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For 14 years
Jim Ishee has relied
on one electronics
rebuilder.

Like so many professional TV service dealers, Jim Ishee knows the
importance of fast, quality service.
That's why, year after year, he's
turned to PTS for quality rebuilt

tuners and modules.
With PTS, all major brands of
tuners and modules are available for
immediate exchange or eight hour
rebuilding. And PTS backs up each
quality component with a full year

I.mited warranty Instead of the ninety

days most manufacturers offer.
Because PTS puts quality service
first, customers like Jim Ishee keep
coming back.
There's one electronic rebuilder
you can depend on, year after year,
for quality tuners and modules.

Only One.

PTS CORPORATION
IN 47402
you write PTS Corporation, P.O. Box 272, Bloomington,
For the name of the PTS Distributor or Servicenter nearest
Circle (1) on Reply Card
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Keithley's 132 with TRMS lets you make precision measurements on
non -sinusoidal signals that averaging can't handle, like SCR waveforms.
And because the 132 is AC coupled, the DC signal component is blocked.
So you can measure AC signals and DC signals separately, like the AC
ripple on a DC supply voltage. And all the other capabilities you expect
are here, like DCV from 200mV to 1000V, with 0.25% accuracy. And
current ranges from 2mA to 2A, resistance ranges up to 20M11 including
diode test. Plus input resistance of 10M11 to avoid circuit loading.

A common-sense approach to temperature measurement.
With Keithley's 132, you can make accurate temperature measurements
without a separate thermometer or converter. This type K thermocouple
based instrument gives you a wide range from -20°C to 1370°C (0°F to
2000°F on Fahrenheit model), all with 1° resolution. The 132 also features
a standard TC connector with cold junction compensation, and a full line
of probes to match any application.

See for yourself.
A full line of multimeter accessories expands these capabilities even
further. For quality, common sense utility, durability, ease of use and
affordability, get your hands on a Keithley handheld DMM. No matter
what your situation, a Keithley DMM will simplify your tasks. Contact
your local Keithley distributor for a demonstration.

KEITH LEY
Keithley Instruments, Inc.
28775 Aurora Road/Cleveland, Ohio 44139-9990/(216) 248-0400
Circle
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The how-to magazine

of electronics...

61.9671101119
November 1982
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Laser technology has made
the precision circuitry of the
Citation XX amplifier possible. As test signals are fed into the hybrid circuit, a laser
beam is shot into the hybrid
circuitry, trimming the values
of the components. See story
on page 52. (Photo courtesy of
Harmon Kardon.)

14

Locating power shorts
By Robert Dietrich
The origin of a serious power short circuit is often
difficult to identify because there is no time for tests
before a fuse or breaker removes the ac power.

26

The electronic burglar alarm system

42

PC boards the easy way

46

By Jim Lynch, Aritech Corporation
The alarm industry is closely related to other
electronics industries in the equipment used and in
installation and servicing procedures.

By Les Svoboda
Using pre-etched board is one of the easiest ways to
make professional -looking PC boards at reasonable
costs.

Digital building blocks: Clocking
By Bernard Daien
A digital clocking system is a critical component. If it
does not work properly, the entire digital system may

malfunction.

52
56

In search of the ultimate amplifier
As a result of the meeting of some of the finest
engineering minds in the fields of electronics, acoustics,
psycho-acoustics and physics, the Citation XX has
evolved.

The basics of tape recording, part II
Physical operation of audiocassettes
By Carl Babcoke, CET
Although details of components and operation of the
machines can vary from model to model, the basic
functions are identical for all.
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DBS: Opening up the satellite earth station market. With
the unanimous approval of interim rules for licensing and
operating direct broadcast satellites, the Federal Communications Commission gave official sanction to a potentially explosive new technology.
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EDITORIA_ L

Security industry gains worldwide attention
On July 9, Michael Fagan, 31, was arrested in

Buckingham Palace. He had climbed a wall and
gotten past the barbed wire at the top. Somehow,
he managed to slip past more than 60 guards.
Fagan, who according to his father, is a great fan
of the royal family, awakened Queen Elizabeth II
and chatted with her for 10 minutes before he was
apprehended.
Fortunately for the Queen, the motives of her
intruder were benign. However, recently several
other world figures have been less fortunate.
President Reagan was wounded by a bullet from the
gun of a disturbed individual. Pope John Paul II was
attacked and wounded by a Turkish gunman.
These recent incidents have all had the effect of
riveting public attention on the need for security.
As if we need any reminders! Anyone who has
flown in recent years has had the experience of
walking through metal detectors and having carryon luggage x-rayed. All of this to thwart criminals
or terrorists who might be inclined to attempt to
hold the aircraft and its passengers for ransom or
hijack. Public buildings, particularly in
Washington, are likewise equipped with weapon detecting devices to discourage would-be assassins.
The need for security does not stop with the
famous, or at airports, however. Crime rates,
which have risen alarmingly in recent years, have
prompted individuals as well as companies to
scrutinize their homes, vehicles or places of
business and determine if some degree of
protection from potential criminal activity is in
order. The general good health and growth in the

security business is evidence that many are
concluding that protection is necessary.
Security equipment runs the gamut of devices
from steel doors and strong locks to well trained
Alsatians and Dobermans. A lot of it, though, is
electronic in nature. There are CCTV surveillance
systems, microcomputer -controlled alarms,
microwave and infrared sensors and telephone
dialers, to name a few. All of this electronic
equipment must be installed, maintained, and
serviced and monitored by highly trained,
professional, motivated people.
From research we have conducted in the past,
we know that at least a handful of ES&T readers
is either involved in, or thinking about the electronic
security business. For them, there is an article
describing the elements of an electronic security
system.
No, we're not going to turn ES&T into a
security magazine. There are enough good security
magazines available already. Our intention is to
round out our coverage so that we serve as many
of the information needs of as many of our
readers as we can. You will note that there's a
questionnaire bound inside the front cover of this
issue. It would be very helpful if you can fill it out
and send it along to us. We'll carefully consider
the results of the questionnaire when planning
coverage of security topics in the future.

there were not enough prints of
other items that we sometimes

Profax schematics
Allow me to congratulate you on
your decision to include
schematics of electronic equipment in your future issues. I have
been a long-time reader of your
magazine and was thinking of
changing to another, basically for
that reason. If I may make a suggestion, one of the faults of the
other magazine was that some of
the prints were repetitious, and
6
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have to service.
For instance, I know there are
quite a few radio -controlled
garage-door openers all over the
country and an article on them,
which includes how to service
them, the operating frequency
prints and power outputs would be
very timely.
Also it wouldn't hurt to throw in
a few prints of a few citizen band
transceivers. We do not want a
flood of prints on televisions that
we may never see unless we go to
Japan.
Another item that may be of interest to many of us is cable television. I do not intend to steal their
service from them, but I would like

November 1982

to read about their type of transmission.
As a rule, I do not write any letters to editors, but you keep saying
any comments would be welcome,
so I had to dash this one off.
Isaad Moadus
McDonald, OH
Editor's note: We will do our best to
always present schematics that
have not appeared before. This is,
of course, not a guarantee, but we
will try. As for garage -door
openers, look back in the February
issue for an article on repairing
them.

Mobile radio
I enjoy your articles very much.
Your very informative articles in

NOVEMBER SPECIA
2SC1413A
VCBO: 1500V

Horizontal Output
Transistor
Equivalent to ECG 238*

IC: 7A
PC: 50W

Also Replaces:
ECG 165'

C1172B
C1174
C1295
C1308K
C1309
C1358
C1454

C1875
C1893
C1922
C1942
C1894
D200

D350
D368
D627
D649
D380
D663
D869
D870

D201
D348

$2.09

1.69

10-99 Pieces

And Many Others Too Numerous To List!

100 or More

Minimum Order

*ECG is a registered Trademark
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Special Good Thru November 30, 1982.

CALL FOR OUR 16 PAGE FLYER

PART NO. C075.2
2 -Set Coupler

PART NO. C075.4
4 -Set Coupler

for Cable TV

for Cable TV

75 ohm input
75 ohm outputs

75 ohm input
75 ohm outputs

$1.45

PART NO. CE 408
2 -Way

PART NO. CE 409
2 -Way TV/Game

TV/Game

Switch

Switch

75 ohm

75 ohm inputs
300 ohm output

75 ohm

Replaces most original
TV/game switches

Positive action slide switch

$2.45

$2.75

PART NO. F-59

PART NO. MTRF-300

With Separate
Ferrule

75 Ohm to 300 Ohm

inputs
output

$2.75

41
PART NO. CE 423
Sony Type AN 16

Replacement Antenna

Matching Transformer

43" extended

100 for $14.00

59°

8

10&Up

sections

$4.95

LOW MINIMUM ORDER, ONLY $10.00
NATIONAL

TOLL FREE:
CALL TODAY!

1.800.543-3568

CEI

Consolidated Eloctronics,

InaoomttixJ

OHIO

1-800-762-3412
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ES&T on troubleshooting are an
experience in themselves. I save
all of the Symcures and
Troubleshooting Tips.
I am also interested in 2 -way
mobile radio. I would appreciate it
very much if articles on mobile
radio troubleshooting would appear in your magazine.
Electronic Servicing &
Technology is the greatest.
Michael Nahorniak
Fairport, Harbor, OH

Stereo -amplifier -repair rebuttal
These comments are in answer
to a letter from J. Robert Leonard
(page 8 in the August issue). He
disagrees with many things in the
article "Stereo amplifier repair" on
pages 12-21 in the April issue.
Actually, I believe that we are in
almost total agreement. The seemingly enormous differences are

ELECTRONIC

SCANNER

NARDA offers annual
School of Service Management
"Everything you want to know
about service management" would
properly describe the National Association of Retail Dealers of
America Annual School of Service
Management. The School is
scheduled for February 6-9, 1983,
at the University of Notre Dame,
South Bend, IN.
The school functions on several
levels. As a course of instruction,
the session will cover the essentials of productivity; how productivity is measured; keeping tabs on
parts stock; reducing bulging inventories; setting prices that are
fair to the customer yet generate a
profit; using money wisely in the
business; routing, dispatching and
truck stocking; and some valuable
insights into customer satisfaction
and employee motivation.
The School of Service Manage8
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produced by our different viewpoints. Obviously, his viewpoint is
that of an experienced, educated
and competent audio technician
who is rightfully concerned about
making a living from his
knowledge and labor. Just as obviously, the article was not
primarily directed toward him or
toward anyone else who does not
need advice.
My primary reason for writing
the article was to demonstrate
superior servicing techniques vs.
others that should not be used.
And how can anyone better illustrate unsuitable methods than
by describing the problems he
brought on himself by using them?
Therefore, a few remarks will be
made about most of Leonard's major points. In the first paragraph
on page 8, he states it is a disservice to your business and your
customer to undertake repairs on

equipment that you are not
familiar with, and where original
components cannot be obtained.
This is an essential management
decision and is not the point of the
article. Many manufacturers of
replacement components (and a
host of TV technicians who repair
older color receivers) would
dispute the necessity of using
original replacement components,
although there are cases where
this is wise.
In the second paragraph, he
pointed out the error of connecting
two speakers in small baffles to an
amplifier having power outputs of
100W per channel. However, it is
wise to use expendable speakers

ment also acts as a forum for new
ideas and methods, new ways to
tackle old problems, and sources
for products, records and forms
used in the industry.
Finally, this meeting serves as
the crossroads of the service
management industry. There will
be hundreds of managers there
from the United States and often
from foreign countries as well.
Managers from 2 -man shops and
those from 20 -man shops all talk
the same language, face the same
problems and perhaps have found

broadcast service. USTV expects
to begin broadcasting four channels of high -quality TV programming within several months after
Canada's satellite ANIK-C2
satellite is orbited by the U.S.
space shuttle in April 1983.
In making the announcement,
Francesco Galesi, chairman of
USTV's executive committee, said,
"With the inauguration of our service next year, USTV will become
a major new source of TV programming for millions of non urban Americans who do not have
access to cable TV service."
Negotiations with program suppliers are currently underway and
USTV plans to announce in the
near future which suppliers will
provide the firm with movies,
sports, entertainment and news information programming for the
satellite service.

some solutions.
For more information, contact
NARDA, 2 N. Riverside Plaza,
Chicago, IL 60606, 312-454-0944.

USTV/General Instrument
to provide direct
satellite -to -home TV

until overload dangers are

eliminated. In this case, the
speaker danger was not known at
first, because a powerful normal
amplifier can be operated at
(Continued on page 63.)

United Satellite Television

(USTV) and General Instrument
Corporation (GRL:NYSE) have

announced the world's first direct
satellite -to -home pay TV broadcast service, scheduled to begin
next year.
The announcement came four
days after the Federal Communications Commission paved
the way for satellite -to -home TV

November 1982

EIA honors Ungar
on 50th year
Noting the importance of soldering technology to electronics
manufacturing, the Electronic Industries Association honored the
Ungar Division of Eldon Industries on the 50th anniversary of
its founding.

If we only tell you the features
you'll never guess the price.
Leader has 6 _great oscilloscopes from 15 to 35 MHz,
with more atures and the lowest list prices ever.
We've desigred brand new
low and medium bandwidth
oscil'oscopes and built in
many features ycu may never
have seen in similar units.
Then we priced them well
below the units they replace.
Surp-sing? Not any more. It's
exacily the kinc of innovative
tech iclogy and superb quality
ou'ae come to expect from
Leade.

Now Leader gives you these
and sc much more. Check .t out:

CALIBRATED DUAL
TIME BASE
500 µV SENSITIVITY
7 kV PDA 6"
RECTANGULAR CRT
INTERNAL GRATICULE
DELAYED SWEEP
TFIGGERED FUNCTION
VARIABLE SWEEP
HOLDOFF
ALTERNATE CHANNEL
TRIGGERING
AUTO FOCUS
CHANNEL 1 OUTPUT
7 kV PDA 6"

RECTANGULAR CRT
INTERNAL GRATICULE
500 µV SENSITIVITY
VARIABLE SWEEP
HOLDOFF
ALTERNATE CHANNEL
TRIGGERING
AUTO FOCUS
CHANNEL 1 OUTPUT

500 WV SENSITIVITY
6" RECTANGULAR CRT
40;.
-44444.4

INTERNAL GRATICULE
ALTERNATE CHANNEL

ahiTRIGGERING
VARIABLE SWEEP
HOLDOFF
AUTO FOCUS
CHANNEL 1 OUTPUT

LSO -6114A Llf3o-5131AÄ
15 MHz
1 mV SENSITIVITY
0.5 p.S SWEEP SPEED
X -Y MODE CAPABILITY
LBO -514A AVAILABLE
WITH 6 kV
ACCELERATING
POTENTIAL

Our two-year warranty
(even on the CRT) is backed
by `actory service depots on
both coasts. Evaluation units
are available to qualifies'
ct stomers.

Lai toll.free

9CC\ 4.1 ..8104
Contact us today for an
evaluation L nit, catalog
showing over 60 Leader test
instruments, the name of your
nearest "Select"distributor
and nore irformaton.

Forprofessionals
knowwho

LEADER

the wr ents Corporation
difference.

380 Oser Avenue
Hauppauge, N.Y. 11788 (516) 2.31-690
Regional Off ces:
Chicago, _os Angeles, Dallas
Circle
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A certificate commemorating
the milestone was presented to
Ungar by Peter F. McCloskey,
president of the national trade
association.
"In the 50 years since its founding, Ungar has developed and
manufactured increasingly advanced soldering products, helping
to make possible today's quantity
production of a wide range of electronic products," the certificate
states.
"Conversely, Ungar has consistently made dramatic use of
newest technical advancements
from other segments of the electronics industry."

Management selected for
direct -broadcast satellite
Progress has been announced in
the formation and staffing of
Alcoa -NEC Communications Corporation, a newly formed company
that will assemble and market TV
receivers to obtain programming
directly from broadcast satellites.
John Riley, manager, marketing
communications, has announced
the following appointments: Paul
L. Abernethy, executive vice president; M. (Tony) Tajima, engineering vice president; R. Dennis
Fraser, executive vice president;
Robert G. Morrell, vice president,
marketing and administration. A
president remains to be elected for
the new company.

its well-received industry seminars
in conjunction with EDS, beginning with an "Outlook" program
Monday, May 2. In addition, concurrent programs for distribution
management will be conducted by
NEDA each show morning.
The National Sound and Communications Association again will
conduct its conference in cooperation with EDS. This will be an independent event across the street
at the Las Vegas Convention
Center, and NSCA badgeholders
will be admitted free to EDS exhibits.
For further information on EDS
'83, contact Electronic Industry
Show Corporation, 222 S. Riverside Plaza, Chicago, IL 60606,
1-312-648-1140.
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Technology in servicing
discussed at convention
The 1982 National Electronics
Service Convention in August was
highlighted by examples of rapidly
changing technology and ways to
merge with that technology in the
future. Seminars included business
management, service franchising,
EDS '83 participation
computer sales and service, stress
details announced
The 1983 Electronic Distribution management and the annual conShow and Conference, May 3-5, ference for consumer electronics
has been officially announced to instructors.
prospective exhibitors. Moving
At the annual meeting of the Naback to its ideal facility, EDS '83 tional Electronic Service Dealers
will bring the entire industry Association, Bill Abernathy of
under one roof, with exhibits, con- Fort Worth, TX, was re-elected
ferences, seminars and other of- president, and George Bluze of
ficial functions in the expanded Largo, FL, was re-elected vice
Las Vegas Hilton Hotel.
president. At the International
Jack Kirschbaum, Cole -Flex, Society of Certified Electronic
show corporation president, said Technicians Board of Governor's
that despite inflation, the cost of meeting, Frank Grabiec was remanufacturer participation will be elected chairman and John E.
$50 per unit less than EDS '82. Krier of Wichita, KS, was elected
The 1983
This price reduction is in addition vice-chairman.
to a $50-per -unit rebate certificate NESDA/ISCET National Elecapplicable to 1983 participation, tronics Service Convention has
already mailed to 1982 par- been scheduled for August 1-6,
ticipants.
1983, in Oconomowoc, WI.
The National Electronic Distributors Association will continue
10
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Adjustable display angle
Extra large meter aid
LCD display
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against accidental shock
Automatic battery turnoff when folded
Diode test/Audio
continuity feature
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Three major advantages of the
unique folding design:
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Warranty:
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backed jeweled bearings
scale iength:101 mm, minor scale
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100mV-300mV-1V-3V-10V30V -100V -300V-1000V ac/dc

dB read out

-40

Curren)

10NA-100pA-lmA-10mA100mA-1A-10A ac/dc

Resistance

1

0

.

-

...

+

M 2031 (31 ranges)

62 dB (9 ranges)

20 M 4 (5 ranges)

2mA-20mA-200mA-2A-10A (15A max.
2

k0-20 k0-200 kO-

-25 ... +125°C

Temperature:
Input impedance:

±(...

%

rdg

5 min., 20A max. 30 sec)

ac/dc

Lo: 2 kQ- 20 k4-200 k4-2 MO
Hi: 200 0-2 k0-20 kQ-200 k4-2 MQ -20 MO

with temperature probe T2001

10 M12 -all ranges

(%)

+... digit)

on
dc
ac

class 1.5

dass 2.5

0.1%
0.5%

Q

class 1.5

0.35%

Frequency range:

...

15 Hz

Ranges 10V ... t 000V ac/dc:
up to 1200V
all other ranges: up to 250V

Overload protection:

Power supply:

+

+

+

1D

0.1%

3D

0.75%
0.35%

+ 10

1D

+

3D

+

1D

5000 Hz

Ranges 2V

...

650V ac/dc: up to 780V

all other ranges: up to 250V

One 9V transistor battery, or power supply adapter for ac line voltage (optional)

Battery life (9V alkaline)

optimum readability the display
angle is continuously adjustable via
click -stop mechanism and tested
for 100,000 movements.

2032 (31 ranges)

200mV-2V-20V-200V-650V ac/dc

2 M4-20 MQ

Accuracy
analog: class
digital: basic

M

digit LCD display with 2000
digits
digit height 18mm (3/ inch)
31/2

dc
ac

2. For

1000 hrs

2000 hrs
600 hrs

1000 hrs

Dimensions:

2000 hrs
200 hrs

146 x 118 x 44 mm (folded)

Weight:

approx. 0.45 kg

Features:

(1

lb)

Safety terminals and test leads are designed to protect against accidental contact.
Single dial selector switch for all ranges, oversize display.
Continuously adjustable read -off angle by folding design, hands free operation with
neck strap standard, self protection by folding feature.

mirror scale

Diode lest / Audio continuity test feature
True RMS

Prices US $
Instruments incl. test leads,
battery, neck strap, manual
Accessories (US

179.00'

Temperature probe

Folded instrument is selfprotected
against shock and physical damage.
Battery turns off automatically.

219.00'

259.00'

$1

Clip -on current probe (1000:1)

3.

199.00'

WZ
T

-

11:

49.00'

2001: 129.00'

High voltage probe

GE 4196: 149.00'

High frequency probe

GE 4087: 249.00'

Power supply adapter

NA29/m: 27.50'

'Prices and specifications subject to change without notice.

www.americanradiohistory.com

Printed in USA, MR -USA 9/82

-----

Bokei, Crescent,
Lufkin, Nicholson, Plumb;
Weller®, Wiss®, Xcelite

t

The rigF tcol makes the job easier.
And Cooper makes the right tool for the job.
Whether you're mak ng or mending, cutting or joining,
striking, measuring r stripping, there's a Cooper tool that's
just right. Don't take chances on tools. Specify Cooper
and get 'em right the first time!
The Cooper Group PO Box 728 Apex NC 27502 USA Tel (919) 362-7510 Telex 579497

Coo erTools
Circle

(8) on Reply Card

Locating
power
By Robert Dietrich

The origin of a serious power

short-circuit is often difficult
to identify because there is no time for tests
before a fuse or breaker removes
the ac power. Limiting the
maximum current provides sufficient time for
instrument measurements.

Severe overloads cause fuses to

blow or protective breakers to trip
instantly when ac power is applied,
and such shorts are difficult to

locate when the circuit has several
paralleled branches. Resistance
tests do not damage any additional
components, because they are
made after the ac power is turned
off. Unfortunately, resistance tests
are not infallible when locating ac
overloads because some overloads
are produced by defects that
reduce the inductance of power
transformers or relay coils without
producing a corresponding reduction of do resistance. Voltage tests
of massive overloads are almost
useless because the fuse or breaker
removes these voltages immediately, and random replacement of components is not costeffective.
My recommended time -saving
method is to insert a current limiting device in series with the
main power line before using a current meter to identify which
branch has the overload.
14
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Specifically, I connect a current limiting incandescent light bulb (of
appropriate wattage) across an
open ac fuse or breaker, and then
measure the ac current in each
branch by using a clamp -on -type ac

ammeter.
The light bulb has two functions.
It has resistance that limits the
maximum current, thus protecting
the circuit being tested. When the
bulb operates, it glows with
brightness that is proportionate to
the power dissipated. Therefore,
an instant visual indication of
overload is obtained (Figure 1). Of
course, voltage, current or power
meters can be used if numerical
readings are desired.

Testing industrial equipment
Figure 2 shows the power wiring
of an X-ray machine. Many components are not accessible, thus it
would have been difficult and timeconsuming to perform conventional measurements.
Troubleshooting a power
overload problem in a circuit of

November 1982

this kind should begin with disconnection of all plug-in accessories
and any readily accessible components. Do not disconnect or cut
any individual wires at this time.
A 100W bulb was connected
across the 6A line -fuse clips
because the fuse was open from a
previous attempt at operating the
control unit. When power was applied, the bulb had full brightness,
indicating a dead short in one or
more loads. Normal operation
would have produced a dim glow.
Next, the clamp -on meter was
placed in sequence around the
power wires at points A, B, C and
D (Figure 2). All locations except B
showed very low current, while the
ammeter at point B measured
about 1A, which is the maximum
current allowed by the 100W bulb.
These symptoms indicate a serious
short at T2.
Unsoldering one secondary wire
of transformer T2 darkened the
bulb, proving the T2 load was excessive. Motor M2 was disconnected and removed. It showed

Part for part,
more turn-ons than
ever before.
The new ECG
Master Guide is here
with even more
Sylvania semiconductors.
It's called the Master because it's far
and away the industry's most comprehensive source for getting the
parts you need, when you need
them. In its 500+ pages, you'll
find over 200, 000 original
parts which can be crossreferenced to 3000+
replacement products.
Since the last Master,
those replacements
include more than 700
new types, and most
hard-to -find foreign parts.
Replace your old guide
with the new, bigger and better Master today. It's as easy
as calling 1-800-225-8326 toll free (in Massachusetts, call
1-617-890-6107) for the name
and number of your nearest
distributor. Or just send
$3.25 to: Philips ECG, Inc.,
70 Empire Drive, West
Seneca, New York 14224.

If it's ECC,it fits.

And it works.

PhilipsECG
A North American Philips Company

a..

40
100W LAMP
LOW RESISTANCE

NO LIGHT

FUSE

tr\9
(ZERO VOLTAGE DROP)

INPUT
VOLTAGE

SUPPLY)

VOLTAGE DROP)

NORMAL LOAD

(VOLTAGE
EQUALS

(ZERO OR LOW

§

(MODERATE

(FULL OR

CURRENT)

HIGH VOLTAGE)

OPEN OR
HIGH -RESISTANCE

LOAD

B
1 One application of a current -limiting incandescent light bulb is explained
here. (A) In normal operation, a fuse is placed in series with the 120Vac line voltage.
If the load current rises above the fuse rating, the fuse element melts open, protecting the circuit from further damage. A small voltage drop is produced across the
fuse, but it does not reduce the load power significantly. (B) If a 100W bulb is used to
replace the line fuse, a high -resistance load will receive virtually all line voltage, with
low voltage across the lamp. Therefore, the lamp is not lighted. (C) When the load
current is normal, most of the voltage is across the load, and some is across the
bulb, lighting it dimly. (D) If the load has a short, the load has nearly zero voltage,
while the bulb has almost all voltage. Therefore, the bulb has full brightness.

Figure

visual evidence of having been hot,
so it obviously was shorted.
After a new M2 motor was installed and connected, the bulb
brightness was dim, showing correct operation. The bulb was
disconnected and a new fuse installed. When power was applied,
the X-ray control circuit operated
normally.

Whatever wattage you need
in flameproof resistors,
calI/Ön,the ECC° watts line
For every power handling
capability from r/a to 25 watts,
and every standard resistance
value from 0.1 ohm up to 100
megohms, the one source for more
of the flameproof resistors you need is
your local ECG distributor. He's got over
1000 different choices in stock-hundreds
and hundreds more than our nearest competitor makes. And because they're from
ECG, you can count on them to fit and
work, every time.
Now you can take advantage of the tight
tolerances and excellent stability and reliability of ECG flameproof resistors when

replacing resistors in industrial or consumer equipment. And ECG parts replace
virtually every style of resistor, so you'll
never again have to maintain large inventories from multiple sources.
For everything from audio
amplifiers to zone furnace controls, it's never been faster or easier to get the flameproof resistor
you need. Just call our toll -free
,
number for the ECG distributor
nearest you.

1-800-225-8326
(In Mass., dial 1-617-890-6107)

If it's ECG,it fits. And it works.
PhilipsECG
A North American Philips Company
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100W LAMP
100W LAMP

r

-

MAXIMUM BRI

DIM BRIGHTNESS

INPUT

INPUT
VOLTAGE

(25% VOLTAGE DROP)

(FULL VOLTAGE)

VOLTAGE

(75%
VOLTAGE
DROP)

(ZERO
VOLTAGE

MODERATE
CURRENT
NORMAL LOAD

DROP)

D

C

Testing power wiring
Testing with a current -limiting
light bulb and the clamp -on ammeter has proved to be an excellent time -saving method of
locating power overloads in home
or business wiring. The method is
appropriate for all power circuits
where a current probe can be applied to only one wire at a time. (If

EC
a

a hu

SHOR

the clamp -on probe encircles both
wires, the ammeter will read zero,
because the two currents are moving in opposite directions, and the
equal currents of opposite phase
will cancel in the probe.)
Of course, the voltage and wattage of the test lamp should be
selected for the circuit requirements. The voltage rating

should equal the supply -line
voltage, because a shorted load
will apply full line voltage to the
lamp.
However, the wattage often
should be lower than the circuit
wattage. In the example of Figure
2, the X-ray control circuit had a
6A fuse, so it seems logical that
the test lamp should have a 6A

hermal cut-offs
our shortcut to
çi'tiot new markets.

Whether you call
them thermal cutoffs or thermal fuses, the
demand for them has
never been greater. The
entertainment industry, electrical
appliances and industrial equipment all
use them. Everything from movie projectors to microwave ovens, from computer
equipment to coffee makers needs them.
And the best way to get in on all that
potential business is by calling your local
ECG distributor.
Whatever maximum cut-off temperature you need-from 66°C (151°F) to

240°C (464°F)-you'll find he has it. In
fact, he carries 20 ECG types that replace
170 industry types. That's five times more
than any other line sold. And because the
thermal cut-offs come from ECG, you can
count on them to fit and work, every time.
Pick up extra business on your next service call. If a small appliance needs repairs,
offer to fix it. Most of the time, it's as simple as replacing a thermal cut-off. To make
sure you have the part you'll need, call
1-800-225-8326 toll-free right now (in
Massachusetts, dial 1-617-890-6107) for
the name and number of your nearest
ECG distributor.

If it's ECG. it fits. And it works.
PhilipsECG
A North American Philips Company
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100

W LAMP

'

LOW
CURRENT

I

I

ON-OFF
SWITCH

6A

FUSE

'

HIGH

LOW

LOW

CURRENT

CURRENT

CURRE

JJ

I

O

f

O

B

CLAMP

©

CLAMP

T2

T1

Ml

CLAMP

CLA

T-o
-o

T-cs

Y1

Y2

RELAY

RELAY

TO

TO

MOTOR

D

C

MOTOR
M2

}

-o

BURNED
MOTOR

NEUTRAL

Figure 2 A simplified schematic of an X-ray control circuit shows a few of the 120Vac loads, and where the clamp -type ammeter should
be placed to read the individual currents. The fuse has been replaced by a 100W bulb to limit the maximum current. Clamp position B
was the only one showing high current, so the short must be in or around transformer T2. In this case, motor M2 was shorted.

rating (about 700W). However a
lamp of lower wattage provides
better protection of the circuit being tested. A 700W load would
have allowed a higher current to
reach transformer T2, thus increasing the possibility that the
shorted motor might ruin T2 during the tests.
Test loads
If a test lamp is used regularly, a
test-load circuit should be constructed on a board. As shown in
Figure 3, it should have insulated
wires and alligator clips (for connecting to fuses), three switches
for selecting bulbs and three bulbs
of the desired voltages and wattages. Any or all of the three bulbs
can be switched on as needed.

Testing power transformers
Power transformers in TV
receivers and stereo amplifiers can
be tested for shorted loads or
shorted windings by a method
similar to the one described
previously for power wiring.
After the line fuse is removed, a
120V light bulb of suitable wattage
18
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(usually 100W) is connected across
the fuse clips. Then the current
probe is placed around each secondary wire in turn while the amount
of current is noted. Secondary
wires in all -tube receivers should
show several amperes, while wires
feeding diode rectifiers in solidstate receivers will show a much
smaller current. A knowledge of
average currents is very helpful in
evaluating the readings obtained.
If none of the secondary wires
has excessive current, or if zero
current is measured for each wire,
the power transformer might have
shorted turns or an open primary.
To check these possibilities, the
ammeter clamp is placed around
one of the transformer's primary
wires. Zero current indicates an
open primary or a light load on the
secondary windings. A strong
primary current with zero secon-

meters are intended for 60Hz

sinewave operation, so the

readings will have poor accuracy.
Inquisitive technicians might experiment with their clamp ammeters to determine if the
presence of deflection can be
predicted from the yoke -current
readings. Although the readings
will be wildly incorrect, they
should be consistent.
Low -voltage do circuits
The basic principle previously
described of locating shorts and
overloads by analyzing current
paths can be used (after some
modifications) with low -current,
low -voltage dc circuits such as
those in transistor circuits.
Figure 4 illustrates the principle

that

do voltages are measured
directly, while do currents are
calculated by the voltage drops

dary currents proves the they produce across circuit
transformer has internal shorted
turns.
Current through the vertical and

resistances.

horizontal deflection -yoke coils
will give readings on a clamp -type
ammeter; however, these am-

components are normal, the

November 1982

A simple 2 -stage B + filter is
shown in Figure 4. When all four

voltage drop across R1 or R2 is
produced only by the load current.

RCA, Ph lips -ECG and G.E., to name a few. And
for good reason.
Only three years ago TCG started out with just ten
parts in its line. Today we're one of the major success
stories of the electronics industry, and frankly, the big
guys are getting more than a little uneasy.
We've grown so rapidly because we give you more
of what you're buying the other manufacturer's parts
for. We test all of our parts extensively on state-of-the-art
equipment during every phase of production. So you'll
get more quality and our full, two year replacement warranty. And, in a time that has seen the other manufacturers
adding fewer and fewer parts to their catalogs, we've
added 800 rew parts this year alone.
That's why more and more technicians in the know are turning
to TCG's Replacement Master
Guide. It cross references
over 210,000 different part
numbers-more than G.E.,
NEW -TONE ELECTRONICS
or RCA.
COMPONENTS GROUP,
TCG uses a special com- TECHNICIAN
44 FARRAND STREET.

puter controlled inventory

BLOOMFIELD. NJ 07003

system, so when you decide to replace or design with
-CG, you know you'll always be able to find the part you
need on your distributor's shelf. And TCG replacement
parts come in either polybags or carton packs with
device type, rating limits, package diagrams and replacement equivalents right on the package. So finding the
correct part tor your component has never been easier,
taster or more convenient.
No matter what area of electronics you're into, TCG
replacement semiconductors are the parts for you.
MAIL TO
NEW -TONE ELECTRONICS TECHNICIAN COMPONENTS GROUP.
44 FARRAND STREET. BLOOMFIELD. NEW JERSEY 07003

PLEASE RUSH ME THE 1982 REPLACEMENT
MASTER GUIDE.

(NAME)

(ADDRESS)

L

(CITY)
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(STATE)

J

(ZIP)
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Because it paralleled the load
current, leakage current through
C2 was not checked by the

Figure 3 Safety and convenience are improved when the current -limiter components
are mounted on a Dat board, with the various bulbs in sockets. Use conventional wall
switches in boxes. Do not leave any wiring exposed.

previous method. However, C2
leakage can be tested by disconnecting the output-load current
temporarily. When the output do
voltage is the same as the input do
voltage (except for loading by the
voltmeter), neither Cl nor C2 has
any leakage current. If the no-load
output voltage is lower than the input voltage, a capacitor is leaky,
but it must be identified. If both
R1 and R2 have voltage drops
across themselves, C2 has leakage.
But if R1 has a voltage drop when
R2 has the same voltage at both
ends, Cl has leakage.
Additional analysis can be made
if the circuit is opened temporarily
at point 1 or point 2, because questionable components can be
segregated.
These test methods are very simple, but after they are thoroughly
understood, you can revise them
slightly for use with many other
circuits of greater complexity.
Just remember that dc voltage is
measured directly (either to
ground or across resistances),
while do current is measured indirectly by the voltage drop across
circuit resistances. According to
Ohm's Law, voltage divided by
resistance (in ohms) equals current
(in amperes). But remember that
these resistances must be linear
with all voltages; diodes and

voltage -dependent resistors

(VDRs) change resistance according to the amount of voltage across

them.
Comments
Previous articles in Electronic
Servicing & Technology (such as
"Servicing HV Triplers," by
Homer Davidson in last month's
issue) have described the advantages of using a 100W light bulb in
series with the B + supply to the
horizontal -output or across a
blown ac fuse in a TV receiver.
Figure 4 Many low -voltage, low -current circuits can be analyzed by the current This is an excellent way of obtainlimiting technique, where resistors limit the current by developing voltage drops
ing extra testing time without addacross themselves. Testing techniques are described in the text.
ed damage when the power supply
or horizontal -sweep circuits have
Let's assume that R1 and R2 have voltage drop.
massive overloads.
If R1 and R2 have different
the same ohmic value. Therefore,
The methods described here can
the R1 voltage drop (voltage A) ohmic values, the current must be multiply the value of the protective
should equal the R2 voltage drop calculated separately to find a current -limiting technique, which
(voltage C), except for any Cl leaky Cl. A larger current through can be a valid diagnostic tool.
leakage that increases the R1 R1 than through R2 proves Cl is
AWL
voltage drop but not the R2 leaky.
20
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THE PERFORMANCE/
PRICE STANDARD

TEK 2200 OSCILLOSCOPES

Tek's most successful
scope series ever: At $1200-$1450,

it's easy to see why!
Wide-range vertical sensitivity:
Scale factors from
100 V/div (10X
probe) to 2 mV/div
(1X probe). Accurate

to ±3%. Ac or dc
coupling.

Two high -sensitivity
channels: dc to 60
MHz bandwidth
from 10 V/div to 20
mV/div; extended
sensitivity of 2
mV/div at > 50

Sweep speeds:
from 0 5 s to 50 ns.
To 5 ns'div with X10
magnification

Delayed sweep
measurements:
Accurate to ±3%
with single timebase 2213; to
±-1.5% with dual
time -base 2215.

MHz.

Complete trigger
system. Includes
TV field, normal,
vertical mode, and
automatic; internal,
external and line
sources; variable
holdoff.

Probes included.
High-performance.
positive attachment
10-14 pF and 60
MHz at the probe
tip.

l --

Tèktronjx

,,.

oscilloscope leadership, no other
scopes have recorded the
immediate popular appeal of
the Tek 2200 Series. The Tek 2213
In 30 years of Tektronix

Yet performance is written all over
the front panels. There's the bandwidth for digital and analog circuits.
The sensitivity for low signal measurements. The sweep speeds for
and 2215 are unapproachable for the fast logic families. And delayed
sweep for fast, accurate timing
performance and reliability they
measurements.
offer at a surprisingly affordable
price.
The cost: $1200* for the 2213.
There's no compromise with
$1450* for the dual time base 2215.
You can order, or obtain more
Tektronix quality: The low cost is the
information, through the Tektronix
result of a new design concept that
National Marketing Center, where
cut mechanical parts by 65%. Cut
technical personnel can answer
cabling by 90%. Virtually eliminated
board electrical connectors. And
your questions and expedite
delivery. Your direct order includes
obviated the usual cooling fan.

tI\

1r`

probes, operating manuals, 15 day return policy and full Tektronix
warranty.
For quantity purchases, please
contact your local Tektronix sales
representative.
ORDER TOLL FREE

1-800-426-2200
Ask for Department

11245

the state of Washington,
Call (206) 253-5353 collect.
In

'Price FO. B. Beaverton, OR. Price subject to change

Téktronbc

COMMITTED TO EXCELLENCE

Circle

Copyright©1982 Tektronix, Inc. All rights reserved. 136-2
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Symptoms and cures compiled from field reports
of (recurring troubles

SYMCURE
r
Chassis -General Electric EC
PHOTOFACT -1918-1

I

Chassis -General Electric EC
PHOTOFACT-1918-1

2

V601

Q212

VERT AMP

Y603

BEAM

Q210

LIMITER

R212

120012
VERT

SIZE

C606

2M12

C212

-_-

IOVI

470012

0.47µF

0.001µF
R606

CI

R613

C601

+9V

R216

122/1F

i+

1.8M12

SHORT
INCREASED

TO R4291

AND R215

+114V

Symptom -Insufficient height of picture
Cure -Check resistor R606 and replace it if open or
increased in value.

Symptom- No raster, but has sound and high voltage
Cure -Check Q212 and replace it if open o shorted.

-r
Chassis -General Electric EC

PHOTOFACT- 1918

3

4

Chassis -General Electric EC

PHOTOFACT- 1918-1

1

ERRATIC

C366.4,7

C368

120pF

220pF

IC501

HORE -VERTICAL

15

COUNTDOWN

ERRATIC

C524

1

4

R524

5

L367
C523

R523

120pF

200012

0.001µ

62012

R599

X530

270012

01

-

Symptom -Erratic horizontal drive
Cure -Check capacitor C523 and replace it if

Symptom -Intermittent color saturation
Cure -Check capacitor C366 and replace il it

intermittent

intermittent

Chassis -General Electric EC
P H OTOFACT -1981-1

5

Chassis -General Electric EC

6

PHOTOFACT- 1981-1
+18.5V

+11.7V
OUTPUT

ADD JUMPER

Q213

Q905

FOLLOWER

15V

REG

Q407
PG-RL35

R249
120012
19419

R247

120012

511!

OPEN

BAD CONNECTION

+15V

Symptom- No raster, but has sound and high voltage
Cure -Solder jumper between 37A and 37B connections
on foil side (intermittent between top and bottom of
rivets)

Symptom
Cure

REG

- Intermittent sound (with loss of 15V supply)

-Check and repair bad griplet between Q905

emitter and RL -35 pin 6 board connector on EP93X295
circuit board

J
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and Sheraton Centre, New York.
Contact Electronic Conventions,
999 N. Sepulveda Blvd., El Segun-

10-12

Northcon/83 High Technology
Electronics Exhibition and Convention, and Mini/Micro-North-

do, CA 90245; 1-800-421-6816 (in
California, 1-213-772-2965).

CALENDAR
OF EVENTS

west,

Blvd., El Segundo, CA 90245;
1-800-421-6816 (in California,
1-213-772-2965).

May

November

4-6

1-2

15th Annual Connector Symposium, sponsored by the Electronic Connector Study Group,
with the cooperation of more than
50

Portland Coliseum,

Portland, OR. Contact Electronic
Conventions, 999 N. Sepulveda

connector manufacturers,

Franklin Plaza Hotel, Philadelphia. Contact Electronic Connector Study Group, P.O. Box 167,
Fort Washington, PA 19034.

Electronic Distribution Show,
Las Vegas Hilton, Las Vegas. For
information, call 1-312-648-1140.

HOLIDAY SPECIALS
INTERNATIONAL TRANSISTORS
AND ELECTRONIC COMPONENTS

P.O. Box 1483
Union, N.J. 07083

FM STEREO RECEIVER
with headphone

30 -Dec. 2

Midcon/82 High -Technology
Electronics Exhibition and Con-

vention, Dallas Convention

$24ss

Center. Contact Electronic Conventions, 999 N. Sepulveda Blvd.,
El Segundo, CA 90245, 1-800421-6816 (in California, 1-213-

MATCHING
TRANSFORMER

772-2965).

UMMISOC:::*

January

TMT-300

*

HIGH VOLTAGE

6-9

International Winter Consumer
Electronics Show, Las Vegas.
Contact Consumer Electronics
Shows, Two Illinois Center, Suite
1607, 233 North Michigan Ave.,
Chicago, IL

46ç

60601;

1-312-861-

1040.
18-20

Southcon/83 High -Technology
Electronics Exhibition and Convention, Georgia World Congress
Center, Atlanta. Contact Electronic Conventions, 999 N.
Sepulveda Blvd., El Segundo, CA
90245, 1-800-421-6186 (in California, 1-213-772-2965).

WITH A PURCHASE OF

$5000

OR

*STEREO/MONO
SWITCH
*POCKET CLIP AND
CASE W/SHOULDER
STRAP FOR EASY
CARRYING

TRIPLER

MORE RECIEVE A VALUABLE GIFT!

$3.40
$3.50
$2.40
S .45
$1.65
63.45
$3.75
$1.40
$2.25
$2.25

2SC867A
2SC1172B
2SC1308K
2SD313

AN214
HA1377
M51515BL
TA7205
UPC1181
UPC1182

*

STEREO LED
INDICATOR
2 STEREO JACKS

COOLING SPRAY
TCS-15

2.20
300 OHM SPLITTER

NEW JERSEY:

201-688-0300
UVF-300

90ç

NA TIONWIDE:

800-526-4958

April
19-21

TTC -16

o.,,.

Electro/83 High -Technology
Electronics Exhibition and Con-

vention,

TUNER CLEANER

and

Mini/Micro-

Northeast, New York Coliseum

011,

$2.00

ItiiÉiW&'
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George H. Bleeker, 271 Emporia, San Antonio, TX
78209.

Needed: 3 -inch Toshiba picture tube #85FB4 and
schematic. For a chason model #3-cha -1 (TV/clock
radio comb.). A. Connolly, 23460 Manistee, Oak
Park, MI 48237.

READERS'
EXCHANGE

Needed: Westinghouse VHF tuner, new preferred,

part #475V015D02. Mike's Repair Service, P.O. Box
217, Aberdeen Proving Ground, MD 21005 (phone
1-301-272-4984 after
ter 6 p. m.).

Needed: Complete case for Triplett VOM, model
630-A; state price. F. P. O'Lear, 316 Bernard Drive,
Warner Robins, GA 31093.

Needed: Heathkit GR900 TV IF module #100-935-3.
Will pay any reasonable price. Will consider other
modules for that set. Mike Shelton, 1-919-227-2908,
Burlington, NC.

Needed: Hewlett Packard Klystron power supply,
model 717A; any condition. Charles R. Wells, 2085
Barcelona Drive, Florissant, MO 63033.

Needed: Sylvania CK-3000 color jig; must be very
good condition. George Lazoryszak, George's TV,
4432 N. Chadwick St., Philadelphia, PA 19140.

Needed:

Needed: GE TV service manuals, 1972 to 1982; will
buy. Also other manufacturers' TV books and service manuals with troubleshooting charts, especially
for shut -down circuits. P. Valer, 428 W. Roosevelt
Blvd., Philadelphia, PA 19120.

Schematic and service data for

Hallicrafters S-120 ham radio. D.
Box 51183, Tulsa, OK 74151.

Ludlow, P.O.

C.

Needed: The following "recently out of print" Sams
books at reasonable prices: 21400 (Q&A about CB
interference), 21435 (Q&A about CB), 20584 (101
Q&A about fixed radiocommunications). S. O.

Needed: Operator's manual for Sony tape
player/recorder, model TC580. Will pay for copy.

LRT L04LQL: The Source for Quality at Low Cost
SYLVANIA Tripiers

Silicon
H.V. Tripiers

ECG -500A
212-139

HIGH VOLTAGE

ECG -523

'1295 ea.
Co -Axial Cable
Copper Braided
Shield

I

1

$799
SOLDER WICK

dielectric

99$

Solder Removal SW -5
ti" Wide (Thick Type) -5 feet

VERY POPULAR

594 ea. $4400/100

SILICON RECTIFIER

100/5995

2.5Amp/1000PIV

sL-1oo

107191

2 SC1172B

RCA

99$

10 ASSORTED CIRCUIT BREAKERS
Good Assortment
10/4799
W
CB -10

CHEATER CORDS
Polarized C Clip
Price: 39C 24620

+

Standard C Clip
Price: 39C 24623

t1i°
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Section LAR-5

6 Section LAR-6
7

Section LAR-7

89C
99C
99C

Si49
PANASONIC 0M-500

.

5159

Send Purchase Order, Check or Money Order

MASTER CARD
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4SectionLAR-4 69C

Volts...1.09

G.E. 0M-300

-I

800-223-0826

in NY STATE (212) 865-5580
All ORDERS SHIPPED UPS/COD F.O.B., N.Y.C.

770 Amsterdam Ave., New York, NY 10025

24

80 MFD x 450 Volts... .99
100 MFD x 450

REPLACEMENT RODS

or Call Toll Free

ELECTRONICS

Also ask for Free 100 Page Catalog

Si99

t>e

GLOBAR DISC 120 Ohms Cold

OGLattQOLL
xi.-

Full line in stock.
The best quality

semiconductor.

'1699 ea.

2 Way - 75 Ohm Coupler
MT -2 $149ea. $8900/100

Foam polyethylene

SOL -1

Semiconductors
and Components

75-300 Ohm

MT-1

lb. - .062 dia.
(regular size)

LIST

Sylvania ECG
Replacement

Matching Transformer

White or Black

SOLDER (60/40 Rosin Core)

Sylvania
Tubes
70% + 10%
OFF

F-59 Connector
with Separate Ferrule
104/100 lot

conductor
Braidedbare
copper shield

s44591000 ft.

'1500 ea.

Bare copper

RG -59/U 75 OHM

ECG -526A
212-141-02
212-141-03
212-141-04

212-141
212-141-01

212-139-01
212.139-02

MULTIPLIERS

REMEMBER!

VISA

Sellers, 7308 Franklin Drive, Rock Creek, Bessemer,
AL 35023.

For sale: Kay Megaswitch dual coaxial RF switch,
model KMC 255B; asking $95, buyer pickup. Robert
11 Bryant Drive, Jackson, NJ 08527,

F. Malone Jr.,
Needed: Schematic and service manual for EMC
model 700 RF/AF crystal marker/generator;
Jackson model TVG -2 TV generator; Heath model
AW-1 audio wattmeter. Caswell Davis Jr., 601
Delmar, Apt. 2, San Antonio, TX 78210.

Needed: Schematic for Dumont 3 -inch cathode ray
oscilloscope, model 224. H. Hersh, 40 Monument St.,
Freehold,

NJ 07728.

Needed: Schematic diagram and parts list of the
parts required to install a Narco Superhomer MK 1V CN83-A radio in an airplane. Will buy or copy
and return. Steve's Radio Service, P.O. Box 168,
Wickes, AR 71973.
Needed: I would like to hear from people with back
copies of electronic servicing magazines, Tab books,
Sams, etc., who would like to give them away to a
good home. Ray Brumbaugh, 118 Kaywood Drive,
Statesville, NC 28677, 1-704-872-5742.

For sale: mini color -bar generator, $50; with
operating manual and leads; like new. Clarence
Gillow, P.O. Box 177, Springer, NM 87747.

r

1
1
1
1

1
1

I

1-201-367-1431.

For sale: Tekfax volumes 103 to 112 (10 in all);
Tekfax schematics June '67 (1087) to March '82
(1923). RCA manuals: tuners and mounts,
1967-1970; field service manuals, 1955-1966 (CT2B
to CTC 20A). Carl McAvey, 912 La Costa Circle,
Apt. 5, Sarasota, FL 33577, 1-813-957-1776.

For sale: Simpson 55 marine radio, $95. Ship 2003,
ship 2118, call and distress 2182, ship 2638; excellent condition. Ray Gramza, 298 Second Ave.,
Manistee, MI 49660.
For sale: Equipment from a Philco service shop. Includes tubes, yokes, transformers, resistors, transistors, capacitors and test equipment. Also Sams
Photofacts from 1 to 2018. Eva Mae Sandt, R. D. #3,
Wyalusing, PA 18853, 1-717-746-3253 or
1-717-265-8750.

For sale: Kenwood TS -830S transceiver, including
external VFO 230; mint condition; $975, shipping
prepaid. William Shevtchuk, 1 Lois Ave., Clifton,

NJ

07014, 1-201-471-3798.

1

GE Answer Center:

1

1-800-626-2000

1

1

Save this number to make GE Video service easier. 1
In video service you never know what
1. Fast turnaround on GE replacement parts.
you're going to face.
2. Service manuals (in addition to our Mini But one thing's certain: with GE's
Manuals found in the back of many GE TV's).
Itoll -free Answer Center" support, you won't 3. Other technical support.
have to face it alone.
GE Answer Center support...toll-free, 2.1
So save this number and call us wE
a day, 7 days a week. We made it
BRING hours
anytime for a fast response to any
fast, convenient and simple to use.
number of questions. We'll tell GOOD THINGS
Because it's our business to
Iyou who to call or where to go for:
make your business easier.
TO LIFE.
GENERAL

ELECTRIC
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By Jim Lynch, Aritech Corporation
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FINALLY. COMPUTERS AS A
NEW TOOL FOR T.V. REPAIR.
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OPTIMA ELECTRONICS

TO ORDER CALL TOLL FREE 1-800-327-0224

G.E., SYLVANIA, ZENITH, RCA, 75% OFF LIST NEW -BOXED
All Tubes Not Advertised, Write in at 75% Off
List. Sleeves Only. Singles 72% Off List

NOVEMBER SPECIAL:
1308K SANYO...$2.25, MIN. 10

Primefax puts computer -assisted repair capability in your shop today.
Primefax drastically reduces the
number of sets requiring extensive

trouble-shooting procedures.
Through the use of today's tech-

nology. Primefax maintains-in a
central computer -a database of
problem -solving solutions for
television set malfunctions.
Primefax is a compilation of the
most current, applicable technical
information acquired from hundreds of valuable sources ... and
updated daily.

With a Primefax Computer Terminal
installed in your shop, you can do
your job more quickly and more
In Texas, call (512) 344-5999 e

accurately. You have more satisfied
customers, and your profits are
increased substantially.
Reduced call backs faster turnaround reduced chance of
repeated failure a more thorough
service and complete repair at
reasonable cost.
The more Primefax is used, the
more profit you realize.
CALL US OR WRITE. No matter how
you compute it, Primefax means
profit for you. It's worth looking

into.

Out of Texas, call 800-531-5953

Prime

HORIZONTAL OUTPUT
TRANSISTORS
ECG REPLACEMENT TRIPLERS
$1.95 ea. Min. 10, 2 yr. Warranty
RKS1172B
RKS238
500A ..$11.50
523 ...$13.50
D RKS1308K
RKS165
522 ...$11.50 D 526A ..$14.95
TRANSISTORS & I.C.'s...MIN. 10, CAN MIX
T.V. Vs
Pop. I.C. V.
STEREO a's
2SC1114 ..$3.75
712
DM133
$1.40
$5.95
M N8303 . . .$3.95
713
D DA101
$5.75
$1.40
2SC1034 ..$5.95
714
D HA1377A
$3.25
$1.50
2SC867A ..$3.50
731
HA1388
$1.50
$5.25
2SD870 ...$4.75
790
HA1396
$1.50
$5.50
2SD871 ...$5.50
791
D HA1398
$1.85
$4.95
AN5210 ...$6.50
792
LA4440
$1.85
$2.95
AN5310 ...$3.95
793
M51515BL
D
$2.35
$3.25
AN5320 ...$3.25
819
D 2SA1105
$1.50
$2.95
D AN5435

...$2.95

820

$2.10

2SC2580

$2.95

GENERAL
2.5 Amp. 1000 PIV Rect.
D VEH0070 Video Head (4 hrs.)
ADC MARK III CARTRIDGE w/needle, Min. 2
D 6 ft. Cheater Cords SPT2
(Heavy Duty UL App. 7 Amp. 125V. P & NP)
800-860 Zenith Safety Cap
Pop. Mag. Safety Caps 250663-11-17-19
VHF/UHF Separator -Transformer #316

100 for $ 8.75

$49.95
$8.95
10 for $ 7.95

Antonio. Texas 78229
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$ 3.95

5 for $ 5.50
Matching Transformers
10 for$ 4.90
T.V. Game Switch #AB21
$ 2.25
AN16 Trinitron Dual Ant. for Sony, Min. 2
$ 6.95
5 Pcs. Align. Tool Set
$ 1.00
Quantity Prices Available
Letters of credit and all checks placed on deposit with Bank of Hallandale,
FL VISA & Master Charge accepted. Min. order $75. FOB Dania, FL.
Catalog $3, refundable upon order.
SEND CHECK OR MONEY ORDER TO:

OPTIMA ELECTRONICS
4825 Fredericksburg Road e San

$ 3.95

2022 Tigertail Blvd.. Dama. FL 33004
Phone (305) 920-3550 TOLL FREE: 1-800-3270224

Circle (14) on Reply Card

Most people view a burglar three basic groups of components:
alarm system in either one of two the alarm sensors, the control
ways: As an intricate electronic panel and the reporting devices.
These components are usually
labyrinth of wires and super -sensitive components capable of zap- connected by wires (recent innovaping an intruder into the next tions in RF transmitters and regalaxy, or as the next-door ceivers have resulted in some wireneighbor's "pain in the neck" sys- less systems). Figure 1 shows the
tem that is seemingly timed to go flow of information in a simple
off mistakenly only at 2 a.m. every system. The control panel, in the
other morning.
center of this information flow, is,
To a limited extent, both these in a sense, the "brain" of the sysviews are valid. Some systems are tem. The control panel receives
so elaborate that only highly signals' from the alarm sensors,
trained security professionals can processes these signals and then
and should service or install them. controls the appropriate response,
And there are systems - mostly in- if.any, from the reporting devices.
stalled by amateurs-that are not The status of the control panel,
as stable as they would be if they whether it is on or off (a function
were installed by a professional.
controlled by the user) determines
the nature of any response.
The alarm's function
Choosing the combination of
Simply put, the function of a products from these component
burglar alarm system is to detect groups is of major importance in
an unwanted intruder in a building constructing a burglar alarm
and to initiate some action that system. Because each installation
will encourage the intruder to is different, the products chosen
leave and/or to summon the ap- will vary. Alarm product
propriate authorities. Every distributors offer a wide selection
burglar alarm system consists of of products and can provide corn-

prehensive information on virtually every product.
With this help there is no reason
why qualified electronic professionals cannot install burglar
alarm systems. Much of the wiring
is similar to that used in telephone
and speaker systems. The sales
people at most distributors have
hands-on experience with alarm
products through installation and
service and can recommend products for each installation.

Control panels

The electronic circuitry in the
control panel controls all system
functions. It accepts inputs from
the alarm sensors, initiates output
to the reporting devices and controls the arming and disarming of
the system.
Most burglar alarm control
panels are powered by low -voltage

alternating current-usually between 6 and 24V. This power is
supplied by a breakdown
transformer that plugs into an ordinary 120Vac outlet. Some control panels require direct connec-

SOLTE
SERIES

5 OSCILLOSCOPES

Look on the inside of any Soltec Oscilloscope!
You'll see quality engineering and craftsrr-anship it a
configuration that performs to your needs and expectatic ns.
We offer a complete line of quality scopes to meet your
exact needs. 12 MHz - 15 MHz - 20 MHz 30 MHz (shown) 40 MHz -60 MHz and 10) MHz,
single, dual, triple and quad trace... all at
competitive prices and available off-the -shelf from a
distributor in your area.
Write or call for a full color descriptive catalog or the
name of the distributor in your area.

...

Outstanding Features:
1

mV sensitivity

6 KV

800-423-2344

acceleration pclential

Patented, ultra stable

"auto fix" trigger circuit
Reliability measured in excess
of 15000 hrs. MTB =
2 year warranty, all parts, labor

California residents call (213) 767-0044

SOLTEC
CORPORATION

®

11684 PENDLETON STREET
SUN VALLEY, CALIFORNIA 91352
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tion to a 120Vac source.
Virtually all models of control
panels have a provision for backup
power in the event that the
primary power is interrupted.
Usually some kind of standby battery system provides this backup
power. Some control panels are
equipped with automatic charging
circuitry that keeps a standby battery at full charge at all times. Two
popular batteries currently used in
the alarm industry for standby
systems are the gel cell and the
nickel -cadmium. The gel cell's electrolyte is suspended in a gelled
material, doing away with water,
plates and the attendant problems.
A gel cell will not be damaged by
high rates of discharge and is
relatively inexpensive in com-

input loops
Alarm

Remote

control

sensor

panel

Alarm

Main

sensor

control
panel

Alarm

ac power
sensor
parison to other batteries. N'ickeltransformer
stand by
cadmium batteries are small in size
battery
but are capable of high current
output and resistant to the
1. The drawing depicts the flow of Information in a burglar alarm system. The
damage that overcharging often Figure
main control panel, in the center, is the "brain" of the system and controls the flow.
causes on other batteries,.
The control panel receives signals from the alarm sensors on its sensors comprise the first level of that was chosen for its conveninput circuits. In most cases, these protection and the internal sensors ience for wiring rather than its acinput circuits are simple closed- the second. When home, the user cessibility to the user, it is often
circuit loops. Alarm actuation oc- may arm just the perimeter sen- necessary to install a limited -funccurs when an alarm sensor is sors, foregoing the internal sen- tion arming station at most acviolated, causing the loop to open. sors so that he can move around cessible locations.
Arming stations increase sysClosed-circuit input loops will ac- freely, but still have protection.
cept input only from normally When leaving, the user may arm tem -use flexibility because the
closed alarm sensors., Most both the perimeter and internal user can arm and disarm the alarm
control -panel, closed-circuit input sensors, using both levels of pro- system from more than one localoops allow up to 19 impedance in tection to get the most complete tion. This is often a requirement in
a home alarm. If the control panel
protection.
the wiring and connections.
Many control panels are does not have an exit/entry-delay
Some control panels use
balanced-bridge input circuits. Us- equipped with an exit/entry-delay input circuit, an arming station
ing an end-of-line resistor or a input circuit. When the user arms must be installed on the exterior of
specific value to balance the loop the alarm system, the alarm sen- the building.
There are various kinds of armpermits connection of both nor- sors connected to the exit/entry
mally open and normally closed circuit are bypassed for a specific ing stations. The simplest is a key
alarm sensors, giving the installer amount of time, permitting the switch mounted to a single -gang
more flexibility in choice of sen- user to exit the building without plate; turning the key arms and
sors and design of the circuit. A tripping the alarm. An entry delay disarms the system. Most systems
balanced -bridge circuit will ac- gives the user time to enter the require more secure arming statuate an alarm either when the cir- building and turn the alarm off. tions. A good example of this is a
The user must be careful not to panel containing a group of
cuit opens or when it shorts.
Many control panels are trip any alarm sensor not con- numbered push -buttons. There are
equipped with multiple -input cir- nected to the delay circuit when many different versions of this by
cuits, which are designed to pro- entering and leaving the building many manufacturers. The user
vide different levels of protection or an alarm will result. In an alarm presses a preprogrammed comto a burglar alarm system. For ex- system with a control panel that bination of the numbers to arm
ample, the control panel in Figure does not have the exit/entry-delay and disarm the system.
2 contains four input circuits. Two input circuit capability, provision
Alarm sensors
of these circuits are deigned to for outside arming and disarming
the control panel is the
Whereas
on
must
be
made.
connect to alarm sensors
As stated earlier in this section, brain of an alarm system, the
perimeter doors and windows, and
two other circuits are designed to the control panel controls the arm- alarm sensors, because they send
connect to internal alarm sensors ing and disarming of the system. signals to the brain, are analogous
that detect an intruder walking in- However, because the control to nerve endings. Specifically, the
side the building. The perimeter panel is often installed in a location alarm sensors are protective
28
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THE
BUG
STOPS

Local
reporting
device

Local
reporting
device

HERE

Off premises
reporting
device

Receiving
equipment

i
Communications
Line

LOGIC COMPARATOR S265

Performs in -circuit verification
of proper TTL IC operation
by comparison to a "known good' IC.

ENTRY DOOR
INTERNAL
PERIMETER

INTRUSe.

FIRE, TROUBLE

SPEW

A.OTE

SIGNATURE ANALYZER $395
Performs simple and
accurate in -circuit troubleshooting of RAMs, ROMs,
Microprocessors and other
complex ICs*

ßUGTE4PTM

INSTRUMENTATION

73 Tasman Drive
Sunnyvale, California

(408) 734-1118

94086

'The Signature Analysis Technique is licensed from
Hewlett-Packard Co.

Figure 2.

A

burg'ar alarm control panel.
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System

000
Ioael

lone:

Arm

Ntralo.n

PA

Magnetic contacts.
A remote arming system.

devices that connect to the input
circuits of the control panel. Which
input circuit an alarm sensor connects to depends on the nature of
the sensor. It is more appropriate
to connect some sensors to an input circuit that provides internal
protection, while other sensors are
more appropriate for perimeter
circuits. However, no sensor is
restricted to one or the other. The
following is a list of commonly used types of alarm sensors. There
are many versions of each type of
sensor made by many different

manufacturers.

Electromechanical switches.

These switches attach to a door or
window (or any kind of opening
that must be protected) and are
usually wired into a perimeter input circuit. There are many kinds
of electromechanical switches; the
most widely used is the magnetic
contact. A magnet, attached to the
door or window, lines up close to a
switch that is attached to the
frame and contains the connection
to the input circuit. The two line up
when the door or window is closed,
which keeps the contacts in the
switch closed (remember, most
alarm circuits are closed circuits).
When the door or window is
opened, the magnet moves away
from the switch, causing the contact, and therefore the input cirAn ultrasonic motion detector. cuit, to open.
30
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Other electromechanical switches include the push-button switch,
which recesses into the frame on
the hinge side of a door. When the
door is closed, the button is closed;
when the door opens, the button
springs out.
Motion detectors. These sensors
are ordinarily designed to provide
internal space protection. This
means that, instead of detecting
the opening of a door or window as
does an electromechanical switch,
these devices detect an intruder's
movement.
Ultrasonic and microwave detectors basically consist of two transducers (transmit and receive)
signal processing circuitry and an
alarm relay that connects to an input circuit (usually an internal circuit). The transmit transducer
transmits ultrasonic waves into

the protected area; they then
bounce off the walls, ceilings, floor
and any other objects, back to the
receive transducer. The frequency
of the ultrasonic waves transmitted is identical to the frequency of
the received waves, provided no
movement occurs in the area. The
signal processor verifies this. If an
intruder enters the area, the motion will reflect the ultrasonic
waves onto the receive transducer
at a different frequency (i.e. the
Doppler effect). The frequency
change will be noted by the signal

processor, which will activate the
alarm relay.
A passive infrared detector
(PIR) senses the change in the infrared energy level of a protected
area caused by the heat emitted by
an intruder. Each PIR contains a
sensing element, that reacts to infrared energy. Some PIRs use a
thermopile for a sensing element,
while others use some pyroelectric
material. The protection area
covered by a PIR is divided into
small sections by an optical antenna (or lens), which, because it
reflects infrared energy onto the
sensing element, controls where
the sensing element "sees." Therefore, the construction of the antenna determines the dimensions of
the protected area. Good PIR detectors can detect protection area
temperature changes as low as
2°C.
Reporting devices
In accordance with the flow of
information depicted in Figure 1,
when an alarm sensor detects an
intruder, the control panel activates the reporting devices. The
twofold function of the reporting
devices is to encourage the intruder to leave and summon the
appropriate authorities.
Generally reporting devices fall
into two categories: local devices
and off-premises devices. Local
reporting devices provide an audible or visible signal at the protected location by means of such
equipment as bells, sirens,
speaker/driver systems and lights.
Off-premises reporting devices
transmit an alarm signal to
another location, frequently using
standard telephone lines.
The tape dialer uses a preprogrammed 8 -track tape to transmit
a verbal message over standard
phone lines to an off-premises location - often a police station. Many
local police departments have a
special number for taped message

transmissions.
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Statement of Ownership, Management and Circulation
(Act of August 12, 1970; Section 3685, Title 39, United
States Code).
1. Title of publication: Electronic Servicing &
Technology
1A. 462-050
2. Date of filing: Sept. 17,1982
3. Frequency of issue: Monthly
3A. Number of issues published annually: 12
3B. Annual subscription price: $15.00
4. Location of known office of publication (Street, city,
county, state, zip code): 9221 Quivira Rd., Overland Park,
Johnson County, Kansas 66215.
5. Location of the headquarters or general business offices of the publishers (not printers): 9221 Quivira Rd.,
Overland Park, Johnson County, Kansas 66215.
6. Names and complete addresses of publisher, editor,
and managing editor. Publisher (Name and Complete
Mailing Address), Cameron Bishop, 9221 Quivira Rd.,
Overland Park, Kansas 66215. Editor (Name and Complete Mailing Address): Nils Conrad Persson, 9221 Quivira
Rd., Overland Park, Kansas 66215. Managing Editor
(Name and Complete Mailing Address): Rhonda L.
Wickham, 9221 Quivira Road, Overland Park, KS 66215.
7. Owner (If owned by a corporation, its name and address must be stated and also immediately thereunder the
names and addresses of stockholders owning or holding 1
percent or more of total amount of stock. If not owned by
a corporation, the names and addresses of the individual
owners must be given. If owned by a partnership or other
unincorporated firm, its name and address, as well as that
of each individual must be given. If the publication is
published by a nonprofit organization, its name and address must be stated.) Howard W. Sams & Co., Inc., 4300
W. 62nd St., Indianapolis, IN 46268...a wholly owned subsidiary of International Telephone & Telegraph Corporation, 320 Park Avenue, New York, NY 10022.
8. Known bondholders, mortgagees, and other security
holders owning or holding 1 percent or more of total
amount of bonds, mortgages or other securities (If there
are none, so state): None.
9. Paragraphs 7 and 8 include, in cases where the
stockholder or security holder appears upon the books of
the company as trustee or in any other fiduciary relation,
the name of the person or corporation for whom such
trustee is acting, also the statements in the two paragraphs show the affiant's full knowledge and belief as to
the circumstances and conditions under which stockholders and security holders who do not appear upon the
books of the company as trustees, hold stock and
securities in a capacity other than that of a bona fide
owner. Names and addresses of individuals who are

stockholders of a corporation which itself is a stockholder
or holder of bonds, mortgages or other securities of
paragraphs 7 and 8 when the interests of such individuals
are equivalent to 1 percent or more of the total amount of
the stock or securities of the publishing corporation.
10. This item must be completed for all publications except those that do not carry advertising other than the
publisher's own and are named in sections 132,231,
132,232 and 132,233, postal manual (Sections 4355a,
4354b, and 4356 of Title 39, United States Code).

Average No.
Copies Each
Issue
During
Preceding
12 Months

Nearest
To Filing

Date

A. Total No. Copies

Printed (Net Press
Run)
B.

Paid Circulation
1. Sales through
dealers and
carriers, street
vendors and
counter sales
2. Mail subscriptions

46,9.16

59,124

402

402

39,658

55,631

40,060

56,033

C. Total Paid

Circulation
D. Free Distribution
(including
samples) by mail,
carrier delivery
or other means
E. Total Distribution
(Sum of C and D)
F. Office use, leftover, unaccounted
spoiled after

printing
G.

6,815

1,434

46,875

57,467

101

1,657

46,976

59,124

..

Total (Sum of E
and F should
equal net press
run shown in A)

I certify that the statements made by me above are correct. (Signature of editor, publisher, business manager, or
owner.)
CAMERON BISHOP

STAR VIEW MODEL 12K
Complete System
Easy to Install

Reasonably Priced

UPS Shippable

Weight 125 Pounds

More than 100
Channels Accessible

tape

automatically starts when an
alarm condition occurs and dials
the phone with digital pulses or
tone sequences that are recorded
onto the tape with a special programmer. Most alarm equipment
distributors will program dialer
tapes for alarm dealers.
Unlike the tape dialer, which
depends on a party at another location to answer the phone in order
to complete verbal transmission of

Single
Issue

THE STAR VIEW 12K SYSTEM KIT CONTAINS:
12 Foot Antenna
Azimuth Elevation Mount
24 Channel Receiver
120 ° Low Noise Amplifier
Feed Horn
Cables & Connectors
No Modular Included
(May be ordered separately for $79.95)
Available through your local Craig Star View dealer Cail or write for information
Dealership inquiries welcome Price subject to change without notice.

H&R COMMUNICATIONS, INC.

Route 3, Box 103G
Pocahontas, Arkansas 72455

Subsidiary of Craig Corp.
Call 800-643-0102
or 501-647-2291

Circle (24) on Reply Card
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an alarm signal, the digital communicator transmits an electronically coded message over existing phone lines to a special
digital receiver, installed
at another location, which
translates the code into
pertinent information
about the alarm.
Most alarm companies have digital
receiver hardware
set up in a cen-

tral alarm station
that can receive
messages from
many communicators. These
companies often
sell this service
to alarm dealers
who do not have
receiver facilities.
Distributors have infor-

A burglar alarm siren.

ECG REN

GE SK

REPLACEMENT TYPES

HERE'S
YOUR BEST
VOM VALUE
NEW Tech VOM
WV -547C
It's compact, drop -proof and provides 21 color -coded rangesvolts, milliamps, ohms, temperature scale and decibels. A true
quality instrument for your portable applications. Tough, accurate,
taut -band meter, fuse -protected. Sensitivity
20,000 ohms/volt DC. High -impact case,
colored bright orange. Snap action, dualdetent range switch. Range limits:
1000V DC andAC, 250 mA DC, one
megohm, + 200'C. Battery Test
provision. Meter OFF Position.
Temperature scale (special
probe optional).

instrument in
impact -resistant carrying case.
Handle converts to tilt stand.
$39.95.
WV-547D. Same

VIZ

Over 70 instruments in the linePLUS full accessories.
E.
Price
St., Philadelphia, PA, 19144,
335
VIZ Mfg. Co.,

Why pay their high prices??
CHECK THIS!
IDENTICAL REPLACEMENT FOR ECG°
(Min.

ECG'
Type No.

pcs. each)

5

YOUR
PRICE

.28
.60
.65

123A
152
153
165
238

2.25
2.25

ECG'
Type No.

YOUR
PRICE

500A
523
526A

8.95
10.75
10.95
3.75
3.75

HIDIV-1®
HIDIV-3®
3 YEARS WARRANTY ON EXR PARTS

SPECIAL

(Min. 5 pcs. each)

2SC867A .... 2.95
2SC 1034.... 5.95

AN214Q
STK439

2SC1

UPC1181H
UPC1182H

1

14

.... 3.45

2SC1308K...

2.25

Call Toll -Free

800-526-4928

COD ORDERS WELCOME

(Min. order $25)

CALL OR WRITE FOR OUR 1982 PRICE LIST

DIGITRON ELECTRONIC
110 Hillside Avenue, Springfield, N.J. 07081

201-379-9016

201-379-9019

ECG IS A TRADE MARK OF PHILIPS ECG.
DIGITRON IS NOT ASSOCIATED IN ANY WAY WITH PHILIPS ECG.

Toll Free 1-800-523-3696
Circle (25) on Reply Card
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1.50
7.25
1.95
1.95

Circle (26) on Reply Card
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Hitachi
Color TV
Chassis NP80SX

November 1982

PRODUCT SAFETY NOTE: Components marked with a © and shaded have special characteristics important to
safety. Before replacing any of these components, read carefully the PRODUCT SAFETY NOTICE of this Service
Manual. Don't degrade the safety of the receiver though improper servicing.
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closely related to other electronics
industries in the equipment used
and in installation and service procedures. The professionals in these
industries should perhaps look at
the alarm industry as another
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skills and derive profit.
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PC boards

the easy way
By Les Svoboda

For years I have experimented
with making my own etchings and
boards. Needless to say, I have
spent lots more time than money!
Some of the boards didn't come out
so hot, yet some were very good.
For one -time -only projects, my experience suggests that buying pre etched boards is usually a better
solution.

Pre -etched board
"Veroboard" is the trade name
for one manufacturer's punched
phenolic or fiberglass insulating
boards. They have 0.04 -inch
diameter holes arranged in rows
and columns, spaced 0.1 inch
apart. Veroboard has the same
mounting arrangements as most
current digital, DIP and PC components.
The holes are connected with
continuous copper foil strips along
the length of the board. Each strip
is separated from the next row and
can be interrupted, at any desired
point, by cutting it with a sharp
knife or a special hand -drill -type
tool available from a Vero dis-

sheets. These sheets are exactly
twice the actual size of the finished

board, making it easier to
visualize. This paper is available at

most school -supply counters.
The center of each square may
be considered as an available
mounting hole. Using an erasable
lead pencil, place a dot in the
center of a square to represent a
hole where a component lead will
terminate with a soldered joint.
Naturally, the in-line pins of an IC
would be placed perpendicular to
the foil traces. A line is drawn
from the dot with the proper
schematic symbol of the component reaching to its other mounting hole, again terminating as
above. Plain lines are used to indicate jumpers between dots.
Remember to leave enough space
of you might end up crowding
parts together in one area.
An "X" within an "0" is drawn in
squares where foil strips need to
be interrupted. Always center the
interruptions on a hole, because

this hole will act as a center -pilot
and drilling guide. The symbol
indicates a component mounting
hole, while the symbol X indicates
a support hardware mounting
hole. A dot surrounded by a circle
is my indicator for a pre -punched
hole in the board that will have to
be enlarged for larger -than -normal
component leads or pins. The
mounting holes most likely will
also need to be enlarged.
Be sure you can recognize a top
view drawing and a bottom view.
Begin by drawing the layout as a
top view. Once this drawing is
complete, place the sheet face
down over a window or a lighted
glass surface and retrace all the
markings on the reverse side of
the sheet. If the quad sheet is not
printed on both sides, use another
sheet over the original or fold the
original. The top view will be used
for placement of components and
the bottom view for soldering the
leads. Therefore, all foil interruptions need to be marked on the bot -

tributor.
Using a motorized hobby tool
and drill press, I usually chuck a
1/8 -inch bit into the tool and adjust
the penetration depth with the
press table to cut only through the
foil, not the board. If you're
careful, a small hand drill will
work too. If you drill completely
through the board, it will not
necessarily affect the circuit's
operation, only the appearance.
The paper layout
First obtain 2 -sided graph paper.
I use five squares to the inch

quadrille or quadrant graph
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Stock Veroboard marked and ready for cutting and drilling.
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ponents, all foil interruptions

should be completed. Check that
all burrs are removed. The foil
strips should now be rubbed with
fine steel wool or liquids designed
for making clean solder joints. A
25W, pencil -type iron works very
well for soldering. The placement
and soldering of jumpers should be
done now, particularly if jumpers
are to fall under IC sockets or
other large components. If you are
using sockets, their pins should be
soldered to the board foils next.
All remaining components should
be mounted and soldered in a
logical manner. If ICs are not going to be socketed, they should be
soldered in last.
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Schematic and paper layout for an ac field -disturbance proximity detector.

tom view for drilling purposes.
The bottom view can be helpful for
troubleshooting, if necessary.
Many jumpers can be placed
directly under DIP sockets, and in
some cases, under larger components. Solid -tinned wire, of
AWG 24 or so, will offer little or no
interference to the socket or component. Check your components.
The leads on most are longer than
necessary and may be of the fine
wire needed for this purpose. Clip
them and use them.
Careful placement of the interruptions vs. jumpers must be considered when both are placed
under DIP sockets (Figure 7).
If there are any continuous rows
or columns that were not used or
needed for a component's physical
spacing after completing our
layout, they can be scratched out.
This compresses the size of the
board. By the same token, if you
need more space, a notation can be
made that you will have to provide
an additional row or column.
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Preparing the board
After you determine the proper
size of the blank board you will
need for the project, mark the cutting lines with a small-tipped felt
or nylon permanent marking pen.
Phenolic board may be cut to size
on a jigsaw. Tin snips or shears
work quite well with fiberglass
board. Use the space between the
foil strips as a cutting guide and a
line of holes for the perpendicular
dimension.
The boards contain 38 rows of
punched foil strips. The first four
and last four additional rows are
unpunched along the length of the
board. These may be used as
"bus" lines or heat sinks in some
projects, or they may be cut off as
waste in others. Special "plug-in"
versions of Veroboard are available that mate into matching
sockets if you desire to use plug-in
cards.

Mounting the components
Before mounting any com-

November 1982

Mountings
If nut and screw mounting of the
board above a chassis or within a
"mini -box" is desired, the mounting hardware should be provided
for by drilling out the necessary
holes on the board to size. Use
2/56 -inch diameter, round -head
screws because they will not occupy more space than one foil strip
width. Thus, the heads can even be
placed over the foil trace if the
trace will not be affected by the
direct contact of the screw head.
An expended ballpoint pen refill,
cut to length, will make a beautiful
spacer and fit over this diameter
screw. A short spacer can be added before the nut, and it will act as
an insulator. If components have
larger diameter leads than the
board holes provide, simply drill
out the desired hole to the proper
diameter. Make sure that the
placement of mounting hardware
or drilling will not produce a short
circuit or an open circuit for your
board.
Various workable terminals are
also available for fitting the
mounting holes for wrapping,
spacing, connecting wire, "high rising" resistors or components
that may run hot away from the
board, or even floating the entire
board above another. Sometimes
unused segments of the foil strips
can be interrupted and used as a
small "on -board" heat sink.
Remember that you can add
jumpers to other nearby unused
strips as another heat -sink aid.

Errors? Additions?
Have you forgotten a component
or made an interruption in the

.:`
:

:_
..;.

. . . .

rounding foil shielding is critical or necessary.

----

A few shots
A few shots of flux remover
from a spray can will quickly rid all

..;:

your solder joints of any darkened
flux that remains on the board,
giving it a professional look.
Using pre-etched board is one of
the "slickest" ways to make neat
and professional looking PC
boards at reasonable costs. Its versatility is equal to no other, limited
only to your design. It is certainly
ideal for those one -time -only projects and prototypes, and it saves
on etching time and money.

s..

oaamanimadamaseemav-

Bottom view of completed board.

Top view of cc mpleted board.

wrong place? Just make another
interruption at a convenient point
and add jumpers and the component. Have you ruined an entire
circuit segment? Saw or cut it off
or completely out, and replace it
with a newly cut segment of board.
Hard-wire jumper or flex -wire the
new segment to it. I've even used
this method to correct previously
etched boards as well as to add
more circuitry to existing boards.
If you have cut your board too
short, just add to it using the above
method. I have replaced an old
rectangular segment of board by
sawing it out with a tiny circular

saw blade chucked into the
motorized hobby tool and mated a
new segement of board into the
opening, letting the flow of solder
become the jumpers.
The fiberglass -base board is
Solder and re-solder...the foil somewhat higher in price, but is
strips are well fused to the board more pliable. Both the fiberglass
and usually will not lift off easily, and phenolic boards are available
even with more than normal heat in various stock lengths and
from the soldering iron. This is an widths. I use the phenolic base in
aid in component removal or the 17.9" x 4.7" dimension. It is
replacement.
available from Redel Laboratories,
With today's digital and most 3405A N. Kennicott Ave., Arlingother circuits, these boards work ton Heights, IL 60064;
like champs. Their only limitation 1-312-253-5000. It costs $13 PPD
might be in VHF up to GHz cir- for one piece.
cuits where direct, short pin sur -
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Digital building blocks:

I locking
By Bernard Daien

memory states. It controls the speed
with which computer operations
are performed and also synchronizes various operations in the
digital system. The clock regulates
the sequence and timing of logic
levels; races are eliminated by the
use of clocked logic devices;
glitches are prevented by clocking;
and other effects due to propagation delays of the various digital
devices are minimized by clocking.
In order to understand the
above, we have to define the terms
we just used.
A race is a condition that occurs
when two or more signals compete
with each other in determining
which will cause an operation to
occur.
A glitch is a spurious, unwanted
pulse generated by the operation
of the digital system. (Glitches are
often generated as the result of a
race.)
Propagation delay is the time required for a logic signal to pass
through a logic device. It is the
total of several internal delays,
such as rise time and fall time. It
should be noted that the low -power
TTL family of devices has quite a
long delay (more than 30ns), while
the high-speed Schottky TTL family has a delay of less than 5ns.
Emitter -coupled logic (ECL) has
even less delay.
Further complicating the picture
What is a clock?
Lucidly explaining what a clock is the fact that even within
is really requires including a families, different device types
description of what a clock does, so have different delays. A simple
we'll try to define the clock first, gate with few transistors has less
and follow up with some of the delay than a more complex device
with many transistors inside. Each
things the clock does.
semiconductor the signal passes
First, a definition:
The clock is a pulse generator through adds its own propagation
that controls the timing of com- delay.
The word synchronous in digital
puter switching circuits and

Early attempts at digital

systems were plagued with a variety of problems. When the problems
were understood, clocking was
adopted as a major cure. Clocked
systems run synchronously, controlled in an orderly fashion by a
stable series of pulses that control
the logic devices in the system.
The controlled devices are said to
be clocked logic devices; the pulse
generator that initiates the clock
pulses is called a clock. Because the
clock signal is distributed
throughout the entire digital
system, it has a distribution
system of its own. The clock may
be a multiphase generator followed by drivers needed to accomplish the fan -out to the many
different loads on the clock. We
are therefore looking at a subsystem with rigid requirements
placed on distortion, phasing,
delays and so forth.
Often the clock system is not
clearly understood-yet, if the
clock system does not function
properly, the entire digital system
will malfunction in an unpredict
able manner. Despite this, most
digital texts provide only fragmentary attention to clocking. This article clarifies clocking, putting
many of the pieces together into a
comprehensive whole.
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descriptions is interchangeable
with clock or step, thus synchronous logic is clocked logic or
stepped logic. Modern digital
systems are synchronous. Because
TTL was the earliest large family
and MOS came later, MOS is
usually synchronous (clocked).
Why do we need a clock?
Perhaps the most direct way to
show the need for a clock is with
the aid of an elementary, common
problem -a race that generates a
glitch. This is illustrated in Figure
1A, the logic diagram of a 2 -input
AND gate, which has been set up
so that the output goes high when
input -line A is high and input-line
B is low. Line A goes straight into
the AND gate, but line B goes
through an inverter, which inverts
it to NOT B, which is indicated by
the overbar above the B, (B).
Because B is inverted, B goes
through an additional propagation
delay-the delay in the inverter.
Figure 1B, which shows the input
and output waveforms, illustrates
what happens as a result of this
added delay. The input pulses
shown are at the input to the AND
gate. The overlap results in a narrow pulse appearing at the output
of the AND gate -a glitch. This is
an example of a glitch caused by a
race. Of course this glitch has the
capability of falsely triggering
digital devices, because it is a pulse
with amplitude required for digital
use, and it has a rise and fall
suitable for edge -triggered cir-

cuits.
Ordinarily it is not possible to insure that every digital signal path
will go through exactly the same
number of devices, with the same
propagation delays, because dif-

Edge -

Line A

Line

triggered
device

B

Output of
AND gate

Inverter

Figure 1A. A 2 -input AND gate driving an edge -triggered digital
device.

ferent types of logic devices have
different numbers of semiconductors internally. Even worse, as you
will see shortly, ordinary gates do
not have the ability to discriminate
between wanted and unwanted input pulses. (Sometimes we do not
want the logic device to respond to
pulses at the input). The way to
beat this problem is with a clock

A

-

B

Propagation delay due to
line -B phase inverter

Output

system, using clocked logic devices.

Figure 1 B. Because B input was delayed in the phase inverter, A and
B overlapped, causing a narrow pulse to appear at the output of the
AND gate. This pulse can trigger a following -edge -triggered digital
device or circuit. This is a glitch, caused by a race.

Clocked digital devices

As

mentioned previously,

modern digital systems are
clocked (synchronous). The major
families of digital logic all have

Set

numerous devices specifically

(S)

designed to work with a clock. To

better understand the need for
these clocked logic devices, we'll
look at the derivation of one of the
most popular digital devices: the
flip-flop. Flip-flops are used for a
wide variety of purposes, including
bistable applications, which form
the basis for latches, registers and
memories. In such use, a pulse sets
or resets the flip-flop, which then
holds its state for as long as
desired. We say that the flip-flop
stores one bit of information, as
either a high or a low output state.
Unfortunately the flip-flop has
some problems in its basic form.
To illustrate this, we will hook up a
flip-flop, using a pair of 2 -input
NAND gates, as shown in Figure
2A. This basic flip-flop is known as
a set -reset flip-flop (RS), and its
truth table is in Figure 2B. Note
that the output of each NAND
gate is the input inverted and that
there are two outputs available,
out of phase with each other. It
should be noted that the input
marked "Reset" is often labeled
"Clear".
The truth table indicates some
problems with the RS flip-flop; it is
forbidden to apply a digital 0 to

both inputs simultaneously,

Reset
(R)
Figure 2A.. An RS flip-flop (cross-coupled, monostable flip-flop). Note that the
NAND gates invert the input signal.

Inputs

Outputs

S

R

0

0

Q

O

1

1

not allowed
0

1

1

0

1

0

0

1

1

1

no change

Figure 2B. A truth table for an RS flip-flop in
Figure 2A. Note that "reset" is often labelled
"clear".

because both outputs become 1 as
long as both inputs remain at zero.
But eventually the inputs have to
change, and therein lies the heart
of the problem. When both inputs
are removed, even simultaneously,
the NAND gates race each other
to change state and the resulting

outputs cannot be predicted in advance. Therefore, this condition is
said to be forbidden.
The RS flip-flop has a major
drawback: It responds to every input pulse, even when you do not
want it to. For example, when
used as a memory cell storing one
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bit of data, the RS flip-flop will respond to pulses following the one
you wish to preserve. In this case,
the desired data stored is lost. We
need some way to get the flip-flop
to disregard unwanted pulses occurring after the desired one when
we wish to do so. This problem is
overcome by changing the circuit
to the one shown in Figure 3A,
which uses four 2 -input NAND
gates. The pair of NAND gates at
the input are used for clocking via
the third input labeled "T" for trigger (clock). This flip-flop is
therefore called an RST flip-flop,

single-phase clocking because only
one state of the clock controls the
output of the flip-flop. As you will
soon see, there are other clocking
arrangements that control inputting and outputting separately,
and they are therefore used with
devices that are said to be 2 -phase
clocked (two separate steps). The
input is clocked first, the output
later. This prevents a race condition.
Note also that the annoying forbidden condition of applying a "0"
to both inputs (no signal) is
eliminated with the RST flip-flop.

D1

S

Clock
(T)

D

R

Q

Figure 3A. An RST flip-flop schematic.

Outputs

Inputs
S

R

T

0

0

1

0

1

1

0

1

1

0

1

1

0

1

1

1

1

1

O

Q

No change

not allowed
x

x

No change

0

Figure 3B. The truth table for an RST flipflop. Note that x = doesn't matter.

and its truth table is in Figure 3B.
Note that when the T input is
low, the output of the first pair of
NAND gates does not change,
regardless of the input RS states.
This input pair thus acts like a
switch, permitting the RS inputs
to trigger the flip-flop, or preventing the inputs from having
any effect on the output state. In
order for the RS inputs to cause a
change of state in the flip-flop, the
T input must be in the high state.
This solves the problem of
avoiding unwanted inputs triggering the flip-flop. The clock controls
the passage of wanted or unwanted input pulses to the digital
device, which might affect the flipflop's output state.
This type of clocking is called
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Figure 4A illustrates a masterslave flip-flop, which employs
2 -phase clocking. If you examine
the diagram, you will see that it is
simply two RST flip-flops in series,
with an internal inverter in the
clock line to the output flip-flop.
The input (master) flip-flop is
clocked when the clock goes high
(the leading edge of the positive going clock pulse). The output
(slave) flip-flop is not clocked until
the falling edge of the clock pulses.
Obviously, the output flip-flop is
always clocked after the input flipflop, and it is this characteristic
that gives the master -slave flipflop its major advantage.

Information is passed into the
master flip-flop from the RS inputs
when the master flip-flop is
clocked. The master flip-flop
changes states but the change of
state is not passed into the slave
flip-flop until later, when the slave
is clocked. Thus the master flipflop changes state in accordance
with the inputs, when properly
clocked, but the output state of the
slave flip-flop is not affected by
what happens at that moment.
Later, when the slave is clocked,
during the time the slave is going
through its change of state, the
master cannot change because it
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has a low clock input (due to the inverter. Even though a single clock
pulse is used, there are two
distinctly separate actions, one on
the rising edge of the pulse and
one on the falling edge. Hence the
name 2 -phase clocked is applied to
the master -slave clocked digital
device, unlike the simple RS flipflop, which was said to be a singlephase clocked device.
It should be noted that some
digital clocked devices are edge triggered on either the rising or
falling edge (or both), while others
are level triggered. This can lead to
severe headaches if the technician
fails to note the difference.
If you have ever used a laboratory or industrial -grade oscilloscope, with all of the various triggering options, such as dc level, ac
high frequency, ac low frequency,
positive edge and negative edge, you
know the tremendous difference it
makes in being able to select the
waveform you want and disregard
the others. I assume the reader has
already been exposed to such a
scope and will not belabor the
point, other than to state that
slowly rising or distorted waveforms can cause problems with
edge-triggered devices. This problem can sometimes be alleviated
by the use of a Schmitt trigger,
which has a built-in snap action

that converts slowly rising

waveforms into fast -rise-and -fall
pulses. (The Schmitt was covered
in the September issue.)
The master-slave flip-flop is said
to be cocked when the master is
clocked and triggered when the
slave is clocked.
The master-slave flip-flop is
much like a single-action revolver,
which must have the hammer
pulled back manually before it can
be fired (while an automatic pistol
requires only a touch on the trigger to fire repeat shots). Master slave flip-flops are often used.
Due to clocking, information
moves in synchronous steps
throughout the entire system, us-

ing

clocked -logic

devices.

Therefore, pulses occurring at random, such as transients, are not
likely to occur in synchronization
with the clock timing, and as a
result, system immunity to such
unwanted pulses is greatly improved, in much the same way that
gated automatic gain control improves color TV receiver perform -

Master (input) flip-flop

Slave (output) flip-flop

Inputs

Figure 4A. A master -slave flip-flop schematic.

Outputs

S

R

Clock

0

0

+

0

1

+

0

1

1

0

+

1

0

1

i

+

1

1

Q

Q

no change

not allowed
Figure 4B. The truth table for a master -slave flip-flop. Note that the
output changes on the negative -going clock pulse edge (see text).

ance. The clocking also avoids un-

had previously discussed clocked
devices, which were 2 -phase
clocked. In the present case, we are
devices.
talking about the generator and its
Not all digital devices have the pulses; earlier, we were talking
same propagation delays, due to about the devices that received
internal design, yet it is necessary and used the clock pulses. Just
that the slowest device in the remember that a 2 -phase clock
system be allowed to complete its (generator) is different from a
function in the system. By clocking 2 -phase -clocked device.
at a rate that permits the slowest
MOS dynamic memories offer
device to function properly, the en- large storage capacity with low
tire system can be made to operate power-source current drain, but
in a predictable way. This point is because the data are maintained
often neglected in discussing through the use of small capacitors
clocking.
inside the chip, the charge on these
small capacitors leaks off rapidly.
Clocking and MOS
In order to maintain the data
MOS devices offer the advan- stored, the dynamic memory must
tage of low power consumption be refreshed (renewed, recharged)
and can pack more circuitry on a at a rapid frequency. The pulse
small chip. Further reductions in that does this is part of the clock
current drain are made possible by system. Because of the rethe use of dynamic circuitry, in quirements of MOS logic, dynamic
which the device is switched on for memories and dynamic logic
a short time and off for part of the (which works the same way that
time. To accomplish this, the clock dynamic memories do), MOS
pulses are modified to a multi- digital systems generally use a
phase signal, called a 2 -phase multiphase clock, with two or
clock. It should be carefully noted more phases. A simple 2 -phase
that there is a possibility of confu- MOS-system clock is shown in
sion of terminology here. We are Figure 5A, which illustrates the
now discussing the clock, and con- waveforms. Figure 5B shows a
sequently, 2 -phase clocking. We method for generating such a

wanted pulses from triggering flipflops and other clocked logic

1

= negative -going edge.

2 -phase clock,
digital devices.

using common

Clocking and computing systems
Computing systems, such as the
popular microprocessor -based
small computers, require a clock to
control the various operations performed within the system, such as
transferring data or performing
arithmetic and logic calculations,
in addition to avoiding races.
Figure 6 gives one example of this
for the 6800 microprocessor. We
are looking at the 2 -phase clock
waveform, which has been labeled
to show how the operations of the
Instruction Register are sequenced by the clock cycle. Of
course the Instruction Register is
only one part of many in the computer, but similar actions take
place in the other parts too.
This is just a sample for those
readers already familiar with
microprocessors. For the technician just entering the digital
world, this will still have some
meaning in a general sense. The
computer transfers data from one
section to another in accordance
with an orderly program, which is
timed by the clock. The waveform
is the output of the clock as would
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-

Phase

1

Phase

2

Figure 5A. MOS 2 -phase clock pulses.

Phase

Figure 5B. An MOS clock pulse schematic. Note
that the JK flip-flop acts
as a frequency divider,
halving the output of the
oscillator. The pulse
widths of the phase 1 and
phase 2 are equal to one

Crystal
controlled
oscillator
-

1

JK

flip-flop

Phase 2

half of the oscillator
period.

One clock cycle

Program

counter
contents
placed on
address bus

/

Program

\V

clock waveforms and their effect
6. 6800MPU
on instruction register sequence of operations.
Figure

2 -phase

be seen on a dual-trace scope. It is
not the waveform shown earlier
for MOS circuitry. This type of
clock pulse is generated with an
oscillator and a simple inverter, so
no schematic is required.

Clock fan out
Because the clock drives many
digital devices in a system, the
oscillator is usually followed by a
clock driver. The primary purpose
of the oscillator is to create a
reliable and stable signal. The
driver then provides power gain
and isolation from the loads. The
clock driver acts much like the
power RF amplifier in a transmitter, which isolates the oscillator
from the antenna.
Because the clock signal propagates through internal buses
and external cables to input and
output terminals, memory banks
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>

/

counter
increments
by one

Phase

1

Contents of data
bus are latched
into MPU
Data from

Phase 2

addressed location
is placed on
data bus

and other devices, and in the pro- digital system to check the clock,
cess passes through connectors, just as the supply voltage is
the stray capacitances, lead induc- routinely checked, with this exceptances and impedance mismatches tion: It is not enough to check for
all combine to degrade the the amplitude of the clock pulse,
waveform. Rise and falltimes slow and for the presence of transients.
and ringing appears. This causes The waveshape of the clock, and
problems, especially in edge - its timing relative to the other
triggered circuits. It is therefore clock phase and to the inputs to the
not uncommon to see buffers in device under test, must be carefulthe clock circuitry, in order to ly examined with a triggered
maintain the clock signal at a oscilloscope, using the clock
healthy level, and to provide added generator as a sync source. The
fan out when needed and further clock is one of the digital device inisolation as necessary. In short, puts, even though it is not always
the clock has a sub -system of its thought of as such.
Like any other input, transients
own. This implies that the clock
pulse may be fine at one location in on the clock line can cause difficult
the system, but not in some other problems, because they are interlocation, so the clock must be ex- mittent or random in nature. Be
amined at the input to any device warned! Poor grounds and insuffisuspected to be malfunctioning; a cient bypassing are common
point often overlooked. It should causes of such problems.
be a regular part of testing in any
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SWD-1 VIDEO CONVERTER
FOR CABLE TV

Switch to BambiTMI

The SWD-1 Video Converter is utilized on cable TV systems to re-

move the

KHi s signal from

a

video (channel 3 in/

Electronically

out) and also pass thru the
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audio signal. Rocker switch

Bambi Electronic Video Switch ...
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Ste

Simple Simon Video
r.
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local roll and jitter from "copy guard
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directing the inputs to any or all of the three outputs.
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stable picture. Once the control is set, the tape

the lock control tor a
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12V power supply.
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Now you can eliminate ... the drudgery of disconnecting and
reconnecting your video equipment each time you use it
the tangled -ness of cables which are impossible to trace
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at a time.

-
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SIMPLE SIMON VIDEO SWITCHING BOX
The Affordable Video
Control Center
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way it should be ... electronically and on line at the
push of a button.

Excellent in Isolation and no loss
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In

of the ultimate
amplifier

You, the audiophile, are constantly in search of accurate sound
reproduction. Harman Kardon
agreed with this quest and
developed the new Citation Division to meet this challenge.

The cost of the Citation XX is $7500.
Although the price is prohibitive to most
audiophiles, it should be noted that this
same system has been incorporated in
some of Harman Kardon's lower priced
units. The profile of the Citation XX is
provided here as an illustration of a
newsworthy innovation.
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As a result of the meeting of
some of the finest engineering
minds in the fields of electronics,
acoustics, psycho -acoustics, physics, plus a group of puristic musicians, the Citation XX has evolved.
Heading the team of scientists
was Dr. Matti Otala, well known
for his research and writings on
the subject of Transient Inter modulation Distortion (TIM), a
problematic phenomenon he
discovered and then resolved. Dr.
Otala's work concerning TIM is
evident in most sophisticated
amplifiers today.
Before beginning work, Otala
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set six precepts for achieving the
goal of the ultimate amplifier.
1) Previous amplifiers could be
improved on.
2) No problem is insurmounta-

ble.
3) Audio is not fashion.

the solution to a
problem, the better.
5) The dynamic state is more im4) The simpler

6)

portant than the steady state.
Evaluate results with your

ears.
The intensity of these thoughts
require some further examination
and explanation, because their impact is the cornerstone of the

technology used to create the
desired result.
First, Otala felt that previous
amplifiers left a vast area for improvement upon which he and his
group of experts could concen-

trate.
The second philosophy was that
no problem was insurmountable.

When a question arose, the
method used to answer it was to
initially research and understand
the area being pursued, accept
what is fact, and determine
reasonable theoretical and experimental and measurement
techniques accordingly. When existing techniques could not provide
the solution,' the recourse was to
develop new methodology, which
resulted in new technology for
which several patents are now
pending.
The third and fourth philosophies dealt with principles of circuit design. He is a firm believer
that audio should not be style or
fashion oriented to suit a
marketing whim, but should be
designed only for the ultimate in
sound. By using the concept that
The simpler the solution to a problem, the better, he sought clearcut circuit layouts, keeping in
mind only the acoustic properties.
But it was his fifth philosophy
that led to many of the discoveries
and innovations incorporated in
the final design. This was his concept of dynamic design and
measurement vs. the steady state.

Otala determined that an

amplifier's performance in handling music (dynamic) differs
drastically from its performance in
a test using a single pitch or sine
wave (steady). This is the difference between the dynamic, constantly moving state and the
steady state of normal test
methods. The dynamic state is
especially difficult to design for,
because most standard and commonly understood test methods
are of a steady nature. Therefore,
complex evaluation techniques and
performance criteria are first
created in order to test the
dynamic state of a given circuit
design. Otala's design, to achieve
his ultimate goal, would have to

perform exceptionally well in the
dynamic state.
Finally, the strongest of Otala's
beliefs is that the educated listener
is the supreme and final judge of
sound quality, regardless of
clinical electronic measurement.
This philosophy was many times
the force behind new achievements and innovations that are incorporated in the Citation XX.

Design parameters that make
the difference
1. High Current Capability
(HCC)

The concept of the dynamic state
plays an important role in the
design of an amplifier's power
capability. When an amplifier's

power

characteristics are

measured by conventional test
signals (steady state), it means only half of the story is told. Standard measurement technique for
output capability uses a static 8st
resistant load. Speaker impedance
varies greatly according to the input signal. Therefore, the actual
impedance may decrease to as low
as 2 st . At low impedance, it
becomes even more critical that an
amplifier increases its power output. This is the reason this
amplifier is designed with 200A of
instantaneous current capability,
enabling it to react to constant impedance variations caused by the
dynamic characteristics of the
music signal. HCC also enables the
amplifier to accurately control
speaker cone movement by affording the energy necessary to force
the speaker cone to precisely react
to transients. This performance
has paramount importance in high
fidelity reproduction.
2.

Phase Intermodulation

Distortion (PIM)
Phase intermodulation distortion can be an unwanted byproduct of negative feedback.

Negative feedback, which is used
in virtually every amplifier on the
market, is the routing of part of
the output signal of an amplification stage back into the input,
180° out-of-phase with the original
input signal. The combination of
these two signals, out -of-phase
with each other, causes partial

cancellation (attenuation) of the input signal but, more importantly,
creates an error -correction signal
that greatly reduces the harmonic
distortion inherent in the
amplifier.
By its very nature, negative
feedback converts amplitude non linearity to a proportionate
amount of phase non -linearity - or
phase intermodulation distortion
(PIM) in place of the harmonic
distortion it eliminates. This was
proved by Otala and presented to
the Audio Engineering Society in
1980 at a convention in Hamburg.
This amplifier used a special circuit of two nested feedback loops
(one reactively coupled) so that the
time constants coincide. This,
along with low driver impedance,
causes dramatic reduction in PIM.
Rather than transform distortion from one type to another, by
way of negative feedback, the unit
is designed to have minimal inherent distortion. The result is low
PIM and THD.
3. Interface Intermodulation
Distortion (IIM)

Interface intermodulation

distortion (IIM) occurs in the
speaker/amplifier interface. The
moving cone and coil structure in
the speaker generates a voltage
that returns to the output stage of
the amplifier. This voltage is called
the back electromotive force (Back
EMF). Once this voltage passes
the output stage, it travels
through the negative feedback circuit and returns to the input stage
where it combines with the input
signal. This mixing of the
legitimate input signal and the
Back EMF results in increased
dynamic distortion. The effects of
excessive IIM result in obscured
lower mid -range, which makes the
sound appear vague and lacking
definition. The minimization of
IIM is carried out by reducing the
negative feedback and by decreasing the internal resistance of the
output stage. The result is clear
mid and low frequency reproduction, which is pure and well balanced.
4. Transient Intermodulation
Distortion (TIM)

Transient intermodulation
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distortion (TIM) occurs when fast
transients, such as in dynamic
music passages, pass an amplification stage before the return of the
output signal, arriving back at the
input stage via the negative feedback circuit. This allows the input
stage to operate without negative
feedback. These transients can
then overload the first stage sufficiently to cause internal clipping-hence, TIM.
These negative aspects of TIM
are countered with three special
design parameters:
a super -low distortion driver
stage that exhibits proper localized feedback (feedback within
each stage vs. feedback in the
entire circuit).
the introduction of transistors
with extremely quick response
speed, excellent linearity and
a large, safe operating area.
the incorporation of a dual
source system with high and low
voltage sources. The high voltage source, dedicated to the
driver, has the ability to supply
the proper voltage under any
condition.
Controlling negative feedback
and utilization of circuitry not
dependent on negative feedback
virtually eliminates TIM.

New circuit technology
Custom engineered hybrid circuitry (U.S. patent pending)
The heart of the amplifier is a
thick film hybrid circuit specifically developed by the Technical
Research Centre of Finland. The
thick film hybrid consists of transistors and thick film resistors
1)

whose electronic values are
measured by a computer. Special
test signals are fed into the hybrid
circuit and as the computer
measures the values of the components, a laser beam is shot into
the hybrid circuitry, trimming the
values of the components. This
makes the components accurate
within hundredths of a percent.
Because of the exceptionally high
accuracy of the components within
the hybrid circuit, audible distortions are reduced to virtually
nothing.
2) Dual Independent Power
Transformers
54
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The massive power supply section is comprised of dual toroidal
transformers with a total capacity
of electrolytic capacitors that
amount to 80,000uF. This power
supply design is capable of delivering the current necessary to meet
the 200A HCC requirements of the
new circuitry, yielding excellent
dynamic range, transient response
and sound quality.
3) 24 -karat gold-plated transmission line

Conventional large-diamater

wiring inductance greatly restricts
the flow of high frequency current
from the power supply to the output transistors. To overcome this
limitation, a transmission line consisting of three parallel plates was
designed, providing a low impedance path for the positive and
negative power supplies and
ground. Each plate is 24 -Karat

gold-plated, which further

enhances high frequency conductivity.
4) Self-correcting circuitry
Each amplification stage has
been designed to have selfcorrecting ability with regard to
temperature matching, keeping
thermal induced distortion to a
minimum.
5) Protection circuitry (U.S. patent pending)
A completely electronic protection circuit operates without compromising sonic quality. The protection circuitry is capable of ultrahigh speed cut-off in all circuits,
ensuring safety in the event of
shorted speakers or speaker
cables.
6) Custom designed heat sinks
To complement each power transistor assembly, there is a customdesigned heat sink. These special
heat sinks have a contact wall
thick enough to absorb instantaneous heat generation, preventing thermal distortion. At the
same time, they dissipate the heat
and reach thermal equilibrium
quickly.
7) 3-position bias switch
Naturally, a high quality
amplifier must be suitable for all
user situations. Therefore, Cita-

tion has incorporated a new
operating feature, a 3 -position bias
switch. This adjustment enables
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the user to choose the best biasing
for the given application. The
higher the bias, the smoother and
cleaner the sonic characteristic of
the amplifier, however, there will
also be greater heat generated.
Normal bias position relates to
standard measurement position
and low bias allows for high power
demand under high temperature
environment - but at a slight increase in distortion. With the
3 -position switch, the user can adjust bias current according to the
output level required, and the ambient temperature of the room or
the amplifier storage area, to
achieve adequate cooling and optimum acoustical results.
8) Ultrasonic filter
Improved linearity at low output
and reduced distortion at greater
output levels is achieved through
an extremely broad bandwidth of
550kHz. As a result, RF (radio frequency) signals from local broadcasters have the possibility of being reproduced in the amplifier. To
prevent such interference, a
phase -linear Bessel filter with a
cutoff frequency of 400kHz,
eliminates RF from the input.
There is a front panel warning
light to indicate the presence of
RF below 400kHz. This alerts the
user to activate the ultrasonic
filter switch on the front panel,
which reduces the cutoff frequency
to 100kHz. The extremely wide

bandwidth also allows the

ultrasonic warning light to function as a clipping indicator, to
warn the user to reduce the output
level of the preamplifier.
9. Infrasonic filter
As a preventive measure, the
amplifier has a do component
filter, which is designed to be initiated by the user - alerted by a
front panel warning indicator.
This filter is designed to be
operated at very low level do
voltages - prior to voltages sufficient to operate the overall
amplifier protection circuits at 3V.
The overall protection circuits shut
the amplifier completely off if
voltage of do should be high
enough to cause loudspeaker
damage.

NEW
PRODUCTS

due to high -voltage surges that
often occur when lightning strikes
near a power line. Housed in a
small adapter, the SK400 plugs into any 15A -125V grounding receptacle or cord connector.
Circle (53) on Reply Card

Calculator-style DMM
Simpson Electric Company has
introduced a calculator -style
DMM, the 470, with 25 ranges, including 1000Vdc, 750Vac and 10A
ac/dc. All voltage and resistance
ranges are protected against transients up to 6 kV at 100µs.
Recessed thumbwheel knobs
control ranges and functions. An
audible tone on the 2000Q range
provides fast checks for shorts and
continuity. A diode test provides
quick, good -bad checks of semiconductor functions.
The high -contrast, 31/2 -digit,
7 -segment LCD display also
features a low-battery indicator
(battery life is about a year's
average use).
Circle (50) on Reply Card

Hand-held DMM
BBC-Metrawatt has introduced
two new hand-held DMMs. The

new models M 2011 and M 2012
give the user 2000 hours battery
life, along with 10A current range.
Other features are 31/2 -digit
oversize LCD, single -dial selector
switch for all ranges and standard
banana plugs and terminals that
are protected against accidental
shock. All meters come with a
2 -year warranty.
Circle (54) on Reply Card
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You'll find

in wiring components at a
Sprague Ç -LINE' Distributor

Look for the 0-LINE wiring component display. You'll find exactly what
you want in solderless terminals and wiring component accessories ..
shrink tubing, cable ties, cable clamps, terminal blocks, butt connectors,
bullet connectors, quick -splices, end caps, soldering aids, wiring tools,
.,
and component assortments. Everything
is logically arranged for qiiick location.
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Quad -vertical -input scope
The B&K-Precision test instrument product group of Dynascan
Corporation has introduced a full feature 70MHz quad -vertical -input

mg,'

5
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ruBNiG

JUST

ONE OF DOZENS
OF PRODUCTS
THAT CAN SAVE
YOU TIME EVERY

DAY.

triggered sweep oscilloscope.

Designed for applications requiring the highest degree of measurement sophistication, model 1570
provides lmV/division sensitivity
over the entire 70MHz bandwidth.
For applications requiring extremely high single -channel sensitivity, 500µV cascade sensitivity
is also available.
Another of the significant
features is quad-vertical -input
operation. Because of its unique
"V -mode," the four vertical signals
displayed need not be related in
frequency. This is a major advantage that can eliminate the need to
use two scopes to compare four
signals.
Circle (52) on Reply Card
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POCKET
TYPAKm,.
Here's convenience plus!
caddy and pocketCombination tie
comes prefilled saver. One side
assorted colors. with 30 ties in 5
pocket -saver Other side is a
pencils, rules, pouch for pens,
etc.

For detailed information on all Q -LINE products (capacitors, switches, chassis
boxes, optoelectronic devices, DIP/SIP components. resistors, wiring components, etc.) writefor 40 -page Catalog C-652 to Sprague Products Co., Distributors'
Division of the Sprague Electric Co.. 65 Marshall St.,
North Adams, Mass. 01247.
6S_0133

Voltage spike protector
The RCA SK400 voltage spike
protector guards TV sets and
other appliances from breakdown
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Physical operation of audiocassettes
By Carl

Babcoke, CET

Audiocassettes are available in
three sizes at present: the standard Philips type, (largest of the
three), minicassettes and microcassettes. Although many of the
general facts presented here apply
to all three sizes, the standard
cassette (Figure 1) is the only one
covered specifically.

Cassette features
Audiocassettes and the compatible machines that record and play
them offer many conveniences over
reel-to-reel operation. No tape
threading is required, because the
tape remains on internal reels.
Cassettes can be removed or inserted at any point, not just at the
beginning or end. Unintentional
erasure of recordings is prevented
by removal of plastic tabs. Many
machines have automatic stop at
the end of each tape.
Also, the cassettes and machines
generally are smaller than reel
tapes and machines, and they usually sell for much lower prices.
Battery operation is practical
because of the low voltage and current required.
The cassettes are easy to catalog
and store when not in use. Cassettes are available in a wide range

from bulk -duplication types

through cheap drug-store bargains, which usually have poor performance, to expensive premium
tapes, which can provide excellent
performance. Many pre-recorded
music tapes are available.
For tape users who have no
technical education, cassettes offer the best compromise between
audio quality and convenience.

Facts about cassettes

Audiocassettes have reels for
the tape, but they are merely
small -diameter hubs with the
cassette housing acting as sides
for the tape pack. Figure 2 shows
the mechanical details of a stan56
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Figure 1 Two views of a standard audiocassette are shown. The housing is
made of two identical moldings held
together by five screws. (Top) At the
left is an opening for the erase head. An
opening for the recording/playing head
is at the center, and the right-hand opening is

con-

struction allows the cassette to be
turned over for another recording or
playing in the opposite direction, thus
doubling the operating time of each
cassette. (Bottom) Arrows point to two
knock -out -type plastic tabs that determine whether or not the machine can
record. This prevents unwanted erasure
of recorded material.

cassettes' turn-over position. A
supply reel becomes a take-up reel
after cassette turn -over, while a
take-up reel becomes the supply
reel after turn -over.
This turn -over function doubles
the maximum recording or playing
time of each cassette, but with the
trade-off of narrower tracks,
which degrade the signal-to-noise
ratio by reducing the signal level
more than the tape hiss. Another
advantage is that rewinding is not
necessary, unless the tape is not
operated to the end.
Guidance of the moving tape is
accomplished primarily by the
rotating guide posts (Figure 2) and
any guide tabs that might be
mounted on erase or recording/
playing heads. Alignment of the
tape machine's capstan shaft and
its rubber-tired capstan roller also
affects the tape position and
azimuth gap -tilt at the heads. Tape
position at the recording/playing
head also is affected by whether or
not the tape pack is centered exactly between walls of the cassette
housing. There is not much space
there, and an uneven, concave or
convex tape pack can stop or slow
tape motion (by extra friction), in
addition to moving the tape tracks
away from the head. Extreme
misalignment of these various
things can cause permanent
damage to tapes used on the

dard cassette housing and its tape.
Notice that the cassette housing
has symmetrical right and left
layouts. That is, the housing contours and openings are the same at
both sides. This is necessary so the
cassette can be turned over for
recording or playing the reverse
track (or tracks, see Figure 3).
Usually a cassette is recorded from machine.
Two slip sheets are placed in
the beginning (starting with the
tape pack at the left) to the end, each cassette housing between the
when all tape is at the right on the tape packs and the housing (Figure
take-up reel. Then the cassette is 4). These slip sheets are coated or
turned over by lifting up and cross - impregnated with graphite or a
switching right and left sides of similar substance that reduces
housing. Turning over the cassette sliding friction, and they attempt
places the tape pack at the left in to prevent layers of the tape pack
position for another recording or from moving too near the housing.
A common cause of jammed or
playing that moves the tape to the
take-up reel at the right. Notice stalled cassettes is a tape pack
that the supply reel and take-up becoming convex or concave until
reel are named for their functions the friction between a slip sheet
at the 'moment, according to the and the tape becomes excessive.
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Figure 2 These drawings show many external and internal details of standard
cassettes. Dotted lines indicate internal
components. (The slip sheet outline also
should be dotted.) Notice the window at
the center that allows views of the tape
pack, while the markings give some idea
of the time remaining. For clarity, the
pressure pad spring is not shown.

Each tape pack should be smooth
and straight across its surface.
At the right and left corners of
some cassettes, the tape passes
around a fixed plastic post and the
usual rotating guide post (Figure
2). The purpose of these fixed
posts is not clear. They appear to
duplicate the rotating posts' function. Most premium tapes do not
have the fixed posts, and -all lowpriced tapes seem to have them.
Perhaps these fixed posts damp
out any tendency for the tape to
oscillate mechanically during fast forward or rewind modes.
All cassette housings have windows (Figures 2 and 4) that permit

shield that minimizes the pickup of
external hum by the head during
playback. Usually the hum shield
holds the pressure -pad spring in
position.
If a cassette is opened for any
reason, these components tend to
fall out. Use care, because they are
often difficult to locate. Incidentally, most cassette housings are
fastened with five Phillips-head
screws.
When the cassette is intact, the
reel hubs and tape pack are loosely
held in proper position by shallow
depressions of the housing. When
the housing is opened, these hubs
can fall out, trailing many yards of
tape. Restoring all these components is a tedious and frustrating job, so take care that these
minor disasters do not occur.
In each tape recorder/player, the
supply and take-up shafts have
plastic caps with three rounded
teeth. These 3 -tooth caps then slip
into the 6 -spaced center holes in
the cassette hubs (Figure 2) to prevent slippage when the caps rotate
the cassette hubs during operation. The shaft caps are spring
loaded so they retract until the
cassette is almost seated, then the
spring pushes the cap into the cassette hub. This system of drive shaft insertion is almost foolproof,
giving dependable operation.
Two arrows on the Figure 1
photograph show locations of the
removable plastic tabs that permit
recording when the tabs are intact. After a recording is made,
and it is desired that it not be
erased accidentally, the tab or tabs

must be pried out with a knife
blade or a small screwdriver. Of
course, the removal of one tab
does not prevent recording of the
other side. To re-record over a protected side later, place a strong
piece of tape over the hole left by
removal of the tab.

Notice that the erasure -

prevention system does not protect against loss of recorded
material if a tape demagnetizer is
used on the cassette or when a
cassette is stored too near a power
transformer or a permanent -magnet speaker.
A typical recorder mechanism
Figure 6 shows the top view of a

typical portable recorder/player.
Several major components are
identified by arrows. This machine
normally is operated flat, but some
models are designed for vertical
operation, with the cassette openings for heads at the top.
Various functions are selected
by piano -key push-buttons that are
hinged at their rear sections.

These buttons usually latch
mechanically in the down posi-

tions, and while activated, each
button controls both mechanical
and electronic actions.
For example, pressing the play
button turns on battery power,
connects the playing head to the
amplifier input, and connects a
speaker to the output. At the same
time, levers are activated to move
the pressure roller against the
capstan (with tape in between) and
the heads against the tape. Rotation power is applied to the

visual observations of tape

movements and the amount of
tape time remaining. Some housings have linear markings to indicate the non-linear amounts of
used vs. unused tape.
A small rectangle of felt or
sponge material (Figure 5) is
mounted on a flat spring. When
the cassette is inserted and the
play or record button is pushed,
the spring holds the felt against
the back of the tape so the
magnetic tape side is pressed firmly against the recording/playing
head. Solid contact between the
tape and the head is essential for
good high -frequency response.
Behind the felt pad is a piece of
metal with a right-angle bend at
each end. This metal acts as a hum

Right
channel
0.011"

eZX
0150"t tal

Two
reverse
tracks

Side B

Left
channel

0.032"

Lett
channel
0.011"

Two
forward
tracks

Side A

rRight
channel

Stereocassette tracks

Figure 3 Stereo cassette tracks should conform to these specifications. Monaural
tracks occupy the width of two stereo tracks plus the guard band between.
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Figure 4 All components of a cassette
tape are shown here (except the five
screws that hold the halves together).
The two black areas are the slip sheets.

capstan shaft, and weak rotation
power is applied to the take-up
reel. Therefore, the tape moves
and the recorded material is heard
in the speaker.
All mechanical power for operation of the tape recorder comes
from the motor and its pulley (top
arrow in Figure 7), which drives a
round rubber belt. First, the belt
rides against one edge of the takeup pulley (center arrow in Figure
7). However, the area of contact is
small, and slippage is intentional.
When the take-up pulley attempts
to wind the tape faster than the
capstan can provide it, the take-up
pulley slips on the belt. The pulley
revolves, but with little torque at a
slower-than -normal speed. The
torque is sufficient, when all is
working correctly, to wind the
tape into a proper solid pack, but
to allow slippage above that point.
Strong and absolutely constant
rotational speed is required of the
capstan shaft and its heavy flywheel. Therefore, to prevent all
slippage, the belt is wrapped
around almost the entire circumference of the capstan flywheel.
This is vitally important, for the
slightest variation of capstan shaft

rotation produces pitch (frequency) changes that are unpleasant
even to untrained ears.
When a cassette (with its full
pack at the left on the supply hub)
is placed in the machine and the
play button is latched down, the
capstan roller is moved by levers
to pinch the tape against the
capstan shaft. The shaft rotation
begins to move tape from the left side supply reel past the erase
head and the recording/playing
head, through the capstan/roller
and toward the right-side take-up
reel. If no rotational power is applied to the take-up spindle and
reel, the tape soon will pile up in
the cassette housing or wind
around the capstan shaft. Within a
few seconds, the tape will jam the
housing and stop the machine
(although the motor will continue
to rotate).
This take-up reel torque should
be the first item tested after a tape
jam. Often, the tape is bent in
small folds or it has many turns
wrapped around the capstan.
Sometimes the tape can not be
repaired, and in fact, it might be
difficult to remove the cassette. If
gentle tactics do not work, the
cassette must be taken out in
pieces. After a bad cassette has
been removed, the capstan shaft
should be examined and all turns
of tape removed before the take-up
torque is tested or repaired.
Failure to remove tape from the
shaft has the effect of increasing
the shaft diameter, which increases the tape-travel speed and
the pitch of the recording.
Figure 8 shows the mechanism
in play mode, but without a

cassette. Heads and capstan are
moved forward, with the finger
and thumb around the take-up cap
showing tape drag against the
weak torque provided by a below deck belt. Between the two tape
hubs is a white plastic wheel that is
moved physically to contact the
supply hub's rubber tire (at left) for
rewind or to contact the take-up
hub's rubber tire (at right) for fast
forward. The positions of these
components for other functions
are shown in subsequent
photographs.
Figure 9 shows fastforward
mode. The heads and capstan
roller are moved back (down in the
picture) for no contact, and the
high-speed white plastic wheel is
touching the rubber rim of the
take-up hub.
Rewind operation is illustrated
in Figure 10. The finger and
thumb around the supply-reel hub
symbolize the load on the hub
when a cassette is used. Notice
that the white plastic wheel is
touching the black rubber -tired
idler wheel, and the idler wheel in
turn is touching the rubber tire on
the supply hub. Therefore, a
strong torque is applied to move
the supply hub clockwise and thus
move the tape to the supply hub.
Behind each reel hub is a flat
piece of metal that functions as a
crude friction brake. When the
machine is turned off, these brakes
are pushed against the rubber tires
on the supply and take-up reel
hubs.

Motor
pulley

Take-up
pulley

Capstan

flywheel

Pressure-pad
spring

Pressure
pad

Hum

shield

Figure 5 The left arrow points to the
pressure-pad spring, a flat spring between ends of the hum shield. The
pressure pad is shown by the center arrow. Usually the pad is glued to the
spring. The right-hand arrow points to
the metal hum shield that effectively
encloses the head gap during operation.
Slots in the plastic housing hold the
hum shield in place.
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Figure 6 Arrows point out important
components of this Sears tape machine,
which is typical of many small battery operated portable models. Not shown in
the picture at the right is the counter.
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Figure 7 This is a bottom view of the
typical tape recorder. The arrow at top
points to the motor pulley, at the center
the arrow indicates the take-up pulley
that drives the take-up reel hub, and the
lower arrow points out the comparatively large and heavy capstan flywheel.

Figure 11 is a close-up
photograph of the head area. The
arrow at left points to the tape
guide on the recording/playing
head, while the arrow at right indicates the tape guide on the erasing head.
Figure 12 shows how a cassette
fits the machine. In Figure 12A,
the machine is turned off.
Therefore, white leader tape can
be seen inside the cassette, and the
erase head, recording/playing
head and capstan pinch roller are
not protruding into the cassette.
In Figure 12B, the machine is in
the play mode, the erase and
recording/playing heads are contacting the tape inside the cassette
and the pinch roller is pressed
against the tape and the capstan
shaft.
Operation of the recording prevention feature of cassettes is
illustrated in Figure 13. When the
tab has been removed (Figure
13A), the right-angle bracket is
not moved to the mechanism's
rear, so the other end of the brackket remains flat against the
baseplate (see arrow). An extension of the bracket below the
baseplate blocks movement of the
recording switch, so the record
button will not stay down when
pushed and recording is prevented.
When the tab has not been
removed, insertion of the cassette
moves the top of the right-angle
bracket toward the mechanism's
front (Figure 13B). This forces the

Figure 8 Finger -and -thumb pressure
around the take-up hub symbolizes the
drag produced by tape being wound on
the take-up reel during playback (or
recording). A deliberately weak rotational torque is applied to the take-up
hub by the main drive belt below decks.
(If this torque is insufficient, the tape
will pile up and jam the cassette.) Notice
that the white drive pulley (between the
reel hubs) is not contacting anything,
and the capstan shaft is against the
capstan pinch-roller, as required to
move the tape at constant speed. Also,
the heads are moved forward where they
would contact the tape, if a cassette
were in place.

other part of the bracket to rise
above the baseplate (see arrow)
while the lower section of the
bracket does not block movement
of the recording switch, which can
be activated by the record pushbutton.

usually will originate in the electronics. Perhaps the bias oscillator
(or the do -bias source) has failed, a
transistor stage or an IC might be
defective, or the microphone
might be bad. Don't overlook the
speaker; it is susceptible to
damage from liquids spilled on the
machine. Undistorted sound in the
earphone (if the machine has such
a jack) proves the speaker is bad.

A loud hum could be caused by
bad filter capacitors in the power
supply, or by an open shield in the
microphone cable. Use a test
microphone to evaluate the
microphone cable condition. An
open wire to the playback head can
cause hum on playback.
A noticeable lack of high frequency response can originate
either in the mechanism or in the
electronic circuits. A tilted -head
azimuth is the most likely physical
problem. However, that is not a
strong possibility, unless no locking glue was placed on the tilt adjusting screw, or the head
bracket has been bent. A coating
of iron oxide across the head gap
can reduce the high frequencies,
but that probably would weaken
the volume during recording more
than it would reduce the high frequencies during playback. Clean
the heads, then make the same
tests again. Electronic defects
that reduce high frequencies are
also rare, but an open in a compensation capacitor is a possibility.
Remember that the individual tape
might not be capable of handling
high frequencies. Try a prerecorded music tape of known
quality and compare the response.
Abnormally loud hissing noises
might come from either the tape
and its recorded program or the
playback -amplifier circuit. Pink
noise from transistors or resistors
sounds very much like pink noise
from tape hiss. If the noise is heard
when playing a blank leader, the
origin is in the playback amplifier.
If the pink noise is heard on tapes
recorded by this machine (but not
on tapes recorded on other
machines), the recording amplifier

Figure 9 For the fast -forward mode, the
white drive pulley rides against the takeup reel's rubber tire to provide fast and
power torque to the take-up reel. The
heads are moved back away from the
cassette position and the capstan roller
is not touching the capstan shaft.

Figure 10 Fast -forward mode is shown
by the finger -and -thumb pressure
around the supply reel, indicating the
drag of tape. The white pulley is driving
the smaller rubber-tired drive pulley, and
it in turn is driving the rubber-tired rim of
the supply hub. Of course, the heads are
back from the cassette, and the capstan
roller is away from the capstan shaft.

Typical mechanism repairs
Each malfunctioning cassette
machine should be tested first by
using a test tape (an expensive
blank tape kept for quick tests)
while you attempt to record,
playback, move tape fast-forward
and rewind. During the recording
step, include music (such as piano
music) that will show up any lack
of high -frequency response or the
presence of speed changes. For
portable machines without an external input, place the microphone
near the speaker of a hi-fi system,
then play the same record or tape
each time, so you can judge easily
whether or not the performance is
normal. High-performance tape
decks should also be checked by
test equipment.
One of the first decisions is to
determine whether the problem is
in the mechanism or the electronic
circuits. The following list should
help you find the areas where
these typical problems are found.

Extreme audible distortion
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feel these suspected rotating parts
while they are running. Sometimes
a vibration that is synchronized
with the flutter can be detected. If
so, check those components
carefully for bad spots.
A slow change of pitch in the
music that sounds as if the speed is
slowing down usually is not a
steady slow speed, but an alternate
slowing down and speeding up.
Figure 11 Many erase and recordThis is called wow and it is one of
ing/playing heads have U-shaped
the most disagreeable sounds
brackets that help guide the tape across
possible, even to non -musicians.
the heads. Arrows point to guides on the
recording/playing head (left arrow) and
Weak audio without distortion
the erase head (right arrow). This
or excessive noise probably inphotograph also shows the head wiring,
dicates a problem in the playback
which must be flexible to prevent
amplifier. Of course, the recording
premature breakage.
might have been made on a weak
tape. Some low-priced and least desirable tapes have playback
the
bias
has excessive noise or
do
volume between - 2dB and - 10dB
course,
a
Of
has
defect.
system
bias can also produce a high noise below that of premium tapes. In
addition, the tape noise appears
level.
A rapid change of volume, or a low because of the weak playback
rapidly repeated low frequency (just mentioned) and the extreme
noise might indicate flutter. Flut- lack of high -frequency response. A
ter usually is associated with dents
in rubber -tired wheels and often
originates in the capstan pinch roller or one of the idlers. Gently

reduction of highs gives an apparent reduction of tape noise
because human ears are more sensitive to high -frequency noises.
Comments
Tape -recorder mechanisms have
been produced in many designs,
and some are different from the
portable machine described here.
That is why no attempt was made
to cover all fine points of components or operation. However, the machines must perform
the same basic operations (record,
play, rewind and fast-forward),

and the previous description
should help technicians understand what actions and component
movements to look for when an unfamiliar machine is to be repaired.
Of course, the cassette is the
same, whether the machine is a
top-of-the -line model with microprocessor control or a $24, sale special portable.
Some manufacturers advise a
thorough cleaning (of heads, capstan shaft, capstan pinch -roller
and any other tape -path components that can be reached in the
machine) after every 10 hours of
operation. That would be a cleaning procedure after recording or
playing of only seven 90 -minute
cassettes. This seems more often
than necessary, according to my
own experience. At any rate, occasional cleaning is essential.
Coming features
Future articles in this cassettetape series will not emphasize circuits and the mechanics of tape
machines, but rather will feature
methods of testing tape
characteristics, along with many

Figure 12 Movements and positions of
both heads and the capstan pinch-roller
are shown with a cassette installed.
(Top) With the machine in the off mode,
the erase head (left), the recording/playing head (center) and the capstan roller
are moved back away from the cassette
where they do not interfere with insertion or removal of the cassette. (Bottom)
in the play or record modes, the gap
ends of both heads are moved slightly
inside the cassette housing where they
securely contact the tape surface, while
the capstan roller is pressed firmly
against the tape and the capstan shaft.
60

Electronic Servicing & Technology

Figure 13 Location of the anti -recording
tab on the cassette housing is shown by
the screwdriver tip. (Top) When the tab
has been removed, the sensor -bracket
tip can move into the housing hole, thus
moving the other end of the bracket
down to the deck, where the unseen section below blocks the recording-switch
activation. The arrow shows the bracket
flat against the deck. (Bottom) With the
tab still in place, insertion of the
cassette drives the sensor -bracket tip
backwards, thus lifting the front section
up away from the deck (see arrow), while
the unseen section below allows movement of the electrical switch to the
recording position.
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tips for obtaining best quality from
cassette recordings.
Details of mixing signals, rerecording and other activities
necessary for producing tape programs of near-professional quality
will also be described. These things
tie in naturally for anyone doing
high-speed duplication of cassettes. Many facts and recommendations will be made about duplicators and duplicator tapes.
If you have specific questions
about any facet of cassette tapes
or the cassette recording/playing
machines, write to the author in
care of the Electronic Servicing
& Technology editor.

TROUBLESHOOTING
TIPS

multiple -section filter can. It was
anticlimatic to find completely normal operation after the C3 can was
replaced.
From now on, when the symptoms do not make sense, I always
scope the !filter capacitors for
evidence of unwanted signals.
George M. Marecheck Jr.
Cheverly, MD

MULTIMETERS

Whistles and low HV
RCA CTC38
(Photofact 1092-3)

Shortly after power was applied,
a high -frequency sound could be
heard. As the whistle stopped, a
very dim, blurred picture could be
seen. After another minute, the
sound quit, and the horizontal output -tube plate began to glow
red.
New tubes in the horizontal and
high -voltage sections gave no improvement. And the high voltage
measured only 5kV, while the
horizontal -output grid measured
only - 45V. When I unplugged the
yoke, the high voltage rose to
10kV. At this point, I suspected

that either the yoke or the flyback
had shorted turns, so I replaced
them with spares I had on hand,
but there was no improvement.
Next, I searched through older
issues of Electronic Servicing,
trying to find a Troubleshooting
Tip or Symcure that would give a
clue. Finally, I found a Symcure
that told of a whistle caused by an
open filter capacitor.
When I quickly scoped the filter
capacitors, I found large amplitude
hash at one terminal of C3, the

NOTJUSTA FLUKE!

Erratic horizontal locking
Admiral 19C658C
(Photofact 1522-1)
After about 10 minutes of operation, this 19 -inch Admiral color
portable developed erratic horizontal locking.
First suspect was a defect in the
horizontal -oscillator control circuit
or the horizontal -phase detector.
However, tests and parts substitutions proved the problem was not
there.

Cooling spray applied to the
oscillator circuit made no changes
until I cooled D803, the 19.75V

zener voltage -regulator. When
D803 was cool, the lock seemed
slightly better, but not enough to
be considered a cure.
At zener D803, the dc voltage
was within tolerance, but when I
scoped the D803 cathode signal,

horizontal pulses of about 3VPP
were present. Of course, this point
should be virtually pure dc voltage,
because of the zener action plus
filter capacitor C811 (10µF). Tracing back on the schematic, I found
that a higher dc voltage was produced by diode rectification of the
horizontal -sweep power, then
R821 reduced the voltage for D803
zener.
Therefore, it was clear that C811
was open, allowing horizontal
pulses to reach the phase detector
and horizontal-oscillator stages.
Replacement of C811 eliminated
the erratic horizontal locking, giving a normally stable picture.
George Campbell
Lancaster, CA

Compare new Philmetric Multimeters
for performance, accuracy and price.
Discover the quality that's no accident,
yet costs far less. You get Pushbutton
and Rotary dial Models; 0.5% accuracy;
31/2 digit readout; AC/DC; 26 Ranges; 2
year warranty.
And there's more! A free $5.00 factory -direct cash bonus when you buy
to prove
our Model 150 Pushbutton
that Philmetric measures up as the
"best buy" ...'Quality -Assured for
Performance and Price.
Send for Free Catalog & Details.
"We Measure Up ... "
C Philmetric,

-

ís`tt :t.
(a Div. of Philmore Mfg. Co.)
401nip Drive, Inwood, NY 11696 Tel: 516-239-6161
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CONTINUING
EFFORTS TO
SERVE YOU...
From time to time, Intertec Publishing
Corp. makes its subscriber lists available
to carefully screened companies or
organizations whose products, services,
or information may be of Interest to you.
In every case, list users must submit their
promotional material for approval. They
may use the list only once.
No information other than name and address is ever divulged, although names
may be selected by segments to which

the particular offer might appeal.
We are confident that the majority of our
readers appreciate this controlled use of
mailing lists. A few people may prefer
their names not be used.
If you wish to have your name removed
from any lists that we make available to
others, please send your request,
together with your mailing address label
to:

Direct Mall Mgr.
Intertec Publishing Corp.
P.O. Box 12901

Overland Perk, KS 66212
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Now, more than ever
..Men who KNOW soy...

Keithley introduces
top -of -the -line DMM
Keithley Instruments has introduced the model -132 handheld DMM as their top-of-the line, 31/2 -digit meter. The unit
combines the rugged field service capabilities of Keithley
hand-held DMMs with the most -

IS THE ANSWER
HELP NATESA HELP YOU
BY

often required additional
measurement capabilities,

DOING YOUR PART

ac and TEMPERATURE.
Available in both a Fahrenheit
version (132F) and a Celsius
TRMS
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to order Oelrich
Service Forms
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version (132C), the 132 has a
complete dc voltage range from
200mV to 1000V with 0.25% accuracy, current ranges from
2mA to 2A and resistance
ranges from 20052 to 20M9.
The 132C measures temperature from -20° to 1370°C, the
132F from 0°F to 2000°F, using optional type -K thermocouple sensors or probes. There
are several advantages to employing a type-K (NiCr-NiAI)
thermocouple input for temper-

waveforms that averaging cannot handle. Examples include
square waves, pulse trains and
SCR waveforms. The model
132's ac bandwidth is designed
to capture the necessary spectral components for minimal error on 50Hz and 60Hz waveforms, where most measurements are made.
The 132 blocks out any do signal combined with the ac information that you are really after.
This allows you to measure the
ac and do components of a signal separately, as when measuring ac ripple on a do voltage, for
example.
Circle (99) on Reply Card
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2 0406

eliminates stabilization time required with banana jack inputs
for immediate, accurate readings. Cold junction electronic
circuitry automatically compensates for ambient temperature
changes, and the TC input is
protected from overloads up to
300V.
TRMS ac response is provided
to make precision measure-

5930 S. Pulaski Road
Chicago, Illinois 60629

x

ature measurement, such as
wide use throughout industry,
broad selection of probes and
sensors available, low cost, versatility and durability.
In order to fully realize all the
advantages of a type -K thermocouple, the 132 provides a
standard TC connector for sensor termination. This effectively

ARTICLE REPRINTS
Interested in reprints of an article out of this or another
issue? Reprints of articles about your company or the
industry can be valuable sales and marketing tools. For
information, call or write Mark Raduziner, Intertec
Publishing Corp., P.O. Box 12901, Overland Park, Kansas
66212; (913) 888-4664.
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WARNING!

(Continued from page 8.)

in series with the main B + and B supply lines.

moderate volume for listening
tests. Power -output tests and
listening with hi-fi speakers may
be done later. These two speakers
had been taken from junked televisions, so they had little value.
In reply to the third -paragraph
complaint (about replacing the
non -defective R740 and modifying
the board during installation), the
control was noisy and erratic, as
stated clearly on page 18 of the article, and should have been replaced, even though it was not the
primary defect. After its replacement, R740 is shown in Figure 3
on page 16, and no evidence of the
board modification is seen. In fact,
only a minute amount of drilling
(perhaps 1/16 inch) was necessary
to admit one mounting lug. The
board was not ruined for installation of an original -type control in
the future, as was asserted.
In the fourth paragraph, Mr.
Leonard discussed the damage
from a carelessly placed test
probe. The article truthfully
described all damage caused by the
accidental short, and this was included to show the hazards of using large, blunt-tipped test probes
on any crowded compact circuit
board. Although not stated here
but covered in many previous articles, I have consistently advocated turning off the line power
before an insulated -hook type of
test probe is attached to a transistor lead. Then, following that
test, the power is turned off while
the test hook is removed and
perhaps attached to the next point.
In haste I tried to save time and
caused much grief. Incidentally,
the customer was not charged for
these ruined components.
Connection of a current -limiter
incandescent light bulb in series
with the ac line has been advocated
many times in this magazine; it is
not a new idea. In fact, a bulb was
used this way with the Marantz,
but after the burn -outs occurred.
However, ac -power current
limiting cannot always protect
against all overloads. Large filter
capacitors can release damaging
amounts of power, even after the
line voltage is reduced or
eliminated. A safer connection is

Regarding the output transistors mentioned in paragraphs
five and six, the new vs. old transistors were checked on a dynamic
curve tracer and found to be as
near matched as transistors ever
are. It was not considered
necessary to detail all such tests.
The Photofact data (which came
from Marantz) gave no power out-

put or distortion figures.

However, it is well known in the

industry that tests using

sinewaves should not be continued
very long unless the power was
held to no more than 30% of the
maximum rating. Therefore, both
amplifiers were given quick distortion tests (showing less than 1%
THD before the incomplete balancing was completed) and the scope
waveforms observed when the output was 30W of 400Hz sinewaves.
The scope waveshapes showed no
glitches, ringing or bursts of
supersonics.
Incidentally, I want to dispute
the question of distortion. Super low total -harmonic distortion
(THD) and noise figures sell a lot

of stereo equipment, and
sometimes they help blunt a
customer's complaint that the
repaired stereo does not sound

right. But it never has been totally
proved that THD of less than
about 0.5% is detectable by human
ears. After all, many multi -track,
multi -generation tape dubs have
more total distortion than that
when they are considered "clean."
It is true that intermodulation and
certain kinds of THD can be audible. For example, steep risetime
distortion such as crossover problems with bipolar transistor and
some noise pulses are more audible
than the meter readings imply. No
complaints have been received
since this repair.
About the incorrectly wired
power transformer (paragraph 7
on page 61), my concern was about
the higher supply voltages and the
possible damage to the output
transistors. The filters were
already formed at the higher
voltage. The do overvoltage was
about 10%, even at normal 120V
line voltage. But what if the line
voltage was 125V or even 129V?
November 1982
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Such excessive line voltages are
commonplace in many areas. Over voltage of 10% to 20% combined
with a time of loud volume from
the power amplifier might easily
exceed dissipation ratings of the
transistors, causing them to fail.
The customer was not charged
for the time expended in checking

the wiring and drawing the
schematic. This time is the dues
that I pay to stay in touch with
practical troubleshooting (originally my primary job).
The complaints about lack of
instrument tests (page 61,
paragraph 8) have been answered
previously. The moderate -volume
operation for several hours (mentioned in the article) was a combination time test and heat run,
not a test of power and distortion.
In paragraph 9 of page 61, the
1975 Marantz bulletin M-2325-2
was mentioned as "advising of a
problem with the same intermittent diodes." However, another

reader sent a photocopy of this
bulletin, and it did not mention intermittent diodes or erratic loud
popping sounds. It commanded
that diodes H718 and H719 on
each amplifier board must be
replaced (regardless of the immediate complaint) with part
number HD2-0011-050 diodes.
Another statement was that if
diode failure (not specified) had
already occurred, the speakerprotection relay contacts might be
damaged, and if so, the relay
should be replaced. No hint was
given about what symptoms might
be caused by the diodes or that the
problems might be intermittent.
One more sentence would have
added great value.
Again in paragraph 10 (page 61),
Mr. Leonard comments about the
inadvisability of receiving all kinds
of merchandise for repair. Electronic Servicing & Technology
has made the same suggestions
many times over the years.

However, these are management
decisions that have no place in an
educational article. The article
does not say, or imply, that a shop
or technician should begin repairs
that are likely to lose money.
The sentences under the "Comments" heading on page 21 in the

original article explained the
reasons the article was written. It
was not primarily to explain all
about repairing a model 2325

stereo -component

Marantz

radio/amplifier, but to serve as a
case history showing effective vs.
ineffective testing methods that
are used with complex audio products.
Of course, the final judgement
about the value of specific articles
must be made by an average of all
readers. We invite you to give your
opinions.
Carl Babcoke, CET
Consumer Repair Consultant

WM,

for ES&T
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NEW

LITERATURE
Heathkit/Zenith Educational

Systems has released its latest,
free, full -color catalog of technical
education courses, computers and
test instruments.
The catalog features more than
38 electronics and microprocessor/
computer related courses designed
for group, classroom or individual

learning situations. Courses

featured have been developed in
series form, starting with fundamental electronics (ac/dc electronics through semiconductor

Thirteen Handbooks written in easy -to -understand language by experts in the service field

special feature of the catalog is a
wide range of digital readout; electronic calipers; micrometers; and
internal, vertical, horizontal and
linear measuring tools.
The catalog details more than
5000 precision tools, electronic
measuring tools, optical measuring instruments, cutting tools,
machine tool accessories, work
holding tools, reference books and
conversion charts, and toolmakers'
aids. Inch/metric specifications are
provided for all appropriate
and instruments.

Printed Circuit

from GC Electronics, a division of
Household International, features

step-by-step instructions and
diagrams and explains in careful

vanced electronics to digital and
microprocessor technology.
Several new state-of-the-art
advanced-electronics courses are
highlighted in the catalog, in-

cluding courses

in

opto -

electronics, CMOS digital electronics, voice synthesis and
microprocessor interfacing and
programming.
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A new 40 -page

with illustrations and diagrams! Acclaimed by
instructors and professionals alike! How to
diagnose and repair air conditioners, refrigerators, washers, dryers, ranges, microwave
ovens, dishwashers, vacuum cleaners, electrostatic air cleaners, RV gas appliances, hair
dryers, motors, water heaters, coffeemakers,
can openers, floor polishers, steam irons, food
mixers, lawn care appliances, electric knives,
electric and digital clocks and many others.
Also fundamentals of solid state, setting up a
shop, using test instruments and more Only
82.65 to $4.90 ea.

detail how to produce professional quality printed -circuit designs.
This latest handbook is an
enlarged and more complete version of the company's previous addition. It includes a variety of
helpful information on how to produce both single- and double-sided
printed circuit boards as well as
PC specifications and troubleshooting tips.
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The most fantastic instrument I've
ever bought-Billings, Mt. Used it
3 months; it only missed once-

Marinette, Wis. (Typical). Squeal
& no sync: 3 bad caps in B+ &
AGC; Many Thanks-Taos, N.M.
Please ship another; very satisfied-Glen Rock, Pa. It's fantastic
-St. Joseph, Mo. Please rush;
heard good reports-Hicksville,
N.Y. One tremendous meterAlexandria, Minn. Send your
Super meter; heard about it-N.
Olmstead, Ohio. Love that ESR
Meter-Acton, Mass. Used it intensively for 30 days; it's been
100% effective-Pittsburgh, Pa.

Ideal for preventive maintenance:
measures electrolyte dryness &
shows up intermittent opens.
60 -day Satisfaction Guarantee.

Send check or M.O. or call
(313) 435-8916 for COD
Or write for free brochure to:
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DEGREE
No commuting to class. Study at your
own pace, while continuing your present
job. Learn from easy -to -understand lessons, with help from your home-study
instructors whenever you need it.
In the Grantham electronics program,
you first earn your A.S.E.T. degree, and
then your B.S.E.T. These degrees are accredited by the Accrediting Commission
of the National Home Study Council.
Our free bulletin gives full details of
the home-study program, the degrees
awarded, and the requirements for each
degree. Write for Bulletin R-82.

Grantham College of Engineering
2500 So. LaCienega Blvd.
Los Angeles, California 90034
ATTENTION

ELECTRONIC TECHNICIANS
Highly Effective Home Study 050E Degree Program for Experienced Electronic Technicians
Our New Advanced Placement Program grants
Credit for previous Schooling & Professional Experience. Advance Rapidly! Our 36th Year!
FREE DESCRIPTIVE LITERATURE!

Cook's Institute of Electronics Engineering
DESK 15

,

P.O. BOX 20345, JACKSON, MS 39209

v
W
J
W
IL

/826.00

10
10
10
10
10
10
10
10
10
10
10
5

/

4 50

/

3.50

/

995

/
/

9.95
7.50
7.50

..

5
10

/

/ 1200
/ 9.95
/

995
995

/

12-50

/

1750

/

/ 17.50

292
308
310
375

12 50

125

/

AN Same

10 /

12 50
5 / 25 00
5 / 25 00
10 ' 15 00
100' 8 95

$6.95

(MAJOR MANUFACTURE BRAND)

..$1095 ea
413.95 ea
up $1295 ea.
526A
416 75 ea
58 up $1495 ea
529A/replaces 556

Minimum classified charge $10.00.
For ads on which replies are sent to us for forwarding
(blind ads), there is an additional charge of $3.00 per
Insertion to cover department number, processing of
replies, and mailing costs.

For Sale

58

I>IststI>I>s

$17 75 ea

800-860 Zenith
5 for $15.00/
!,l/
EP25x60 GE
EP25x75
5for515 00
250663-11 MAGNAVOX
5 for $l5.00
250663-17

FTt

CTRONIC
THE GREAT
THINGS & IDEAS

I

HUNDREDS OF
UNUSUAL PARTS, GADGETS & IDEA ITEMS, UNAVAILABLE IN
STORES OR CATALOGS ANYWHERE! Barga,, Paws on
New item in every issue! Rush postcard for your copy!

10

75

for

IE ©©'

a

MAW / CATV
ACCESSORIES

spu-ren

010.000

rotor 514.90

ry

gj

I

tl--

ELECTRONICS
Dept. 311
Plattsburgh, N.Y. 12901.

W

Circle (22) on Reply Card

OSphtters UV

Matching Transformers
10 for 55 50 100 for $4500
F -59A "RING ATTACHED
100 for 515.00

ççç

J

INDIVIDUAL PHOTOFACT FOLDERS (not sets) under
#1100. First class postpaid $3.00. Loeb, 414 Chestnut
11-82.31
Lane, East Meadow, NY, 11554.

1000' II RG59U S49 95 5000> ft 8 up 546 95

SPECIALS
123A
159
47 Bulb
159 Bulb

v
w

a
co

80/450
100/450
200,300

100 for
100 for
100 for
100 for
10 for
10 for
10 for

S1995
19 95
9 95
15 00
12 00
14 00
14 90

1200 Cold Tflemstor 10/S7 90
15 mg Focus Pots Most Popular 10/59 95
CR -250 Bnghtners 6 for 55 95 ea
Kester .062 Solder $9.95 3/S28 00
Loop Ant 10/S3 50 50/515.00 100/528.00

MAKING ORDERS
IN PA.

ALL OTHER STATES CALL TOLL FREE

1-18001-523-0721

J
3

LL

Q

PURCHASE TERMS
Minimum order $25.00
Minimum on all MAJOR CRL TIT
CARDS $50.00

SPECTRUM
ELECTRONICS
5932 MARKET STREET
PHILADELPHIA, PA. 19139

Circle (30) on Reply Card

November 1982

WHOLESALE ELECTRONIC PARTS, SAMS TV
manuals $7.20, SAMS VCR manuals 1-38 $15.70, 39 -up
$17.70. TUSA UHF converter $27.75, Weller soldering
stations EC3000 $86.60, WTCPN $63.75 (add $3 shipping). Atari, Activision, Intellivision game cartridges,
new and used- Send for free catalog. ASTRO, Old
Grand Union Shopping Center, Rt. 9W, Stony Point,
NY 10980.914-242.2173.

11-82-1t

USED HMCA-b CHANNEL AMPS: Bt k4462 Ch 2, 11 &
13. New SCA AMP #4939 Ch 6, #4934 Ch -11 and
MVB-35 Broadband. Sell or trade Frank's TV, Box 357,
11-82-1t
Eddy, TX 76524, 817.859.5210.

AUTOMOBILE RADIO and tape replacement parts:
Delco, Chrysler, Philco-Ford, Motorola, Panasonic and
many others. Large Inventory. Laran Electronics. Inc..
3768 Boston Road, Bronx, NY 10469. (212) 881-9600,
5.79-tf
out of New York State (800)223-8314.

CALL COLLECT

(215)-472-0369

classifieds.
Electronic Servicing & Technology

Each initial or abbreviation counts a full word.

500A
523A

in

66

Advertising rates in the Classified Section are 50
cents per word, each insertion, and must be accompanied by payment to insure publication.

Classified columns are not open to advertising of any
products regularly produced by manufacturers unless
used and no longer owned by the. manufacturer or
distributor.

TRPLERS & SAFETY
CAPS ECG EQUIVALENTS

wonSoldiers
Stter

Circle (36) on Reply Card

Your
ad gets
quick
results.
Advertise

10

113
123A
128
129
152
153
154
157
196
197
198
230
231
291

PHOTOFACTS

11

Earn Your

;

238

LARGE Inventory of CMOS, TTL, memory
PRODUCTS AVAILABLE

F

Í

CLASSIFIED

ECG EQUIVALENTS (PARTIAL LIST)

ELECTRONIC SURPLUS: CLOSEOUTS, LIQUIDATIONS! Parts, equipment stereo, industrial, educational. Amazing values! Fascinating items unavailable
in stores or catalogs anywhere. Unusual FREE catalog
6.78-tí
ETCO-011, Box 762, Plattsburgh, N.Y. 12901.
SCRAMBLED TELEVISION, encoding/decoding. New
book. Theory/circuits. $9.95 plus $1 shipping.
Workshop, Box 393ES, Dept. E, Bethpage, N.Y. 11714.
7.80-t f

PRINTED CIRCUIT boards hem your sketch or artwork. Affordable prices. Also fun kit projects- Free
details. '0i NOCINTHS INC Dept. ES,' Box 261,
5-81-ttn
Westland, MI 48185'
SONY -PANASONIC -RCA -ZENITH -EXACT REPLACEMENT PARTS-LARGE INVENTORIES -SEND PART OR
MODEL NUMBERS -WILL UPS OR COD -GREEN TELE
RADIO DISTRIBUTORS, 172 SUNRISE HIGHWAY,
5-82-tf
ROCKVILLE CENTRE, N.Y. 11570.

TUBES -Receiving, Industrial and Semi -conductors,
factory boxed. Free price list: Low, low prices.
TRANSLETERONIC INC., 1365 -39th Street, Brooklyn,
5-82-tf
N.Y. 11218E, 800.221-5802, 212.633.2800.

Riding

Service Manuals

Lawnmower
192 pages...

big 8x11" format

The ever

popular
SMALL

08x11"

ENGINES
Service
Manual
Fix your own small air cooled engines
Covers virtually all makes & models

.336 pages
8x11" softbound

Chain Saw
Chain tiaw

$9.95

Small Engine/
Chain Saw

l'rrll'IOAlIOJ

.
!i

'f

FLAT RATE

s

Over 300 pages
8x11" softbound

Lawnmower

Walking
128 pages

Save your

shop $ $ $

$9.95

$8.95

Manuals cover
nearly all
makes/models
Check these other
important manuals
Large Air Cooled Engines

Snowmobile
*Small Tractor Vol. 1
Small Tractor Vol. 2
Light Utility Tractor

$8.95
$8.95
$7.95
$7.95
$3.95

Get more details from our
FREE catalog...Ask for it!

$8.95

softbound$8.95

Technical Publications
invites you to join
the thousands that are
doing it themselves
and saving
$

$

Outboard
Motor Vol.

$

$

1

Motors belo
30hp

272 pages
8x11" soffttt.

.
s

verag_

(The onl
servi
m.

ine

mar'

-

l..

$8.9

'

$

Inboard/Outdrive

236 pages
8x11" softboun

23

$

'

esonthe

$8.95
board Engine
and Drives
84 pages

ge

8x11" softbound

8x11" so
Motors 30h

We've

and above

got the
Flat Rate

$8.95

$5.95

TECHNICAL
PUBLICATIONS
P.O. Box 12901 Dept. ES
Overland Park, KS 66212
(913) 888-4664
niasler charge

Indicate number, expiration date and
type of card

No COD outside US
POSTAGE PAID when payment accompanies order
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LEARN TO REPAIR ATARI'S: Did you know that more
than 2 million Atari Home Video games have been
sold and that most of them are now out of warranty?
Why not learn how to repair these games and expand
your shop's earning potential. At Electronic Institute
of Brooklyn we have put together a Video Taped
course for the T.V. technician which will take the
mystery out of repairing Atari games. These repairs
can be done using equipment you probably already
own. Included' in the course are the video tape,
schematics for the two different boards, technical
literature for the IC's, and a list of sources for replacement parts. We have condensed months of research
into a neat package that will enable you to start repairing Atari's right now! Our course is available on VHS
or Beta system tapes. For more information or to order
CALL TOLL FREE 1-800-221-0834 or (212) 377-0369.
Electronic Institute of Brooklyn, 4823 Ave. N.
7-82-6t
Brooklyn, N.Y. 11234.

For Sale (Cont.)
2SC1172B's, 50 LOTS-$1.69; 2SC1308K's, original
Sanyos, 50 lots-$1.99; Cheater cords, 25 lots -35e;
pol- and nonpolarized. 1,000 ft. reels of RG 59 U. Coax
Cable -$39/roll. Minimum order $75. Redcoat Electronics, 104-20 68th Drive, Forest Hills, NY 11375,
10-82-tfn
212-459-5088.
TV

TROUBLE ANALYSIS

TIPS. Over 300 symp-

toms/remedies by circuit area; tough ones over the
years. Save time and money. Send $12.50 to CHAN TV,
8151 Grandview Rd., Chanhassen, Mn. 55317. 5-82-tfn
SPRING

SPECIALS

on Popular Electrolytics-

40/450V-75e; 80/450V -85e; 100/450V -95e; 200/
300V-$1.05. Quantity 20 lot only. Minimum order of
$50. SUPER SPECIALS. Bulk Zenith safety capacitors

BEAUTIFUL MONTEREY PENINSULA, Busy, successful repair shop for sale. Fixtures, parts, Sams,
tools, equipment, contracts, lease. Priced 'far below'

800-860, 12 lot only $2.50 each. REDCOAT ELEC
TRONICS, 104-20 68th Drive, Forest Hills, NY 11375,
10.82-tfn
212-459-5088.

REPLACEMENT COLOR YOKES -DEALERS ONLY.
Zenith 95-2501.2532-2887 etc. $22.95. Magnavox
361380-1 etc. $24.95. Sylvania $24.95. American -made
fuses in bulk -example 3AG 2 regular price .23 each our
price .12 each. Factory packaged GE transistors at
discounts. Example GE -20 regular price $1.10 our
price .65.,Request circular on your letterhead. David
Sims Enterprises, Inc., 665 East Jericho Tpke., Huntington Sta., NY 11746. 800-645-5030, NY State (516)
10-82-tfn
549-3925-1592.
USED RADIO -TELEVISION TUBES. All types. Working
condition. 30 for $10.00 postpaid. Loeb, 414 Chestnut
10-82-3t
Lane, East Meadow, NY 11554.

BELTS-Lowest prices (26S up)
brochures free to repair dealers list belts by size, includes cross-reference. Individuals send $2.00
RUBBER

DRIVE

(credited). Electronic Parts Co., 1015 E. Escondido
Blvd., Escondido, CA 92025; (714) 741.2300/3868.
10-82-1f n

TO BE SOLD as an entire lot only, to the best offer
over $995. 50 new RCA and Zenith modules, 650 new
Westinghouse tubes, one used B&K CRT checker, one

B&K tube
core 13 channel color generator and new ESR meter.
Call 805-653-7440 or write Economy TV, 158 So.
11-82-1t
Anacapa #D. Ventura, CA 93001.
Restorer,

-

FOR SALE: B&K 415 sweep marker generator. Has all
cables and manual. Works great! Free with 415 is one
B&K Analyst 1076 which needs repair. Will ship COD
$250.00 plus COD shipping. Lightning TV, 119 Railroad
11-82-1t
St., Marion, NC 28752, 704-652-8005.

TUFF DOG INFORMATION: Any schematic & symptom info -any T.V. 1954-1982 50e & SASE Box 286, Cov11-82-1t
ington, Georgia 30209.

Wanted

IDEAS, INVENTIONS, new products wanted now for
presentation to industry. Call toll free 1-800-528-6050.
In Arizona, call 1-800-352-0458. Extension 831. 11-82-3t

Business Opportunity
TV TECHNICIAN! Increase your Income up to 580,000

yearly. Rent-lease -sell TVs new -used, even from comfort of your home. Basic Preliminaries $10.00. Perrys
TV Systems, Hwy 181, Box 142. Route #1, Bremen, KY
12-81-tf

MECHANICALLY INCLINED INDIVIDUALS: Assemble
electronic devices in your home. Knowledge or experience not necessary. Get started- in spare time.
Turn your spare or full time into cash. NO investment.
Write for free details. ELECTRONICS DEVELOPMENT
5-82-tfn
LAB, Box 1560ES, Pinellas Park, FL 33565.
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DEALERS EARN EXTRA PROFIT selling cable TV converters, Video accessories and other great items in
our brand new dealer catalog. Request a FREE copy
on your letterhead. ETCO, Wholesale Division, Dept.
9-82-12t
535, Box 840, Champlain. N.Y. 12919.
DISTRIBUTORS NEEDED for our new multi-level mail
order marketing program! Commissions through five
levels! High earnings! Free details! Our 38th year!
11-82-1t
CI EE
BOX 20345 Jackson, MS 39209.

-

-

NORWALK, CALIFORNIA ESTABLISHED TV AND
STEREO SERVICE AND SALES very busy money
maker, excellent location, low rent, very good lease,
2300 square feet, 10 minutes to beaches and Los
Angeles. $40,000 includes inventory, large enough for
living quarters, owner retiring, phone 213-863-1919.
11.82-1f n

Reader
Service
Number

TEXAS SUNBELT-Thriving
vice. RCA, Zenith, Litton. In booming east Texas area.
Total package includes modern custom building, 3000
sq. ft.; display, sales and warehouse with complete inventory; tools, fixtures. On '/a acre. 300 ft. frontage on
major highway. Large trade area. Contact Glen Dren11-82-tfn
nan, Agent, 214-675-8856.

NATIONAL SALES MANAGER
Greg Garrison
P.O. Box 12901
Overland Park, KS 66212
Phone: (913) 888-4664

LONDON, ENGLAND
John Ashcraft & Co.,
John Ashcraft
12 Bear Street, Leicester Square
London WC2H 7AS, England
Phone: 930-0525 Telex: 895-2387

Inc.

8

Corp
22 ETCO
18

Inc.

Gamit Enterprises
General Electric TV
Business
Grantham College
24 H & R Communications,
Inc.
34 Hastings Marketing
10
4
6

17
14

1

13

2,3
27
31

15

30
32

13

65
32
68

Electronic Specialists

19

33

November 1982

The Cooper Group

20 Creative Electronics
26 Digitron Electronics

Phone: 0-2968-6226 Telex: 18406 HARKE NL

TAIPEI, TAIWAN, R.O.C.
Antony Liu
Long Life Advertising Agency Co.
P.O. Box 17-134
Taipei, Taiwan, R.O.C.
Telephone: (02) 561-6629
Cable: Photop Taipei

7

Institute of
Electronics Engineering 66

36 Cook's

11

NORWOOD, AUSTRALIA
Hast well, Williamson, Rouse PTY. LTD.
P.O. Box 419
Norwood, S.A. 5067
Phone: 332-3322
Telex AA 87113

62

41
Equipment Corp.
7 BBC Metrawatt/Goerz .10-12
23 Bugtrap Instrumentation .29
5 Consolidated Electronics,

John Ashcraft & Co.
John J. Lucassen
Akerdijk 150A
1171 PV-Badhoevedorp, Holland
TOKYO, JAPAN
International Media
Representatives, Ltd.
Sumio Oka
2-29, Toranomon 1-chome
Minato-ku, Tokyo 105, Japan
Phone: 502-0656

Page

Number

35 All Electronics Corp
28 Automated Production

TV & Video Sales & Ser-

AMSTERDAM, Holland

WANTED FOR CASH: 53, 7F7, 7N7, 6AF6, 6HU8,
304TL, 4CX1000A, 4.1000A, all transmitting, special
purpose tubes of Eimac/Varian. DCO, Inc., 10 Schuyler
Avenue, North Arlington, New Jersey 07032, Toll Free
5-82-tfn
(800) 526-1270.

42325,

10-82-3t

investment. (408) 899-1688

ADVERTISERS'
INDEX

Inter-Tec
Keithley
Leader Instruments
Corp
NATESA
NESDA
Oelrich Publications
Omnitron Electronics
Optima Electronics
Philips ECG
Philmore Mfg. Co.
PTS Corp
Primefax
Sencore, Inc
Sentry
Simple Simon
Electronic Kits, Inc
Soltec
Spectrum Electronics
Sprague Products Co
TCG/New-Tone

Electronics
Tektronix, Inc.
29 Thordarson-Meissner
25 Viz Mfg. Co.

Zenith Radio Corp.

63
65
25
66
31

45
23
3
9

62
64
62
24
26
15-17
61

IFC
26
BC
41

51

27
66
55
19
21

43
32

IBC

Switch to

ZENITH ZINIVERSAL TRIFLERS
and get more than just a tripler...
get a complete package.

A95-5314

977 -Z9500 -A

ECG 500A

977 -Z9500 -A

ECG 521

800-791

ECG 522
ECG 526A

977-Z9522
977-36
977 -Z9526-A

ECG 528

977-41

ECG 529

977-Z9529
977-29530
977-Z9531
977-Z9532
977-Z9533
977-Z9534
977-Z9535
977-29536-A
977-Z9537
977-Z9538
977-Z9539

ECG 523

ECG 530
ECG 531
ECG 532
ECG 533
ECG 534
ECG 535

ECG 536A
ECG 537
ECG 538
ECG 539

977 -Z9526 -A
977 -Z9536-A
977-29522
977-Z9531
977-Z9532
977-Z9533
977 -Z9500 -A
977-36
977-Z9529
977-Z9534
977-Z9535
977-Z9537
977-29538
977-Z9539
800-791
977-Z9530

GE 521
GE 522
GE 523

GE 524
GE 525

GE 526
GE 527
GE 528
GE 529

GE 534

GE 535
GE 536
GE 537
GE 538
GE 539

GE 540

N2A
N2A-1
N2A-2

977-Z9529
977-Z9529
977-Z9529

SK 3301

977-Z9531

SK 3302

977-Z9533
977-29522
977 -Z9500 -A
977-29534
977-36
977-Z9529
977 -Z9526 -A

SK 3303
SK 3304

SK 3305
SK 3306

SK 3307
SK 3308

148348-1
148348-2
148348-3
348-4
''3-5

977-36
977-36
977-36
977-36
977-36

X

977-29500-A

1

977-46

32-29778-2

977 -Z9500 -A

32-211778-3

977 -Z9500-A

32-33057-2

977-Z9522

32-33057-3
32-33057-4
32-33057-5
32-33094-1
32-33094-2
32-33094-3

32-33094-4
32-33094-5
32-33094-6
32-35894-1

977-29500-A
977 -Z9500 -A
977 -Z9500 -A
977-Z9522
977-Z9522
977-Z9522
977-29522
977-Z9522
977-Z9522

F-159-1
66F-159-2
66F-159-3
66X0060-(
66X0060-C**114,,

977-Z9522

32-35894-4
32-35894-5
32-35894-6
32-35894-7
32-39091-1
32-39091-2
22-39091-3
32-39091-4
32-39091-5
32-39091-6
32-39091-7
32-39091-8
32-39091-9
32-39704-1
32-39704-2

977-Z9522
977-Z9500-1'
977-Z9529
977-2957
977-36
977-36
977-295:
977-36
977-36
977-36
977 -Z9526 -A

1454607-6

977-Z9532

977-Z9522

14646C7-7

977-Z9531
977-29531

1464607-8
1z646C7-9

977-29530
977-Z9530

97736
76-14327-1

76-14327-2

76-14327'

977 -Z9500 -A

32-35894-3

977Z9522

76

+-

,.
977-29500-A
A¢00 A

-

d*s

r

977-Z9522
977-29522
977-Z9522
977-Z9522
977-29522
977-Z9529
977-Z9534

165-1

530165-2

5301653
530165-4

327Z9

,

r165-6
165-8

16510

9,7729534
'7-29529
?9529

106 3
86-127-'

535

-

13260-35-1

977-Z9532

1826065-2
1826065-3

977-Z9532
977-Z9531

-88539

800-791

S-88533

800-791
800-791

5

S-91731

312-102
212-103

977-Z9526A

212-'04

977-36
977-29522
977-Z9522

977-Z9522
977-Z9522

-

a

977-29533
977-Z9533
977-Z9532
977-Z9532
977-Z9532
977-Z9537
977-Z9532

34

your Zenith distributor's
Now in stock at
tripiers.
a full line of universal
Packaged with each Zenith tripler is a cross-reference
guide with a no-nonsense numbering system that relates ECG®
GE, and RCA Universal lines and 22 other manufacturers to
Zenith part numbers... plus detailed installation and safety
instructions...and a wire tie and sealant at no extra cost.
That's why you get more than just a tripler when you switch
to Zenith Universal Tripiers.
See your distributor for Zenith's Universal Tripler Cross
Reference Guide (#902-2011)...and Zenith's Universal
Semiconductor Guide with over 150,000 cross-references!
ECG is

1L646( 7-10
1464984-1
14649:4-2
1466860-1
1466860-2
1466855-1

registered trademark of GTE SYLVANIA

212-' 05
212-' 06
212-- 08
212-109
212-110
212-128
212-129
212-130
212-131
212
212
212
212

132

133
134
135

212136
212-137
212-138
212-140

57-90
57-98

977-29530
977 Z9530

66F-054-3

977 -Z9500 -A

66F-054-4
66F-112-1

977 -Z9500 -A
977-Z9522
977-Z9522

66F-112-2
66F-181-1

977-Z9522

93D96-2
93D96-3
93099-2
93099-3
93099-4
93099-5
93099-6
93D99-7

800-000-025

977-36
977 -Z9500 -A

977-Z9538
977-Z9533
977-29533
977-Z9539
977-Z9539
977-Z9539

977 -Z9500 -A

146364-'
1464607-1
1464607-2

1464607-3
1464607-4
1464607-5

977 -Z9536 -A
977-Z9532

977-Z9532
977-Z9532
977-Z9532
977-A9E32

800-791
800-791
800-791
800-791
800-791
800-791
800-791
800-791
800-791
800-791
800-791
800-791
800-791
977-36

21I-141

977-36

212-141-01
212-141-01

977-36

212-142
212-142-02
212-143

977-35
977-36
977-36
977-36
977-36
977-37
977-46
977-38
977-46
977-40

2'2-145

977-41

2' 2-145-01

977-41

2' 2-145-01

977-42
977-41
977-41
977-42

212-141-02

Zenith Radio Corporation I Service, Parts & Accessories Division
11000 Seymour Avenue / Franklin Park, Illinois 60131

800-791
800-791
800-791
800-791

212-140-01
213-141

212-141-01
212-141.01

The quality goes in before the name goes on')

800.791
800-791
800-791
800-791

212-141-02
212-141-03
212-142

2 2-146

212-146-01
212-146-01
212-147
212-149
977-42

977-43
977-45
977-41

Now Cut Your
TV-VCR ServiceTime
Absolutely In Half.
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Cut your time in half. You
WILL cut your service time in
half with a Sencore VA48 Video
Analyzer. Over 1500 VA48 owners
nationwide report an average
time savings of 54%! These techs
quickly and easily learned the
VA48's Signal Substitution Method
of troubleshooting. It's the key
to DOUBLING your service output.

Signal Substitution is the
key. Our double -patented Signal
Substitution Method lets you inject
known good signals from the VA48
into any stage of a TV or VCR.
If you get a good picture, you know
everything is working from that
point forward. You back up stage by
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stage until the defect appears on
the screen. You then know you are
injecting into the defective stage.
It's just that simple, and only
the VA48 provides ALL signals
necessary to inject from antenna to
CRT. It literally cuts your service
time in HALF

Join the thousands

... 22,000

VA48 users know this video
analyzer is the new standard of
the industry. So do manufacturers
who are specifying the VA48's
patented Bar Sweep patterns on
their schematics. Look in Sams
Photofact schematics. The VA48
Bar Sweep is there, too.
Money back guarantee. We're

so sure you'll cut your TV-VCR
service time in half, we offer your
money back in 30 days if you're not
absolutely satisfied. PLUS, when
you order now, you'll
receive a FREE copy

of Bob Goodman's
new $18.95 best
seller, "Practical
TV Troubleshooting

""`Ar.

With A
Video Analyzer.'
yours to keep FREE regar.` -ss.
Call toll -free. Call now to order
or to talk about the VA48 features

with a qualified Sencore engine
representative.

3200 Sencore Drive, Sioux Falls, SD 57107 605/339-0100 TWX: 9

For Information Circle (2) on Reply Card
For Demonstration Circle (3) on Reply Card

For More Information or To Order
Phone Toll -Free
In Alaska, Hawaii, and Canada, phone collect:

www.americanradiohistory.com
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