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The first and only solid-state 
test equipment 
guaranteed for 5 years. 

Now EICO, because of its emphasis on re- 
liability in engineering and manufacture, offers 
the industry this breakthrough. 

EICO's new line of solid-state test equipment 
comes with an unprecedented 5 -year guaran- 
tee of performance and workmanship. (Send 

240 

for full details of this EICO 5 -year GUARANTEE 
on factory -assembled instruments.) 

Additional advanced features include: new 
functional design, new color -coordinated es- 
thetics, new PC construction, new easier -to - 
build kit designs. 

New EICO Solid -State Test Equipment 

379 242 

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 M2. Response 25 Hz to 2 MHz (to 250 MHz with op- 
tional RF probe). Ohmmeter reads 0.2 to 1 M0 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. 

New EICO High Performance Instruments 

1025 633 

EICO 385 - Solid -State Portable Color Generator $79.95 Kit, $109.95 Wired 
EICO 465 - Wideband Vectorscope/Oscilloscope $179.95 Kit, $249.95 Wired. 
EICO 1025- Solid -State Power Supply $79.95 Kit,$119.95 Wired. 
EICO 443 - Semiconductor Curve Tracer $69.95 Kit, $99.95 Wired. 
EICO 633 - CRT Tester & Rejuvenator $69.95 Kit, $99.95 Wired. 
EICO 635 - Portable Tube Tester $44.95 -Kit, $69.95 Wired. 

150 

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 feed- 
back 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: 71/2", 
81/2",81/2".9 lbs. 

New EICO Probes for the Pros 
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. g 

Pen -size, 1 -ounce, self -powered signal generator. Frequency range from 1kHz to 
30MHz, with harmonics. Clip it to your pocket - ideal for signal tracing in the 
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, 35KB, 350K4; Output: 0.3 p -p volts. Noise -45dB. 
Distortion <5%. Complete with earphone, all probe tips, AA battery, pocket clip. 
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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 per- 
fected a color TV picture tube differ- 
ent than any other on the market. So 
revolutionary that it outcolors, out - 
brightens, outcontrasts and outde- 
tails 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 
every dot. Result: the brightest, 
sharpest picture tube in giant -screen 
color TV. 

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. 
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Magnified drawing of Magnified drawing of 
ordinary color TV screen Zenith Chromacolor 
before Chromacolor TV screen 
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Order the Zenith Chromacolor pic- 
ture 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.® 

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

Simulated TV picture 

rrg 
ONLY ZENITH HAS IT 
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SUPPLIED THE ECONOMICAL WAY 
.. U DIS 

SES 

SMALL DIMENSION 

For dependable protection of all 
types of Electronic and Electrical 
Circuits and Devices. 

The complete line of BUSS quality fuses includes fast -acting and 
slow -blowing types, visual-indicating/alarm-activating types, 
miniature and subminiature sizes, and Tron rectifier fuses for 
the protection of various solid state devices. Ratings range from 
1/500 to 1000 amps. 

Subminiature 
Fuse/Holder 
Combination 

Visual Indicating 
Fuses 

Dual -Element 
Glass Tube Fuses 

Subminiature Pigtail 
Fuses 

4, 

Fast Acting Fuses 

, 

Pigtail Fuses Tron Rectifier Fuses 

ie," 

Grasshopper Fuses 

The comprehensive line of BUSS quality fuseholders includes 
in -line and panel -mounted types, available in standard or space - 
saving sizes, and covers lamp -indicating, alarm -activating, and 
RF interference -shielded types. There is also a full line of fuse - 
blocks and related mounting hardware, available with solder, 
screw, or quick -connect terminals. 

Buss In -the -Line or 
Panel Mounted 
Fuse/Holder 

Buss Panel 
Mounted Holders 

Buss Screw or 
Solder Terminal 

Fuse Blocks 
Buss Porcelain Base 

Fuse Blocks 

Buss Lamp 
Indicating Holders 

Buss Space Saver 
Holders 

Buss 
Shielded 

Holders 
Buss Signal Fuse 

Blocks 

Write for BUSS Bulletin SFB. 

BUSSMANN MFG. DIVISION, McGraw -Edison Co., ST. LOUIS, MO. 63107 
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AT LAST .... solid state 

triggered sweep, wide -band 

at a price you can afford! 

LECTROTECH 
MODEL T¢...+:.6ß 

SCALE4UUM ASTRìMa NTENSITY 

TIME BASE 

GAIN 
CALIBRATION 

SYNC 
INPUT 

Made in U.S.A. 

5" oscilloscope/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). 

ONE YEAR WARRANTY 

T0-50-oscilloscope / vectorscope Net 32950 

See your distributor or write Dept. ES -5 

LECTROTECH, INC. 
4529 North Kedzie Avenue Chicago, Illinois 60625 

Circle 5 on literature card 
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news of the industry 

RCA To Provide Service 
For All Makes of Television 

RCA has announced plans for the establishment of 

a new subsidiary company to provide servicing of all 

makes of television sets and other home entertainment 
units. 

Anthony L. Conrad, Executive Vice President, Ser- 
vices, said the new company will operate independently 
of the RCA Service Company branches, which will 

continue to concentrate exclusively on the servicing of 

RCA products and Whirlpool appliances. 
"The decision to service other brands was based 

on extensive internal studies and governmental agency 
consumer reports which indicated an expanding need 
for service in the entire consumer products industry," 
Mr. Conrad said. 

The new company will be established initially in 

selected urban areas and gradually expanded to oper- 
ate on a national scale. Present plans call for the first 
of the new service centers to be opened in the Phila- 
delphia area by mid -year, and in the San Francisco area 
by late September. 

Mitsubishi Introduces New Brand Name 
Mitsubishi, Japanese manufacturer of consumer elec- 

tronic products marketed in the U.S., is celebrating its 

100th anniversary by introducing to the U.S. a new 
line of consumer electronic and appliance products un- 
der the brand name "MGA". 

MGA, a division of Mitsubishi International Corp., 
is headquartered in Chicago. 

RCA Automatic Tint 
"Accu -Tint" is the name RCA has given its new 

color TV circuit designed to maintain proper flesh 
tones regardless of changes in the broadcast signal. 

Introduced in RCA high -end 23 -in. color console 
models, the new circuit is designed to perform a func- 
tion similar to Admiral's Color Monitor, Magnavox's 
TAC and Philco-Ford's Cosmetic Color automatic tint 
control circuits. 

3-D TV Concept and 25 -Inch CRT Shown 
Dealers attending Philco-Ford's sales conference in 

Honolulu were treated to an engineering demonstration 
of how 3-D TV might be accomplished through the 
use of holography. 

A new color set equipped with a square -cornered 
25 -inch CRT and pushbutton tuning also was shown 
along with 40 other "future" products. 

TSA of Michigan Sued By Packard -Bell 

A $1.5 million libel suit has been filed against the 
Television Service Association (TSA) of Michigan, Inc. 
by Packard -Bell, California -based TV manufacturer. 

The suit reportedly has been brought against TSA 
because of the printing of a letter in the July '69 issue 
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PROVIDES YOU WITH A 

COMPLETE SERVICE FOR 
ALL YOUR TELEVISION 
TUNER REQUIREMENTS 
AT ONE PRICE. 

VHF Or UHF Any Type $9.75. 

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

Fast efficient service at our 4 con- 
veniently located service centers. 

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

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

TSC 

TUNER REPLACEMENT.. 

Replacement Tuner $9.75. 

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

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

Specify heater type 
Parallel 6.3V 
Series 450 mA 
Series 600 mA 

All shafts have the same length of 12". 

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

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

TUNER SERVICE CORPORATION 
FACTORY -SUPERVISED TUNER SERVICr 

MIDWEST 817 N. PENNSYLVANIA ST., Indianapolis, Indiana TEL: 317-632-3493 
(Home Office) 

EAST 547-49 TONNELE AVE., Jersey City, New Jersey TEL: 201-792-3730 

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

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

circle 6 on literature card 
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of TSA News, the official publication of the Michigan 
service association, which alleged that Packard -Bell 
"utilized regunned or rebuilt picture tubes" in sets 
which are sold as new. The letter, signed by Milton 
Kevreson, chairman of the TSA Business Activities 
Committee and also named in the suit, had been sent 
to Packard -Bell and reprinted in TSA News. 

Packard -Bell charges that its "reputation has been 
greatly injured . . . and it has sustained . . . severe 
losses, all as maliciously intended by the defendants..." 

Bill Introduced To License NYC TV Technicians 
Posting of a $2,500 bond by service shops, submis- 

sion of a written estimate, and testing of all technicians, 
experienced and inexperienced, reportedly are included 
in the provisions of a technician licensing bill intro- 
duced to the New York City Council. 

The New York City Council, according to a report 
in Home Furnishings Daily, has been evaluating for 
about a year the possibility of licensing technicians, 
and is now ready to act. 

Underwriters Lab Proposes 
New TV and Radio Standards 

Revision of required standards for TV and radio has 
been proposed to its members by Underwriter's Labora- 
tories (UL). 

Most of the proposed new standards, which report- 
edly are intended to reduce the probability of fire, 
would become effective January 1, 1971. 

UL also proposes, as an interim safety measure un- 
til the new standards become effective, installation of 

a fuse or similar protective device in the high -voltage 
or associated circuits of all color sets produced between 
July 1, 1970 and January 1, 1971. 

RCA Produces Slide -Out Color TV Chassis 
A slide -out color TV chassis reportedly is included 

in RCA's 1971 model line. 
The slide -out chassis, designed for easier servicing, 

is included in three new 23 -in. color consoles, accord- 
ing to a recent report in Merchandising Week. 

Color TV Saturation Up To 39 Percent 
Thirty-nine percent of the households that are 

equipped with TV have color sets, according to a re- 
cent estimate by A. C. Nielsen Co., a research and 
inquiry service organization. 

Nielsen estimates that 22,600,000 households now 
have color TV receivers, and 19,550,000 homes, or 
33% of homes equipped with TV, have more than one 
set, either b -w or color. 

Motorola Head Receives EIA Medal of Honor 
Robert W. Galvin, chairman of the board and chief 

executive officer of Motorola, was awarded the Elec- 
tronic Industries Association's highest personal award, 
the EIA Medal of Honor, at the annual EIA awards 
dinner in Washington on March 11. 

Mr. Galvin, presently a member of the EIA Board 
of Governors and a former president of EIA (1966- 
1968), is the 19th recipient of the EIA Medal of Honor. 
The first award was presented in 1952 to David Sar- 
noff, former chief executive of RCA. 

Standard RCA 
"S" Curve 

Vector 
Pattern 

PS148A OSCILLOSCOPE VECTORSCOPE 
With NEW "Triggered Action" sync. 

Guaranteed to lock in composite video waveforms faster than a triggered scope 

or your money returned. 
High sensitivity wide band oscilloscope. 
Professional 5 -inch vectorscope. Converts at the flick of a switch in the rear. 

Equips you for every servicing job-complete for color servicing. 
Outstanding flexibility-ideal for field engineering and production line testing. 

A Sencore Top Performer, only $269.50 All Domestic Made 

IN STOCK AT YOUR LOCAL 

PARTS DISTRIBUTOR. NO. I MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

3200 Sencore Drive, Sioux Falls, South Dakota 57100 
Circle 7 on literature card 
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Who needs a tuner 

wash? Save your 

money and use 

Q U/E TROLE 
The product that cleans while it 

lubricates. Zero effect on capacity 

and resistance. Harmless to plas- 

tics and metals. Keeps color and 

black and white on the beam. 

Non-flammable. 

manufactured by 

QUIETROLE co. 
Spartanburg, South Carolina 
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Castle, the pioneer of television tuner overhauling, offers the following services to 
solve ALL your television tuner problems. 

OVERHAUL SERVICE - All makes and models. 
(1960, or later) 

VHF or UHF tuner $9.95 

UHF -VHF combination (one piece chassis) $9.95 
TRANSISTOR tuner $9.95 

COLOR tuner $9.95 
(Guaranteed color alignment ... no additional charge) 

Overhaul includes parts, except tubes and transistors. 

Simply send us the defective tuner complete; include tubes, 
shield cover and any damaged parts with model number 
and complaint. Your tuner will be expertly overhauled and 
returned promptly, performance restored, aligned to original 
standards and warranted for 90 days. 
UV combination tuner must be single chassis type; dismantle 
tandem UHF and VHF tuners and send in the defective unit 
only. 
And remember-for over a decade Castle has been the leader 
in this specialized field . .. your assurance of the best in 
TV tuner overhauling. 
Remove all accessories ... or dismantling charge will apply. 

CUSTOM REPLACEMENTS 
Exact replacements are available for tuners that our inspec- 
tion reveals are unfit for overhaul. As low as $12.95 ex- 
change. (Replacements are new or rebuilt.) 

UNIVERSAL REPLACEMENTS 

Prefer to do it yourself? 

Castle universal replacement tuners are available with the 
following specifications. 

STOCK 
No. HEATERS 

SHAFT 
Min.* Max.* 

I.F. OUTPUT 
Snd. Pic. PRICE 

CR6P Parallel 6.3v 13/4" 3" 41.25 45.75 8.95 

CRIS Series 600mA 13/4" 3" 41.25 45.75 9.50 

CR9S Series 450mA 13/4" 3" 41.25 45.75 9.50 

CR6XL Parallel 6.3v 21/2" 12" 41.25 45.75 10.45 

CR7XL Series 600mA 21/2" 12" 41.25 45.75 11.00 

CR9XL Series 450mA 21/2" 12" 41.25 45.75 11.00 

*Selector shaft length measured from tuner front apron 
to extreme tip of shaft. 

These Castle replacement tuners are all equipped with memory fine tun- 
ing, UHF position with plug input for UHF tuner, rear shaft extension and 
switch for remote control motor drive ... they come complete with hard. 
ware and component kit to adapt for use in thousands of popular TV 
receivers. 

Order universal replacements out of Main Plant (Chicago) 
only. 

CASTLE TV TUNER SERVICE, INC. 
MAIN PLANT: 5701 N. Western Ave., Chicago, Illinois 60645 * EAST: 130-07 89th Rd., Jamaica, N.Y. 11418 

Circle 9 on literature card 
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Consumer Electronic Sales 
Produce Record in 1969 

1969 total color TV sales fell short of the total for 
1968, while total 1969 monochrome sales pushed 
above the total figure for 1968, according to a recent 
report by the Marketing Services Department of the 
Electronic Industries Association (EIA). 

Despite the slight slump in color TV sales, 1969 

total U.S. sales of consumer electronic products, in- 

cluding domestic label and foreign label imports, were 

above the totals registered in 1968. 

TOTAL U. S. SALES OF CONSUMER ELECTRONIC PRODUCTS 

YEAR-TO-DATE, 1969 (In Units) 

PRODUCT DESCRIPTION 
Factory Sales 

U.S. Produced 

Imports 
Domestic 

Label 

Imports 
Foreign 

Label 

Total 
U.S. 
Sales 

RADIO 

Home Radio 

AM 2,969,785 3,337,017 12,202,125 18,508,927 
FM/AM or FM 1,766,990 2,326,156 16,811,784 20,904,930 

TOTAL 4,736,775 5,663,173 29,013,909 39,413,857 

Automobile Radio 

AM 8,643,219 - 1,619,098 10,262,317 
FM/AM or FM 1,504,761 - 171,807 1,676,568 

TOTAL 10,147,980 - 1,790,905 11,938,885 

TOTAL RADIO 

AM 11,613,004 3,337,017 13,821,223 28,771,244 
FM/AM or FM 3,271,751 2,326,156 16,983,591 22,581,498 

TOTAL 14,884,755 5,663,173 30,804,814 51,352,742 

TELEVISION 
MONOCHROME 3,994,697 1,195,735 1,925,651 7,116,083 
COLOR 5,278,882 465,513 446,912 6,191,307 
TOTAL 9,273,579 1,661,248 2,373,062 13,307,889 

TOTAL PHONOGRAPH 4,257,236 707,782 1,355,230 6,320,248 

TAPE RECORDERS 676,409 824,737 5,428,381 6,929,527 

TAPE PLAYERS 
AUTOMOBILE NA NA 2,526,591 NA 

OTHERS NA NA 2,505,285 NA 

TOTAL NA NA 5,031,876 NA 
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Model 176 $99.95 

How 
low can you 
get? 

Modern solid state circuitry demands lower voltage measurements. And 
lower than B & K. Because B & K makes products that really work. 

Take the new Model 176 for instance. It has more new design features 
portable FET/VOM today. 

An exclusive complementary circuit protects FET's 
from over voltage transients, provides balanced 
temperature compensation. And a unique voltage 
regulation circuit maintains constant voltage for 
the life of the batteries. 

You get a flat frequency response to 1 megacycle, plus 
high input impedance and instant drift -free 
transistor action. 

Or consider the B & K Model 120 VOM. It features 
extra -low voltage and current ranges, 2% accuracy, 
and element -to -element voltage differentials 
of only a few tenths. 

It's ideal for transistors and printed circuit boards. 
And for only slightly more, you can get 11/2 % accuracy with the special Model 120M. 

Even if you need a VTVM, nothing beats B & K. Because Models 175 and 177 
are loaded with exclusive features time -tested for rugged use. 

Model 177 
$89.95 

Model 175 
$69.95 

Model 120M 
$69.95 

Model 120 
$64.95 

no one goes 

than any other 

So next time you measure volts, do it with B & K. You 
can't get any lower. And you can't get any better. 

Ask your distributor for complete details. 

PRODUCTS of DYNASCAN CORPORATION 

1801 W. Belle Plaine 
Chicago, Illinois 60613 

The Big Difference in Test 
Equipment: Ours Works. 

Circle 10 on literature card 
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(Following are two letters directed to the technical 
editor of ELECTRONIC SERVICING, Carl Babcoke. 
Because of the highly relevant subjects discussed, I 
believe these letters and Mr. Babcoke's responses will 
be of interest to most readers.) 

VSM Chroma Alignment Requires ACC Bias 
I have a question concerning an article of yours 

titled "VSM Chroma Alignment" in the November 
1969 issue. 

In your VSM chroma alignment procedure, no men- 
tion was made of the correct application of automatic 
color control (ACC) bias to the 1st color amplifier. 
How can this particular amplifier be aligned properly 
without the proper bias? 

During normal operation, this bias is supplied via 
the burst information-which is absent during your 
VSM chroma alignment ... . 

With the 1st color amplifier biased properly, either 
by artificial means (bias box) or through a color 
signal. the transformer (L214) can be adjusted for 
proper operation quite easily using your swept method 
or the Zenith factory recommended approach. Either 
method should produce the same result. 

Failure to properly bias the 1st chroma amplifier, 
and the addition of a core to the 2nd color amplifier 
output stage, produces improper color bandpass. 
Remember, only amplitude responses were examined 
in your article, and no phase distortion measurements 
were shown. For true color fidelity, the proper ampli- 
tude and phase relationships must be established and 
adhered to, if you continue to use the NTSC system. 
Waveforms which you have called "proper" do not 
mean a thing to a customer who will have poor color 
fidelity. 

John B. Sutherland 
Villa Park, Ill. 

There is a very simple explanation why no fixed 
ACC bias was specified during the VSM part of the 
alignment: I forgot to mention it. 

I agree it is important that an ACC bias voltage be 
applied during chroma IF alignment; other brands 
and models suffer a curve tilt of around 25 percent 
without it. The voltage applied should be about the 
same as the average ACC for normal operation on 
colorcasts. In this case, about -5 volts should have 
been applied to terminal "Q". 

However, I doubt that incorrect ACC voltage would 
tilt the curve produced by this Zenith chassis as much 
as that of some other models, since the input to the 
6KT8 is through two high-pass filters, and not a tuned 
circuit as in some other chassis. 

You have every right to raise a shocked eyebrow at 
the addition of a core to L216. However, you will look 
in vain for any statements that advise the technicians 
to do the same. The key words in this section are 
"curiosity" and "experimentally". I did say an excellent 
overall VSM curve was obtained. Zenith has made no 
VSM specifications, that I have ever read, so the 

article explained the method given was developed by 
experience through trial and error. While we never 
would publish information we knew to be wrong, this 
series of articles primarily is about test equipment. 
The rest is just one specific example of how the equip- 
ment could be used. 

You commented that only amplitude responses were 
examined in the article and no phase distortion meas- 
urements were shown. Very true. Because the VSM 
method of alignment will show up the minor hills and 
valleys in the response, caused by partial phase addi- 
tion and cancellation, it is superior to regular swept - 
carrier curves. I am not aware of any instruments 
available to service technicians that will measure the 

TO BURST KEYER 

FROM - 
VIDEO 
DETECTOR 

TP 

Q 

ACC 

g 
1126KT8 

1ST COLOR AMP 

FROM B' 

COLOR 1 
CONTROL - 

2ND COLOR 

AMP 

phase of the chroma signal or harmonics of the video 
against low -frequency video. Consequently, we have 
no such instrument against which to check our phase 
results. Instead, we do a careful analysis of the color 
bars from the face of the color picture tube, and, in 
this case, they were quite good. 

We naturally prefer roses to brickbats and compli- 
ments to complaints, but we accept either if we can 
learn from them and do a better job next time. 

Alignment Method Too Complicated 
I read your article in the February '70 issue which 

tells how to align an Admiral 6H1O color chassis using 
the Sencore Model SM152 sweep/marker generator. 

I've been in the radio and TV service business for 
over 30 years and I know a lot of service men .. . 

and most service men want a piece of test equipment 
that you hook up here and another lead there and, 
bingo, you start aligning. 

When you tell them they have to make up a link 
amplifier, that means time to gather up the parts, time 
to buy parts, time to wire it together, etc. 

So what does the technician do? He turns the TV 
set to a station, touches up a trap here and an IF 
coil there and lets it go at that, feeling he doesn't get 
enough money out of the repair to go through all that 
trouble (to completely align the set). 

Believe me, the price of the test equipment doesn't 
discourage him as much as the alignment instructions 
and the various jigs he has to make up for some sets 
-and which he may never use again. 

Did you ever read about a method of alignment 
whereby you start with the 3rd IF and work back 
toward the tuner? It seems less complicated and less 
time consuming. 

I hope you realize I'm not critizing your article, but 
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just trying to acquaint you with how service men 
think, hoping that you can use it to your advantage. 

G. Esposito 
Ft. Lauderdale, Fla. 

If anything I have written has discouraged any 
technicians from performing technically competent 
adjustments or repairs, then I am truly sorry, for such 
was not my intention. 

However, in all fairness, I believe you have misin- 
terpreted some of the statements in the article. In your 
letter you say, "When you tell them they have to make 
up a link amplifier ..." But the article on page 49, 
paragraph 2, says, "If your scope does not have 
enough gain to produce a large waveform during step 
2, you may need to build the 'link amplifier' ... This 
is a combination load, detector and transistor ampli- 
fier suggested by Admiral ..." There is a vast differ- 
ence between "have to" and "may need" or "suggested 
by". How do you know your scope doesn't have 
enough gain unless you try it? 

There is no reason for the Sencore SM152 generator 
to be blamed in any way; it emits as strong a signal 
as any generator offered on the market. The link amp- 
lifier was suggested by Admiral in their service liter- 
ature, and was for use with other brands of sweep 
equipment. Certainly this has no bearing on Sencore. 
The final paragraph of the article says the procedure 
given for aligning the Admiral also can be used to 
align 3 -tube -IF RCA or copies of RCA chassis. So 
the link amplifier can be used on any color set for 
which it is recommended the link circuit be aligned 
as a separate step. More on that later. 

After the article was prepared for publication, we 
learned Sencore had developed a new probe that 
makes the link amplifier unnecessary. It is stated at 
the bottom of page 51: "An optional link detector 
probe, part No. 39G26, is available from Sencore. 
Equipped with a voltage quadrupler and built-in IF 
load, the probe can be used for link alignment of 
both tube and solid-state TV receivers." 

Taken together, these options give technicians sev- 
eral paths to follow without a "have to" sign on any 
of them. Your scope may have enough gain to show 
the curve. It is possible, although not desirable, to 
make the adjustments when the curve is only 1/4 inch 
high. The link amplifier does well the job it is in- 
tended to do, and will work on many Admirals, Moto - 
rolas, RCAs, copies of RCAs, etc. Or, better yet, the 
Sencore quadrupler probe could be obtained. 

I have completely aligned many hundreds of color 
TV's after technicians have "touched up" the traps 
and IF's monitoring only the picture. After seeing that 
many horrible examples, I still insist good alignment 
cannot be done without equipment. This is the reason 
I have been so pleased with the new generation of 
test equipment that, contrary to your present opinion, 
is easy and fast to use. Any time you can change from 
IF sweep to VSM by flipping or sliding a few 
switches, that's real progress. 

You asked about a system of alignment that starts 
at the last IF and works back toward the tuner. I 
cannot approve of any method that does not adjust 
overcoupled transformers as a separate operation. 
Space does not permit a full listing here of the rea- 
sons why. A 

Do TV 
service calls 
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weak 
in the 
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We can put the spring back in your step 
FREE 

illustrated 
brochure 
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Please send me informative brochure on YEATS 
labor savers - no obligation. 
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Firm 

Address 
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State Zip 

Appliance Dolly L - 
Sales Company 1307 W. Fond du Lac Avenue., Milwaukee, Wis. 53205 

Circle 11 on literature card 

"""FREE CATALOG-"" 
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TV PICTURE TUBE REBUILDING EQUIPMENT 

C.R.T. Equipment Company, Inc. 
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Step -by -Step Operation of a service 
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Fig. 1 Effects of oscilloscope control adjustments. 
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Fig. 2 Signal is coupled directly to p ate P2. 

How to use the scope to 
measure simple and com- 
plex waveforms, by Robert 
G. Middleton 

The oscilloscope can be the most 
useful instrument on the service 
bench, with the exception of the 
VOM. Basically, án oscilloscope is 
a voltmeter; however, it is a more 
complete voltmeter than a VOM 
because it shows the waveform as 
well as the amplitude of the volt- 
age. A scope shows three basic 
characteristics of voltage: 

Peak -to -peak amplitude 
Waveshape, or pattern form 
Frequency, or repetition rate. 

A scope has a comparatively 
large number of controls, as shown 
in Fig. 1. However, only a few of 
the controls are in use at any given 
time. In some applications, only 
four of the controls are used, and 
these usually are not varied after 
they have been preset properly. 

Setting Up the Display 
Section of a Scope 

Basically, the display section of 
a scope is comprised of the inten- 
sity, focus and centering controls. 
After AC power has been applied 
to the scope, allow a short interval 
for warm-up. With the vertical- and 
horizontal -positioning controls set to 
the approximate midpoints of their 
ranges, a spot or horizontal line of 
light will become visible on the 
CRT screen when the intensity con- 
trol is advanced sufficiently. (Do not 
employ excessive brightness, or 
screen damage may result.) The dis- 
played spot or line can be centered 
on the screen by adjusting the ver- 
tical- and horizontal -positioning 
controls. Adjust the focus control 
for a sharply defined spot or line. 
You now are ready to display sim- 
ple patterns. 

Direct Coupling to CRT 
Deflection Plates 

When signals are applied directly 
to the deflection plates of the scope, 
coupling capacitors should be used 
to avoid disturbance of the DC volt- 
ages on the plates. In Fig. 2, the 
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-type scope 
signal voltage is being applied to 
P2, with the opposite plate, P1, by- 
passed to ground. This is the usual 
arrangement, because chroma cir- 
cuits usually are single -ended con- 
figurations. Note that Rl and R2 
are connected between P 1 and P2 
and the internal circuitry of the 
scope. R1 and R2 usually have a 
value of about 0.5 to 3 megohms. 
They provide a DC path from the 
deflection plates to the internal cir- 
cuitry of the scope so that the cen- 
tering controls remain operative af- 
ter we open links L1 and L2. Since 
R1 and R2 have high resistance 
values, they impose negligible load- 
ing on P1 and P2. In most service - 
type scopes, L1 and L2 are mounted 
on an insulating board at the rear 
of the scope case. 

Fig. 3 shows how this direct -cou- 
pling method is used to display a 
vectorgram. The red lead of the 
color picture tube is coupled to a 
vertical -deflection plate of the scope 
and the blue lead of the color pic- 
ture tube is coupled to a horizon- 
tal -deflection plate of the scope. The 
opposing deflection plates are cou- 
pled to ground. If a color -bar signal 
is applied to the receiver, a vector - 
gram pattern is displayed on the 
scope screen, as shown in Fig. 3C. 
When a keyed -rainbow color -bar 
signal is used, the pattern appears 
as shown in Fig. 4. These direct 
connections to the scope deflection 
plates are possible because the chro- 
ma signal level is sufficiently great 
at the input of the color picture tube 
to provide adequate CRT deflection. 
On the other hand, a low-level or 
medium -level signal will not pro- 
duce adequate CRT deflection and, 
therefore, must be fed to the vertical 
amplifier of the scope, so that it 
can be amplified before being ap- 
plied to the deflection plates. 

Display of Sine Waves 
Low-level signals in the range 

from 0.01 to 100 volts are displayed 
by amplifying the signal in the ver- 
tical amplifier. The links to the 
CRT deflection plates (Fig. 2) are 
closed when the vertical amplifier 
is used. 

It is general practice to display 
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(B) Ideal vectorgram. 
(B) Ideal vectorgram 

V - VERTICAL INPUT TERMINAL 
T = 60Hz TEST VOLTAGE TERMINAL 

(A 
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Fig. 3 Display of vec- 
torgram using NTSC 
color -bar generator. 

Fig. 4 Photo of typical vectorgram 
produced by keyed -rainbow color 
generator. 

HEATER 
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V = VERTICAL INPUT TERMINAL 
G = GROUND TERMINAL 

(B) 

a 60 -Hz waveform on a scope screen. (A) 
Using external 60 -Hz signal (heater line). 
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Fig. 6 Horizontal 
sweep rate set 
much too high. 

e '/ e 
_i_ 

Fig. 7 Waveform when a 

60 -Hz sine wave is viewed 
at a horizontal sweep rate 
of 20 Hz. Three cycles are 
displayed. NOTE: A por- 
tion of one cycle is lost 
on retrace. 

VIDEO 
DETECTOR 

Fig. 8 Test setup for display- 
ing the video waveform. 

Fig. 9 Video signal dis- 
played on 30 -Hz time 
base. 

Fig. 10 Video signal dis- 
played on 7875 -Hz time base. 

waveforms other than vectorgrams 
on a linear time base. This requires 
use of sawtooth horizontal deflec- 
tion. Following is the technique: 

1. If a spot is displayed on the 
CRT screen when the links to the 
deflection plates are closed, set the 
coarse -frequency, fine -frequency, 
and horizontal -gain controls to their 
approximate midrange positions. A 
horizontal line should be displayed 
now. The length of the horizontal 
line can be adjusted by rotating the 
horizontal -gain control. 

2. Connect the vertical -input ter- 
minals of the scope to a 60 -Hz 
source of voltage, as shown in Fig. 
5. Set the sync -selector switch or 
control to its internal position. The 
display will have the general appear- 
ance shown in Fig. 6; if too low in 
amplitude, advance the vertical -gain 
control; if too great in amplitude, 
reduce the setting of the vertical - 
gain control. 

3. Set the coarse -frequency con- 
trol to a comparatively low position, 
so that a multiple pattern is elimi- 
nated. Adjust the fine -frequency 
control until two or three cycles of 
the sine -wave pattern are displayed, 
as illustrated in Fig. 7. One com- 
plete pattern will be displayed when 
the frequency of the horizontal 
sweep of the scope is the same as 
that of the signal applied to the 
vertical input terminals. Two com- 
plete patterns will be produced when 
the horizontal sweep frequency is 
1/2 that of the vertical input signal, 
three if the horizontal frequency is 
1/3 the vertical frequency, etc. If the 
horizontal sweep frequency is great- 
er than that of the vertical input sig- 
nal, the pattern will move continu- 
ously across the screen of the scope. 

4. If the waveform is not locked 
tightly (stationary) on the screen, 
advance the sync -amplitude control, 
as required. Note that excessively 
high settings of the control will 
cause false sync action and pattern 
distortion. 

Display of Complex Waveforms 
The method for displaying com- 

plex waveforms is basically the same 
as for display of sine waves, with 
one important exception: A low - 
capacitance (low -c) probe is de- 
sirable, and often essential, to avoid 
objectionable circuit loading and 
resulting waveform distortion. Fig. 
8 shows how a low -capacitance 
probe is applied in the video detec- 
tor output circuit of a TV. If a 
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pattern generator (or a station sig- 
nal) is used in this test, you can 
select one of two distinct wave- 
forms by changing the horizontal - 
deflection rate of the scope: 

1. If the horizontal -deflection rate 
is set to 30 Hz, the "frame" wave- 
form in Fig. 9 will be displayed. 
You might find that this waveform 
is difficult to lock at any setting of 
the sync -amplitude control, on either 
the positive or the negative position. 
In such a case, operate the scope 
on its external -sync function, and 
feed a vertical -deflection signal into 
the sync -input terminal. (Many 
scopes have a rotary switch for +, 
-, 60 Hz and external sync. If so, 
it should be used here in "ext" posi- 
tion.) For example, a test lead can 
be connected from the sync -input 
terminal to the vertical -hold control 
in the TV receiver under test. This 
is an effective method of synchroni- 
zation because unwanted TV hori- 
zontal sync pulses are eliminated 
from the locking signal fed to the 
scope. 

2. If the horizontal -deflection rate 
is set to 7875 Hz, the "line" wave- 
form in Fig. 10 will be displayed. 
Note that the frame waveform has 
practically disappeared from view. 
This happens because the 60 -Hz 
component is now moving through 
the display, and is effectively "wiped 
off" the screen. 

Many scopes are equipped with 
preset 30- and 7875 -Hz horizontal 
sweep, available by merely switch- 
ing the sweep selector switch to 
either of these positions. 

Fig. 11 shows the advantage of 
using a low -capacitance probe. If 
a direct cable is used to apply the 
signal to the input of the scope, the 
high -frequency components of the 
waveform are attenuated, as seen 
in the lower photo. On the other 
hand, when a low -capacitance 
probe is used, the waveform is dis- 
played with high -frequency compo- 
nents, as seen in the upper photo 
in Fig. 11. 

Peak -to -Peak Voltage 
Measurements 

It has been noted that an oscillo- 
scope is basically a voltmeter. Wave- 
form amplitudes are measured in 
peak -to -peak volts, whereas VOM's 
indicate only the rms voltages of 
sine waves. Fig. 12 shows the rela- 
tion of rms voltage to peak and 
peak -to -peak voltages in a sine 

wave. Since the positive peak volt- 
age of a sine wave is equal to its 
negative peak voltage, the relation- 
ships can be expressed as equations, 
as in Table 1. 

It follows that when we use an 
rms sine -wave voltage to calibrate 
the vertical amplifir-r of a scope, we 

must change this rms voltage to its 
corresponding peak -to -peak value. 
For example, suppose we use the 
voltage from a heater line to cali- 
brate the scope. A service -type 
VOM will indicate that the heater 
voltage is 6.3 volts rms. In turn, we 
multiply 6.3 by 2.83 to find the p -p 

1.414 VOLTS 

1 VOLT IRMS) 

2.83 VOLTS 

PEAK -TO -PEAK --- 

1.414 VOLTS 

CD 

o 

POSITIVE PEAK 

Fig. 11 Comparative waveforms, 
showing result of circuit loading. 
Upper photo shows waveform ob- 
tained using low -c probe. Bot- 
tom photo shows waveform ob- 
tained using direct probe-high 
frequencies are attenuated. 

180° 

---- 
.707 OF PEAK 

270° 

NEGATIVE PEAK 

TIME 

REFERENCE 

360° LINE 

7 

Fg. 12 Voltage relationships of the fundamental sine wave. 

TABLE 1-VOLTAGE RELATIONSHIPS 

Peak -to -peak voltage = 2 x peak voltage 
Peak voltage = 0.5 x peak -to -peak voltage 
Rms voltage = 0.707 x peak vantage 

Peak voltage = 1.414 x rms voltage 
Peak -to -peak -voltage = 2.828 x rms voltage 
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voltage, and obtain 17.8 volts p -p, 
approximately. Then if we adjust 
the vertical -gain control of the scope 
to obtain 17.8 squares (usually cen- 
timeters) of vertical deflection, the 
scope is calibrated for 1 volt p -p 
per square. Thereafter, we simply 
count squares of vertical deflection 
to measure waveform p -p voltages, 

regardless of the waveshape that 
might be displayed. 

DC Scope Operation 
If a scope has DC response (ver- 

tical amplifiers direct -coupled), the 
level of the horizontal baseline will 
change when a DC voltage is ap- 
plied to the vertical -input terminals. 

PROBETIP f--- I 

270 pF 
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1N34A T 

DC COMPONENT LEVEL 

ZERO -VOLT LEVEL 
Fig. 13 Response 
of DC scope to 

AC voltage having 
a DC component. 
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Fig. 14 Demodulator probe circuit and characteristics. 

Fig. 15 Waveform produced using 
demodulator probe and keyed -rain- 
bow signal. 

The amount of baseline shift is a 
measure of the value of DC voltage. 
Therefore, if an AC waveform with 
a DC component is applied to a DC 
scope, the baseline will shift to in- 
dicate the value of the DC compo- 
nent, as shown in Fig. 13. Note 
that if a scope has been calibrated 
for p -p voltage measurement, the 
DC voltages will be measured in 
the same unit of measurement. 

Scope Operation 
With Demodulator Probe 

A demodulator probe also is 

called a "traveling detector". Fig. 
14 shows the circuit and character- 
istics for a typical demodulator 
probe. Note that its modulation -sig- 
nal range (detection capability) ex- 
tends from 30 to 5,000 Hz. This 
means that the probe can reproduce 
envelope waveforms only half way 
through the audio -frequency range, 
and that video -frequency envelopes 
will be "wiped out" completely. For 
example, if a keyed -rainbow signal 
is being traced through the IF am- 
plifier in a color receiver, the dis- 
played waveform using a demodu- 
lator probe will appear as illustrated 
in Fig. 15. The most prominent 
feature of this waveform is the ver- 
tical sync pulse. 

The scope must be deflected at 
a 30 -Hz rate when a demodulator 
probe is employed so that the low - 
frequency envelope components are 
locked on the screen of the scope. 
Note in Fig. 15 how the horizontal 
sync pulses following the vertical 
sync pulse have been attenuated to 
a small sawtooth waveshape. 

A demodulator probe is chiefly 
useful to show the presence or ab- 
sence of signal. That is, the loading 
effect of a demodulator probe is 

quite appreciable, with the result 
that IF circuit action is disturbed 
and waveform amplitudes are not 
correctly displayed. Nevertheless, a 

demodulator probe is a very useful 
analytical tool at the service bench. 

Conclusion 
In my visits to many shops 

throughout the country, I find that 
in some shops scopes are merely 
"bench warmers". This is a deplor- 
able situation, because a scope be- 
comes one of the most valuable ser- 
vice tools when properly used. It is 

hoped that this article has shown 
technicians that scope operation is 

actually quite easy. 
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The hunt is on! 
(Beware of the Grope.) 

How to head the hunt away from the Grope. 
Draw your prospect a map. 

The Grope footprint goes 
in all directions, like you 
without the Yellow Pages. 

That dratted Grope! 
He preys on people 
who don't know 
where to find what 
they're hunting for 
. .. turning their 

search for you into a jungle hunt! 
So be prepared. Have your own 

special map in the Yellow Pages, 
so the only one that loses out is 
the Grope. It's easy, and it's the 
best selling map in town. 

Here's your do-it-yourself speed 
lesson on the Yellow Pages Map 
Drawing course. 

Call your local Yellow Pages rep- 
resentative today and place 
your Map with him! 

The Yellow Pages 

y 
Emergency Service 

Doy or Night 
BARRY'S HEATING & PLUMBING 

Since 1921 

COMMERCIAL, 
INSTITUTIONAL, RESIDENTIAL, 

INSTALLATION & REPAIRS, 

Complete line of: 

Kitchens 
Laundries 
Sewage Systems 

Water Pumps 
Heating Systems 
Pipes and Drains 

* References * Estimates 
* Ample * Delayed 

Parking Payment Plans 

phone 
678-0743 

Tell people what you will 
do for them. How you're 
different. 

Be under the proper head- 
ings so people can find you 
fast. Maybe you should be 
under more than one head- 
ing. Think about that! 

Use your logotype to gain 
recognition. Give facts 
about your qualifications. 

Tell people about your spe- 
cial services ... repairs, 
rentals. 

List the products you carry. 

Tell how easy it is to deal 
with you ... credit, parking, 
hours, delivery. 

77 Locust Lane. (Between Main and 
Central, one mile from RR. Station). 

Give telephone number and 
address, and if you're hard 
to locate, directions. 
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Meter loading 
and its effects 
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Fig. 1 

Measured with a 1,000 ohms -per -volt meter on the 100 -volt scale (internal re- 

sistance 100K ohms), the voltage indicated across R1 is 47 volts, or 48% low. 

(The resultant resistance of R1 and the meter in parallel is 90K ohms.) The 100 - 

volt scale of the same 1,000 ohms -per -volt meter (internal resistance 100K ohms) 

produces a reading of 5.02 volts, or 50% low. (The total resistance of R2 and 

the meter is 50K ohms.) 
Measured on the 100 -volt scale of a 20,000 ohms -per -volt meter (internal resist- 

ance 2 megohms), the voltage indicated across R1 is 86.1 volts, or 4% low. (Total 

resistance of R1 and the meter is 620K.) The same meter produces a reading 

of 9.57 volts, or 4.3% low, across R2. (Total resistance of R2 and the meter is 

95K ohms.) 
Measured with a VTVM having 11 megohms input resistance, the voltage indi- 

cated across R1 is 89.2, or .9% low. (Total resistance is 832K ohms.) With the 

VTVM across R2, the total resistance is 99,100 ohms, producing a voltage read- 

ing of 9.91, or .9% low. 

Voltmeters and ammeters intro- 
duce shunt or series impedance to 
the circuit being tested. Even the 
effects of vacuum -tube -volt -me- 
ters (VTVM's) and field-effect or 
transistorized volt -ohm -meters 
(FET VOM's), which typically have 
a high input resistance of 11 meg- 
ohms or more, cannot be ignored 
in high -impedance circuits. 

Many electronic circuits can be 
analyzed as voltage dividers, with 
the voltmeter acting as another re- 
sistor in parallel with one of the 
voltage divider resistors. First, de- 
termine the resistance produced by 
the meter and resistor in parallel; 
second, use this new resistance 
value to calculate the voltage ac- 
tually obtained at that point of the 
voltage divider. 

Fig. 1 shows the voltages indi- 
cated across a typical voltage di- 
vider by a 1,000 -ohms -per -volt me- 
ter, 20,000 -ohms -per -volt meter, 
and a VTVM with a constant input 
resistance of 11 megohms, com- 
pared to a theoretical meter of in- 
finitely high resistance. 

You probably were not surprised 
that, of the three types of meters, 
the VTVM produced the least 
amount of loading error. But did 
you notice one very peculiar pat- 
tern? The percentage of error is the 
same across R1 and R2, even 
though one resistor is 9 times the 
value of the other. How can this be? 

The answer is the circuit impe- 
dance, or the total resistance, in 
this case. A practical approxima- 
tion of the total circuit resistance 
can be obtained by paralleling the 
two legs of the voltage divider. For 
example, in Fig. 1, paralleling 900K 
ohms and 100K ohms produces a 

total circuit resistance of 90K ohms 
(assuming the internal resistance of 
the 100 -volt power supply to be 
zero-which it never is). This 
method of calculation also can be 
used to estimate the impedance in 
audio circuits, where shielding or 
other stray capacitance can cause 
loss of high frequencies. 

Because the loading of VOM's 
varies with the scale selected, it is 

difficult to develop a rule to cover 
all conditions. However, by arbi- 
trarily selecting a 5% error as the 
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maximum to be tolerated, and using 
the 100 -volt scale, as shown in Fig. 
1, we can state the following rules - 
of -thumb: 

A 1,000 ohms -per -volt meter 
should be used for circuit resis- 
tances of 5K ohms or less. 

A 20,000 ohms -per -volt meter 
should be used on circuits with im- 
pedances under 100K ohms. 

VTVM's are satisfactory if 
used on circuits with an impedance 
of less than 400K ohms. 

Add 1% to the VTVM voltage 
reading for each 100K ohms of cir- 
cuit impedance. 

Look at the schematic in Fig. 2. 
Can you tell at a glance what the 
circuit resistance is without a me- 
ter? In this example, we parallel 
the 1 meg-ohm resistor with an 
open circuit; the total resistance (or 
impedance) is the value of the re- 
sistor, 1 megohm. From the pre- 
vious paragraph, we would expect 
the 1,000 and 20,000 ohms -per -volt 
meters to produce completely wrong 
readings-and they do. However, 

using the previously stated rule -of - 
thumb, we can add 10% (1% of 
each 100K) of the VTVM reading 
as a correction factor. The original 
voltage reading is 91.6, so add 10% 
(9.16) to it, and the answer is 
100.76, which is reasonably close 

to the 100 volts actually present. 
More practical examples of me- 

ter loading can be observed by 
demonstrating its effects on meas- 
urements of tube voltages. 

The schematic of a typical re- 
sistance -coupled audio amplifier 

100 VOLT 
SUPPLY 

inn. 
1M OHM 

100 VOLTS 
WITHOUT 

METER LOAD 

0- 
DC VOLTMETER 

Fig. 2 Comparison of readings produced by meters with different input resistance. 
The larger the input resistance, the more accurate the meter indication. 
Measured with a 1,000 ohms -per -volt meter on the 100 -volt scale (internal re- 
sistance 100K ohms), the voltage indicated by the meter is 9.09 volts, or 91% 
low. 
Measured with a 20,000 ohms -per -volt meter on the 100 -volt scale (internal re- 
sistance 2 megohms), the voltage indicated by the meter is 66 volts, or 34% 
low. 
Measured with a VTVM having an input resistance of 11 megohms, the meter 
reads 91.6 volts, or 8.4% low. 

+250V -0 - 

CHASSIS 

E2 

R1 25K OHMS 

CQ '20mfd 

25K 01 -MS 

50K OHMS 

? OHMS 

1K OHMS 

Fig. 3 A) Schematic diagram of amplifier. 
B) Voltage divider equivalent of 

amplifier above. 
What is the total current in the circuit? 
Formula I = E/R 

250 volts - 100 volts = 
150 volts across R1 + R2 

R1 (25K) + R2 (50K) = 75K ohms 
150 I = .002 amperes I75,000 

(or 2 milliamperes) 
What is the voltage at El? 
Voltage across R1 is E = IR 

E = .002 X 25,000 
E = 50 volts across R1 

Supply voltage (250) - 50 volts across 
R1 = 200 volts at El. 

What is the DC resistance of the tube V1? 
(How many volts across plate to cathode? 

100 volts at plate, 2 volts at cathode, 
100 - 2 = 98 volts across the tube) 

R = E/ I R = 002 
R = 49,000 ohms 

What is the impedance at the 
plate of V1? 
V1 (49K) + R3 (1K) = 50K one leg of 

voltage divider. 
R1 + R2 = 75K other leg of voltage 

divider. 
Parallel 50K and 75K = RT = 

50K x 75K or 30K ohms 
50K + 75K ' 

Impedance at the plate of V1 is 30K ohms. 
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WHAT DO YOU KNOW 
ABOUT 
HEART ATTACK? 

Do you know 
that heart attack, the Nation's -#1 health enemy, causes 
almost 600,000 deaths at all ages annually? 

that most patients who recover from heart attack return 
to their jobs? 

that you can reduce your risk of heart attack by con- 
trolling high blood pressure and by following a few 
simple rules in your eating and living habits? 

You can learn more about heart attack and other heart and 

blood vessel diseases in interesting booklets prepared by 

medical experts. They are free, an educational service made 

possible by your Heart Fund. Simply visit, write or call your 
local Heart Association office. 

GIVE...so more will live 

HEART FUND 
Contributed by the Publisher 

stage is shown in Fig. 3. The tube 
circuit is redrawn in Fig. 3B, with 
the tube shown as a resistor. 

One of the strong points of the 
method given here for finding cir- 
cuit impedance is that a useful ap- 
proximation can be obtained by al- 
most a mere glance at the circuit. 
Try estimating the impedance at the 
various points in the circuit dia- 
grams in Fig. 3. Then answer the 
following questions, and check your 
answers against mine: 

Q. Which of the three types of 
meters will provide a truthful read- 
ing at point El? 

A. The total impedance is about 
20K ohms. However, the VOM's 
must use the 300- or 500 -volt scale. 
The 1,000 ohms -per -volt meter will 
read slightly low; the other two will 
be acceptable. 

Q. Which of the three will give 
a true reading at the plate of the 
tube? 

A. The impedance is 30K ohms. 
A reading on the 100 -volt scale of 
the 1,000 ohms -per -volt meter will 
be very low; on the 300- or higher - 
voltage scale, the reading will be 
slightly low. The other meters will 
indicate levels within acceptable 
tolerance. 

Q. Which of the three will 
read correctly the cathode voltage 
at E2? 

A. The impedance will be less 
than the 1K -ohm cathode resistor, 
so all three will read accurately, 
provided the 1,000 ohms -per -volt 
meter is not used at less than the 
30 -volt scale. 

Q. What about measuring any 
DC voltage at the grid of the tube? 

A. The impedance is very high, 
unless Cl is leaky. Only the VTVM 
will give an accurate reading, and 
it should have the "add -10% -to -the 
-reading" correction. 

Next 
In the next installment of this 

series, we will discuss right and 
wrong resistor substitutions; what 
happens to resistors when they are 
overheated; describe special resis- 
tors, such as light-sensitive and 
heat -sensitive types; analyze transis- 
tors as resistors in DC circuits; and 
any other subjects you, the reader, 
would like discussed in Shop Talk. 
It's your magazine, so let's hear 
from you. 
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Important New SAMS Books 
New I Oth Edition of the Sams 

Transistor Substitution Handbook 
by the HOWARD W. SAMS ENGINEERING STAFF. Fully 
updated to include tens of thousands of substitu- 
tions. Covers all manufacturers and gives proper 
substitutions for all types of bipolar transistors: 
U.S. and foreign, home -entertainment and indus- 
trial. Computer -compiled for accuracy. Also in- 
cludes manufacturers' recommendations for gen- 
eral -replacement transistor substitutions 
Order 20773 only $1.95 

Color -TV Training Manual. 3rd Edition 
by the HOWARD W. SAMS ENGINEERING STAFF. The 
completely revised third edition of this famous 
training guide covers all the latest developments 
in the field. Written for the technician preparing 
to service color TV receivers. Describes the sci- 
ence of color, requirements and make-up of the 
color signal, latest color circuits, and practical 
setup and servicing procedures. Includes full -color 
picture tube photos. Order 20736, only. .$6.95 

ABC's of Air Conditioning 
by ERNES? TRICOMI. This book presents a non- 
technical explanation of the laws of physics which 
relate to air conditioning and shows how these 
laws are applied practically in the design and 
manufacture of all types of air conditioning units 
and their components. Covers components com- 
mon to all systems, electrical systems, estimating 
capacity and installation methods, and air con- 
ditioning repairs. Order 20725, only $2.95 

1-2-3-4 Servicing Transistor Color TV 
by FOREST H. BELT. The "1-2-3-4 Method" is a 
simple, logical, step-by-step process which helps 
do the service job the right way and the easy way. 
In this book, the fundamentals of transistor color 
TV are covered, followed by a detailed explana- 
tion of how to apply the method for quick trou- 
bleshooting and easy repairs. Supported by a 
wealth of illustrations, charts, and block and 
schematic diagrams to make understanding easy. 
Order 20777, only $4.95 

Tape Recorder Servicing Guide 
by ROBERT G. NIIDDLETON. Thoroughly explains 
the principles and characteristics of magnetic 
recorder circuitry, describing the various com- 
ponents and systems. Provides comprehensive 
instructions on preventative maintenance, adjust- 
ments and minor repairs, and solving tape trans- 
port, recording, and reproduction troubles. 
Order 20748, only $3.95 

1-2-3-4 Servicing Automobile Stereo 
by FOREST H. BELT. This book first applies the 
ingenious "1-2-3-4" repair method to both me- 
chanical and electrical equipment and then pro- 
ceeds to cover the electronic and mechanical 
principles of automobile stereo, fm multiplex and 
tape cartridge systems. Finally, the book shows 
how to apply the method to auto stereo systems. 
Includes many schematics, charts and illustra- 
tions. Order 20737, only . $3.95 

Workshop in Solid State 
by HAROLD F. FNNES. Presents the technology of 
transistor operation in terms familiar to those 
educated in tube technology. Provides an orien- 
tation in solid state principles, and a detailed 
analysis of the diode; covers transistor param- 
eters, linear switching and pulse circuits, a wide 
variety of practical design problems and applica- 
tions and basic testing and servicing techniques. 
Order 20735, only $9.95 

I- 

THIS IS ELECTRONICS Series 
by ITT EDUCATIONAL SERVICES, INC. These 
books provide a remarkable introduction 
to electronics, imparting to any reader a 
clear understanding of the basics of this 
vital technology. All topics are covered 
and readily mastered. 

Vol. 1. Basic D -C Principles 
Covers electronics-past and present; elec- 
tronic components and symbols; matter 
and electricity; current, voltage, and re- 
sistance; series and parallel circuits; con- 
ductors, semiconductors, and insulators; 
resistors; sources of d -c power. 
Order 20657, only $5.95 

Vol. 2. Basic A -C Principles 
Covers alternating voltage and current; 
capacitors and capacitive reactance; mag- 
netism and electromagnetism; electrical 
measuring instruments; and inductors and 
inductive reactance. 
Order 20727, only $6.95 

Vol. 3. Circuits 
A -c and d -c principles and components 
are used to illustrate how vacuum tubes 
and semiconductors operate. Describes 
various amplifier and oscillator circuits of 
both tube and transistor types. 
Order 20759, only $6.95 

Vol. 4. Applications 
This volume explains how amplifier and 
oscillator circuits are used in actual appli- 
cations. Explains principles of modula- 
tion, broadcast receiver fundamentals, 
a -m and f -m receiver circuits, etc. 
Order 20760, only $5.95 
4 -Vol. Set. Order 20761, only... $23.50 

HOWARD W. SAMS & CO., INC. 
Order from your Electronic Parts Distributor, 
or mail to Howard W. Sams & Co., Inc., Dept. ES -5 
4300 W. 62nd St., Indianapolis, Ind. 46268 
Send books checked at right. S enclosed 

El Send FREE 1970 Sams Book Catalog 
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Solving 
Intermittent 
Color 

Troubleshooting methods that get you to the source of 
the trouble in less time-and with less frustration. 

by Bruce Anderson 

Basic Technique 
Following are procedures and tips 

that can make the cause of intermit- 
tent color a little less difficult to 

isolate. 
Vary the line voltage and see 

what happens when it is changed. 
1f a slight reduction in line voltage 
causes the trouble symptom to ap- 
pear, there probably is a marginal 
condition somewhere in the receiver, 
rather than a true intermittent. If 
this is the case, don't overlook the 
power supplies and filters. 

Decide on a definite series of 

tests to isolate the trouble to a gen- 
eral area of the chassis. Watching 
the raster while thumping the chas- 
sis or applying the heat lamp won't 
tell you much, since you already 
know that there is an intermittent 
condition. Connect the scope or a 

VTVM (or both simultaneously) to 
key test points in the circuits; when 
the color again disappears, you will 
have several indications, instead of 
just one. 

After isolating the trouble to a 
general area, it is often a good idea 
to resolder all the connections in 

that area, as a start, rather than try- 
ing to find one bad connection or 
component by normal troubleshoot- 
ing techniques. 

If you are dealing with a new 
receiver, be more suspicious of the 
possibility of defective solder joints 
and broken leads. Remember that 
the receiver may have been handled 
roughly on its way from the factory 
to you. Receivers which have been 
operated for awhile are more prone 
to component failures. 

Freeze spray can be used to 
good advantage since many inter- 
mittent components are temperature 
sensitive. 

Be particularly selective when 
choosing spray compounds of any 
type for use in the tuner. Some of 

these can detune a tuner so far that 
color will be completely lost; others 
can shift the tuning far enough to 
produce a marginal signal, which 
can cause intermittent color. 

If you can isolate the trouble 
to half -a -dozen parts or less, it's no 
disgrace to change them all. Resis- 
tors and capacitors are cheaper than 
your time-you are doing the cus- 
tomer a favor if you use five dollars 
worth of parts and save ten dollars 
worth of labor. 

On the other hand, don't try to 
"shotgun" the whole receiver. Nar- 
row the possibilities as far as you 
economically can before starting to 
change parts. 

Troubles in the Receiving Section 
One good way to get into trouble 

while tracking down the cause of 
an intermittent color problem is to 
assume that it must be in the 
chroma circuit. Be sure that all nec- 
essary color information is getting 
to the chroma circuits before focus- 
ing your attention on them. 

To perform its function, the 
chroma system must have three in- 
puts (Fig. 1): chroma (W1 and W2), 
color burst (W2), and burst -gate 
pulse (W5). Lose one of these, and 
there cannot be any color. With 
this in mind, consider the common 
defects that can prevent one of the 
chroma signals from coming out of 
the video detector. 

Antenna system defects 
Antennas and reception in gen- 

eral are a continuing source of no - 
color problems. An antenna with 
excessive "suck -outs" in its fre- 
quency -response curve (dotted line 
in Fig. 2) can do some strange things 
to color reception. While not inter- 
mittent in the strictest sense of the 
word, the no -color problem often 
does "come and go". Combine 1) 

an antenna which discriminates 
against the chroma portion of the 
signal and 2) a variable in the pro- 
pagation path from transmitter to 
the receiving site, and you have the 
basic ingredients for intermittent 
color. 

Suppose, for example, that we 
are dealing with channel 6. The 
video carrier frequency is 83.25 
MHz (Fig. 3). Nearly all of the 
black -and -white information and 
the sync pulses are contained in 

the passband from 82.25 MHz to 
84.25 MHz, so a reasonably good 
monochrome picture will be pro- 
duced, even if the antenna response 
drops off sharply toward the high 
end of the channel. However, the 
burst signal frequency is 3.58 MHz, 
making its position in channel 6 

fall at 86.83 MHz. If the antenna 
response is down toward the high - 
end of the channel, the amplitude of 
burst at the video detector might 
be much less than normal. If the 
strength of the received signal drops 
significantly, the burst and chroma 
signals (which also are centered 
about 86.83 MHz) can drop to a 
level that produces little or no color. 

Even in areas close to the trans- 
mitter, there can be large variations 
in the propagation losses. Some of 
the causes are aircraft, trains, and 
even trucks passing between the 
station and the home. A better an- 
tenna system is the solution to these 
problems. 

A deteriorated or improperly in- 
stalled lead-in can produce effects 
similar to an inadequate antenna. A 
well -installed lead-in which is in 
good condition has flat frequency 
response, but one which has a high 
standing -wave ratio can be very fre- 
quency selective. If a bad lead-in 
already is making burst and chroma 
amplitudes marginal, it takes little 
more to cause loss of all color. 
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Improper alignment 
The alignment of the tuner and 

IF strip in the receiver also can 
lead to loss of color, although not 
usually on an intermittent basis. 
However, if the response is poor in 
the vicinity of 42.17 MHz (the IF 
frequency of the chroma subcarrier), 
the color -burst level at the video 
detector may be marginal. As stated 
before, marginal signals can cause 
intermittent color under some con- 
ditions. 

The Horizontal System 
The horizontal -deflection circuits 

might seem an unlikely place to find 

the cause of intermittent color, but 
it can produce such problems. For 
the chroma circuits to operate nor- 
mally, they must be turned on by 
the color burst signal, which is sep- 
arated from the rest of the chroma 
signal by a gating system. This gat- 
ing system is triggered on by the 
horizontal retrace pulse, which is 
obtained from the horizontal -deflec- 
tion system. 

Poor synchronization of the hori- 
zontal oscillator can cause the burst 
amplifier to be gated on at the 
wrong time. If color is intermittent 
and there appears to be a slight 
shift in horizontal locking at the 

same time, look into the horizontal - 
sync problem before tackling the 
color circuits-if this is fixed, the 
color problem might disappear. 

The Burst Amplifier 
One of the first places to look 

when there is loss of color is the 
input of the burst amplifier. There 
are several reasons for this: It is 
usually an easy point to locate; all 
burst amplifiers operate in about the 
same way; and a check at this point 
can give more information about 
the source of the trouble than any 
other test point in the receiver. 

Fig. 4 shows three typical burst 
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Fig. Y Key waveforms at the output of the 
video section and input of the chroma cir- 
cuitry of a modern color receiver. Input to 
receiver is a keyed rainbow color signal. 
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amplifier circuits, vacuum -tube and 
solid state. In each case, there are 
two inputs: 1) the chroma signal, 
which contains both the chroma 
sidebands and the color burst, and 
2) a positive gating pulse, taken 

from the horizontal -output trans- 
former. Both signals usually are fed 
to the control grid of the burst 
amplifier, as shown in Fig. 4A. 

Each time the control grid of the 
burst -amplifier tube is driven posi - 
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Fig. 2 Chart showing gain versus frequency response characteristics of two 

antennas. Solid line is typical response of a good color TV antenna. Dotted 

line shows response of an antenna not suited for color reception. 
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Fig. 3 Gain versus frequency response curve of an antenna with excessive 

response loss on channel 6. Excessive drop in antenna gain at upper fre- 

quencies can reduce amplitude of chroma burst (3.58 MHz) to marginal level 

that causes intermittent color. If loss of antenna gain is substantial, color loss 

will be constant instead of intermittent. 

tive by the gate pulse, the tube is 

driven into conduction, and what- 
ever chroma signal is present at 
that time on the grid is amplified 
in the plate circuit. During normal 
operation, the gate pulse and the 
color burst arrive simultaneously 
at the burst amplifier, so the color 
burst passes through the amplifier, 
and all other chroma signals are 
excluded. 

During conduction of the burst 
amplifier, the cathode current causes 
the cathode voltage to increase al- 
most to the same positive potential 
as the gate pulse. Unlike the grid 
circuit, the cathode circuit has no 
way to discharge between pulses, 
and, consequently, remains positive. 
This cuts off the tube until the ar- 
rival of the next gate pulse. 

The operation of the solid-state 
burst amplifier in Fig. 4C is essen- 
tially the same as the circuit just 
described. During the interval be- 
tween gate pulses, the diode in the 
emitter lead isolates from the emit- 
ter itself the positive voltage at the 
top of the emitter resistor. Other- 
wise, the emitter -to -base inverse 
voltage rating of the transistor might 
be exceeded. (A triode could be 
used in approximately the same cir- 
cuit configuration in which this 
transistor is used.) 

The circuit in Fig. 4B is slightly 
unusual: The chroma signal and gate 
pulses are fed to different tube ele- 
ments. When the positive gate pulse 
is applied to the control grid, the 
tube conducts and amplifies the 
burst, which is present on the ca- 
thode at that instant. Cut-off bias 
is developed by the discharging of 
grid current (which flows during 
conduction) through the 82K resis- 
tor to ground. 

The gating pulse from the hori- 
zontal -output transformer might be 
generated at nearly the same time, 
or slightly before the arrival of the 
color burst, depending on a number 
of design factors. The 27 -pf capaci- 
tor in Fig. 4A and the 680 -pf ca- 
pacitor in Fig. 4B slightly delay the 
gate pulse. This capacitor is not 
used in some color receivers. 

Fig. 5 and W5 in Fig. 1 show 
the burst gate and the color -burst 
signals as they appear at the input 
to the burst amplifier. Because the 
level of antenna -input signal was re- 
duced to the point where the pic - 
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How to 
spend less time 

seuulng' ñcn 

bafteriesmo 

RCA's new "Tower of Power" merchandiser does 
almost everything for you but make change. It holds 
over 10 dozen batteries-in just 10 inches of counter 
space! 

Its gravity -feed means automatic stock rotation. It 
rotates at the touch of a finger (great for impulse 
sales). It tells your salesmen what they need to know 
-battery data and prices. And it has individual chan- 
nels for each of the popular sizes, 9 -Volt, "D", "C", 
and "AA" cells. 

Another great feature. If you're concerned about 
pilferage, the "Tower of Power" can be set up so only 

Circle 15 on literature card 

your sales clerks can remove the batteries! 
Designed to display any or all of the top 10 types 

that cover 9 -out -of -10 customer needs...Zinc Car- 
bon, Alkaline, or Mercury. 

Think round, think today. Get the "Tower of Power" 
and you'll sell more batteries without even trying. 
Contact your RCA Battery Distributor for complete 
details or write RCA Electronic Components, Com- 
mercial Engineering, Section E93N, Harrison, N. J. 

07029. 
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ture became snowy, the burst signal 
shown in Fig. 5 should be consid- 
ered as "minimum acceptable." The 
actual burst signal begins just at the 
left of the crest of the gate pulse 
and ends exactly at the crest. The 
burst signal can occur either just 
before or just after the crest, but 
preferably at the very top of it. It 
will move slightly as the horizontal- 
hold control is rotated, even though 
horizontal sync is maintained. 

The normal amplitude of the gate 
pulse is different for different mod- 
els of receivers. The normal wave- 
form and its typical amplitude is 
shown in most service literature. 

Only a slight amount of burst 
signal might be necessary on the 
crest of the gate pulse, as shown in 
Fig. 5. Usually, it has more ampli- 
tude than that shown in Fig. 5, but 
the normal peak -to -peak amplitude 
often does not exceed about two 
volts. 

The amplified burst pulse at the 
plate or collector of the burst am- 
plifier (W6 in Fig. 1) will have an 
amplitude twenty or more times the 
input amplitude. When observing 
the output of the burst amplifier, be 
careful not to be led astray by a 
noise pulse which almost looks like 
a normal burst signal. Figs. 6A and 
B illustrate this point. 

Fig. 6A is a photograph of a nor- 
mal burst pulse. Fig. 6B is a photo- 
graph of the noise signal at the same 
point with all conditions the same, 
except that the receiver fine tuning 
was adjusted to a point where no 
color was displayed. If an actual 
scope display was being viewed, in- 
stead of these photographs, the dif- 
ferences would be more apparent; 
nevertheless, do not be fooled into 
thinking an output burst pulse is 
present when it actually is not. A 
wide -band scope is necessary to see 
the color burst, because its fre- 
quency is 3.58 MHz. 

An excellent approach to inter- 
mittent color is to connect the scope 
to the input of the burst amplifier 
and observe the signal. If the ampli- 
tude of either signal is less than 
normal, the intermittent symptom 
seen on the raster might not be 
caused by an intermittently defec- 
tive component, but, instead, by 
some continuously defective part 
which permits either the burst or 
the gate pulse to be just at the thres- 

26 ELECTRONIC SERVICING/May, 1970 



NEW 
FREE 191ß CATALOG! 
Now with erc-rº kits, more :ore'. 
Full- descent these dloig wit, 
over 304 bits for ste-eorhi-f , 

culot TV electronic orgaes gui- 
tar am:titers amateur wdiç 
martre, educatiorai, (, tome 
& hcbby. Mail coupon o- write 
Heats Canpanj, Bentos Na-bor 
Micleger 4902_. 

Stack 
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come from Heath 
For over 20 years, Heath has been the first choice in me- 
ters for tens of thousands of service technicians, schools 
and home labs. There's a reason for this continued pop- 
ularity - Heath meters are designed to have that balance 
of versatility, needed features and low cost that make 
them your best buy. For the price of just a couple of meters 
from others, you can buy every meter Heath makes. We 
believe that you should still be able to get a stack of meters 
without spending a pile of money. When you need a meter, 
look to Heath. For performance, versatility and top dollar 
value, the others just don't stack up. 

$21.95* Buys A Portable Solid -State Volt -Ohm -Meter. 
Four ranges on AC & DC volts measure 1-1000 volts full 
scale. Four resistance ranges measure 0.1 ohm to 1000 
megohms. Features convenient battery operation ... zero 
& adj. controls ... DC polarity reversing switch ... 
spare jack for HV & RF probes ... rugged polypropylene 
carrying case. I M-17, 4 lbs. 

$31.95* Buys A Portable Volt -Ohm Milliammeter. 
Measures AC & DC volts 1.5-5000 full scale. DC current 
from 150 uA to 15A. Resistance midscale from 15-150,000 
ohms. Large 41/2" 50 uA movement meter for extra ac- 
curacy. MM -1, 5 lbs. 

C73 $29.95* Buys An Accurate VTVM. 7 AC & DC ranges 
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from 4.0-4000 ... 7 resistance ranges from 0.1 ohms to 
1000 megohms. 25 Hz - 1 MHz response. Single probe 
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5 lbs. ... $49.95* 

Q $41.95* Buys A Laboratory AC VTVM. Especially use- 
ful for low-level AC & audio work. Ten RMS ranges from 
0.01-300 V full scale ... measures dB from -52 to +58. 
-4-1 dB response from 10 Hz -500 kHz. 10 megs. input im- 
pedance. IM -38, 4 lbs. Assembled IMW-38, 5 lbs...$49.95* 

U $39.95* Buys A Big Service Bench VTVM. Has the 
same high performance as the IM -18 above, plus added 
features to make it more useful for service work ... sepa- 
rate 1.5 & 5 VAC scales ... calibration controls that are 
adjustable from the front panel ... versatile gimbal mount- 
ing ... large 7" meter. IM -28, 7 lbs. Assembled IMW-28, 
7 lbs. ... $59.95* 

Ej $46.95* Buys A Big Solid -State Volt -Ohm Meter. Bat- 
tery -powered portability plus built-in AC supply. 8 AC & DC 
ranges 0.5-1500 full scale ... 7 resistance ranges (10 ohm 
center scale) xl-xl meg. High input impedance & 6" meter 
for greater accuracy. IM -16, 10 lbs. Assembled IMW-16, 
11 lbs. ... $69.95* 

r."3 $85.00* Buys A Deluxe Solid -State Volt -Ohm Milliam- 
meter. 9 AC & DC ranges from 150 mV -1500 V full scale 
... 7 resistance ranges measure from 1 ohm to 1000 
megohms ... 11 current ranges from 15 uA-1.5 A full 
scale. 100 kHz response ... high input impedance ... 
large 6" meter with zero center. IM -25, 10 lbs. Assembled 
IMW-25, 10 lbs. $120.00* 
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hold of operation. If this is the case, 
any slight drop in line voltage, local - 
oscillator drift, or variation in sig- 
nal strength can cause loss of color. 

In addition to marginal amplitude 
of either signal, it is possible that 
their timing is marginal. If the burst 
is not near the crest of the gate 
pulse, some small variation may 
cause the difference in timing to in- 
crease enough to prevent all color 
reception. 

If the cause of color loss is an 
intermittent component in a stage 
prior to the burst amplifier, the ap- 
pearance of the input signal to the 
burst amplifier (W5 ie Fig. 1) will 
change radically when the receiver 
switches from normal to abnormal 

operation. If color comes and goes, 
but the input signal to the burst 
amplifier remains the same, the ref- 
erence oscillator, color -killer or au- 
tomatic color -control circuits should 
be checked. 

Color -Killer Circuits 
Although the color -killer circuits 

in many modern receivers use tran- 
sistors, there are still many vacuum - 
tube color killers in existence. As we 
shall see later, there are two popu- 
lar methods of providing the nec- 
essary grid signal, but most color - 
killer circuits are very similar. The 
one shown in Fig. 7A is typical. 

If the voltage on the grid is above 
cutoff (no color signal received), the 

Fig. 5 Input to burst 
amplifier, with 
marginal signal. 

Fig. 6 Noise and burst 
pulses at plate of col- 
lector are very simi- 
lar. 

(Top-A) Amplified 
burst 

(Bottom-B) Ampli- 
fied noise 

color -killer tube conducts during 
each horizontal retrace interval, 
charging Cl. During scanning time, 
this capacitor discharges to ground 
through RI and R2, placing nega- 
tive voltage at the top of C2 and 
the grid of the chroma bandpass 
amplifier. This cuts off the ampli- 
fier, killing the color circuits when 
no color is being received. 

When color is being received and 
color burst is present at the output 
of the burst amplifier, the grid of 
the killer is driven negative into cut- 
off, making it impossible for Cl to 
become charged. This, of course, 
removes the negative bias from the 
grid of the chroma bandpass ampli- 
fier, allowing it and the remaining 
chroma circuits to function when 
color signals are received. 

Because the color -killer tube nor- 
mally is part of a multi -function 
tube, it is best not to disable it by 
the standard practice of pulling the 
tube. Instead, disable the killing ac- 
tion (and turn on the chroma -band- 
pass amplifier) by grounding the 
plate of the killer. There might be a 
killer circuit in which grounding the 
plate will damage a component; 
however, I have not yet come across 
one. If one does exist, the color - 
killer action can be eliminated by 
disconnecting either the plate or 
cathode lead of the color -killer tube, 
or by biasing the grid below cutoff. 

The plate circuit of the killer is 
more or less "fail safe", because a 
failure in this area normally will 
swing the plate voltage to ground 
potential, turning on the chroma 
circuits. Therefore, the grid circuit 
is the most logical place to look 
if the color killer is suspected. 

A simpler method of "sensing" 
the presence of color burst is used 
with injection -locked oscillators and 
ringing amplifiers. In these, the 
color -killer grid is coupled to the 
oscillator grid via a large resistor. 
The oscillator grid normally is 1 to 
3 volts negative under no -signal 
conditions. When the burst signal is 
injected, this voltage swings from 
about 1.5 to several volts more neg- 
ative. This is sufficient to cut off 
the killer, as described previously. 

If an intermittent color condition 
exists, and it is known that the burst 
amplifier is operating normally, con- 
nect a VTVM to the oscillator grid 
to see if this voltage is normal. (It 
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is good practice to use a 100K re- 
sistor in series with the meter probe, 
to prevent loading of the oscillator.) 
Most manufacturers specify the os- 
cillator grid voltage with and with- 
out color signal. If this voltage re- 
mains normal as the color comes 
and goes, the cause of the problem 
is in another circuit. If the voltage 
is not normal, suspect the oscilla- 
tor circuit or the coupling between 
the burst amplifier and the chroma 
reference oscillator. 

An alternate method of "sens- 
ing" burst is necessary in receivers 
which use a phase detector to con- 
trol the oscillator, rather than a 
burst -injection system. In RCA 
CTC28 and CTC40, and Zenith 
20X1C36 color chassis, for exam- 
ples, a separate phase detector is 
used to sense the presence of burst. 

The phase detector has two in- 
puts: one from the burst transformer 
and one from the oscillator itself. 
When both of these signals are pres- 
ent, and in the proper phase rela- 
tionship, the color killer is cut off, 
and the chroma circuits are allowed 
to pass color signals. Since the os- 
cillator phase must be the same as 
the burst signal before the killer cir- 
cuit can turn on the chroma ampli- 
fier, these receivers might not "bar- 
ber pole" (visual symptom of loss of 
color sync) in some instances. In- 
stead, color might appear each time 
the oscillator drifts into phase, and 
might disappear each time it falls 
out of phase by more than about 
45 degrees. If this is the cause of 
the intermittent, it can be verified 
by disabling the killer, as described 
above, after which the raster should 
display color of a continuously 
changing hue. 

The circuit in Fig. 7B shows a 
typical solid-state color killer. In 
this circuit, the transistor is turned 
on when burst is present-the op- 
posite of the tube circuit just de- 
scribed. 

With burst present, the potential 
on the oscillator grid swings more 
negative, causing the color -killer 
transistor to conduct heavily, which, 
in turn, swings the voltage on the 
killer collector to ground potential, 
and the chroma demodulators con- 
duct. 

With no burst present, the killer 
transistor is cut off, and the collec- 
tor assumes a potential set by the 

voltage divider consisting of R1 and 
R2. This voltage is sufficiently neg- 
ative to cut off the demodulators, 
the stages to which the color killer 
is connected. 

Although the circuit shown in Fig. 
7B is designed to be used with a 
burst -injection oscillator, burst sens- 
ing could be accomplished as well 
with a phase detector. In either case, 
the troubleshooting techniques are 
very similar to those described for 
the vacuum -tube circuit. 

Automatic Color Controls 
Many modern receivers use some 

type of circuit to adjust the gain of 
the chroma-bandpass amplifiers to 
compensate for variations in the in- 
put level of the chroma signal. Some 
chassis do this by adjusting the 
chroma gain according to the level 

of the burst signal; others sample 
both burst and chroma -signal levels 
as a means of controlling the gain. 
One input to the ACC amplifier 
almost always is obtained from the 
output of the burst amplifier, as 
shown in Fig. 8. 

One method of sensing burst level 
is to sample the oscillator grid volt- 
age in much the same manner as 
the killer circuit is driven. Alterna- 
tively, a phase detector might be 
used, as in killer circuits of receiv- 
ers which have phase controlled os- 
cillators. In some instances, the 
same phase detector operates both 
the killer and the ACC. 

A second input to the ACC cir- 
cuit might be used. This is a heav- 
ily filtered sample of the chroma 
signal, which can be taken from any 
convenient point. Also, some means 
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Fig. 7 Schematic diagrams of typical color -killer circuits. A) In vacuum -tube 
circuit, color killer is turned off when burst signal is present. B) Solid-state 
circuit is turned on when burst is received. 
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of limiting the effect of this signal 
must be included in the circuit; 
otherwise, all scenes would have 
the same level of color. 

If the bias voltage developed in 
the ACC amplifier is fed to a 
chroma amplifier beyond the sens- 
ing point, the system is known as 
an open -loop ACC system. Con- 
versely, if the bias is fed back to a 
point located prior to the sampling 
point, it is called a closed -loop ACC 
system. 

To check an ACC system for 
possible causes of intermittent color, 
first clamp the control bias level to 
a fixed value which will allow the 
amplifier under ACC control to op- 
erate. If this restores normal oper- 
ation, starting at the input to the 
ACC amplifier, check for constant 
levels at successive points until the 
defective circuit is located. 

Determining the correct level of 
clamping bias is not as difficult as 
it might seem. Most schematics 
show the no -signal grid voltages of 
the chroma amplifiers, and some 
also show the voltages to be ex- 
pected with a color signal present 
(usually from a keyed -rainbow gen- 
erator). If this latter voltage is in- 
dicated, the grid of the gain -con- 
trolled stage can be clamped to this 

value. It is safe to assume that the 
no -signal voltage is one which will 
cause the tube to operate near max- 
imum gain. (There is an exception: 
In some receivers, both the ACC 
and color killer biases are supplied 
to the same amplifier grid. If this 
is the case, the no -signal voltage 
will be cut-off for the tube; how- 
ever, simply clamping the grid to 
zero volts bias normally will bring 
the bias "into the ball park.") 

Reference Oscillators 
Generally speaking, oscillators 

either oscillate, or they do not. They 
seldom operate intermittently; but, 
anything is possible. 

An intermittent oscillator is rela- 
tively easy to spot, because the grid 
voltage is several volts negative 
when the oscillator is operating, 
zero when it is not. (When checking 
grid voltage, it is a good idea to 
use a 1O0K resistor in series with 
the VTVM probe, since the probe 
capacitance, if it is not isolated, 
might stop the oscillator.) 

As mentioned before, receivers 
which use a phase -sensitive detector 
and AFC tube (or a varactor) to 
control the oscillator can produce 
intermittent color if the phase of the 
color oscillator does not correspond 
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Fig. 8 Block diagram showing fundamental operation of the two basic ACC 
systems. In an open -loop system the control voltage is fed to a stage following 
the "sensing" point. The control voltage of a closed -loop system is applied 
to a stage prior to the sensing point. 

with that of the color burst. The 
usual source of such trouble is a 
detuned resonant circuit in the oscil- 
lator, but it also is possible that a 
detector diode is bad, or the burst 
transformer defective. Burst -trans- 
former tuning is not usually the 
trouble-wrong color is a much 
more likely result of this defect than 
intermittent color. At any rate, 
alignment of the burst transformer, 
oscillator tank circuits and oscillator 
output transformer should be 
checked. 

Chroma Demodulators and 
Post -Detection Circuits 

Loss of all color, intermittent or 
continuous, is not likely to be 
caused by a defect in these circuit 
areas, because there are not many 
things which are common to all 
three color -difference circuits. 
About the only circuits which can 
affect all three are the power supply 
and the blanking circuit, if one is 
used. Failures can be located in the 
demodulators by use of the color - 
bar generator and a scope. Start at 
the demodulators and proceed to- 
ward the CRT grids. 

Summary 
To find the cause of intermittent 

loss of color, first determine 
whether there really is an intermit- 
tent problem or whether some con- 
tinuous malfunction is causing a 
marginal condition in the color 
chain. If the latter is the case, the 
approach is conventional trouble- 
shooting, but with special attention 
to exact signal and voltage levels. 

If the trouble is truly intermittent, 
first isolate the problem to a gen- 
eral area. This is done by 1) closely 
observing the general symptoms- 
Are they affected by line voltage? 
Does changing signal level produce 
the intermittent? Does horizontal 
sync appear to be solid? 2) Attach 
the test equipment to key points in 
the section under suspicion, and ob- 
serve what happens to the voltages 
and waveforms when the color dis- 
appears. 3) Narrow the field even 
further, using the same technique, 
until some specific stage or circuit 
is isolated. 

When the trouble is isolated to 
a few components, use the quickest 
method-either substitution or test- 
ing-to determine exactly which 
component is defective. 
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There are now eight new SK devices to broaden 
replacement coverage in AGC, horizontal deflec- 
tion, 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 recom- 
mended 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 call- 
backs, and win a reputation for making your 
customers' sets look and sound like new. 

Maybe even better. 
For complete information, call your RCA 
Distributor. 
RCAIElectronic ComponentsiHarrison, N.J. 07029 Roll 

8 more SKways 
to repair 
and forget 
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Tubes Used Most In '69 
The 36 types of tubes listed here account for over 

56 percent of 67 million tubes used in 1969, according 
to a recent General Electric report covering usage of 
600 tube types. The three types listed last were not 
included in the 1968 listing of tubes used most. 

TUBE 
TYPE USAGE 

TUBE 
TYPE USAGE 

6GH8A 3,650,000 6AX4GTB 890,000 
6FQ7/6CG7 2,950,000 6AW8A 830,000 
6C13/6DW4B/6CL3 ..2,390,000 6AU6A 760,000 
6EA8 1,710,000 12BY7A/12BV7/12DQ7 .750,000 
6BK4C/6EL4A 1,700,000 6BZ7/6BQ7A 740,000 
5U4GB/6AS4A 1,490,000 8FQ7/8CG7 730,000 
61E66 1,330,000 6GU7 720,000 
3A3A/3AW3/3B2 ....1, 200,000 6EW6 630,000 
6AQ5A/6HG5 1,170,000 3AT2 620,000 
6DQ6B/6GW6 1,170,000 6SN7GTB 600,000 
61S6B 1,060,000 1V2 570,000 
6BZ6 1,050,000 6EM7/6EÁ7 550,000 
6CB6A/6CF6 1,050,000 6JC6A 550,000 
5005 1,040,000 12BA6 550,000 
6GF7A 950,000 128E6 530,000 
6U8A/6KD8/5KD8 ... 930,000 6HM5/6HA5 500,000 
6CG8A 910,000 61U8A 500,000 
35W4 900,000 6GY6/6GX6 480,000 

Forty-one types of tubes representing nearly 50 per- 
cent of the more than 98 million tubes used in 1968 
were listed in the August, 1969, issue of ELEC- 
TRONIC SERVICING. The following seven types of 
tubes were included in that list but are among those 
not included in the 1969 listing: 

12AX7/ECC83 
12AU7A/ECC82 
1G3GT/1B3GT 
12ÁT7/ECC81 

6BQ5/EL84 
6AY3B/6BS3A 
6AV6 

Little 
GIANT 

YEA1 UMESNARN 

NOAIZ LAES ,. wN11E IS 

SENCORE CG19 CADDY BAR COLOR GENERATOR 
Small enough, light enough to carry right in your tube caddy-so you have it 
handy on every color TV service call. 

Little giant in performance. All crystal controlled standard RCA licensed color 
bars, crosshatch, white dots, vertical lines, horizontal lines. Rock solid or your 
money back. 

New circuitry. Less current drain permits full voltage regulation on all circuits, 
and increases battery life. 

Timer range doubled over previous models. 

Lowest priced unit available, $84.50 All Domestic Made 

IN STOCK AT YOUR LOCAL 

PARTS DISTRIBUTOR. NO. I MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT 

3200 Sencore Drive, Sioux Falls, South Dakota 57100 

one 
deux 
tres 
vier 
Four tips on how to be- 
come an unforgettable 
American memory. 
1. Stop, look and listen. That's the easiest 
way to encounter a foreign visitor. (And, if 
you don't encounter one, what will he, she -or 
perhaps they -have to remember you by?) 

2. Prepare to jump a hurdle. What sort of 
hurdle? Well, let's say you've just stopped, 
looked and listened in a bustling bus ter- 
minal. Your alert eye catches the tenta- 
tive movement of someone who takes a 

quick step forward. An even quicker step 
back. Then stands stock still, looking lost. 
You've spotted one! Your foreign visitor. 
And he (or perhaps she) is lost, but too 
shy to ask directions. And you're just 
about to offer help. But, suddenly, you 
can't? You're too shy too? Then that's your 
hurdle. Jump it. Or simply step across. 

3. That's not your hurdle, but you've just 
run into another? Your English-speaking 
visitor doesn't understand your answer to 
his question, even though it was direct 
and exact? It's probably his ears. Perhaps 
they're long attuned to British English, or 
Australian English, or Irish English, and 
they find your rapid-fire American English 
difficult to catch. So repeat your answer, 
slowly. 
4. You have no trouble communicating, 
you just don't know the place he seeks? 
Take a moment to glance around. And 
another to dig into your memory. Chances 
are you do know a Tourist Information 
Center, or Travelers Aid, or Chamber of 
Commerce Office and you could take him 
there. 

One foreign visitor's most 
unforgettable American 
memory might easily be you. 

CI UNITED STATES TRAVEL SERVICE 
An Agency of the U S Department of Commerce 

11 
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When 
RCA engineers 
put their minds 
to antennas, 
outstanding things 
happen: 



RCA Peri ia o or 
Permacolor is not just 
an improved antenna, 
it's a completely new 
antenna. New in looks. 
New in design. Very easy 
to set up and install. 

And Permacolor is 
manufactured exclusively 
by RCA. Here are a few 
of its many unique 
features: 

Permanent 
Connections. 
Any antenna is as 
permanent as its 
electrical connections. 
Particularly between the 
elements and the feed 
line. If a connection fails, 

ghosts, 
streaks, 

7-- "noise," 
even total 
reception 
failure may 
occur. 

On a Permacolor an 
aluminum strap solidly 
connects every active 
element to the feed line. 
Connection failure is 
virtually eliminated. 

Tuned Circuits. 
Permacolor elements 
are integral parts of 
tuned circuits and many 
perform more than one 
function. Circuits stay 
"perma-tuned" because 
elements are permanently 
connected. 
Feed 
lines are 
unbroken 
aluminum 
strips 
perfectly 
balanced for 
optimum 
impedance match and 
minimum ghost pick-up. 

Revolutionary 
Insulators. 
Permacolor insulators 
are polypropylene, a 
tough, flexible, water- 
proof plastic with 
superior electrical 
properties. Their unique 
design includes many 
ribs and barriers to make 
leakage paths longer. 

On a Permacolor, 
elements do not pivot. 
Instead, the elements are 

assembled 
right into the 
insulators. Each 
insulator, gripping 
51/2 inches of 
element, pivots 
as a unit. When 
the Permacolor 

unfolds, insulators snap 
in place and permanently 
lock to form a rigid truss. 
There's no point of high 

stress along the entire 
assembly. 

Superior 
Combinations. 
UHF and VHF get bigger 
boosts on Permacolor 
combinations. On the 
corner reflector, the 
angle is increased to 
110° for optimum 
efficiency. And for the 
first time, a bow tie is 
included. This best 
type of UHF dipole is 
integrated into a single 
downlead, made possible 
by a newly designed 
three -tuned -circuit 
coupling/isolating 
network. 



Permacolor 
combinations are 
uncompromising all - 
channel antennas. 

Square Boom. 
A square boom supports 
the Permacolor. 
And it isn't a feed line- 
it's at ground potential. 
Detuning effects that 
often occur when a 
grounded mast is 
coupled to a signal 
carrying boom are 
eliminated. 

The mast clamp is heavy 
plated steel and locks 

around the boom without 
rivets. A double set of 
serrated teeth take a 
vise -like bite on the mast 
to prevent slipping 
or twisting. 

Goes Up Easier. 
A Permacolor goes 
up in one piece. On the 
roof. Not on the ground. 
There's no bag 
of parts. There's 
nothing to take 
apart. An 
installer's job 
has 
never been 
easier or faster. 
And installation is just as 
easy on larger models. 
A double boom gives 
added strength, yet takes 
up only 10 inches on 
the mast. This allows 
Permacolor to be 
placed closer to a 

Circle 19 on literature card 

RC,' 

rotator, thus minimizing 
stress on the rotator as 
well as the mast. 

Tough Finish. 
Permacolor has a 
tough blue and gold vinyl 
finish on all aluminum 
parts-even the hidden 
areas. It's similar to the 
long-lasting coating on 

aluminum 
siding 
for homes. 

There's not 
another antenna 
like the new, 
trim, clean RCA 
Permacolor. 

See the complete line of 
Permacolor antennas 
today. Your RCA Parts 
and Accessories 
Distributor has them now. 
Parts and Accessories 
Deptford, N.J. 



Dale's service bench 

by Allan Dale 

AM & FM SIGNAL 

SEEKERS, part 2 

In this department the past 
month, you got a detailed introduc- 
tion to search tuners in auto radios. 
I explained signal -seeker operation 
of the Delco "Wonder Bar" and of 
a Becker multiband auto set. 

In case you missed it, I'll briefly 
recap for you what a signal seeker 
does. Follow this quick description 
on the schematic diagram in Fig. 1. 

It's the Becker model "Mexico TR" 
I explained last month. 

Searching Out a Signal 
The search tuner moves under 

SEEKER PREAMP 

FM 
IF SIGNAL 

AM 
IF SIGNAL 

8. 5V 
Reg 

8.2K 

300pí 

4.7K 

15K 

1. 5K 

. 047 

1.8K 

Fig. 1 Signal -seeker por- 
tion of a Becker AM/ 
FM/Shortwave radio that 
has search tuner. This 
receiver is imported from 
Germany. 
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power from a spring. A gear and 
a whirling governor control the 
speed at which the tuning elements 
and the dial scan from the lowest 
frequency to the highest. 

At the high -frequency end, the 
mechanism activates a solenoid that 
pulls the tuner elements and dial 
back to the low end. That stretches 
the spring tight. The tuner starts 
scanning across the dial again. 

Search is initiated by the search 
relay, which is activated by a start 
switch. Once pulled in, the search 
relay contacts carry power to the 
trigger and relay amplifier stages; 
they let the control transistor keep 
the relay energized. 

While the tuner is scanning, other 
search -relay contacts 1) mute the 
sound, 2) connect an adjustable sen- 
sitivity network to an IF stage, and 
3) "arm" the solenoid pull -back cir- 
cuit by putting a ground at the limit 
switch. 

At some point the tuner encoun- 
ters a station. The station signal 
must be strong enough to get 
through the IF stage that has the 
sensitivity network. The signal is 
applied to diode Di310 by the 
seeker preamplifier. The diode de- 
velops a DC voltage. 

Since the tuner is moving, the 
DC voltage develops rather sud- 
denly. In fact, it is a pulse that 
makes the trigger transistor conduct 
heavily, producing a negative pulse 
at the collector of T401 which turns 
off the relay amplifier transistor. 
This stops conduction of the relay 
control transistor, which opens the 
search relay. 

The relay contacts then shift op- 
eration of the radio back to normal. 
A ratchet bar on the relay arma- 
ture also clicks into the teeth of the 
gear driving the tuner. It stops the 
tuner's scanning. A station has been 
tuned in automatically. 

To make the tuner stop exactly 
on -station, diode Di309 develops a 
DC voltage pulse shaped like the 
one that triggers T401-except it's 
broader and of the opposite polarity. 
This pulse opposes any tendency to 
trigger the search into stopping be- 
fore the tuner nears the true peak 

at the center of a station signal. 
I explained all those actions in 

greater detail last month. This re- 
cap, however, plus the following 
suggestions for servicing, should put 

you on solid ground with signal - 
seeker radios. 

Mechanical Adjustments 
The place to start servicing is in 

SOLENOID HOUSING 

TREADLE BEARING SCREW 

(ADJUST CLUTCH) TAB 

ANTI -BACKLASH 
GEARS 

Fig. 2 Solenoid adjustment in search tuner. Plunger must not hit bottom when tuner 
is pulled all the way to the starting end. 

RELAY ADJUST SCREWS 

CLUTCH ADJUSTMENT ADJUST GOVERNOR 
MOUNTING 

Fig. 3 Positioning adjustment for the governor. If it isn't right, the search tuner may 
move erratically as it scans the dial. 
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CUP SPRINGS 

ADJUSTING NUT 

DRIVE SHAFT 

CLUTCH 

CHECK NUT 

FRONT PLATE 

Fig. 4 The clutch 
adjustment must 
be loose enough 
to let the tuner 
and its dial scan 
freely, and yet 
tight enough to 
tune manually. 

the tuner mechanism. If it's not 
okay, the rest won't operate cor- 
rectly. So check it out first. 

The quickest way is by going 
over various adjustments. If they're 
already right, leave them alone. Fol- 
lowing are the adjustments in the 
Delco search tuner. 

The solenoid housing should pro- 
ject 9/16 inch beyond the tuner 
chassis, as shown in Fig. 2. The 
mounting screws are in slots. 
Loosen them and slide the solenoid 
housing back and forth till it is in 
the right position. Then tighten 
them. 

Set the dial all the way to the 
high -frequency end. Loosen the 
slab -head setscrew. Set up pushbut- 
ton number 1 and hold it in. Align 
the clutch and the slab -head set- 
screw with the little tab projection 
on the tuner chassis (Fig. 2), and 
then tighten the setscrew. 

If manual tuning feels sloppy, 
there's probably not enough tension 
between the anti -backlash gears. To 
get at the gears, you have to lift the 
clutch and treadle bar up and out. 
(Loosen the bearing screw to free 
them.) 

Turn the dial shaft so you can 
see the tension spring. Push a screw- 
driver against the teeth of the outer 
gear, rotating it clockwise,. A 1/4 - 

inch gap between the ends of the 
tension spring is about right. Keep- 
ing the tension on the gears, lower 
them back into mesh with the worm 
gear, and put the treadle bearing 
screw back in. 

Adjust the treadle bearing screw 
just tight enough to let you push 
the tuning bar (with the tuning -coil 
cores) in and out without excessive 
drag. Set up a pushbutton near the 
low end of the dial and one near 
the high end. They should move the 

FIXING SCREW 

SPRING SWITCH BLADE 

SWITCH LEVER 

SWITCH PLATE 

FIXED SWITCH BLADE 

MAGNET SWITCH 

Fig. 5 Switching the plate mounted on the dive gear 
turns the solenoid on and off. 

tuning bar back and forth without 
tightness. (Be sure to tighten the 
bearing -screw locknut.) 

The treadle bar pushes a sole- 
noid turn-off tab against a switch 
when the solenoid is almost into its 
housing. If it doesn't hit the switch 
about 1/32 inch before the solenoid 
bottoms, bend the tab so it does. 

Disengage the relay latch from 
the governor. Push the tuner to the 
high end and make sure the other 
tab turns on the solenoid switch. 
The tuner should move at least 1/16 
inch further after the switch has 
clicked on. Bend the tab so it flips 
the switch soon enough. 

The governor has a positioning 
adjustment. Loosen its mounting 
screws (Fig. 3). Apply tension to the 
drive spring by pulling the tuner 
bar back (dial to left end). Release 
it. Position the governor gear so the 
tuning bar moves forward smoothly. 
Tighten the screws. 

A ratchet bar on the search relay 
latches the governor gear train to 
stop the movement of the tuner. 
Loosen the relay mounting screws. 
Pull the tuner back, thus applying 
tension to the drive spring. Slide 
the relay up until the tuner starts 
moving. Move it slowly downward 
until it stops the tuner. Tighten the 
screws. Now push the relay arma- 
ture in and make sure the bar dis- 
engages. Release the armature, and 
the tuner should stop instantly. 

The Becker search tuner has 
some additional adjustments: 

The tightness of fit between the 
worm gear and the pinion drive gear 
is adjustable. Set it so the teeth do 
not touch bottom in the worm -gear 
grooves. 

The search -relay latch shouldn't 
touch bottom between the teeth of 
the drive gear. It should reach in 
only about half the depth of the 
teeth. The latch is adjusted by bend- 
ing it. 

Clutch drag in the Becker tuner 
is adjusted by a nut, on top of which 
is a locknut (Fig. 4). Clockwise 
tightens the clutch, if it slips when 
tuning manually; counterclockwise 
loosens it, if the system binds dur- 
ing search. 

Solenoid turn -on and turn-off are 
activated by a switch plate on the 
drive -gear shaft (Fig. 5). Push the 
tuning assembly to the low end of 
the dial and let it latch there. 
Loosen the switch -plate setscrew. 
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Push the plate so its tab throws the 
solenoid switch off, and tighten the 
setscrew. 

Release the tuner. Let it scan 
forward to the high -frequency end. 
Bend the tab at the side of the 
switch plate so it throws the switch 
on while the tuner is still moving. 
The tuning bar should travel at 
least 1/16 inch beyond where the 
switch clicks. 

Those are the chief mechanical 
adjustments that affect operation of 
search tuners. If they're not right, 
you can't really service the elec- 
tronic portion. 

Troubleshooting Signal Seekers 
Of course, the radio must operate 

okay manually before you set about 
hunting trouble in the seeker stages. 
Pay particular attention to align- 
ment. Once you know it is correct, 
start from the mechanical end of 
the seeker section. 

Apply power to the radio. Set 
the tuner searching by pushing down 
the relay armature with a finger or 
a small screwdriver. If it doesn't 
search, check the drive spring, the 
governor wheel and gear, and make 
sure the tuner movement itself is 
free (try it manually). Be sure the 
latch from the relay is actually re- 
leasing the gear. 

Disconnect power. The tuner 

stops. When you again apply power, 
the tuner shouldn't start searching 
unless you again push in the relay 
armature. 

If the tuner happens to be at the 
right end when you try this, pull 
it back by hand to the left end. The 
solenoid that resets the mechanism 
might be faulty. Or the limit switch 
might be bad. Check both units for 
continuity. 

If you can start the tuner search- 
ing by pushing in the relay by hand, 
but not with the starting switch, the 
relay might be faulty. If searching 
continues only while the switch is 
held closed, there's trouble in either 
the relay amplifier or the control 
transistors. 

Now you can inject voltages from 
an external power supply, to verify 
normal operation in the control 
stages. Keep the power supply at 
zero to begin most tests. The nega- 
tive lead always goes to the radio 
chassis. 

Clip the positive supply lead to 
the base of the relay control tran- 
sistor. Turn the voltage up to about 
1.5 volts or slightly higher. Depress 
the starting switch. If the relay 
won't hold in, the control transis- 
tor is probably bad. Test or sub- 
stitute it. 

If the voltage does make the re- 
lay hold, turn the supply down to 
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Fig. 6 Input circuits of signal -seeker section in Becker receiver. 

about 0.5 volt. The relay should 
drop out, which indicates the con- 
trol transistor also is turning off 
okay. 

Next, clip the positive lead to the 
base of the relay amplifier transis- 
tor. If it's working, a voltage be- 
tween 1.5 and 2 volts should hold 
the search relay in. Turning the 
voltage down to zero should make 
the relay drop out and the searching 
stop. 

If the relay amplifier and con- 
trol stages are okay, the tuner 
searches continuously-once started 
-until the trigger stage turns these 
stages off. If a station won't stop 
the tuner, clip the supply test lead 
to the base of the trigger amplifier. 
A mere .5 volt of positive DC 
should stop the tuner from search- 
ing. If it won't, suspect the trigger 
transistor or its collector resistors. 

For the Delco unit, you should 
set the test voltage and then just 
touch the lead to the base of the 
trigger transistor; that makes the DC 
a sort of pulse. Do this because of 
the coupling capacitor between the 
trigger and relay stages. A steady 
DC trigger will not operate the re- 
lay transistors. 

Seeker Input Alignment 
Besides the regular RF and IF 

alignment coils, there are tuned cir- 
cuits at the input of the signal - 
seeker stages. Those for the Becker 
tuner are diagramed in Fig. 6. 

Alignment for these is usually 
critical; it's what determines how 
closely on -station the tuner stops. 
That's because of the gain -control 
arrangement for the trigger ampli- 
fier; the shape of the response curve 
of the transformers affects the trig- 
ger point. 

The two transformers are seeker - 
preamplifier loads for the AM and 
FM IF signals. Neither transformer 
affects the signal of the other, be- 
cause of the large frequency dif- 
ference. Here's how to align them: 

Jumper the power contacts of 
the search relay-the stages can 
operate without the tuner scanning. 

Set potentiometer P302 counter- 
clockwise. That eliminates its ef- 
fect on the voltage developed across 
R350. Clip a voltmeter across 
R350, with the positive lead at the 
junction with Di310. Tune the re- 
ceiver to a weak 1000-KHz signal 
from an RF generator; tune care - 
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fully for maximum voltage on the 
meter. 

Next, align the AM seeker trans- 
former for maximum voltage on the 
meter. Both coil cores should be 
adjusted carefully for a peak. 

Set the generator output for about 
1 mV (1000 µV) of the 1000-KHz 
signal. Note the meter reading 
across R350. Increase the generator 
signal to about 100 mV. Adjust 
potentiometer P302 to keep the DC 
voltmeter reading about the same 
as it is with 1 mV of input signal. 

Remove the generator and volt- 
meter. Plug in an antenna and try 
the signal seeker. Note where the 
tuner stops. If it's slightly below the 
center of station tuning, turn the 
secondary core of the AM seeker 
transformer slightly clockwise. If the 
tuner stops slightly above station, 
turn the secondary slightly counter- 
clockwise. Make this final AM ad- 
justment in very small steps until 
the tuner stops exactly at the cen- 
ter of the station signal. 

Alignment of the FM input of 
the seeker is similar, but you'll need 
a meter to tell you when the tuner 
is stopping right. Set your VTVM 
for center -zero, and connect it to 
the output of the FM discriminator. 

Start the tuner searching. It 
should stop with the meter indicat- 
ing exactly zero. If it doesn't, re - 
tune by hand to see if the tuner 
stopped above or below station cen- 
ter (zero). If above center, turn the 
slug in the secondary of the FM 
transformer slightly clockwise; if 
below station center frequency, 
slightly. counterclockwise. 

Turning the transformer slug 
doesn't alter the meter reading; it 
changes where the tuner stops. So 
after each adjustment, you'll have 
to let the tuner search to the next 
station. 

In the Delco receiver, alignment 
of the relay is important for proper 
station stopping. There's only one 
input -coil adjustment; it's for FM 
(Ti in the Fig. 1 schematic last 
month). Once the latching bar prop- 
erly catches the gear, the coil ad- 
justment refines the stopping point. 

Preliminary alignment for Ti is 
made with a strong, unmodulated 
108 -MHz signal tuned in. Jumper 
the search -relay contacts that power 
the 8.4 -volt regulated supply. Clip 
a voltmeter at one diode of the FM 
discriminator (not at zero -center). 

Then tune Ti for minimum read- 
ing (the coil is then absorbing the 
most 10,7 -MHz IF signal). Finally, 
adjust the core in small, critical 
steps for accurate stopping on the 
correct station. 

Looking Ahead 
You've learned in these last two 

months that troubleshooting a signal 
seeker is both mechanical and elec- 
tronic. Some technicians don't really 
like that sort of servicing. The rea- 
son is usually lack of familiarity 
with mechanical operations. 

But mechanical servicing can be 

made as logical and step-by-step as 
electronic troubleshooting. And fa- 
miliarity with the "machinery" isn't 
as important as you might think. 

Next month, I'll write about 
something that's almost all mech- 
anical-automatic turn tables (an- 
other name for record changers). 
From Service Bench in the next is- 
sue, you'll find out some of the real 
logic that makes fault-finding easy 
in any mechanical equipment. If 
you have found record changer ser- 
vicing difficult, my next column 
will be of particular interest to you. 

L8O-53B OSCILLOSCOPE 

Don't shoot till you see 
the tenths of a volt. 

The sure way to troubleshoot 
solid state TV is with a scope 
that measures DC. 

Take Leader's five -inch 
LBO -53B: 

It gives you a drift -free DC 
input, so you can see those 
tenths of a volt. It gives you a 
bandwidth to 10 MHz. And it 
gives you a sensitivity of 
10 my/cm or better. 

Now for the shocker. You can 
have a Leader LBO -53B for 
just $229, about half the price 
of any other scope with the 
same capabilities. 

Since the proof is in the 
seeing, we direct you to your 
Leader distributor. Ask to see 
our color bar generators too; 
you haven't seen the finest 
until you've seen Leader's. 

Seeing is believing. 

Leader Instruments 
37-27 27th Street, Long Island City, N.Y. 11101, (212) 729-7411 
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This is 30,000 
solid state replacement parts. 
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So is this. 

It used to be if you wanted to satisfy everyone, you 
had to stock over 30,000 different solid state replace- 
ment parts. 

Well, everyone realized that was ridiculous. So 

some enterprising people came up with a bunch of 
universal replacements. 

Then you only had to stock about eleven or twelve 
hundred. 

That was a lot better, but we still thought it was a 
little ridiculous. 

So two years ago (when we went into this busi- 
ness), we figured out how to replace all 30,000 with 
only 60. 

Now all you have to do is stock 60 of our diodes, 
transistors, integrated circuits, etc., and you can re- 
place any of the 30,000 parts now in use. Including 

4114, 

all JEDEC types, manufacturers' part numbers, and 
foreign designs. 

That means you invest less money. 
You don't tie up valuable space. 
You do away with complicated inventory control. 
And you operate more efficiently. 
To make life even easier, we've got a new book 

that gives you all the cross references you need to 
figure out which part replaces which. 

It's available from your Sylvania distributor. 
If the whole thing sounds rather incredible, you're 

right. But why not give your distributor a call and let 

him narrow the incredibility gap. 

SYLVAN L1 
GENERAL TELEPHONE & ELECTRONICS 
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AUTOMATIC 

STAPLE GUNS 
CUT WIRE & CABLE 

INSTALLATION COSTS 
. . 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! 

No. T-18-Fits wires up to 
3/16" in diameter. 

BELL, 
TELEPHONE, 

THERMOSTAT, 
INTERCOM, 
BURGLAR 

ALARM 
and other low 

voltage wiring. 

Uses T-18 
staples with 3/16" round crown 

in 3/8" leg length only. 

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

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

Also used for 
RADIANT 

HEAT WIRE 

Uses T-25 staples ..)01 

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

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

No. T-75-Fits wires and cables 
up to 1/2" in diameter. 

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 fasten- 
ing 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. 

Ask your Electrical Supply Dealer 
or write for further details. 

Saddle Brook. New Jersey 07863 \/ 
"Pioneers and Pacesetters 

For Almost A Half Century" 

test IJJJI[ft 
notes on analysis o test 
instruments, their operation 
and applications 

AC Current Leakage Tester 
Simpson Electric Company has 

introduced its Model 229 current 
leakage tester, which is designed for 
testing 120 -volt AC appliances and 
electrical equipment. 

Performance approximates the 
normal perception curve to within 

±1.0 dB, and it will measure leak- 
age currents as small as 5 ma, 
states Simpson. It is built for use on 
production lines and for "in -field" 
servicing. 
Characteristics 

Ranges: AC Current: 0-0.3; 1; 3; 
10 ma. 
AC Voltage: 0-150 volts. 
Battery Test: Replace- 
good. 

Resolution: 5 µa on 0-0.3 ma 
range. 
Accuracy: ±-2% at 60 Hz. 
Input Impedance: 1.5K ohms. 
Input Resistance: 500K ohms on 
voltage range. 
The cost of Model 229 is $90.00, 

and the leather carrying case, No. 
00805, sells for $14.00. 

Circle 50 on literature card 

Color Generator 
Sencore's new compact CG18 

color generator provides 10 RCA 
color bars, full -line crosshatch, 
dots, and individual vertical and 
horizontal lines. Snap tuning from 
channel 2 through 6 eliminates co - 

channel interference. Timer controls 
are on the front panel, and range 
has been doubled to make it vir- 
tually impossible for timers to jump 
time, according to the manufacturer. 

Other features include interlace 
control to stop dot bounce, crystal - 
controlled 4.5 -MHz sound carrier 

for adjusting fine tuning, and solid- 
state battery operation with zener 
regulated DC power supply for 
maximum stability. An unusual fea- 
ture is automatic shut-off when the 
lid is closed, which prevents battery 
drain if the color generator is left 
on accidentally. 

The unit is housed in Sencore's 
new "Handicase" of vinyl -clad steel 
with brushed aluminum trim. The 
removable protective lid contains a 
shock -mounted plate glass mirror. 

Price is $129.95. 
Circle 51 on literature card 

Scope and Meter Calibrator 
An X -Y calibrator for oscillo- 

scopes and volt-ohm-milliammeters 
(VOM's) has been introduced by 
Paramatron Corp. 

Model 132 reportedly provides 
accurate DC or square -wave output 
up to 1.0 MHz and from 0.10 to 
10.0 volts. Precision time -base cali- 
bration with a stated accuracy of 
0.005% is provided by a crystal os- 
cillator and integrated -circuit divid- 
ers. The manufacturer states that 
voltage accuracy is assured by a reg- 
ulated, temperature -compensated 
power supply and an output attenu- 
ator using 1% precision resistors. 
Frequency of the square -wave out - 

Circle 23 on literature card 
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put is selected by push -buttons. Rise 
and fall times of square waves is 
less than 40 nanoseconds when the 
output is loaded with a normal 10 - 
times scope probe. 

With the push-button selector set 
to the DC position, the instrument 
calibrates VOM's and other DC 
voltmeters up to 10 volts. The signal 
amplitude of the Model 132 itself 
reportedly is easily calibrated by in- 
ternal adjustment using an external 
standard. The frequency is crystal - 
controlled. 

Suggested uses are: calibration of 
horizontal time base and vertical in- 
put of scopes; adjusting scope probe 
response; calibrating DC scales of 
VOM's and VTVM's; and calibrat- 
ing peak -reading or RMS-reading 
AC voltmeters at frequencies up to 
1 MHz. It also can be used as a 
precision square -wave generator. 

Model 132 requires 115/230 
volts AC power, 50/60 Hz at 3.0 
watts. The unit measures 3 in. X 11 

in. X 6 in., and weighs 4 lbs. The 
price is $99.50 in kit form or 
$198.50 assembled and tested. 

Circle 52 on literature card 

Universal Test Clamp 
Hunter Associates has made 

available the Type P1 Hunter Uni- 
versal Test Clamp. The device con- 
sists of a retractable spring clamp 
which is activated by light pressure 
on the head, according to the manu- 
facturer. The clamp reportedly will 

r- de, 

grip the finest wire or printed cir- 
cuit and then retract into the in- 
sulating sleeve. The head contains 
a standard banana plug which is 
said to allow the most flexibility in 
rapid interconnection. It also comes 
with a two -hook flat gripper, which 
is notched for the probe. 

Available in red, green and black, 
the Type PI universal test clamp 
sells for $2.35. 

Circle 53 on literature card 

For more info on products 
use READER SERVICE CARD 
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A Complete line of 
Phono Drives, Belts 
& Accessories 
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Cassettes, foreign models, and many new domestic recorders 
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All Walsco numbers cross referenced in new, 
helpful 24 -page cross-reference guide. 
See your distributor today. 
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GC ELECTRONICS 
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Tracking down 
spurious noises 
in auto radios 
How to isolate common causes of static, 
whistling, motorboating and other unwanted noises. 
Supplemented by case histories. 
by Joseph J. Carr 

BAD SOLDER JOINT 

FLATTDEL BLOB CONTACT 

LINESlOWSCORRECT 

SHAPE) 

CORROSION 

Fig. 1 Common noise -generating defects in pilot lamps. 
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p____._ NEXT STAGE 

TO +10V LINE 

VALUE OF Rx = Ec 

lc 

le = E APPLIED - k 
= 10-9. 8 = .0009 AMPS 

R COLLECTOR LOAD 220 

Rx = 99 = 10, 777 OHMS 

Rx = RESISTOR IN 10- To 12K- OHM RANGE 

Fig. 2 Disconnecting the transistor and replacing it with a resistor of the correct 
value can help isolate the source of noise in solid-state circuits. If the noise stops, 
the replaced transistor is the noise source. If the noise continues, the IF transformer 
or collector load resistor is the source of noise. 

One of the most common ail- 
ments of the modern car radio is 
noise. There are oscillations, as- 
sorted forms of static, noises created 
by the car's electrical system, and 
even a special noise peculiar to 
stereo multiplex FM receivers. The 
following paragraphs analyze some 
of the more common forms of noise 
and the methods used to success- 
fully locate and suppress them. 

Static -Type Noises 
Static is characterized by its pe- 

culiar sound and, in its effects, by 
its electrical nature. The sound 
made by static has often been com- 
pared to the sound of frying eggs. 
Although this is a fairly accurate 
description, the customer is likely 
to call almost every possible noise 
"static". For our present purpose, 
we will consider the "frying" sounds 
as true static. 

Electrically, static is an irregular, 
transient waveform of short dura- 
tion and usually high amplitude. As 
an irregular waveform, especially 
when it is short in time with high 
amplitude, static is particularly 
bothersome in radio circuits. Such 
waveforms contain many harmonics 
of frequencies between DC and 
VHF. This makes even tuned cir- 
cuits susceptible to interference from 
static. 

Unfortunately, the short duration 
of a static burst will not allow the 
AGC circuits usually found in con- 
sumer products time enough to re- 
act. Even if the AGC could oper- 
ate fast enough, the static would 
probably still win because of the 
limited dynamic range of most AGC 
systems. 

Many sources of static are out- 
side the receiver. Such sources in- 
clude static electricity discharges, 
lightning storms (even many miles 
away), motors and generators, and 
automobile ignition systems. How- 
ever, sources within the receiver 
are of more concern to the bench 
technician. 

Tuned circuits employing IF 
transformers are a very common 
source of static. Intermittent leak- 
age currents between the windings 
and through the tuning capacitors 
are usually the cause of the defect. 
This problem still exists, to some 
extent, in low -voltage, solid-state 
equipment. It is a lot more promi- 
nent, however, in tube designs em - 
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ploying high anode voltages. 
Oscillator, RF amplifier and an- 

tenna -peaking trimmer capacitors 
also are prime sources of static in 
car radios. Static can be produced 
whenever an intermittent leakage 
path exists between opposite plates 
of these capacitors. It has been ob- 
served that trimmer -related static 
occurs most frequently in humid lo- 
cales or immediately after extended 
rainy periods. 

Another common cause of static 
in auto radios is an arcing pilot 
light assembly. If the lamp is loose 
in its socket, if the socket is loose 
from its ground, or if a certain bulb 
defect exists (Fig. 1), the result can 
be static. The most usual situation 
is for the bulb to be operating in 
an intermittently resistive circuit, 
causing arcing whenever car vibra- 
tion or other movement jars the 
radio. 

All types of sets are prone to 
static caused by loose connections. 
This problem is even more pro- 
nounced in car radios because they 
receive more vibration and jarring. 
Most loose connections seem to In 
caused by improper soldering on the 
printed -circuit board. The author 
has seen car radios with large areas 
of the board accidentally left un- 
soldered (still bare copper). Such 
cases probably were the fault of 
malfunctioning automatic soldering 
equipment used in the manufactur- 
ing process. 

Localizing the Static to a Stage 
Signal tracing often is used to lo- 

cate the stage of the radio that is 
causing the interference. Either a 
high -gain signal tracer or an oscil- 
loscope can be used. Scope tests us- 
ually are made best under no -signal 
conditions, so the spikes in the 
scope pattern will not be obscured 
by any miscellaneous external noise 
or by audio from the received sig- 
nal. This advice, however, is not 
absolute. There are some forms of 
static that are not present or not 
quite as evident unless a signal is 
being received. A defective antenna - 
peaking trimmer capacitor, for ex- 
ample, occassionally will exhibit 
such a condition. 

The signal tracer, equipped with 
a demodulator probe, in many cases 
will be of more benefit than a scope. 
It, however, must be a signal tracer 
with high enough gain to pick up 

weak signals off the tuned input 
circuit of the RF amplifier. Other- 
wise, the noise signal might not be 
uncovered. 

Disabling the emitter -base bias 
voltage of each stage in succession 
is another method of stage isolation. 
If the noise is not present when the 
volume control is turned down com- 
pletely, it is a safe bet that the 
source of the noise is one of the 
"front end" stages-RF, Converter, 
IF, and/or AGC. Starting with the 
RF amplifier stage, disable each 
transistor by shorting together the 
emitter and base leads of the tran- 
sistor. If, for example, the noise still 
exists when the RF amplifier is dis- 
abled, but not when the converter 
is cut off, the trouble most likely 
is in the converter stage, or the cou- 
pling between the two stages. 

Finding the Defective 
Component 

Once the defective stage is lo- 
cated, wherever possible separately 
diagnose the AC and DC current 
paths. (Although this procedure can- 
not be carried out 100 percent, it 
often will make diagnosis easier and 
quicker.) Disconnect suspect com- 
ponents one at a time wherever 
feasible, so that only the DC operat- 
ing voltages remain applied to the 
transistor. Monitor the noise as each 
component is disconnected. The 
last component disconnected before 
the noise disappears probably is the 
source of it. 

The transistor itself can be the 
noise source. Transistors and capac- 
itors should be checked by substitu- 
tion. Items like trimmer capacitors 
and IF transformers, however, are 
a hit troublesome to check in this 
manner. Defective trimmers often 
can be located by disconnecting one 
end and hooking a DC blocking 
capacitor in series wtih the suspec- 
ted trimmer. The value should be 
in the .01- to .1-mfd range so that 
only a minimal change in over -ca- 
pacitance, as seen by the oscillator. 
circuit, will result. If the static 
ceases when the DC blocking capac- 
itor is connected, the trimmer prob- 
ably is bad. 

If a collector load resistor or IF 
transformer is suspected of causing 
the noise, use the following method 
to prove or disprove it: Remove 
the transistor. Connect a resistor 
between the points where the col- 
lector and emitter terminals of the 
transistor normally are found (Fig. 
2). The resistor must have a value 
that will allow approximately the 
same amount of current flow as did 
the transistor. This can be deter- 
mined by dividing the value of 
either the collector or emitter resis- 
tors into the voltage drop across it. 
Then divide this value of current 
into the voltage drop that normally 
appears between the collector and 
emitter of the transistor (8-12 volts 
in most car radios). Typical values 
of the resistor will be in the 6- to 

END CAP POPPED 

ALUMINUM FOIL EXPOSED 

CORROSION 

CRACKED CASE 

Fig. 3 Physical 
evidence of elec- 
trolytic capacitor 
failure, which can 
produce "motor - 
boating". Electro- 
lytic shown here 
is used for de - 
coupling in audio 
preamplifier stage 
of Bendix auto 
radios. 
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Fig. 4 Failure of 
decoupling ca- 
pacitor, Cl, has 
caused Bendix 
Model 78V to pro- 
duce "motorboat- 
ing" sound. Fluct- 
uation of "A" lead 
current is one clue 
to trouble. 

12K -ohm range. If the noise stops 
when this substitution is made, the 
noise source is probably the tran- 
sistor. If, on the other hand, the 
noise persists, then either the IF 
transformer or collector load resis- 
tor probably is the source of the 
noise. 

Pilot lamp noise, explained ear- 
lier in this article, is quite often 
the last type expected by, the tech- 
nician. It is a static -like hash that 
is very sensitive to vibration. It can 
be caused by a loose lamp, or lamp 
socket, or a defective bulb. The 
quickest way to determine whether 

or not the light circuit is at fault 
is to disconnect it and jar the radio. 
If the noise does not return, you 
know the lamp was the trouble. 

We will not dwell on the prob- 
lems of loose lamp assemblies be- 
cause they are simple and usually 
are self-explanatory. A defective 
lamp, however, can be a puzzler. 
Most bulbs found causing this type 
of problem will have either a flat- 
tened "tip" contact, loose or re- 
sistive internal contact, or corro- 
sion on the brass base (see Fig. 1 

again). 
A loose or defective printed-cir- 

TO 

DETECTOR 

Fig. 5 Shorted AGC diode, D1, caused overamplification of strong signals in Olds- 
mobile radio, producing "whistling" sound. 

cuit board is another source of 
static noise. Defects in soldering 
during production produce more 
trouble in car radios than in com- 
parable home sets. This is because 
of the more intense vibration and 
shock in which car radios are sub- 
jected. As is usual in most printed 
circuits, the defect is not always 
evident to the naked eye. One good 
method for locating the break (or 
other defect) is to use a magnifying 
glass. A watchmaker's eyepiece 
and/or binocular magnifier also are 
highly useful for this purpose. The 
binocular magnifier comes with an 
adjustable headband. Both of these 
tools are easy to use and leave the 
technician's hands free. They are 
available from watchmakers' and 
jewelers' supply houses. 

Most magnifiers cannot eliminate 
the inherent glare caused by directly 
lighting a printed -circuit board. This 
glare can easily mask a small, but 
important, defect. Because of this 
reason, it is advisable to use indirect, 
soft light when searching for defects 
on printed -circuit boards. It also 
has been found advantageous to 
scan the same area of the circuit 
board several times, with the light 
coming from a different angle each 
time. One technician I know claims 
that his polaroid (prescription) sun 
glasses are an immense help for 
this type of operation. 

Another method for locating a de- 
fective printed circuit involves the 
use of a VTVM. Connect the com- 
mon lead of the meter to one end 
of the suspected printed circuit. 
Move the probe along the track 
of the circuit until you either run 
out of track or find a significant 
voltage drop. Any section of printed 
circuit or solder joint that exhibits 
a voltage drop is defective. 

Oscillations 
Another type of noise often en- 

countered in car radio sets is audi- 
ble oscillation. Two common oscil- 
lation noises are "motorboating" 
and the high-pitched whistle. 

Motorboating almost always in- 
volves the audio portion of the re- 
ceiver. It usually will be accompa- 
nied by a rapid fluctuation of the 
current through the "A", or primary, 
hot lead. The cause generally is fail- 
ure of one of the large electrolytic 
filter and decoupling capacitors used 
in these circuits. (Look for a 300- 
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to 1000-mfd unit in one of the audio 
preamplifier circuits.) Bendix car 
radios use a capacitor that has been 
especially noted for this problem. 
It is a two -section unit: a 50-mfd 
section and a 500- or 1000-mfd 
section, both rated at 4 WVDC. If 
just one section of the capacitor is 
defective, replace the entire unit. 
Do not rely on bridging a new 
single -section electrolytic across the 
defective section. Many of these 
capacitors will exhibit some physical 
sign of failure, such as a cracked 
plastic case, end cap popped off, 
or a grayish liquid leaking out of 
the bottom (see Fig. 3). Any one 
of these signs is justification for re- 
placement. 

Open capacitors are the chief 
causes of oscillation in the RF, Con- 
verter or IF stages. Most car radio 
circuits use a number of bypass 
capacitors that are easily capable of 
causing oscillation should they open. 
The main electrolytic in the power 
supply is a major offender in many 
brands. Since these radios operate 
from a battery source, this filter is 
used primarily for decoupling. 

The AGC circuit is another com- 
mon source of oscillations. Besides 
open AGC bypass capacitors, there 
is the possibility of a defective di- 
ode. This last type of problem usu- 
ally will cause the set to distort on 

strong signals, yet remain clear on 
weak signals. 

Oscillation in the first three stages 
of a set can cause a similar distor- 
tion by overdriving the AGC cir- 
cuit. In most cases, however, this 
will distort all stations rather than 
just the stronger ones, although the 
distortion usually will be more acute 
on strong signals. 

Other Noises 
There are a number of noises 

that are either not encountered with 
any degree of regularity or that sim- 
ply defy classification into one of 
the areas just covered. Noise asso- 
ciated with "spark plate" capacitors 
is one example. The incidence of 
this trouble, in most areas, is so 
small that many technicians do not 
know what a spark plate is or does. 
The spark plate is a capacitor made 
of two strips of copper foil sand- 
wiched over a paper dilectric. The 
spark plate usually is soldered right 
to the radio chassis, connected be- 
tween the chassis and the power 
input "A" lead. Occasionally they 
are connected between the pilot 
lamp lead and ground or across the 
speaker leads. In older sets, especi- 
ally in highly humid areas of the 
country, corrosion sometimes will be 
found around the edges of the spark 
plate, and can cause arcing, if it 

Q2 

CONVERTER 

FROM 
íX2 

RF AMP 

2.2K 

RF 

AMPLIFIER 
EMITTER 

3.9K 

T2 

t 

c2 

165pf 165pf 

+13V 

ull--.- 
TO 

IF AMP 
BASE 

Fig. 6 Defective trimmer C3 in Olds radio caused static. 

doesn't blow the fuse. Usually, only 
replacement is a sure cure. Radios 
installed is older Volkswagens often 
have this problem no matter the 
make or year of the radio. The 
cause is a loose windshield washer 
gasket positioned just above the ra- 
dio. Have the customer replace the 
gasket before reinstalling the set; 
otherwise, you might receive a call- 
back after the next rainstorm. 

The speaker and antenna also are 
causes of certain types of noise. The 
usual problem with speakers in- 
volves a rattling and/or rubbing 
voice coil. Car radio speakers take 
a beating. Because of this fact, it 
is good to pull the speaker along 
with the radio, whenever feasible. 
Unfortunately, the design of some 
cars makes this uneconomical. 

The antenna is the source of at 
least two common forms of noise. 
The first is caused by the fact that 
the radio will pick up an abnor- 
mal amount of ignition noise if the 
braided shield in the lead-in wire 
is broken, or if it is improperly 
grounded. The other antenna -related 
problem is an intermittent, vibra- 
tion -sensitive static caused by a 
break in the center conductor of the 
lead-in wire. Most antenna prob- 
lems can be isolated by substituting 
a known -good antenna for a sus- 
pected unit. 

FM stereo multiplex auto radios, 
an ever increasing percentage of the 
auto radio market, will occasion- 
ally produce a buzzing sound when 
tuned to a stereo station. This is 
caused, in most instances, by misad- 
justment of the 38-KHz transformer, 
which feeds the demodulator matrix. 

A technician that does any 
amount of car radio servicing occas- 
sionally will encounter a customer 
who has an engine -noise complaint. 
This is a topic in itself. Briefly, 
though, we can state that anything 
in a car that arcs, sparks, or switches 
on and off can cause "engine" noise. 
Every car, whether radio -equipped 
or not, should have certain basic 
noise suppression devices. These in- 
clude a certain type of capacitor 
that should be connected between 
the battery terminal of the ignition 
coil and ground, and either a resis- 
tor in the high-tension lead of the 
ignition coil, or graphite radio sup- 
pression wires for all high-tension 
circuits. The graphite wires seem to 
be the most effective. 
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Casebook of Common Troubles 
Following are actual case histo- 

ries of troubles encountered in car 
radio shops. 

The first case involved a 1967 
Volkswagen "factory" radio manu- 
factured by Bendix (Model 7BV) 
which frequently broke into "motor - 
boating". When the set was tested 
on the bench, we noticed that the 
"A" lead current seemed to be fluc- 
tuating between 0 and 1 amp, at 
about the same rate as the motor - 
boating. On this type of set, motor - 
boating is a good indication that the 
electrolytic decoupling the audio 
preamplifier stages is defective (Cl 
in Fig. 4). When a good 1000-mfd 
capacitor was bridged across the fil- 
ter, the oscillation stopped. A new 
capacitor cured the motorboating. 

Take another look at the circuit in 
Fig. 4. When Cl opens, the audio 
section can function as an RC oscil- 
lator. The long time constants of 
the resistors and capacitors make it 
a very low -frequency oscillator. The 
oscillations alternately bias this di- 
rect -coupled circuit on and off. This 
accounts for the fluctuation of "A" 
lead current. 

The second case involved a 1968 
Oldsmobile Model 7303143 radio, 
manufactured by Delco. The prob 
lem with this one was two -fold: a 
static condition and a "whistley 
whiney" sound. We decided first to 
eliminate the whistle. 

We had noticed that the local sta- 
tions were distorted when the radio 
was operated in the car. The weaker 
stations were comparatively clear. 
These clues pointed to the AGC 
section. An ohmmeter, set on the 
RX100 scale to measure the for- 
ward and back resistances of the 
two AGC diodes, quickly showed 
that diode D1 (Fig. 5) was shorted 
completely. A new DS -27 diode 
solved the "whistling" problem, and 
allowed us to tackle the static. 

The bias -disabling technique dis- 
cussed earlier was used to localize 
the source of the static to one stage. 
The noise seemed to originate in 
the converter circuit. Disconnect- 
ing the capacitors one -by -one pin- 
pointed a 165 -pf disc ceramic unit 
(C3 in Fig. 6) paralleled across the 
trimmer as the problem. 
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Primer on PA Systems 
Basic facts about designing and installing public- 
address systems, by Leo G. Sands 

Basic Systems 
The simplest public address (PA) 

system consists of a microphone. 
amplifier and one or more speakers, 
as illustrated in Fig. 1. If the mike 
and speakers are in the same room. 
it is a sound reinforcement system. 
When the amplified sound is deliv- 
ered to other rooms, as shown in 
Fig. 2, it is a paging or sound dis- 
tribution system. When there are 
two or more input signal sources, 
and sound is distributed on a con- 
trolled basis into various rooms, as 
shown in Fig. 3, it is a central sound 
system. And when two independent 
sound channels are provided (Fig. 
4), with both channels reproduced 
in the same room, it is a stereo 
public address system. 

Audio Power 
Monophonic PA amplifiers are 

available with power output ratings 
from 5 watts to over 100 watts. 
When one amplifier is incapable of 
delivering enough power, booster 
amplifiers can be added, as shown 
in Fig. 5. 

How much power is required de- 
pends upon the dimensions of the 
room-its acoustics and ambient 
noise level-the number of people 
in the room, and the efficiency of 
the speakers. Often, more power is 
made available than is required. 

Early Western Electric motion 
picture sound systems, using a 5 - 
watt amplifier and an elephant ear 
horn speaker with diaphragm type 
driver, could fill a 500- to 750 -seat 
theater with ample sound. 

Radio City Music Hall has an 85 - 
watt, 3 -channel stereo PA system. 
The cubic dimensions of the hall 
are larger than the combined di- 
mensions of more than 1000 aver- 
age living rooms. Even when 
jammed by more than 6000 people, 
the sound system is more than ade- 
quate, in spite of the fact that cone - 
type dynamic speakers are used. 

The public, as well as some in the 
electronics industry, have become 
accustomed to hearing about hi-fi 

systems rated up to 200 watts out- 
put power. However, domestic man- 
ufacturers of hi-fi equipment refer 
to music power, which is not real 
electrical power. If amplifiers man- 
ufactured in the U.S. were rated in 
terms of rms power, as in Eng- 
land, the power output figures 
would not be as impressive. 

There are various ways to esti- 
mate audio power requirements for 
a given room. Some loudspeaker 
catalogs contain an "audio power 
estimating guide." But calculations 
still can be wrong because of mis- 
judgment of acoustics. Perhaps an 
easier way is to select the type and 
number of speakers to be used. 
Then add the power ratings of the 
speakers to determine maximum 
permissible power. 

Amplifiers 
The amplifier should be capable 

of delivering enough power to drive 
the speakers at full capacity, but no 
more. When selecting an amplifier, 
look at the rms power rating, not 
the "peak" or "music" power rat- 
ing. Frequency response should be 
40 to 10,000 Hz or better for gen- 
eral purpose use; for "speech only" 
applications in industrial installa- 
tions, 300- to 3000 -Hz frequency 
response is adequate. 

Amplifier gain, from mike input 
jack to output terminals, should be 
approximately 118 dB or better, and 
at least 85dB for auxiliary inputs. 
Hum and noise of the mike channels 
should be no less than about -43dB, 
preferably better than about -60dB, 
and better than -66dB for the auxil- 

Fìg. 1 Basic sound 
reinforcement system 
consisting of a mic- 
rophone, amplifier 
and one or more 
speakers. 
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Fig. 2 Paging or sound distribution system delivers sound to other rooms or 
buildings. 
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Fig. 3 Block diagram of basic central sound system, which has two or more 
input signal sources and distributes sound on a controlled basis into various 
rooms. 
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iary channels, below the rated out- 
put of the amplifier. 

There is a wide variety of ampli- 
fiers to choose from. Some have 
several inputs-two or more for 
microphones, and one or more for 
auxiliary devices such as a record 
player or radio tuner. Most are de- 
signed to accommodate high -imped- 
ance microphones and auxiliary de- 
vices, although there are some de- 
signed for use with low -impedance 
input devices. 

Each input of the amplifier gen- 
erally has it own level (volume) con- 
trol. When designed for use with 
high -impedance microphones and 
auxiliary inputs, the level of the in- 
put is controlled at high impedance, 
as illustrated in the simplified sche- 
matic in Fig. 6. The levels of the 
signals from the microphones are 
controlled with potentiometers at 
the output of each preamplifier. 
Preamplifiers are not employed at 
the auxiliary inputs. Each input is 
fed to its own triode amplifier. R1, 
R3, R5 and R7 are isolating resis- 
tors, and R2, R4, R6 and R8 are 
individual plate load resistors for 
each triode. 

Low -impedance mixing is used in 
broadcast and recording studios and 
in expensive sound systems. As 
shown in Fig. 7, step -type attenu- 
ators (T, H ladder, etc.) are used for 
controlling the level of each input. 
The master level control also is a 
step -type attenuator. 

Both tube and solid-state ampli- 
fiers are popular. The big advant- 
ages of solid-state amplifiers are 
lower electric power consumption 
and less heat generation. Tube -type 
amplifiers are preferred by many 
sound installers because they are 
more familiar with the characteris- 
tics and circuitry of tube designs. 

Most tube -type PA amplifiers 
have a push-pull output stage, al- 
though some low -power amplifiers 
use a single -ended 6L6G tube in the 
output stage. 

A simplified schematic of the out- 
put stage of a typical tube -type PA 
amplifier is shown in Fig. 8. It es- 
sentially is similar to the output cir- 
cuit of a hi-fi amplifier. 

Fig. 9 shows examples of tran- 
sistor output stages: A) an auto - 
transformer for impedance match- 
ing; B) a typical push-pull output 
circuit using an output transformer. 

MIC. 

PREAMPLIFIER 

PREAMPLIFIER 

STEREO 

AMPLIFIER 

TO LEFT SPEAKER 

TO RIGHT SPEAKER 

Fig. 4 Stereophonic public address system utilizes two independent sound 
channels. 

MAIN 
AMPLIFIER 

BOOSTER 

AMPLIFIER 

BOOSTER 

AMPLIFIER 

TC SPEAKERS 

Fig. 5 High -power public address system using booster amplifiers for 
additional power. 

MIKE 

INPUTS 

AUXILIARY 
INPUTS 

PREAMP 

PREAMP 

PREAMPLIFIER 

PREAMPLIFIER 

AUXILIARY 
NPJTS 

TO 

(--NEXT 
STAGE 

B+ 

Fig. 6 Potentiometers are em- 
ployed as level controls in 

amplifiers designed for use 

with high -impedance micro- 
phones and for amplifiers 
having auxiliary inputs. 

MAIN 
AMPLIFIER 

TO SPEAKERS 
OR 

BOOSTER AMP 

Fig. 7 Step -type attenuators are used to control the input level in PA sys- 

tems employing low -impedance mixing. 
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Fig. 8 Output stage of a 

typical tube -type PA 
amplifier is similar to 
that of a hi-fi amplifier. 

TO SPEAKERS 

(A/ 

70V 

TO SPEAKERS 

(B) 

Fig. 9 Typical output stages of solid-state PA amplifiers. 
(A) Autotransformer for impedance matching. 
(B) Push-pull circuit with conventional output transformer. 

Fig. 10 A few PA amplifiers utilize transformerless output stage. 

AF 

OUTPUT 

Fig. 11 Method of connecting 4 -ohm 
speakers for independent feed. 
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TERMINALS 

Although used mostly in hi-fi am- 
plifiers, the transformerless output 
circuit shown in Fig. 10 also is used 
in some PA amplifiers. 

How to Connect Speakers 
Common arrangements 

A PA amplifier typically has 4-, 
8- and 16 -ohm outputs plus a 70 - 
volt output terminal. Some also have 
a 2 -ohm output plus 25 -volt and 
115 -volt outputs. These multiple 
outputs provide flexibility. For ex- 
ample, two 4 -ohm speakers can be 
connected in series to the 8 -ohm 
output, or in parallel across the 2 - 
ohm output, or to the 4 -ohm and 
16 -ohm terminals, as shown in 
Fig. 11. 

Four 16 -ohm speakers can be 
paralleled across the 4 -ohm output 
terminals, as shown in Fig. 12. Four 
8 -ohm speakers can be connected in 
series -parallel across the 8 -ohm ter- 
minals, as shown in Fig. 13. The 
same series -parallel arrangement can 
be used to feed four 4 -ohm speak- 
ers from the 4 -ohm output, or four 
16 -ohm speakers from the 16 -ohm 
output. 

It also is possible to feed four 4 - 
ohm speakers in series from the 16 - 
ohm output as shown in Fig. 14, 
but the amplifier could he damaged 
if one of the speakers opened. 

Four 8 -ohm speakers can be fed 
from the 4 -ohm output through 
Aleo "Mix -N -Match" transformers 
(Ti and T2), as shown in Fig. 15. 
These transformers are designed to 
couple audio into two 8 -ohm speak- 
ers. To feed only two speakers 
through one transformer, use the 
same circuit, but connect the trans- 
former primary to the 8 -ohm am- 
plifier output terminals. 
High -impedance speaker feed 

Some amplifiers also have 500 - 
ohm output terminals. A single 8 - 
ohm speaker, for example, can be 
fed through a 500 -ohm to 8 -ohm 
matching transformer. However, the 
500 -ohm output normally is used 
for feeding two or more speakers, 
each equipped with a line -matching 
transformer, as shown in Fig. 16. 
The line transformers (T1, T2, T3) 
are tapped so impedances can be 
matched. When connecting three 
speakers to the feed line, the match- 
ing transformer at each speaker is 
adjusted to produce a primary im- 
pedance of 1500 ohms so that the 
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three paralleled speakers will pre- 
sent a 500 -ohm load to the ampli- 
fier. Speakers of different imped- 
ances can be paralleled in this man- 
ner by selection of the appropriate 
impedance tap on the primary of 
the line -matching transformer. 
Constant -voltage speaker feed 

The impedance -matched, 500 - 
ohm speaker feed system has been 
made almost obsolete by the con- 
stant -voltage speaker feed system, 
although both achieve the same bas- 
ic purpose: Speaker feed line cur- 
rent and loss of power in the wires 
are reduced by feeding audio power 
to speakers at higher impedance or 
voltage, instead of at speaker voice 
coil impedances. 

You don't have to be concerned 
with impedances when you use the 
constant -voltage feed speaker sys- 
tem. Just think in terms of voltages. 
The speakers are fed through volt- 
age step-down transformers, as 
shown in Fig. 17. Three types of 
transformers are shown. T1 has a 

tapped primary; voltage fed to the 
speaker is determined by the ratio 
of secondary turns to active primary 
turns. T2 has a tapped secondary; 
selection of secondary taps deter- 
mines speaker voltage. T3 is an au- 
totransformer whose voltage ratio 
can be changed by tap selection. 

This system allows individual ad- 
justment of speaker power without 
affecting the level of other speakers 
fed by the same amplifier. For ex- 
ample, an 8 -ohm speaker can be 
fed 4 volts so it will consume 2 

watts (W=E2/Z). A 4 -ohm speaker 
fed by the same amplifier can be 
supplied 6.3 volts so it will consume 
10 watts. And, a 16 -ohm speaker 
on the same line can be fed 18 volts 
so it will consume approximately 20 
watts. Speakers can be added in the 
same manner until the total power 
consumption of all speakers reaches, 
but does not exceed, the power out- 
put capability of the amplifier. 

The same technique is used in 
25 -volt and 115 -volt speaker feed 
systems. The actual amplifier out- 
put voltage, obviously, varies with 
the audio signal. When an amplifier 
does not have a 70 -volt (or 25 -volt 
or 115 -volt) output terminal, a step- 
up transformer can be used to raise 
the voltage to the speaker line, as 
shown in Fig. 18. This would be 
necessary particularly in the case of 
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80 0 

40 ffill31114 
C 

AMPLIFIER " " 
TERMINALS 
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Fig. 12 Four 16 - 

ohm speakers 
paralleled across 
4 -ohm output ter- 
minals of ampli- 
fier. 

Fig. 13 Series -par- 
allel arrangement of 
8 -ohm speakers 
across the 8 -ohm out- 
put terminals of a 

PA amplifier. 

Fig. 14 Four 4 -ohm 
speakers connected 
in series across 16 - 

ohm output of amp- 
lifier. Output stage 
would be damaged if 

one of the speakers 
opens. 

Fig. 15 Special transformers, T1 and T2, make 
it possible to feed four 8 -ohm speakers from the 
4 -ohm output of an amplifier. 

J .Il4Q, 

r(D[31 

8 OHM SPEAKERS 
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Fig. 16 The 500 -ohm output, provided on some amplifiers, normally is used 
to feed two or more speakers through line -matching transformers, as shown 
here. Impedance of transformer is varied by positioning primary tap. 
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Fig. 17 Constant voltage system of feeding speakers makes it possible to 
adjust power of individual speakers without affecting the level of other 
speakers in the system. 
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Fig. 18 A step-up transformer can 
be used to increase the speaker 
line voltage if the amplifier is not 
equipped with a 25-, 70- or 115 - 
volt output terminal. 

50 WATT AMPLIFIERS 

70 VOLT LINE 

TO SPEAKERS 

Fig. 19 Additional audio power is obtained by paralleling four 50 -watt am- 
plifiers, providing phase shift of signal in all amplifiers is identical. 

a solid-state amplifier without an 
output transformer. 

Although the circuits presented 
here employ a single two -wire line, 
across which speakers are bridged 
through transformers, it is common 
practice to run separate two -wire 
lines to each speaker transformer, 
with the lines paralleled at the am- 
plifier output terminals. 

Although an amplifier might 
have 70 -volt (and /or 25 -volt and/or 
115 -volt) output terminals, the am- 
plifier might not be designed for 
true constant -voltage speaker feed. 
For maximum flexibility, the ampli- 
fier should have excellent output 
voltage regulation. This can be 
achieved by generous use of nega- 
tive feedback; some also use AGC. 
For example, the output voltage of 
at least one amplifier on the mar- 
ket will not change more than 1.5 
dB between the operating extremes 
of no load and full load. When de- 
livering 70 volts to the speakers, the 
voltage at the amplifier output term- 
inals will not increase beyond 84 
volts when the speaker feed line is 

opened (no load). An open speaker 
feed line could cause serious dam- 
age to a nonregulated amplifier. 

Speaker Types 
A wide selection of speakers is 

available today, ranging from horns 
of various sizes to cone speakers up 
to 15 inches in diameter. Fortun- 
ately, we no longer have to worry 
about power for speaker field ex- 
citation, now that all employ perma- 
nent magnets. 

For general purpose indoor use, 
there is a large selection of woofers, 
tweeters and wide -range cone speak- 
ers and baffles, from slim columnar 
types to more bulky bass reflex 
types. The cone types are preferable 
for indoor use because of their wide 
frequency response. For outdoor 
use, the horn types are preferable 
because they are generally weather- 
proof and more efficient converters 
of electrical power into sound pow- 
er, although they have narrower fre- 
quency response than the better 
cone types. 

Booster Amplifiers 
When more than 100 watts of 

audio power is required, a lower - 
powered main amplifier can he used 
to drive one or more booster ampli - 
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fiers, as shown previously in Fig. 5. 
A typical booster amplifier is rated 
at 200 watts output, available at 8 - 
ohm, or 25-, 70- or 115 -volt taps. It 
is connected to its driver at high im- 
pedance (500,000 ohms), or through 
a 500/600 -ohm transformer. 

Another manufacturer produces 
50 -watt amplifiers which can be 
stacked, with inputs and outputs 
paralleled, as shown in Fig. 19. It 
is possible to increase power output 
to 200 watts in this manner because 
of the uniform phase shift within 
the amplifiers. 

High vs Low 
Microphone Impedance 

Two basic factors must be con- 
sidered in judging the desirability 
of high -impedance compared to low - 
impedance microphones in specific 
installations. 

First to be considered is the ef- 
fect of cable capacitance on the 
high -frequency response. To keep 
such response at maximum, the 
cable on high -impedance micro- 
phones shoud not exceed a length 
of approximately 25 feet. If some 
reduction of treble can be tolerated 
(voice only, for example), an ex- 
tension cable of another 25 feet may 
be added. One of the most popular 
types of single -conductor -shielded 
cable has about 25 pf of capacit- 
ance per foot. Consider that 10 feet 
of such cable would add 250 pf in 
parallel with the microphone, or 
100 feet would add about 2,500 pf, 
and it becomes clear why long 
cables affect high -impedance fre- 
quency response. 

An inductive component is part 
of any microphone impedance, be- 
cause a pi -filter network is created 
in conjunction with the cable capac- 
itance. The frequency response of 
such a filter is similar to that ob- 
tained if the output of an audio gen- 
erator is connected to a coil (equal 
in inductance to the microphone 
transformer secondary) and the 
other end of the coil is connected to 
the amplifier input in parallel with 
the shielded wire of the cable, with 
the outer shield grounded. A reso- 
nant peak is obtained, with a very 
sharp roll -off above this point. If the 
cable capacitance is large enough, 
this peak and treble loss could be in 
the middle of the desired frequency 
response and could cause poor 

sound quality plus increased acous- 
tic feedback. 

Low -impedance circuits, even in 
shielded cables, are not affected by 
several hundred yards of cable ca- 
pacitance, but the performance, in- 
cluding the treble respo-se, depends 
upon the quality of the line -to -am- 
plifier transformer. Low -impedance 
microphone systems are more costly 
because of this extra transformer, 
even though the microphones are 
either adaptable to both high or low 
impedance or can be purchased for 
the same price in high- or low -im- 
pedance versions. 

The other primary consideration 
is hum, buzz or noises which may 
be injected into the cable part of 
the system. Two -wire shielded cable 
used with a low -impedance micro- 
phone, especially if used with the 
circuit methods shown in Figs. 20, 
21 or 22, can be far superior to 
the use of single -wire shielded cable 
and a high -impedance microphone. 
However, for this system to be of 
maximum benefit, the transformers 
must be of very high quality, with 
wide frequency response, hum - 
bucking construction and accurately 
balanced windings. Even with excel- 
lent transformers, it is often desir- 
able to position the transformers 
carefully to minimize the inductive 
pickup by the transformers of 60 - 
Hz hum. 

Input Circuits 
As stated earlier, most PA ampli- 

fiers are provided with two or more 
input connectors. A high -impedance 
microphone is connected to the am- 
plifier through single -conductor 
shielded cable, as shown in Fig. 
20A. A low -impedance microphone 
can use the same kind of cable, or a 
two -conductor shielded cable, as 
shown in Fig. 20B. The latter is 
preferred because of its superior 
hum and noise rejection. 

A microphone or other low-level 
input line can pick up hum if not 
adequately shielded or if improperly 
grounded. The shield of a single - 
conductor microphone or phono 
cable should be grounded to the am- 
plifier chassis, as shown in Fig. 
21A. The microphone housing usu- 
ally is grounded to the cable shield, 
but not directly to an earth ground. 
However, when coaxial cable is used 
and the microphone output imped- 

ance and amplifier input impedance 
are the sanie as the cable imped- 
ance, the cable shield can be 
grounded at both ends, as shown in 
Fig. 21B. The shield of a balanced 
line (two -wire) is usually grounded 
to the chassis, as shown in Fig. 21C. 

When hum pickup is a problem, 
a balanced line can be used together 
with a transformer at each end of 
the cable, as shown in Fig. 22. 
Here, it is assumed that a high -im- 
pedance microphone is used, and 
the microphone signals are fed to a 
high -impedance amplifier input. 
Transformer Tl steps down the mi- 
crophone impedance and T2 steps 
up the impedance to restore voltage 
to essentially the same level as when 
the microphone is fed directly to the 
amplifier through a short single - 
conductor shielded cable. The wind- 
ings of the transformers connected 
to the two -wire shielded cable 
should have the same impedance. 
By adjusting potentiometer R, it 
should be possible to balance out 
hum pickup. 

When it is necessary to have the 
microphone at a great distance from 
the amplifier-for example, in an- 
other building-a leased telephone 
circuit can be used. At the micro- 
phone location, the microphone is 
fed to a preamplifier which delivers 
signals at O dBm level into a 600 - 
ohm balanced line. At the amplifier 
location, the line can be fed directly 
to the amplifier if it has provisions 
for 600 -ohm telephone line input. 
Otherwise, the arrangement shown 
in Fig. 23 can be used. 

Here, transformer T has a pri- 
mary impedance of 600 ohms, and 
a low -impedance or high -impedance 
secondary, whichever is necessary 
to match the amplifier input. R1 
is a fixed or variable attenuator 
which reduces signal level. 

To offset variations in signal 
level, a compandor can be used be- 
tween the line and the amplifier, as 
shown in Fig. 24. The compandor 
output should match the amplifier 
input. The compandor compresses 
excessively high-level signals and 
expands low-level signals. 

Wireless microphones are becom- 
ing increasingly popular (Fig. 25) 
because they allow performers free- 
dom of movement and no cable to 
worry about. A wireless microphone 
system consists of a microphone and 
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Fig. 20 Microphone connections to input of PA amplifier (A) Single -conductor 
(unbalanced) shielded cable for high -impedance microphone (B) Two -con- 
ductor (balanced) shielded cable for low -impedance microphone. 
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Fig. 21 Adequate shielding and proper 
grounding reduce the possibility of 
hum pickup (A) Grounding of un- 
balanced (single conductor) line (B) 
Grounding of coaxial line (C) Ground- 
ing of balanced (two -conductor) line. 
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Fig. 22 A balanced line with a transformer at each end can reduce the possi- 
bility of hum. 
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Fig. 23 Setup for using telephone line between micrcphone and ampli- 
fier when amplifier is not equipped with a 600 -ohm telephone (line input 
circuit. 

a radio transmitter within the mi- 
crophone housing, and a radio re- 
ceiver at the amplifier location. Li- 
censed by the FCC, a wireless mi- 
crophone may be operated on a spe- 
cifically assigned frequency. Other 
types may be operated without a li- 
cense on any frequency in the 10 - 
to 490-KHz, 540- to 1600-KHz, 
26.96- to 27.26 -MHz, or 88- to 
108 -MHz bands. 

Where an FM radio is used as a 
background music source for a PA 
system, as in a restaurant, an 88 - 
to 108 -MHz FM wireless micro- 
phone can be used to enable cutting 
off the music program to make a 

PA announcement without touching 
the amplifier or tuner controls. The 
radio is set to receive an FM sta- 
tion and the wireless microphone is 
tuned to the same frequency. To cut 
in the mike, it is simply turned on. 
Its signal "captures" the FM re- 
ceiver and silences the radio pro- 
gram. This will work only if the FM 
station's signal is weaker than the 
wireless microphone's signal. 

Regardless of whether a wireless 
microphone is used in this manner, 
or on a clear frequency, the output 
of the associated receiver must be 
connected to the PA amplifier. If 
the receiver is a tuner only, its out- 
put is connected to an auxiliary in- 
put. If it is a complete receiver and 
has no low-level output, one must 
be added at the output of the de- 
tector. Of course, receivers provided 
with wireless microphones, as a sys- 
tem, have the proper output 
terminals. 

Acoustic Feedback 
Acoustic feedback is an unpleas- 

ant, audible sound that is created 
when the normal sound from the 
speakers feed back through the mi- 
crophone into the PA system. The 
amplitude is increased by the ampli- 
fier and is heard by the microphone 
as it emerges more loudly from the 
speakers. Again the amplitude is 
raised by the amplifier and is heard 
more loudly by the microphone as 
it is emitted from the speakers, and 
so on. This regenerative process 
continues until a loud, single audio 
tone is heard, which drowns out the 
desired sound. In borderline cases, 
there is no continuous tone, but a 
ringing sound will follow each word 
or sound coming from the speakers. 
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Fig. 24 Compandor, installed between line and amplifier, compresses exces- 
sive low-level signals to offset variations in signal level. 
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Fig. 25 Basic concept of wireless microphone system. Transmitter is inside 
microphone housing. 
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Fig. 26 Positioning of speakers to reduce the possibility of acoustic feed- 
back is important (A) Speakers with some sound radiation from rear should 
be placed in line with mike and away from walls (B) Speakers with enclosed 
back or trumpet type should be positioned slightly forward of mike and 
pointed toward center of room. 
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Fig. 27 Three -terminal gas tube can 
be used on 70- or 115 -volt feed lines 
to protect amplifiers from "open 
line" defects. 
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Fig. 28 Dual zener diode can be 
used to protect an amplifier feeding 
speakers at low impedance. 

This feedback note will be at the 
frequency which is provided maxi- 
mum overall gain by the system 
(electronic plus acoustic). 

Two partial solutions will mini- 
mize this problem. First, the overall 
frequency response of the system- 
including microphone, speakers and 
acoustics-should he as flat as pos- 
sible. This is an extensive and com- 
plicated subject, but use speakers 
that have almost flat response 
throughout their range, then try sev- 
eral types of microphones, and use 
the one that gives the best volume 
without feedback. At least, to mini- 
mize the feedback, the peaks in the 
response curves of the microphone 
and speakers should occur at differ- 
ent frequencies. 

Second, the microphone must be 
prevented from "hearing" too well 
the sound from the speakers. Here 
are some suggestions: 

Do NOT point the speakers at 
the microphone. 

If the speakers have some 
sound radiation from the rear, they 
should be placed to the right and 
left side in line with the microphone, 
as shown in Fig. 26A, and not too 
close to a side or front wall, to pre- 
vent the rear sound from bouncing 
back to the microphone. 

If the speakers are trumpet 
type or have an enclosed back, they 
should be placed slightly forward of 
the microphone position (see Fig. 
26B) and pointed toward the center 
rear of the room. 

Use a cardioid or other highly 
directional microphone which can 
discriminate between the direct 
sound and that reflected from the 
speakers. 

Instruct the singers or announc- 
ers to move up within about six 
inches of the mike if they naturally 
talk softly, or within about one foot 
if they normally sing or speak loud- 
ly. The smaller the room where 
sound reinforcement is used, the 
more important position is. 

Large auditoriums with long 
reverberation decay times can be 
covered with less volume and clearer 
sound if trumpet speakers (which 
have little low -bass response) are 
used, or if the bass is attenuated 
with the amplifier tone controls. 

Do NOT adjust the treble tone 
control too low in a misguided at- 
tempt to reduce acoustic feedback. 
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More volume and reverberation but 
reduced clarity of sound will result. 

Identical speaker systems 
should be used on the left and right. 
This will make the source of sound 
appear to originate in the center at 
the location of the microphone. 

It is tiring for listeners to be 
forced to strain to hear weak sounds 
or cringe from deafening ones; ad- 
just the equipment for a reasonable 
sound level. 

Equipment Protection 
PA system failures and equip- 

ment damage can be avoided or 
minimized by providing adequate 
system protection. For one thing, 
the amplifier chassis should be 
grounded, and the amplifier should 
be fused. If it is not, add a fuse. 
The speaker feed line of a solid- 
state amplifier should be fused if 

fuses are not provided in the am- 
plifier itself. 

To protect an amplifier deliver- 
ing 70 or 115 volts to a speaker 
feed line, if the amplifier is not 
known to have built-in loss -of -load 
protection, a three -terminal gas tube 
protector can be added, as shown 
in Fig. 27. In case the speaker feed 
line opens and the amplifier output 
voltage increases excessively, the 
gas tube fires and shunts the ampli- 
fier output terminals until the load 
is restored. For this purpose, a T11- 
300, or equivalent, protector can be 
used. 

A dual zener diode, connected as 
shown in Fig. 28, can be used to 
protect an amplifier feeding speak- 
ers at low impedance. The zener 
should avalanche when peak volt- 
age becomes excessive because of 
loss of load. For example, if the 
amplifier is rated at 50 watts, the 
rms output voltage will be 20 
volts to an 8 -ohm load at full -rated 
output. A zener that avalanches at 
30 volts will protect the amplifier, 
provided the zener is capable of 
handling the power. 

Conclusion 
No other facet of the electronics 

business is as simple technically as 
the public address field. All system 
components are available in grades 
from marginal to excellent. It is 
only a matter of correct selection of 
system components and common- 
sense installation. 
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J 

*Inexpensive Quality 

fOptional Distributor 
Resale Price 

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 immedi- 
ately without a flicker 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: 
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 $128.1 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. 
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