quickly and economically.

Each month you receive updated infor-

mation on up to 40 different troubleshooting cases. This important information is supplied to us by technicians, field reps and all the leading TV
manufacturers. You will find every
symptom pictured with a clearly
marked schematic of the particular

faulty stage. The faulty components
and corrections will also be listed to
aid in repair. You go right to the

source of the trouble without guesswork. In addition you get valuable information on current models as well
as older models along with circuit
changes and modifications as they occur.
TV TECH AID is the best investment
you can make in your own business.
The cost to you is only $7.95 for a full
years subscription.
-You'll be glad
Send for it now
you did!
.

.

.

TV TECH AID
P.O. BOX 603

KINGS PARK, L. I.
NE\\' YORK 11734
ENCLOSED IS A CHECK OR M.O. FOR
PLEASE SENIL 12 ISSUES OF TV

$7.93.

All)

TECH
TO:
NAME

.5DDI:ESS
CITY
ATh]

ZIP

L.ST
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(Advertisement)

The Professional Way to Service TV Tuners
by Tony Ferris
Tuners Inc. does not deal with the public.
We are strictly "technicians' technicians", solving
the really tough servicing problems that it doesn't pay
the average man in the field to tackle. We handle
all kinds of TV work but, as our name implies,
we specialize in tuners. This article will tell you
how to cure tuner troubles rapidly
and profitably.

vroductiT

N

for further information on any
of the following items, circle the
associated number on the
reader service card.

-

Types of Tuner Troubles
following symptoms may be caused by
a defective tuner: (1) snowy picture; (2) streaking or flashing in picture; (3) loss of sound
and picture; (4) loss of certain channels; (5)
picture pulling or distortion; (6) partial blanking of raster.
If you suspect tuner trouble, try the folThe

lowing approach:

1.

Clean and Degrease Contacts
with Tun -O -Wash

servicing tuners, it's important to start
with clean contacts. Poor contacts cause at
least 70% of all tuner troubles. In fact, we
get many tuners in for repair that need
nothing more than a thorough cleaning.
In

lubricity for smooth operation, and continues
to clean and lubricate contacts each time the
channel is changed.
Most important, neither TUN -O -WASH nor
TUN -O -FOAM attack plastics or cause detuning.
This is vital, since a spray that detunes a
color set almost always results in a profit consuming callback.

Isolate the Trouble to the Tuner
If a thorough cleaning and lubrication (which
takes only a moment) fails to restore proper
operation, you will have to start troubleshooting. But before you start tearing into the
circuit, make sure it's the tuner that's at fault.
IF and AGC defects often look an awful

lot like tuner troubles.
If the picture is snowy, for example, too
much AGC voltage may be the problem. To check
this out, simply short the AGC test point to
ground. This makes AGC voltage zero, permitting the RF amplifier to operate at full gain.
Next, check out the IF stages. Start with a
good TV set connected to a good antenna. Connect the IF cable from the tuner of the known
good receiver to the IF input of the set you
are troubleshooting, if you get a good picture
with the substitute tuner, you know you have
tuner trouble. Otherwise, it's a chassis problem.

Solid -State Intercoms
The Bogen Division of Lear
Siegler, Inc. has announced the
availability of three new series of
solid-state intercoms.
The IM series seventeen -station
and nine -station master units reportedly feature 6 -watt peak output
power and private operation with
optional hands -free reply when
called by other master units. Both
the IM -17 and the IM -9 masters
may be employed in either an all master system, a single master-multiple remote system or an "intermix" system-multiple masters and
remotes in any combination. Bogen
states that the IM systems afford
100% trunkage. The IM master
(with a Bogen paging accessory) can
be tied into any existing public address system to provide high-level

The 10 Minute Tuner Check
Chemtronics TUN -O -WASH is excellent for
this purpose. It's almost like an ultrasonic
bath in a can. Use this high pressure degreasing spray on all tuner contacts. Be sure to
remove the tubes and spray the sockets thoroughly, to remove corrosion.
A thorough cleaning will often eliminate
intermittents and restore tuner alignment.

2.

Lubricate and Protect
Contacts with Tun -O -Foam

After the tuner has been flushed out with
let it dry thoroughly. Then, respray all contacts (including tube sockets)
with TUN -0 -FOAM. Once the TUN -O -FOAM has
been applied, rotate the channel selector
through all channels several times. Also, work
the tubes in and out of their sockets several
times. This will spread the lubricant to all
critical surfaces.
TUN -0 -WASH,

You will find that a thorough cleaning and
lubrication will clear up about 70% of the
tuner troubles you encounter (aside from
tubes, which should always be checked by substitution before any servicing is attempted).
What's more, the TUN -O -FOAM protects contacts from future corrosion, provides excellent

Once you have cleaned and lubricated the
tuner and made sure that it is really the trouble
source, give it a 10 minute check. Discipline
yourself not to spend too much time tracking
down tuner trouble. If you can't spot the trouble in 10 minutes, it may take you hours. Therefore you're a lot better off to send the tuner
to a professional rebuilder. But the 10 minute
check will reveal many tuner troubles.
If your preliminary checks revealed a shorted
or gassy tube, chances are that excessive current has damaged a resistor. Burned resistors,
of course, are fairly easy to spot.
After a brief visual inspection, make voltage
checks at the test points provided. B+ voltage should be accurate -}20%. Then, use a
test socket to make voltage and resistance
checks at tube pins. If you read a low plate
or screen voltage, this generally indicates
that a series resistor has changed value or a
capacitor has shorted.
Check to see if the oscillator is working by
measuring the mixer grid test point voltage.
A dead oscillator is often caused by the plate
load resistor.
Be sure to check the balun. Defective baluns
often cause snow or loss of certain channels.
Your ohmeter will generally spot balun troubles.
One final word of advice: Treat all tuners
carefully. Don't poke around in coils or you'll
cause misalignment. Replace defective parts
carefully with exact replacements. If you do
have to send the tuner in, mark all leads
clearly, keep the brackets in a safe place,
wrap the tubes well and pack them carefully
with the tuner.
Follow these simple rules and you'll make money on tuner repairs, whether you spot the trouble yourself or send the tuner to a specialist.

Circle 23 on literature card
72

ELECTRONIC SERVICING/March, 1970

paging for noisy areas, and to receive hands -free replies from the
P.A. loudspeaker or horn. Non -interlock station selector buttons enable the master to simultaneously
call one, several or all of the stations in the system.
There are several types of remotes than can be used in the IM
system, including selective and nonselective units, styled to match the
masters. These feature a privacy
switch which permits them to operate either in a private mode or nonprivately. Wall -mounted remotes
are also available for indoor or outdoor use.
The IE series solid-state intercoms may be employed in either an
all -master system, a single mastermultiple remote configuration or a

master system which employs either
one or two non-private remotes.
The IE-13 and IE-7 masters have
12 and 6 station-selector buttons,
respectively, all of the non-interlock
type, which enable the master station to call several or all of the
stations simultaneously.
In the IE-13 all -master system as
many as six separate conversations
may be held at the same time. By
adding a Bogen TBR-1 relay accessory to an IE system, paging
through any P.A. system is possible, with hands -free response from
loudspeaker or horn. The RIE-1
remote may function either nonprivately or privately. IE systems
are operated from a 120 -volt AC
power source, 50/60 Hz, but can
easily be adapted for a 12-volt DC
battery supply, according to the
manufacturer.
A special solid-state two -station
package, the IE-4S, has also been
introduced by Bogen, with one master and one remote. The master incorporates three selector switches,
permitting the addition of two more
remotes. It is reported that the master can call one, two or all remotes
simultaneously, and that remotes
can originate calls to the master
station. Bogen states that unique
magnetic annunciators identify the
calling remote and, in the event that
the master is unattended, do not
clear until the master station replies.
Remotes are also equipped with a
privacy switch. The IE-4S can either be placed on desk top or wall mounted and can operate on either
120 volts AC or 12 volts DC.
The cost of Model IM -17 is
$222.40; the IM -9 sells for
$182.40. Model 1E-13 is priced at
$77.40 while the IE-7 is priced at
$62.45. The solid-state IE-4S sells
for $74.90.

ft. (CA. 150/12) lengths and weighs

90 lbs. per package. Each package,
complete with 72 bolts with washers and lock nuts, costs $29.00.
Circle 64 on literature card

any other type of slotted angle. It
is rustproof by a phosphate granodizing process and finished in a
medium -gray baked -on enamel.
Chevron's "Triumph" is available
in either 10 -ft. (CA 150/10) or 12 -

the
vehicular base
gain antenna.
HE

With five words, Antenna Specialists Co. creates a
far-reaching new concept of mobile performanceTHE VEHICULAR BEAM ANTENNA SYSTEM.
Breakthrough!

Up to 2.5 dB
mobile antenna system in CB history!
'i

Breakthrough!

gain-first

true gain

World's first mobile beam!

Breakthrough! Antenna

Specialists' exclusive Scanner®
principle of electronic sector focusing goes mobile!

/Breakthrough!

Dashboard control of your
mobile antenna performance!

Mobile Scanner

Circle 63 on literature card

Slotted Angle
Chevron Slotted Angle has made
available a new slotted angle size
called "Triumph" which is said to
provide greater strength for building multi -tiered storage racks and
bays, conveyor systems, etc.
"Triumph" is 21 in. X 11/2 in.
X .08 in. and is manufactured from
cold rolled steel of 64,000 to 70,000 lbs. tensile strength, it is reported. The pattern features what
Chevron calls "infinite boltability"
which enables it to be "mated" to

Picture Tube ID Card and
Vacuum Spark Tester
General Electric's Tube Department has announced the availability
of two service aids for TV service
technicians.
GE's Picture Tube Identification
Card, designated ETRO-5199, offers a method of visually inspecting
and identifying the type of screen
on color picture tubes. Colors shown

Vehicular Beam Antenna Systems.

Write for

ilf'strated
brochure/

the antenna specialists co.
Division of Allen Electric and Equipment Company
12435 Euclid Avenue, Cleveland, Ohio 44106
Export Offices. 2200 Shames Dr., Westbury, N.Y. 1159

Stripes of Oualitye
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Raavw
i
AUTOMATIC

STAPLE GUNS
CUT WIRE & CABLE
INSTALLATION COSTS

...

on the card approximate the appearance of the "unexcited" color
screen, it is reported. The card is
offered at no charge.
The General Electric Vacuum
Spark Tester, ETRS-5198, reportedly provides an effective method
of determining the cause of picture -

without cutting into insulation!

SAFE!

Grooved Guide positions wire for
proper staple envelopment! Grooved Driving
Blade stops staple at right depth of penetration
to prevent cutting into wire or cable insulation!

T-18-Fits wires up to
3/16" in diameter.

No.

cause its high -intensity spark may
damage the cathodes of the tube.
The Vacuum Spark Tester sells
for $10.95.
Circle 65 on literature card

Desoldering/Soldering Tip
Now available from Techni-Tool,
Inc., the #4918 D.I.P. desoldering/soldering tip can be inserted in
a standard 3/8 -in. screw -type soldering gun of 35 watts or more.
Grooved and channeled for 10-,
14- or 16 -lead, dual inline packages, the tool will effectively de solder a complete 16 -pin D.I.P. in
one pass, according to the manufacturer. In addition, the #4918

BELL,
TELEPHONE,
THERMOSTAT,
INTERCOM,
BURGLAR
ALARM
and other low

voltage wiring. %i
Uses T-18

3/16" round crown
3/8" leg length only

staples with
in

T-25-Fits wires up to
1/4" in diameter.
No.

Same basic construction
and fastens same
wires as No. T-18.

tube failure. A high-frequency arc
generator in the tester generates
about 50,000 volts at a frequency
of 3 to 4 MHz, with adjustable
voltage. GE cautions the user that
the tester should not be used to
check known good picture tubes be-

tool has end tips shaped for
straightening bent connector pins.
The #4918 desoldering/soldering tool is priced at $1.95.
Circle 66 on literature card

Also used for
RADIANT
HEAT WIRE
Uses T-25 staples

1/4" round crown in 9/32",
3/8", 7/16" and 9/16" leg lengths.; 2
with

T-18 and T-25 staples also available in Monel and
with beige, brown and ivory finish at extra cost.

No.

T-75-Fits
up to

wires and cables
in diameter.

HOPPING ALL OVER TOWN
FOR REPLACEMENT PARTS

1/2"

RADIANT HEAT
CABLE,
OF CABLE,
WIRE CONDUIT
COPPER TUBING
or any non-metallic
sheathed cable.
Also used as

DRIVE RINGS
in stringing wires.
Uses T-75 staples with

1/2"

flat crown in 9/16", 5/8" and

7/8"

leg lengths.

Arrow Automatic Staple Guns save 70% in time
and effort on every type of wire or cable fastening job. Arrow staples are specially designed with
divergent-pointed legs for easier driving and
rosin -coated for greater holding power! All -steel
construction and high -carbon hardened steel
working parts are your assurance of maximum
long -life service and trouble -free performance.

Just hop to

STANCO
for all your exact monochrome
and color TV replacement needs.

Stancor Products offer a complete
line of flybacks, yokes, vertical outputs, audio outputs, power width
and linarity controls for all major
manufacturers.
Stocked by over 1,000 Service Part Distributors. Back up stock-Chicago, Dallas,
Los Angeles, Hackensack and Atlanta.

Ask your Electrical Supply Dealer
or write for further details.

Saddle Brook. New Jerscy

o7663

"Pioneers and Pacesetters
For Almost A Half Century"
Circle 25 on literature card
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ESSEX

INTERNATIONAL, INC.
ESSEX CONTROLS

DIVISION

STANCOR PRODUCTS

3501 W. ADDISON ST.

Circle 26 on literature card

CHICAGO,

ILL

60618

Who needs a tuner

wash? Save your
money and use

cataloos

AEROVOX DISTRIBUTOR
He's your best "one -stop" source for

-

COMPONENTS

100. Allied Electronics Corp.
has released a 56 -page supplement to their 1970 in-

dustrial catalog No. 700.
The supplement, catalog
No. 701, includes a revised

it

lubricates. Zero effect on capacity
and resistance. Harmless

available from your local

Lim112/

Q U/E TROLE
The product that cleans while

Use Aerovox capacitors

to plas-

semiconductor and integrated circuit directory,

tics and metals. Keeps color and

plus digital display equipment, oscilloscopes, power
supplies and other industrial products.

black and white on the beam.
Non-flammable.

SPECIAL EQUIPMENT

101.Raytheon Co.-has made

manufactured by

QUIETROLE co.
Spartanburg, South Carolina
Circle 27 on literature card

available an 8 -page illustrated catalog which covers
Raytheon's Regency series
of control knobs.
102. Seton Name Plate Corp.has issued Seton Catalog
70-B, which describes and
illustrates their line of selfadhesive, weather-proof emblems.
TECHNICAL PUBLICATIONS

Sams-Litera-

103. Howard W.

ture describes popular and
informative publications on

NEED CRYSTALS?
'""I48

radio and TV servicing,
communciation, audio, hi-fi
and industrial electronics,
including 1970 catalog of
technical books on every
phase of electronics*

HR.

Delivery
We can supply
crystals from 2KHz to 80MHz in
many types of holders.

SPECIALS
Color TV crystal (3579. 545KHz) wire
$1.60; 4 for $5.00
leads
100KHz freq. std. crystal (HC13/U) ....$4.50
$4.50
(HC13/U)
$3.50
1000KHz freq. std. crystal (HC6/U)
$2.25
Any CB crystal, transmit or receive
Any amateur band crystal (except 80
$1.50 or
meters)
4 for $5.00
in FT -243 holders
$2.85
Any marine frequency (HC6/U)
$2.50
80 meter-FT243 holders

We

TEST EQUIPMENT

catalog, Bulletin 2081,

Special Quantity Prices to
Jobbers and Dealers
ORDER DIRECT with check
or money order to:
Fort Myers, Florida 33901

Circle 28 on literature card

service

it

FAST
with
components

that

LAST!
@H

iFlf

2-81

PR

ì!..*"4ry,

which describes over 1,500
stock ranges, sizes and
type of Simpson's panel instruments and includes a
panel instrument characteristics chart, a glossary of
terms and a quick -reference
index.

have in stock over six million crystals which
types CR1A/AR. FT243, FT241, MC7.

HC25/U. HC18/U, etc.
catalog with oscillator
circuits, listing thousands of frequencies in
stock for immediate delivery. (Add 10C per
crystal to above prices for shipment 1st class
mail, 15C each for air mail).

ment requirement, you're sure to
find it at an Aerovox Dsitributor.

Ipp NID 2500 y

104. Simpson Electric Co.-has
published a 32 -page 3 -color

include

FT249, HC6/U, HC13/U,
Send En for our 1970

virtually every replacement capaci
tor you require. He carries the complete Aerovox line which includes
ceramics, micas, electrolytics,
papers, film and interference filters
So no matter what your replace

*Check "Index to Advertisers" for additional information.

GIVE...

134

more will live

HEART
FUND

AEROVOX
CORPORATION
DISTRIBUTOR SALES, New Bedford, Mass. 02741

Visit AEROVOX at IEEE SHOW
BOOTHS: 4E04 & 4E06
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Coming in

ES

next month

dyertìsers'

...

[IT

Using the VOM in Tube and Solid -State Circuitry

va

Theory of Operation of AM & FM Signal -Seeking Auto Radios
Aerovox Corp.
Antenna Specialists Co.
Arrow Fastener Co., Inc.

Common Causes of Drift in Stereo FM Tuners
A Detailed Look at Chroma Waveforms

75
73
74

Flat -Rate Pricing and an Incentive Pay Plan
B & K Mfg. Div., of

Dynascan

Corp.
Bussmann Mfg., Div. McGraw Edison Co.

TOP PERFORMING UHF/VHF
ANTENNAS FOR ALL AREAS!...

C.R.T. Equip. Co., Inc.
The Chapman Mfg. Co.
Chemtronics, Inc.

Color engineered for best reception on UHF/VHF Channels 2 to 83!
Exclusively features Reynolds Aluminum durable Colorweld Gold finish!
Single down -lead for economical, simple installation!
Durable all -aluminum weather proof construction for long installation life!

EICO Electronic Inst. Co.
Inc.
Electro -Voice Inc.
Essex International
GC Electronics
General Electric Co.

DIRECTION -FINDER
SERIES

COLOR -BOOSTER
SERIES
Number of
elements
Re-

Model
B-22
C B-28
C8-34
C

VHF UHF
7

5

11

7

15

9

flector Total
10
10
10

Reception
UHF up to
to

elements

Range of
Reception

VHF up to

UHF up to

22
28

50 miles
125 miles

35 miles
60 miles

34

150 miles

80 miles

VHF UHF Total

DF3-3
DF5-4
DF7-8
DF7-11
DF11-8
DF11-11
DF15-8
DF15.11
DF19-8
DF19-11

VHF up

3
5

3

4

9

30 miles
45 miles

7

8

7

11
8
11
8
11
8
11

15
18
19
22
23
26
27
30

miles
miles
miles
miles
100 miles
100 miles
125 miles
125 miles

11
11

15
15
19
19

3

23
70
72

Cover

2

49
74

59

9-20

Heath Co.

61

Jan Crystals

75

Lakeside Industries
Lectrotech, Inc.
Littelfuse, Inc.

71

Range of

Number of

Model

1

6

50
50
75
75

20 miles
40 miles
75 miles

Cover

6
4

100 miles
75

100
75
100
75
100

miles
miles
miles
miles
miles
miles

Master Appliance Corp.

23

Quietrole Co.

75

RCA Electronic Components

Cover 3
Picture Tube Equip.
69
Institutes Inc.
33
Parts & Accessories
65
Sales Corp.
Semi Conductors ..43, 51, 52, 53
76
Electronics, Inc.

RCA
RCA
RCA
RCA
RMS

DYNERGY SERIES
Number of

Range of
elements
Reception
VHF UHF Total VHF up to
UHF up to

Model
DYNDYNDYNDYN-

33US

3

3

6

54US

5
6
8

4

9

6

12
16
19
23

66US
88US

DYN-118US
DYN-158US

11

15

8
8
8

For complete specs and

RMS

miles
miles
miles
miles
miles
150 miles
35
60
65
125
125

20
30
50
75
75
75

miles
miles
miles
miles
miles
miles

BIG SHOT JR. SERIES
Number of
Model

elements

Area Used

8

8

B1-11
B1-12

11

Metropolitan and Suburban
Metropolitan and Suburban

12

Semi -Fringe
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The brilliance of our new color
replacement tube is matched only
by the sharpness of its pictures

RCA

Now it's easier to sell up to the best. RCA
has added brightness without sacrificing
sharpness! Here's how and why:
To produce the brightest color picture tube in
RCA's histcry, we developed a new phosphor -dot

screening process that incorporates a jet-black
matrix. But we didn't stop there. We wanted a tube
that could deliver sharp, vivid pictures even in
strong room light. So, we added the brilliance of
new phosphors and deposited each red, green and
blue phosphor -dot within the black matrix. Result:
brighter pictures with no loss of contrast. Thanks to
the matrix technique, combined with our new high
resolution gun and greatly improved phosphors, the
Matrix is also the sharpest color picture tube in
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258cP2' Matrix Tube can diectly

ATRIA

RCA's history. Matrix owners can turn up brightness

without "turning down" color!
Will your customers see the difference? You bet!
What's more, they'll be pre -sold on the differenceevery time they see the 1970 big -screen color sets
people are talking about! So when they need a replacement tube, satisfy their appetite for brighter,
sharper pictures. Don't replace their old tubes with
another "old" tube. Give their sets new brilliance
and more vividly detailed pictures with RCA Matrix.
The Matrix Tube is 100% brighter than any previous
color picture tube manufactured by RCA.
For complete details, call your RCA Distributor.
RCA Electronic Components,
Harrison, New Jersey

ee.Dl3ce 25XP22, 25BAP22 and also the fo'.lowing types: 25A3P22 25AFP22, 25ANU2, 2iAP22, 25AP22A,
25A0P22, 25BMP22, 25CP2;, 25 :iP22A, 25GP22, 25GP22A, 25SP22, 25WP22, 25XP22/25AP22A and 25ZP22.
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8151.75
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TV sa-
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iiab e, money saving short-circuit-probleríe-sole
.
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mode's-exact replacgrnents--

cover the ertire range of domestic television ser.
Littelfuse circuí: breakers are available fró
dist-ibutor-singly or in bLIk.

your

Super -simple in operation-the sensitive breaker
flip; open ender current overloads protecting the
ircuitry. Reset by merely pressing the red rest
plung
utl--i "trip free feature of _ittelfuse
preveits forced closing when dangerous
break
currents are present.
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Littelfuse circu

-

breaker. Therm-responsive Littelfuse breakers
are dual operated bimetal is devices providing
temperature compensation over a wi'te range o'
ambient temperature ,a.latio
Moldec eheno is
construction eliminates
ing
eisiortion o4
the base, maintaining exa
rations.
actor,/ se
The unit is completely encised to protect
moving parts from dirt and o tar forei:n natter.
Any TV set you're likely -o service will to<e Littelfuse
circuit breakers.

They'll flip for safety.

You'll flip for satisfactictr
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