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For 14 years

Jim Ishee has relied
on one electronics
rebuilder.

For the name of the PTS Distributor or Servicenter neare

Like so many professional TV ser-
vice 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

lef !

! lJim Ishee
,gj, he Jim Isheeé TV Clinic
Decatur, lllinois.

limited 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.

W} PTS CORPORATION
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Full Function
Digital Multimeter
e TRMS ACV
and ACA
® 0.28% Basic
Acauracy
Built-in Thermometer
¢ °C and °F Models
® Type K T/C Based

A practical approach to TRMS.

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 20MQ including
diode test. Plus input resistance of 10MQ 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.

KEITHLEY

Keithley Instruments, Inc.
28775 Aurora Road/Cleveland, Ohio 44139-9990/(216) 248-0400
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The how-to magazine of electronics...
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November 1982 1 4 Locating power shorts

Volume 2, No. 11 By Robert Dietrich
The origin of a serious power short circuit is often

Eleernnnie difficult to identify because there is no time for tests

SEvichg & faclues) before a fuse or breaker removes the ac power.

2 6 The electronic burglar alarm system
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.

42 PC boards the easy way

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

Laser technology has made costs.

the precision circuitry of the

Citation XX amplifier possi- - R .

ble. As test signall)s are fed in- 4 6 Digital building blocks: Clocking

to the.hybrid circuit, a laser By Bernard Daien

beam is shot into the hybrid A digital clocking system is a critical component. If it

circuitry, trimming the values - I
of the rc{,mponentg See story does not work properly, the entire digital system may

on page 52. (Photo courtesy of malfunetion.

Harmon Kardon.)
5 2 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.

5 6 The basics of tape recording, part I1
Physical operation of audiocassettes

By Carl Babeoke, 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 Com-
munications Commission gave official sanction to a potential-
Page 56 ly explosive new technology.
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EDITORIAL P

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 1I 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 carry-
on 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.

N Connd ©,

FEEDBACK

Profax schematics

Allow me to congratulate you on
your decision to include
schematics of electronic equip-
ment 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 sug-
gestion, one of the faults of the
other magazine was that some of
the prints were repetitious, and

there were not enough prints of
other items that we sometimes
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 in-
terest to many of us is cable televi-
sion. I do not intend to steal their
service from them, but I would like

6 Electronic Servicing & Technology November 1982

to read about their type of trans-
mission.

As a rule, I do not write any let-
ters 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 1s,

of course, not a quarantee, 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



2SC1413A

Horizontal Output
Transistor
Equivalent to ECG 238

Also Replaces:

ECG 165" C1875 D350
C1172B C1893 D368
C1174 C1922 D627
C1295 C1942 D649
C1308K C1894 D380
C1309 D200 D663
C1358 D201 D869
C1454 D348 D870

*ECG is a registered Trademark

' NOVEMBER SPECIAL |

And Many Others Too Numerous To List!

Vceo: 1500V
Ic: 7A
" SN | Pc: 50W
= -

¥

$2.09 $1.69
10-99 Pieces 100 or More

Minimum Order 10 Pieces

Special Good Thru November 30, 1982.

CALL FOR OUR 16 PAGE FLYER

PART NO. CO75-2

2-Set Coupler
for Cable TV

* 75 ohm input
* 75 ohm outputs

$1.45

4-Set

»
s
A b

PART NO. CO75-4

for Cable TV

* 75 ohm input
* 75 ohm outputs

$2.45

74 |

PART NO. CE 408

2-Way TV/IGame
Switch

® 75 ohm inputs
¢ 300 ohm output
* Positive action slide switch

$2.75

PART NO. CE 409
2-Way TV/Game
Switch

* 75 ohm inputs

* 75 ohm output

* Replaces most original
TV/game switches

$2.75

Coupler

-8
PART NO. F-59

With Separate
Ferrule

L 100 for $14.00

o A

PART NO. MTRF-300

75 Ohm to 300 Ohm
Matching Transformer

59¢ 10 & Up

PART NO. CE 423

Sony Type AN 16
Replacement Antenna

* 43" extended
* 8§ sections

$4.95

J

LOW MINIMUM ORDER, ONLY $10.00
NATIONAL g J
TOLL FREE: 1-800-543-3568 Consolidated €Electronics,
CALL TODAY! et R
’ 1'800'762'3412 705 WATERVLIET AVE. « DAYTON, OHIO 45420
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ES&T on troubleshooting are an
experience in themselves. I save
all of the Symcures and
Troubleshooting Tips.

1 am also interested in 2-way
mobile radio. I would appreciate it
very much if articles on mobile
radio troubleshooting would ap-
pear 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 seem-
ingly enormous differences are

produced by our different wview-
points. 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 ob-
viously, 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 il-
lustrate 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 ma-
jor points. In the first paragraph
on page 8, he states it is a disser-
vice 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
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.)

ELECTRONIC
SCANNER

NARDA offers annual
School of Service Management

“Everything you want to know
about service management” would
properly describe the National As-
sociation 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 essen-
tials of productivity; how produc-
tivity is measured; keeping tabs on
parts stock; reducing bulging in-
ventories; 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 Manage-

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
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

United Satellite Television
(USTV) and General Instrument
Corporation (GRL:NYSE) have
announced the world’s first direct
satellite-to-home pay TV broad-
cast service, scheduled to begin
next year.

The announcement came four
days after the Federal Com-
munications Commission paved
the way for satellite-to-home TV

8 Electronic Servicing & Technology November 1982

broadcast service. USTV expects
to begin broadcasting four chan-
nels of high-quality TV programm-
ing 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 ser-
vice next year, USTV will become
a major new source of TV pro-
gramming for millions of non-
urban Americans who do not have
access to cable TV service.”

Negotiations with program sup-
pliers are currently underway and
USTV plans to announce in the
near future which suppliers will
provide the firm with movies,
sports, entertainment and news in-
formation programming for the
satellite service.

EIA honors Ungar
on 50th year

Noting the importance of solder-
ing technology to electronics
manufacturing, the Electronic In-
dustries Association honored the
Ungar Division of Eldon In-
dustries 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 features and the lowest list prices ever.
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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 found-
ing, Ungar has developed and
manufactured increasingly ad-
vanced soldering products, helping
to make possible today’s quantity
production of a wide range of elec-
tronic products,” the certificate
states.

“Conversely, Ungar has con-
sistently made dramatic use of
newest technical advancements
from other segments of the elec-
tronics industry.”

Management selected for
direct-broadcast satellite

Progress has been announced in
the formation and staffing of
Alcoa-NEC Communications Cor-
poration, 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 presi-
dent; M. (Tony) Tajima, engineer-
ing 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.

EDS ’83 participation
details announced

The 1983 Electronic Distribution
Show and Conference, May 3-5,
has been officially announced to
prospective exhibitors. Moving
back to its ideal facility, EDS '83
will bring the entire industry
under one roof, with exhibits, con-
ferences, seminars and other of-
ficial functions in the expanded
Las Vegas Hilton Hotel.

Jack Kirschbaum, Cole-Flex,
show corporation president, said
that despite inflation, the cost of
manufacturer participation will be
$50 per unit less than EDS ’'82.
This price reduction is in addition
to a $50-per-unit rebate certificate
applicable to 1983 participation,
already mailed to 1982 par-
ticipants.

The National Electronic Dis-
tributors Association will continue

its well-received industry seminars
in conjunction with EDS, begin-
ning with an “Outlook” program
Monday, May 2. In addition, con-
current programs for distribution
management will be conducted by
NEDA each show morning.

The National Sound and Com-
munications Association again will
conduct its conference in coopera-
tion with EDS. This will be an in-
dependent event across the street
at the Las Vegas Convention
Center, and NSCA badgeholders
will be admitted free to EDS ex-
hibits.

For further information on EDS
'83, contact Electronic Industry
Show Corporation, 222 S. River-
side Plaza, Chicago, IL 60606,
1-312-648-1140.

asiy..

ASSOCIATION
NEWS '

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,
computer sales and service, stress
management and the annual con-
ference for consumer electronics
instructors.

At the annual meeting of the Na-
tional Electronic Service Dealers
Association, Bill Abernathy of
Fort Worth, TX, was re-elected
president, and George Bluze of
Largo, FL, was re-elected vice
president. At the International
Society of Certified Electronic
Technicians Board of Governor’s
meeting, Frank Grabiec was re-
elected chairman and John E.
Krier of Wichita, KS, was elected
vice-chairman. The 1983
NESDA/ISCET National Elec-
tronics Service Convention has
been scheduled for August 1-6,
1983, in Oconomowoc, WI.

asy.
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STOCKING DISTRIBUTORS

AK, Juneau

JUNEAU ELECTRONICS (907) 586-2260
AL, Mobile

BROWNELL ELECTRO, INC (205) 479-8581
AR, Morrilton

TRI-STATE INSTR. LAB. INC (501) 354-1849
AZ, Phoenix

METERMASTER (602) 243-a111
AZ, Tempe

JENSEN TOOL & ALLOYS (602) 968-6241
CA, Los Angeles

METERMASTER (213) 685-4340
REXANNE PRODUCTS (213) 663-3261
CA, Palo Alte

METERMASTER (415) 968-0313
ZACK ELECTRONICS (415) 326-5432
CA, San Diego

METERMASTER (714) 560-4841
CA, San Francisco

ZACK ELECTRONICS (415) 626-1344

CA, Sunnyvale

TOOL KIT SPECIALISTS

CO, Arvada

AIR-ROW INSTRUMENTS, INC.
CO, Aurora

R&R INSTRUMENTATION, INC
CT, Hartford

BROWNELL ELECTRO. INC
FL, Miami

BROWNELL ELECTRO. INC
ELECTRONIC EQUIP. CO
FL, Orlando

BROWNELL ELECTRQ, INC
FL, Winter Park
ELECTRONIC EQUIP. CO. INC

(408) 745-6020
(303) 421-4204
(303)340-8728
(203) 278-9004

(305) 591-3215
NC (305) 871-3500

(305) 843-6770

(305) 644-3833

GA, Atlanta

BROWNELL ELECTRO, INC (404) 762-5181
1A, Waterloo

FARNSWORTH ELEC INC (319) 234-6681
IL, Elk Grove Village

METERMASTER (312) 523-8650
MA, Woburn

BROWNELL ELECTRO. INC (617)935-7820
MD, Wheaton

BRIMBERG D!STRIBUTORS (301)946-2670
NC, Charlotte

BROWNELL ELECTRO, INC (704) 597-1270
NC, Raleigh

BROWNELL ELECTRO, INC (919) 876-6524
METER METRICS (800) 446-7230
NJ, Edison

WILLIAM ELEC. SUPPLY (201) 985-3700
NJ, North Caldwell

HOSICA LABORATORIES (201) 256-7724
NJ, South Plaintieid

BROWNELL ELECTRO. INC (201) 753-4600
NJ, Springfield

ROUTE ELECTRONICS 22, INC. (201) 379-7710
NY, New York

BROWNELL ELECTRO. INC (212)691-1171
OK, Tulsa

TRI-STATE INSTR. LAB, INC (918) 836-0286
OR, Portland

RADAR ELECTRIC CO.. INC (503) 232-3404
TN, Knoxville

BROWNELL ELECTRO. INC. (615) 966-3441
TN, Memphis

BROWNELL ELECTRO, INC (901) 795-8487
TN, Nashville

BROWNELL ELECTRO, INC (615) 889-8230
TX, Garland

METERMASTER (214) 271-5671
TX, Houston

ACUDATA, INC (713) 488-2750
VA, Richmond

METERMETRICS (800) 552-7952
WA, Seattle

RADAR ELECTRIC, CO. INC (206) 282-2511
WA, Spokane

RADAR ELECTRIC CO. INC (509) 747-3053

of Low Cost Multimeters

BBC - METRAWATT/GOERZ
Division of Kent Process Control, Inc.
165 Fieldcrest Avenue

Edison, New Jersey 08837

L (201) 225-4414
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e Extra large meter and
LCD display

e Hand free operation witr
neck strap
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TITLE

FACILITY

ADDRESS

Zip

PHONE NO.

| would like to receive:
O Catalog information only
{J Representative Call

[0 Name of your nearest
Distributor

Model No.

Quantity:

Three major advantages of the
unique folding design:

. Hands-free operation. The user has
his hands free to operate the test
probes.

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

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

|
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NO POSTAGE
NECESSARY
IF MAILED

UNITED STATES

BUSINESS REPLY MAIL

FIRST CLASS

PERMIT NO. 140

EDISON, NJ

POSTAGE WILL BE PAID BY ADDRESSEE

BBC-METRAWATT/GOERZ
165 Fieldcrest Avenue
Edison, New Jersey 08837

BBC

BROWN BOVERI

USA
BBC-METRAWATT/GOERZ
Raritan Center

165 Fieldcrest Avenue
Edison, NJ 08837

Phone: (201) 225-4414
Telex: 844431

CANADA

RADIONICS LTD.

1240 Ellesmere Rd.
Scarborough, ONT

M1P 2X4 J'
Phone: (416) 292-1575 q
Telex: 06-963726

Order from your ¥
local Distributor, or call |
BBC-METRAWATT/GOERZ

for your nearest dealer. !
Warranty: §
MA 3E 1 year
M 2030/31 2 years
M 2032 3 years
|
g
Model No. MA 3E (46 ranges) M 2030 (25 ranges) | M 2031 (31 ranges) [ ™2032 31 ranges)
Dispiay: Core magnelt, rugged spring- 3% digit LCD dispiay with 2000
backed jeweled bearings digits
scale length: 10t mm, mirror scaie digit height 18mm (3 inch)
Ranges: Voltage 100mV-300mV-1V-3V-10V-
R A IE o ey e 200mV-2V-20V-200V-650V ac/dc
dB read out | —40 ...+ 62 dB (9 ranges)
Current 10uA-100uA-1MA-10MA- ~ ~ o
100MA—1A-10A ac/de 2mA-20mA-200mA-2A-10A (15A max. 5 min., 20A max. 30 sec) ac/dc §
Resistance |1 Q...20M Q (5 ranges} 2 kQ-20 kQ-200 kQ- Lo: 2 kQ- 20 kQ-200 kQ-2 MQ
2 MQ-20 MQ Hi: 200 Q-2 kQ-20 kQ-200 kQ-2 MQ-20 MQ
Temperature: —25 ... +125°C with temperature probe T2001
Input impedance: 10 MQ-all ranges
Accuracy on
analog: class (%) dc class 1.5 0.1%+ 1D 0.1% + 1D
digital: basic ac class 2.5 0.5% + 3D 0.75% + 3D
+(..%rdg +...digit} Q class 1.5 0.35% + 1D 0.35% + 1D

Frequency range:

15 Hz ... 5000 Hz

Overload protection:

Ranges 10V ... 1000V ac/dc:
up to 1200V
all other ranges: up to 250V

Ranges 2V. .. 650V ac/dc: up to 780V
all other ranges: up to 250V

Power supply: One 9V transistor battery, or power supply adapter for ac line voltage {optional)
Battery life (9V alkaline) dc 1000 hrs 2000 hrs 2000 hrs
ac 1000 hrs 600 hrs 200 hrs
Dimensions: 146 x 118 x 44 mm (folded)
Weight: approx. 0.45 kg (1 ib)
Features: 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 angie by folding design, hands free operation with
neck strap standard, self protection by folding feature.
mirror scale. Diode test / Audio continuity test feature
True RMS
Prices US $
Instruments incl. test leads, 179.00° 199.00* 219.00* 259.00"
battery, neck strap, manual
Accessories (US $)
Clip-on current probe (1000-1) WZ - 11:49.00*

Temperature probe

T 2001: 129.00*

High voltage probe

GE 4196: 149.00*

High frequency probe

GE 4087: 249.00"

Power supply adapter

NA2-9%0: 27.50°

*Prices and specifications subject to change without notice

Printed in USA, MR-USA 9/82
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Locdating
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 reduc-
tion of dc resistance. Voltage tests
of massive overloads are almost
useless because the fuse or breaker
removes these voltages im-
mediately, and random replace-
ment of components is not cost-
effective.

My recommended time-saving
method is to insert a current-
limiting device in series with the
main power line before using a cur-
rent meter to identify which
branch has the overload.

Specifically, 1 connect a current-
limating 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 com-
ponents are not accessible, thus it
would have been difficult and time-
consuming to perform conven-
tional measurements.

Troubleshooting a power
overload problem in a circuit of
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this kind should begin with discon-
nection of all plug-in accessories
and any readily accessible com-
ponents. 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 ap-
plied, 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 ex-
cessive. Motor M2 was discon-
nected and removed. It showed



Part for part,
more turn-on
ever before.

The new ECG*

Master Guideis here
with even more

Sylvania semiconductors.

It’s called the Master because it’s far
and away the industry’s most com-
prehensive source for getting the
parts youneed, when youneed 4%
them. Inits 500+ pages, you'll '\
find over 200,000 original :
parts which can be cross-
referenced 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 bet-
ter 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
$3.25to: Philips ECG, Inc.,
70 Empire Drive, West
Seneca, New York 14224.

Ifit's ECG,it fits.
And it works.

PhilipseCG

A North American Philips Company




LOW RESISTANCE
FUSE

INPUT
VOLTAGE

(ZERO VOLTAGE DROP)

(VOLTAGE
EQUALS
SUPPLY)

(MODERATE
CURRENT)

NO LIGHT

INPUT
VOLTAGE

(ZERO OR LOW
VOLTAGE DROP)

NORMAL LOAD

OPEN OR
HIGH-RESISTANCE
LOAD

(FULL OR
HIGH VOLTAGE)

Figure 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, protect-
ing 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 [oad 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.

visual evidence of having been hot,
so it obviously was shorted.

After a new M2 motor was in-
stalled and connected, the bulb
brightness was dim, showing cor-
rect operation. The bulb was
disconnected and a new fuse in-
stalled. When power was applied,
the X-ray control circuit operated
normally.

Whatever wattage you need

For every power handling
capability from Y4 to 25 watts,
and every standard resistance

" value from 0.1 ohm up to 100
7" megohms, the one source for more

7 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 com-
petitor 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 reli-
ability of ECG flameproof resistors when

If it's ECG, it fits. And it works

in flameproof resistors,
he ECC watts Ime

replacing resistors in industrial or con-
sumer equipment. And ECG parts replace :
virtually every style of resistor, so you'll
never again have to maintain large inven-
tories from multiple sources.

For everything from audio
amplifiers to zone furnace con-
trols, it's never been faster or eas-
ier to get the flameproof resistor
you need. Just call our toll-free \
number for the ECG distributor ‘ t
nearest you. '

1-800-225- 8326

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

PhilipseCG

A North American Philips Company
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100W LAMP
100W LAMP Vv
|

MAXIMUM BRIGHTNESS
DIM BRIGHTNESS

INPUT (FULL VOLTAGE)

INPUT VOLTAGE

VOLTAGE

(25% VOLTAGE DROP)

(ZERO

MODERATE- VOLTAGE

CURRENT
NORMAL LOAD

Testing power wiring the clamp-on probe encircles both should equal the supply-line

Testing with a current-limiting
light bulb and the clamp-on am-
meter has proved to be an ex-
cellent 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 ap-

wires, the ammeter will read zero,
because the two currents are mov-
ing in opposite directions, and the
equal currents of opposite phase
will cancel in the probe.)

Of course, the voltage and wat-
tage of the test lamp should be
selected for the -circuit re-

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

plied to only one wire at a time. (If quirements. The voltage rating the test lamp should have a 6A

thermal cut-offs
your shortcut to
new markets.

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 ser-
vice call. If a small appliance needs repairs,
offer to fix it. Most of the time, it’s as sim-
ple 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
Whatever maximum cut-off tempera- the name and number of your nearest
ture you need—from 66°C (151°F) ta ECG distributor.

If it's ECG, it fits. And it works.
PhilipsECG

A North American Philips Company

“* Whether you call
“them thermal cut-
offs or thermal fuses, the
emand for them has

7,
&
; never been greater. The

entertainment industry, electrical
appliances and industrial equ1pment all
A7 use them. Everything from movie projec-
tors 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.
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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 be-

ing tested. A 7T00W load would-

have allowed a higher current to
reach transformer T2, thus in-
creasing the possibility that the
shorted motor might ruin T2 dur-
ing the tests.

Test loads

If a test lamp is used regularly, a
test-load circuit should be con-
structed on a board. As shown in
Figure 3, it should have insulated
wires and alligator clips (for con-
necting to fuses), three switches
for selecting bulbs and three bulbs
of the desired voltages and watt-
ages. 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

(usually 100W) is connected across
the fuse clips. Then the current
probe is placed around each secon-
dary 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 solid-
state 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-
dary currents proves the
transformer has internal shorted
turns.

Current through the vertical and
horizontal deflection-yoke coils
will give readings on a clamp-type
ammeter; however, these am-
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meters are intended for 60Hz
sinewave operation, so the
readings will have poor accuracy.
Inquisitive technicians might ex-
periment with their clamp am-
meters 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 de¢ 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 dc voltages are measured
directly, while dec currents are
calculated by the voltage drops
they produce across circuit
resistances.

A simple 2-stage B+ filter is
shown in Figure 4. When all four
components are normal, the
voltage drop across R1 or R2 is
produced only by the load current.
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Figure 3 Safety and c¢onvenience are improved when the current-limiter components
are mounted on a flat board, with the various bulbs in sockets. Use conventional wall
switches in boxes. Do not leave any wiring exposed.

SUPPLY
+V

OUTPUT

Figure 4 Many low-voltage, low-current circuits can be analyzed by the current-
limiting technique, where resistors limit the current by developing voltage drops
across themselves. Testing techniques are described in the text.

Let’s assume that R1 and R2 have
the same ohmic value. Therefore,
the R1 voltage drop (voltage A)
should equal the R2 voltage drop
(voltage C), except for any Cl
leakage that increases the RI1
voltage drop but not the R2

voltage drop.

If R1 and R2 have different
ohmic values, the current must be
calculated separately to find a
leaky C1. A larger current through
R1 than through R2 proves Cl is
leaky.

Electronic Servicing & Technology November 1982
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Because it paralleled the load
current, leakage current through
C2 was not checked by the
previous method. However, C2
leakage can be tested by discon-
necting the output-load current
temporarily. When the output dc
voltage is the same as the input de
voltage (except for loading by the
voltmeter), neither C1 nor C2 has
any leakage current. If the no-load
output voltage is lower than the in-

put 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, C1 has leakage.

Additional analysis can be made
if the circuit is opened temporarily
at point 1 or point 2, because ques-
tionable components can be
segregated.

These test methods are very sim-
ple, but after they are thoroughly
understood, you can revise them
slightly for use with many other
circuits of greater complexity.
Just remember that de voltage 1s
measured directly (either to
ground or across resistances),
while de¢ current 1s measured in-
darectly by the voltage drop across
cireuit 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 accord-
ing 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 advan-
tages 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.
This is an excellent way of obtain-
ing extra testing time without add-
ed damage when the power supply
or horizontal-sweep circuits have
massive overloads.

The methods described here can
multiply the value of the protective
current-limiting technique, which
can be a valid diagnostic tool.

aser .



TEK 2200 Y5y Fugrose,

Tek’s most successful
scope series ever: At $1200-$1450,
it’s easy to see why!

Wjde-range verti-
cal sensitivity:
Scale factors from
100 V/div (10X
probe)to 2 mV/div
(1X probe). Accurate
to =3%. Acordc
coupling.

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

Two high-sensitivity

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

Sweep speeds:
from 0.5 s to 50 ns.
To 5 ne/div with X10
magnification.

In 30 years of Tektronix oscil-
loscope leadership, no other
scopes have recorded the
immediate popular appeal of

the Tek 2200 Series. The Tek 2213
and 2215 are unapproachable for the
performance and reliability they
offer at a surprisingly affordable
price.

There’s no compromise with
Tektronix quality: The low cost is the
result of a new design concept that
cut mechanical parts by 65%. Cut
cabling by 90%. Virtually eliminated
board electrical connectors. And
obviated the usual cooling fan.

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

Copyright(©1982 Tektronix, inc. All rights reserved. 136-2

Tektronix 2213

Yet performance is written all over
the front panels. There's the band-
width for digital and analog circuits.
The sensitivity for low signal mea-
surements. The sweep speeds for
fast logic families. And delayed
sweep for fast, accurate timing
measurements.

The cost: $1200* for the 2213.

$1450* for the dual time base 2215.

You can order, or obtain more
information, through the Tektronix
National Marketing Center, where
technical personnel can answer
your questions and expedite
delivery. Your direct order includes

Circie (9) on Reply Card

THE PERFORMANCE/
PRICE STANDARD

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

holdoff.

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

tip.

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
in the state of Washington,
Call (208) 253-5353 collect.

Tektronix

COMMITTED TO EXCELLENCE
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Symptoms and cures compiled from field reports
of recurring troubles
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CALENDAR
OF EVENTS

November

1-2

15th Annual Connector Sym-
posium, sponsored by the Elec-
tronic Connector Study Group,
with the cooperation of more than
50 connector manufacturers,
Franklin Plaza Hotel, Philadel-
phia. Contact Electronic Connec-
tor Study Group, P.O. Box 167,
Fort Washington, PA 19034.

30-Dec. 2

Midcon/82 High-Technology
Electronics Exhibition and Con-
vention, Dallas Convention
Center. Contact Electronic Con-
ventions, 999 N. Sepulveda Blvd.,
El Segundo, CA 90245, 1-800-

421-6816 (in California, 1-213-
772-2965).

January
6-9

International Winter Consumer
Electronics Show, Las Vegas.
Contact Consumer Electronics
Shows, Two Illinois Center, Suite
1607, 233 North Michigan Ave.,
Chicago, IL 60601; 1-312-861-
1040.

18-20

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

April

19-21

Electro/83 High-Technology
Electronics Exhibition and Con-
vention, and Mini/Micro-
Northeast, New York Coliseum

10-12

Northeon/83 High Technology
Electronics Exhibition and Con-
vention, and Mini/Micro-North-
west, Portland Coliseum,
Portland, OR. Contact Electronic
Conventions, 999 N. Sepulveda
Blvd.,, El Segundo, CA 90245,
1-800-421-6816 (in California,
1-213-772-2965).

asay.

and Sheraton Centre, New York.
Contact Electronic Conventions,
999 N. Sepulveda Blvd., El Segun-
do, CA 90245; 1-800-421-6816 (in
California, 1-213-772-2965).

May

4-6

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

HOLIDAY SPECIALS
lﬁlm){/lgé 4 INTERNATIONAL TRANSISTORS

AND ELECTRONIC COMPONENTS
HIGH VOLTAGE
TRIPLER

| HVT-523
i
~ $11.99

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

FM STEREO RECEIVER
with headphone}

MATCHING
TRANSFORMER

(S ——a3

* STEREO LED
INDICATOR

% 2 STEREO JACKS

* STEREO/MONO
SWITCH

* POCKET CLIP AND

CASE W/SHOULDER

STRAP FOR EASY

CARRYING

HIGH VOLTAGE
TRIPLER

Py
> HVT-500A
@5}9 .99

WITH A PURCHASE OF $5000 OR
MORE RECIEVE A VALUABLE GIFT!

2SC867A............53.40
25C11728. ..........83.50
28D313..............3 45
AN214...............$1.65
HA1377..............53.45
M515158L..........83.75
TA7205..............$1.40
uPC1181............52.25
upC1182............52.25

COOLING SPRAY

300 OHM SPLITTER
NEW JERSEY:

201-688-0300

NATIONWIDE:
800-526-4958

TUNER CLEANER

TTC-16

Circle (10) on Reply Card
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READERS’
EXCHANGE

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

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: Schematic and service data for
Hallicrafters S-120 ham radio. D. C. Ludlow, P.O.
Box 51183, Tulsa, OK 7;151.

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

George H. Bleeker, 271 Emporia, San Antonto, TX
78209.

Needed: 3-inch Toshiba picture tube #85FB4 and
schematic. For a chason model #3-cha-1 (TV/clock
radio comb.). A. Connolly, 23,60 Manistee, Oak
Park, MI ,8237.

Needed: Westinghouse VHF tuner, new preferred,
part #475V015D02. Mike’s Repair Service, P.O. Box
217, Aberdeen Proving Ground, MD 21005 (phone
1-801-272-4984 after 6 p.m.).

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

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.

Iﬂﬁﬂ[ﬂﬂﬁlﬂlﬂ[ﬂ The Source for Quality at Low Cost

Silicon

SYLVANIA Triplers

REMEMBER! | Sylvania ECG
Sylvania Replacement

H.V. Triplers

HIGH VOLTAGE
MULTIPLIERS

212-139 212-141 212-141-02 70% + 10% | and Components
212-139-01 212-141-01 212-141-03 OFF Full line in stock.
212-139-02 212-141-04 LIST The best quality

$129 @g. i $15% eg. $16% ea. semiconductor.
RG-59/U 75 OHM Bare copper PomSonnecion VERY POPULAR
Co-Axial Cable o | G O

with Separate Ferrute
Braided bare
/!

10¢/100 lot
Copper Braided copper shield
\
80 MFD x 450 Volts... .99

@ Matchmg Translormer
White or Black | 2SC11728

F lyethyl 2 Way - 75 Ohm Coupler
$4450/1000 ft.  "oemyetyiene %}’ MT2 g{ega $899/100 5199 100 MFD x 450 Volts...1.09
SILICON RECTIFIER 2.5Amp/1000PIV | CHEATER CORDS REPLACEMENT RODS G.E. OM-300

Q95 i Polarized C Clip
100/°9% si100 —am Price: 39¢ 24620

GLOBAR DISC - 120 Ohms Cold 5149
107191 RCA  QQ¢ __,j@ L) 2 4SectionLAR-4 69¢

Standard C Clip 5SectionLAR-5 89¢ | PANASONIC OM-500
Price: 39C 24623 | 6 SectionLAR-6 99¢

2 ! 7 Section LAR-7 99¢ $459
Send Purchase Order, Check or Money Order

or Call Toll Free 800-223-0826

in NY STATE (212) 865-5580
All ORDERS SHIPPED UPS/COD F.0.B., N.Y.C.

MASTER CARD « visA ) Saa

ECG-500A \ ECG-523 | ECG-526A Tubes | Semiconductors

SOLDER (60/40 Rosin Core)
11b. - .062 dia.
(regular size)

$79%  sOLA

SOLDER WICK 99¢ 10 ASSORTEDCIRCUIT BREAKERS
Solder Removal SW-5 &)

G A t
%" Wide (Thick Type)5 feet 10/$79° ood Assortmen

DN RO

ELECTRONICS
770 Amsterdam Ave., New York, NY 10025
» Also ask for Free 100 Page Catalog =«
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Sellers, 7308 Franklin Drive, Rock Creek, Bessemer,

AL 35023.

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 Dawvis 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 877,7.

For sale: Kay Megaswitch dual coaxial RF switch,
model KMC 255B; asking $95, buyer pickup. Robert
F. Malone Jr., 11 Bryant Drive, Jackson, NJ 08527,
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, F'L 33577, 1-813-957-1776.

For sale: Simpson 55 marine radio, $95. Ship 2003,
ship 2118, call and distress 2182, ship 2638; ex-
cellent condition. Ray Gramza, 298 Second Ave.,
Manastee, MI ,9660.

For sale: Equipment from a Philco service shop. In-
cludes tubes, yokes, transformers, resistors, tran-
sistors, 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.

I GE Answer Center:

youre going to face.
But one things certain: with GEs

have to face it alone.

number of questions. We'll tell
you who to call or where to go for:

L------------_---

In video service you never know what

toll-free Answer Center™ support, you won't

11-800-626-2000

Save this number to make GE Video service easier.

1. Fast turnaround on GE replacement parts.
2. Service manuals (in addition to our Mini-
Manuals found in the back of many GE TV).
3. Other technical support.

GE Answer Center support...toll-free, 24

So save this number and call us hours a day, 7 days a week. We made it
anytime for a fast response to any GO\/E[)EDB’%I“II\]J}(\J;GS fast. convenient and simple to use.

TO LIFE.
GENERAL & ELECTRIC

Because it's our business to
make your business easier.

[
L
i
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FINALLY. COMPUTERS AS A
NEW TOOL FOR T.V. REPAIR.

f i

Primefax puts computer-assisted repair capability in your shop today.

Primefax drastically reduces the accurately. You have more satisfied
number of sets requiring extensive customers, and your profits are
trouble-shooting procedures. increased substantially.

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  The more Primefax is used, the
information acquired from hun- more profit you realize.

dreds of valvuable sources ...and .11 UsOR WRITE. No matter how
updated daily. you compute it, Primefax means
With a Primefax Computer Terminal  profit for you. It's worth looking
installed in your shop. you can do  into.

your job more quickly and more

Reduced call backs e faster turn-
around e reduced chance of
repeated failure ® more thorough
service and complete repair at
reasonable cost.

In Texas. call (512) 344-5999 ® Qut of Texas, call 800-531-5953

PrimeLaz

4825 Fredericksburg Road ® San Antonio, Texas 78229
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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

HORIZONTAL OQUTPUT
TRANSISTORS

$1.95 ea. Min. 10, 2 yr. Warranty
0 RKS1172B 0 RKS238 [0 500A ..$11.50 [J 523 ...$13.50
0 RKS1308K 0 RKS165 0 522 ...$11.50 [0 526A ..$14.95

TRANSISTORS & I.C.’s...MIN. 10, CAN MIX

T.V. ¥s . LC. STEREO #'s
25C1114 . .$3.75
MNB8303 ...$3.95
25C1034 . .$5.95
2SCB67A ..$3.50
2SD870 ...$4.75
250871 ...$5.50
AN5210 . ..$6.50
AN5310 ...$3.95
AN5320 ...$3.25
ANS5435 .. .$2.95

ECG REPLACEMENT TRIPLERS

Doooogoon
oonooooono

25AMpP. 1000PIVReCt. ...t 100for$ 8.75
VEH0070 Video Head (4 hrs.)
ADC MARK IIl CARTRIDGE w/needle, Min. 2
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
Matching Transformers
T.V.Game Switch #AB21
AN16 Trinitron Dual Ant. for Sony, Min. 2
5 Pcs. Align. Tool Set
Quantity Prices Avallable
Letters of credit and all checks placed on deposit with Bank of Hallendale,
FL. VISA & Master Charge accepted. Min. order $75. FOB Dania, FL.
Catalog $3, refundable upon order.
SEND CHECK OR MONEY ORDER TO:

OPTIMA ELECTRONICS
2022 Tigertail Blvd., Dania, FL 33004
Phone (305) 920-3550 TOLL FREE: 1-800-327-0224
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Most people view a burglar
alarm system in either one of two
ways: As an intricate electronic
labyrinth of wires and super-sensi-
tive components capable of zap-
ping an intruder into the next
galaxy, or as the next-door
neighbor’s “pain in the neck” sys-
tem that is seemingly timed to go
off mistakenly only at 2 a.m. every
other morning.

To a limited extent, both these
views are valid. Some systems are
so elaborate that only highly
trained security professionals can
and should service or install them.
And there are systems —mostly in-
stalled by amateurs—that are not
as stable as they would be if they
were installed by a professional.

The alarm’s function

Simply put, the function of a
burglar alarm system is to detect
an unwanted intruder in a building
and to initiate some action that
will encourage the intruder to
leave and/or to summon the ap-
propriate authorities. Every

burglar alarm system consists of

Outstanding Features:

& 1mV sensitivity

e 6 KV acceleration pctential
e Patented, uitra stable
“auto fix” trigger circuit
Reliability measured in excess
of 15000 hrs. MTB*
2 year warranty, all parts, labor

three basic groups of components:
the alarm sensors, the control
panel and the reporting devices.
These components are usually
connected by wires (recent innova-
tions in RF transmitters and re-
ceivers have resulted in some wire-
less systems). Figure 1 shows the
flow of information in a simple
system. The control panel, in the
center of this information flow, is,
in a sense, the “brain” of the sys-
tem. The control panel receives
signals from the alarm sensors,
processes these signals and then
controls the appropriate response,
if'any, from the reporting devices.
The status of the control panel,
whether it is on or off (a function
controlled by the user) determines
the nature of any response.
Choosing the combination of
products from these component
groups is of major importance in
constructing a burglar alarm
system. Because each installation
is different, the products chosen
will vary. Alarm product
distributors offer a wide selection
of products and can provide com-

Look on the inside of any Soltec Oscilloscope!
... You'll see quality engineering and craftsmanship ir a
configuration that performs to your needs and expectaticns.

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 al
competitive prices and available off-the-shelf from a
distributor in your area.

prehensive information on virtual-
ly every product.

With this help there is no reason
why qualified electronic profes-
sionals 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 pro-
ducts 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 con-
trols the arming and disarming of
the system.

Most burglar alarm control
panels are powered by low-voltage
alternating current—usually be-
tween 6 and 24V. This power is
supplied by a breakdown
transformer that plugs into an or-
dinary 120Vac outlet. Seme con-
trol panels require direct. connec-

Write or call for a full color descriptive catalog or the

name of the distributor in your area.
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California residents call (213) 767-0044

SOLTEC"

CORPORATION

11684 PENDLETON STREET
SUN VALLEY, CALIFORNIA 91352

November 1982 Electronic Servicing & Technology




tion to a 120Vac source.

Virtually all models of control
panels have a provision for backup
power in the event that the
primary power 1is interrupted.
Usually some kind of standby bat-
tery system provides this backup
power. Some control panels are
equipped with automatic charging
circuitry that keeps a standby bat-
tery 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 elec-
trolyte is suspended in a gelled
material, doing away with wafer,
plates and the attendant problems.
A gel cell will not be damaged by
high rates of discharge and is
relatively inexpensive in com-
parison to other batteries. Nickel-
cadmium batteries are small in size
but are capable of high current
output and resistant to the
damage that overcharging ofien
causes on other batteries,

The control panel receives sig-
nals from the alarm sensors on its
wnput circuits. In most cases, these
input circuits are simple closed-
circuit loops. Alarm actuation oc-
curs when an alarm sensor is
violated, causing the loop to open.
Closed-circuit input loops will ac-
cept input omly from normally
closed alarm sensors. Maost
control-panel, closed-circuit input
loops allow up to 1Q impedance in
the wiring and eonnections.

Some control panels use
balanced-bridge input circuits. Us-
ing an end-of-line resistor of a
specific value to balance the lcop
permits connection of both nor-
mally open and normally closed
alarm sernsors, giving the installer
more flexibility in choice of sen-
sors and design of the circuit. A
balanced-bridge circuit will aec-
tuate an alarm either when the cir-
cuit opens or when it shorts.

Many control panels are
equipped with multiple-input eir-
cuits, which are designed to pro-
vide different levels of protection
to a burglar alarm system. For ex-
ample, the control panel in Figure
2 contains four input cireuits. Two
of these circuits are designed to
connect to alarm sensors on
perimeter doors and windows, and
two other circuits are designed to
connect to internal alarm sensors
that detect an intruder walking in-
side the building. The perimeter

input loops

Remote
Alarm control
sensor panel
Alarm Main
sensor e control

panel

A
Alarm E—
sensor ac power
transformer  stand by
) battery

Figure 1. The drawing depicts the flow of informalion in a burglar alarm system. The
main control panel, in the center, is the “brain” of the system and controls the flow.

sensors comprise the first level of
protection and the internal sensors
the second. When home, the user
may arm just the perimeter sen-
sors, foregoing the internal sen-
sors so that he can move around
freely, but still have protection.
When leaving, the user may arm
both the perimeter and internal
sensors, using both levels of pro-
tection to get the most complete
protection.

Many control panels are
equipped with an exit/entry-delay
input circuit. When the user arms
the alarm system, the alarm sen-
sors connected to the exit/entry
circuit are bypassed for a specific
amount of time, permitting the
user to exit the building without
tripping the alarm. An entry delay
gives the user time to enter the
building and turn the alarm off.
The user must be careful not to
trip any alarm sensor nof con-
nected to the delay circuit when
entering and leaving the building
or an alarm will result. In an alarm
system with a control panel that
does not have the exit/entry-delay
input circuit capability, provision
for outside arming and disarming
must be made.

As stated earlier in this section,
the control panel controls the arm-
ing and disarming of the system.
However, because the control
panel is often installed in a lccation
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that was chosen for its conven-
ience for wiring rather than its ac-
cessibility to the user, it is often
necessary to install a limited-func-
tion arming station at most ac-
cessible locations.

Arming stations increase sys-
tem-use flexibility because the
user can arm and disarm the alarm
system from more than one loca-
tion. This is often a requirement in
a home alarm. If the control panel
does not have an exit/entry-delay
input circuit, an arming station
must be installed on the exterior of
the building.

There are various kinds of arm-
ing stations. The simplest is a key
switch mounted to a single-gang
plate; turning the key arms and
disarms the system. Most systems
require more secure arming sta-
tions. A good example of this is a
panel containing a group of
numbered push-buttons. There are
many different versions of this by
many manufacturers. The user
presses a preprogrammed com-
bination of the numbers to arm
and disarm the system.

Alarm sensors
Whereas the control panel is the
brain of an alarm system, the
alarm sensors, because they send
signals to the brain, are analogous
to nerve endings. Specifically, the
alarm sensors are protective



Local
reporting
device

Local
reporting

__'—'H device

Off-premises ’

reporting Receiving
equipm
device | quipment
Communications
Line
_
i

FERMETER

TAway ®
e 1
¥

" PERIMETER -

Figure 2. A burglar alarm control panel.
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LOGIC COMPARATOR $265

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

SIGNATURE ANALYZER $395

Performs simple and
accurate in-circuit trouble-
shooting of RAMs, ROMs,
Microprocessors and other
complex ICs”

BUGTRAP™

INSTRUMENTATION
1173 Tasman Drive
Sunnyvale, California S4086

(408) 734-1118

“The Signature Analysis Technique is licensed from
Hewlett-Packard Co
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An ultrasonic motion detector.

Magnetic contacts.

devices that connect to the input
circuits of the control panel. Which
input circuit an alarm sensor con-
nects to depends on the nature of
the sensor. It is more appropriate
to connect some sensors to an in-
put 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 us-
ed 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 in-
put 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 con-
tact, and therefore the input cir-
cuit, to open.
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Other electromechanical switch-
es 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 detec-
tors basically consist of two trans-
ducers (transmit and receive)
signal processing circuitry and an
alarm relay that connects to an in-
put circuit (usually an internal cir-
cuit). 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 transmit-
ted is identical to the frequency of
the received waves, provided no
movement oceurs in the area. The
signal processor verifies this. If an
intruder enters the area, the mo-
tion 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 in-
frared energy level of a protected
area caused by the heat emitted by
an intruder. Each PIR contains a
sensing element, that reacts to in-
frared 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 anten-
na (or lens), which, because it
reflects infrared energy onto the
sensing element, controls where
the sensing element “sees.” There-
fore, the construction of the anten-
na determines the dimensions of
the protected area. Good PIR de-
tectors 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 ac-
tivates the reporting devices. The
twofold function of the reporting
devices is to encourage the in-
truder 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 audi-
ble or visible signal at the pro-
tected 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 prepro-
grammed 8-track tape to transmit
a verbal message over standard
phone lines to an off-premises loca-
tion—often a police station. Many
local police departments have a
special number for taped message
transmissions. The 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 pro-
grammer. Most alarm equipment
distributors will program dialer
tapes for alarm dealers.

Unlike the tape dialer, which
depends on a party at another loca-
tion to answer the phone in order
to complete verbal transmission of
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HERE'S
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< VOM VALUE

* NEW Tech VOM
WV-547C

It's compact, drop-proof and provides 21 color-coded ranges—
volts, 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-impactcase,

colored bright orange. Snap action,dual-

detent 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).

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

“I Over 70 instruments in the line—
PLUS full accessories.
VIZ Mfg. Co.,335 E. Price St,, Philadelphia, PA, 19144,
Toll Free 1-800-523-3696.
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an alarm signal, the digital com-
munteator transmits an elec-
tronically coded message over ex-
isting phone lines to a special
digital receiver, installed

at another location, which
translates the code into

pertinent information

about the alarm.

Most alarm com-

panies have digital

receiver hardware

setup in a cen-

tral alarm station

that can receive

messages from

many communi-

cators. These

companies often

sell this service

to alarm dealers

who do not have

receiver facilities.

Distributors have infor-

A burglar alarm siren.
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REPLACEMENT TYPES
Why pay their high prices??
CHECK THIS!

IDENTICAL REPLACEMENT FOR ECG®

{Min. 5 pcs. each)

ECG® YOUR ECG® YOUR
Type No. PRICE Type No. PRICE
123A.......... .28 500A......... 8.95
M52 . i scamimnss e .60 523.......... 10.75
158 srawnnne s 65 b526A......... 10.95
165 ........... 2.25 HIDIV-1®_. ... 3.75
238 i wnemist wan 2.25 HIDIV-3®..... 3.75

0000000700 000R00RLOLI000EP

SPECIAL vin s ocs. cach)

2SC867A.... 2.95 AN214Q..... 1.50
25C1034.... 5.95 STK439...... 7.25
25C1114.... 3.45 UPC1181H... 1.95
25C1308K... 2.25 UPC1182H... 1.95

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.
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PRODUCT SAFETY NOTE:
safety.

G

schematics

Hitachi
Color TV
Chassis NP80SX

November 1982

Components marked with 8 A and shaded hsve special characteristics important to
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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NOTES
1. RESISTOR VALUES ARE IN a(OHM K =1.000a M =1.000.000a

Home Electronics (U.S.A)
ogy, P.O. Box 12901, Overland Park, KS 66212.

2. ALL RESISTORS ARE 1/4WATT EXCEPT WHERE OTHERWISE INDICATED.
3. CAPACITOR VALUES ARE IN uF UNLESS OTHERWISE INDICATED. «P =PF
4, ALL CAPACITORS ARE 50VOLTS EXCEPT WHERE OTHERWISE INDICATED.
5. VOLTAGES AND WAVEFORMS MEASURED UNDER AVERAGE COLOR
SIGNAL INPUT AND CONTRAST, BRIGHTNESS CONTROL AT MAXIMAM.
ALL OTHER CONTROLS SET FOR NORMAL OPERATION.
6. @----- HORIZONTAL RATE. @----- VERTICAL RATE.
WARNING
CONTROL (5} MARKED # IS PERMANENTLY FROZEN.

DO NOT ATTEMPT TO DEFEAT OR IMPROPERLY REPLACE.
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mation on these types of ar-
rangements and are well equipped

A digital communicator. . .
g to advise new installers.

A fertile field

Many experts believe that the
alarm industry offers oppor-
tunities for those who enter it. It is
closely related to other electronics
industries in the equipment used
and in installation and service pro-
cedures. The professionals in these
industries should perhaps look at
the alarm industry as another
avenue in which to apply their
skills and derive profit.

asy..
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Coming in ES&T...

A unique service shop. C.A.
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who bring ‘‘dog” TV
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SOLDE e Easy-to-Operate Control Center is
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At Sentry, quality . ‘j’b ® Desoldering Vacuum Operates on

is a daily commitment—not an occa-.

sional miracle. Which is why Sentry con-
sistently produces the highest quality = =
crystals available. ¥

Each crystal is hand-crafted of flawless
materials te exceed MIL-Spec standards.
To insure quality, the crystals are X-
lapped, plated with precious metals, = &
sealed in an inert aimosphere and pre-
aged to prevent drifting.

Reliability isn't a miracle, either. it’s®
Sentry's usual way of business. We s
‘behind the quality of every crystal. =

Call us TOLL FREE, 1-800-654-8850
for quality service. We deliver in five;
working days to two weeks, plus
emergency service.
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A P- E AFTER REPAIR with SRS-050 Kit, the Pad
u u and Eyelet have been neatly replaced.

Aulomated Production Equipment Corp.
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Crystal Park. Chickasha. Oklahoma 73018
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“Please allow for extra time for precision, UIIF and special frequencies

142 Peconic Ave.. Medtord, N.Y. 11763 {516) 654-1197 TWX. 510-228-2120

Circle (27) on Reply Card Circle (28) on Reply Card
November 1982 Electronic Servicing & Technology 41



PG boards

the easy way

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 ex-
perience 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 com-
ponents.

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-
tributor.

Using a motorized hobby tool
and drill press, I usually chuck a
Yg-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

By Les Svoboda

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 compo-
nent reaching to its other mount-
ing hole, again terminating as
above. Plain lines are used to in-
dicate jumpers between dots.
Remember to leave enough space
of you might end up crowding
parts together in one area.

An “X” within an “O” 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 }{ 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 interrup-
tions need to be marked on the bot-

Stock Veroboard marked and ready for cutting and drilling.
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Cutting a segmeni nceded for a prcject. Note that markings for cutting lines and
interruptior lozaticns are Markec.

Driling inz2 ruptions

Legend of layout symbols

Cf En arced hole for component mounting.
{Z En arced hole for board mounting.
© Enlarged hole for larger component leads or pins.
& Foil trace interruption.

o———e Ditectjimper.

o-—-—a Directjimper or opposite side of board.

f‘d Flexiktle and longer than necessary jumper.
/ Wirz |2ac leadin g off board to other circuit(s).

Symbols L sed ¢n caper laycit.

L= . LA %
The New Color Yoke-Y267
is a 90-degree deflection
yoke. THORDARSON de-
signed this as an exact re-
placement for RCA color
yokes 1463760-501 (142837)
and 1463760-503 (143988).

The Y257 is on your horizon
at this moment and at a
very reasonable price. Who
says yosu can’t catch a
RAINBOW?

Call {618) 262-5121
for Superb Color Today!
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AC FIELD DISTURBANCE PROXIMITY DETECTOR
NT .
Touch Time delay
+9V. ‘ t to activate for load I
T +_L$£med e
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+
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-9V
Top view Foil trace direction Bottom view
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®|Load G C -
JFigure 5.

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 com-
ponents. Solid-tinned wire, of
AWG 24 or so, will offer little or no
interference to the socket or com-
ponent. 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 inter-
ruptions vs. jumpers must he con-
sidered 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.

Preparing the board

After you determine the proper
size of the blank board you will
need for the project, mark the cut-
ting 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
“pbus” lines or heat sinks in some
projects, or they may be cut off as
waste in others. Special “plug-in”
versions of Veroboard are avail-
able that mate into matching
sockets if you desire to use plug-in
cards.

Mounting the components
Before mounting any com-
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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 go-
ing to be socketed, they should be
soldered in last.

Mountings

If nut and screw mounting of the
board above a chassis or within a
“mini-box” is desired, the mount-
ing 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 oc-
cupy 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 add-
ed 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



Bottom view of completed board.

wrong place? Just make another
interruption at a convenient point
and add jumpers and the compo-
nent. 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

Top view of ccmpleted board.

saw blade chucked into the
motorized hobby tool and mated a
new segemant of board into the
opening, letting the flow of solder
become the jumpers.

Solder and re-solder...the foil
strips are well fused to the board
and usually will not lift off easily,
even with more than normal heat
from the soldering iron. This is an
aid in component removal or
replacement.

With today’s digital and most
other circuits, these boards work
like champs. Their only limitation
might be in VHF up to GHz cir-
cuits where direct, short pin sur-

‘MOVING?

If you're planning a move in the near future, don’t risk miss-
ing an issue of Electronic Servicing & Technology. Please
give us 6-8 weeks notice if you're planning on changing your
address. Just write in your new address below and mail this
coupon, WITH YOUR SUBSCRIPTION MAILING LABEL,

ELECTRORNIC

Servicing & Technology

P.O. Box 12901, Overland Park, KS 66212

/

For address change you MUST affix label from
cover here. Print new address below.

/N

Name

Address

City

RETAIL

rounding foil shielding is criti-
cal 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 ver-
satility is equal to no other, limited
only to your design. It is certainly
ideal for those one-time-only pro-
jects and prototypes, and it saves
on etching time and money.

The fiberglass-base board is
somewhat higher in price, but is
more pliable. Both the fiberglass
and phenolic boards are available
in various stock lengths and
widths. I use the phenolic base in
the 17.9” x 4.7” dimension. It is
available from Redel Laboratories,
3405A N. Kennicott Ave., Arling-
ton Heights, IL 60064;
1-312-253-5000. It costs $13 PPD

for one piece. asm
W
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Digital

\—

building blocks:

By Bernard Daien

\

Early attempts at digital
systems were plagued with a varie-
ty of problems. When the problems
were understood, clocking was
adopted as a major cure. Clocked
systems run synchronously, con-
trolled 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 fol-
lowed by drivers needed to ac-
complish the fan-out to the many
different loads on the clock. We
are therefore looking at a sub-
system 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 fragmen-
tary attention to clocking. This ar-
ticle clarifies clocking, putting
many of the pieces together into a
comprehensive whole.

What is a clock?

Lucidly explaining what a clock
is really requires including a
description of what a clock does, so
we'll try to define the clock first,
and follow up with some of the
things the clock does.

First, a definition:

The clock ts a pulse generator
that controls the timing of com-
puter switching circutts and

memory states. It controls the speed
with which computer operations
are performed and also syn-
chronizes 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 propaga-
tion 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 re-
quired 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 fami-
ly has a delay of less than 5ns.
Emitter-coupled logic (ECL) has
even less delay.

Further complicating the picture
is the fact that even within
families, different device types
have different delays. A simple
gate with few transistors has less
delay than a more complex device
with many transistors inside. Each
semiconductor the signal passes
through adds its own propagation
delay.

The word synchronous in digital
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descriptions is interchangeable
with clock or step, thus syn-
chronous 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
so0 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 mverted B goes
through an additional propagatjon
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 nar-
row 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 in-
sure that every digital signal path
will go through exactly the same
number of devices, with the same
propagation delays, because dif-



Line A

Line B

Inverter ,
B

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

device.

ferent types of logic devices have
different numbers of semiconduc-
tors internally. Even worse, as you
will see shortly, ordinary gates do
not have the ability to discriminate
between wanted and unwanted in-
put 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
system, using clocked logic de-
vices.

Clocked digital devices

As mentioned previously,
modern digital systems are
clocked (synchronous). The major
families of digital logic all have
numerous devices specifically
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,

Edge-
triggered
device

Output of
AND gate

| Propagation delay due to
| line-B phase inverter

Output

Figure 1B. 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 arace.

Set
/]
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 Q Q
0 0 1 1

not allowed
0 1 1 0
1 0 0 1 Figure 2B. A truth table for an RS flip-flop in
1 no change Figure 2A. Note that “reset” is often labelled
i “clear”.

because both cutputs 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
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outputs cannot be predicted in ad-
vance. Therefore, this condition is
said to be forbidden.

The RS flip-flop has a major
drawback: It responds to every in-
put pulse, even when you do not
want it to. For example, when
used as a memory cell storing one



bit of data, the RS flip-flop will re-
spond 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 oc-
curring 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 trig-
ger (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 input-
ting 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 condi-
tion.

Note also that the annoying for-
bidden condition of applying a “0”
to both inputs (no signal) is
eliminated with the RST flip-flop.

Q

B D =
Clock

(T) oy

e 1)

Inputs Outputs

S R T Q Q

0 0 1 No change

0 1 1 0 1

1 0 1 1 0

1 1 1 1 1
not allowed

X X 0 No change

Figure 3B. The truth table for an RST flip-
flop. 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 pre-
venting 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 trigger-
ing the flip-flop. The clock controls
the passage of wanted or un-
wanted input pulses to the digital
device, which might affect the flip-
flop’s output state.

This type of clocking is called

Figure 3A. An RST flip-flop schematic.

Figure 4A illustrates a master-
slave 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 flip-
flop, and it is this characteristic
that gives the master-slave flip-
flop 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 flip-
flop 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 in-
verter. 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 flip-
flop, which was said to be a single-
phase 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 labora-
tory or industrial-grade oscillo-
scope, with all of the various trig-
gering 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 wave-
forms can cause problems with
edge-triggered devices. This prob-
lem 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 trig-
ger 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 ran-
dom, 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 im-
proved, in much the same way that
gated automatic gain control im-
proves color TV receiver perform-



Master (input) flip-flop
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Figure 4A. A master-slave flip-flop schematic.

Q
S L _
Q
—
Inputs Outputs
s Clock | Q Q
0 0 no change
0 1 } 0 1
1 0 { 1 0
1 1 { 1 1
not allowed

Figure 4B. The truth table for a master-siave flip-flop. Note that the
output changes on the negative-going clock puise edge (see text).

ance. The clocking also avoids un-
wanted pulses from triggering flip-
flops and other clocked logic
devices.

Not all digital devices have the
same propagation delays, due to
internal design, yet it is necessary
that the slowest device in the
system be allowed to complete its
function in the system. By clocking
at a rate that permits the slowest
device to function properly, the en-
tire system can be made to operate
in a predictable way. This point is
often neglected in discussing
clocking.

Clocking and MOS

MOS devices offer the advan-
tage of low power consumption
and can pack more circuitry on a
small chip. Further reductions in
current drain are made possible by
the use of dynamic circuitry, in
which the device is switched on for
a short time and off for part of the
time. To accomplish this, the clock
pulses are modified to a multi-
phase signal, called a 2-phase
clock. It should be carefully noted
that there is a possibility of confu-
sion of terminology here. We are
now discussing the clock, and con-
sequently, 2-phase clocking. We

had previously discussed clocked
devices, which were 2-phase
clocked. In the present case, we are
talking about the generator and its
pulses; earlier, we were talking
about the devices that received
and used the clock pulses. Just
remember that a 2-phase clock
(generator) is different from a
2-phase-clocked device.

MOS dynamic memories offer
large storage capacity with low
power-source current drain, but
because the data are maintained
through the use of small capacitors
inside the chip, the charge on these
small capacitars leaks off rapidly.
In order to maintain the data
stored, the dynamic memory must
be refreshed (renewed, recharged)
at a rapid frequency. The pulse
that does this is part of the clock
system. Because of the re-
quirements of MOS logic, dynamic
memories and dynamic logic
(which works the same way that
dynamic memories do), MOS
digital systems generally use a
multiphase clock, with two or
more phases. A simple 2-phase
MOS-system clock is shown in
Figure 5A, which illustrates the
waveforms. Figure 5B shows a
method for generating such a
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v = negative-going edge.

2-phase clock, using common

digital devices.

Clocking and computing systems

Computing systems, such as the
popular microprocessor-based
small computers, require a clock to
control the various operations per-
formed 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 se-
quenced by the clock cycle. Of
course the Instruction Register is
only one part of many in the com-
puter, but similar actions take
place in the other parts too.

This is just a sample for those
readers already familiar with
microprocessors. For the techni-
cian 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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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
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Figure 6. 6800MPU 2-phase clock waveforms and their effect
on instruction register sequence of operations.

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 transmit-
ter, which isolates the oscillator
from the antenna.

Because the clock signal pro-
pagates through internal buses
and external cables to input and
output terminals, memory banks

and other devices, and in the pro-
cess passes through connectors,
the stray capacitances, lead indue-
tances and impedance mismatches
all combine to degrade the
waveform. Rise and falltimes slow
and ringing appears. This causes
problems, especially in edge-
triggered circuits. It is therefore
not uncommon to see buffers in
the clock circuitry, in order to
maintain the clock signal at a
healthy level, and to provide added
fan out when needed and further
isolation as necessary. In short,
the clock has a sub-system of its
own. This implies that the clock
pulse may be fine at one location in
the system, but not in some other
location, so the clock must be ex-
amined at the input to any device
suspected to be malfunctioning; a
point often overlooked. It should
be a regular part of testing in any
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Data from
addressed location
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digital system to check the clock,
just as the supply voltage is
routinely checked, with this excep-
tion: It is not enough to check for
the amplitude of the clock pulse,
and for the presence of transients.
The waveshape of the clock, and
its timing relative to the other
clock phase and to the inputs to the
device under test, must be careful-
ly examined with a triggered
oscilloscope, using the clock
generator as a sync source. The
clock is one of the digital device in-
puts, even though it is not always
thought of as such.

Like any other input, transients
on the clock line can cause difficult
problems, because they are inter-
mittent or random in nature. Be
warned! Poor grounds and insuffi-
cient bypassing are common

causes of such problems. m
-
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In
search

of the ultimate
amplifier

You, the audiophile, are con-
stantly in search of accurate sound
reproduction. Harman Kardon
agreed with this quest and
developed the new Citation Divi-
sion 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.

As a result of the meeting of
some of the finest engineering
minds in the fields of electronics,
acoustics, psycho-acoustics, phys-
ics, plus a group of puristic musi-
cians, 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) Audiois not fashion.

4) The simpler the solution to a

problem, the better.

5) The dynamic state is more im-

portant than the steady state.

6) Evaluate results with your

ears.

The intensity of these thoughts
require some further examination
and explanation, because their im-
pact is the cornerstone of the



technology used to create the
desired result.

First, Otala felt that previous
amplifiers left a vast area for im-
provement 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 ex-
perimental and measurement
techniques accordingly. When ex-
isting 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 philoso-
phies dealt with principles of cir-
cuit 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 svmpler the solution to a pro-
blem, the better, he sought clear-
cut 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 con-
cept of dynamic design and
measurement vs. the steady state.
Otala determined that an
amplifier’s performance in han-
dling music (dynamic) differs
drastically from its performance in
a test using a single pitch or sine
wave (steady). This is the dif-
ference between the dynamic, con-
stantly moving state and the
steady state of normal test
methods. The dynamic state is
especially difficult to design for,
because most standard and com-
monly 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 achieve-
ments and innovations that are in-
corporated 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 Dy conventional test
signals (steady state), it means on-
ly half of the story is told. Stan-
dard measurement technique for
output capability uses a static 8q
resistant load. Speaker impedance
varies greatly according to the in-
put signal. Therefore, the actual
impedance may decrease to as low
as 29. At low impedance, it
becomes even more critical that an
amplifier increases its power out-
put. This is the reason this
amplifier is designed with 200A of
instantaneous current capability,
enabling it to react to constant im-
pedance variations caused by the
dynamic characteristics of the
music signal. HCC also enables the
amplifier to accurately control
speaker cone movement by afford-
ing 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 distor-
tion can be an unwanted by-
product 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 amplifica-
tion 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
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cancellation (attenuation) of the in-
put 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 cir-
cuit 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 distor-
tion from one type to another, by
way of negative feedback, the unit
is designed to have minimal in-
herent distortion. The result is low
PIM and THD.

3. Interface Intermodulation
Dastortion (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 cir-
cuit 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 decreas-
ing the internal resistance of the
output stage. The result is clear
mid and low frequency reproduc-
tion, which is pure and well bal-
anced.

4. Transient Intermodulation
Distortion (TIM)

Transient intermodulation



distortion (TIM) occurs when fast
transients, such as in dynamic
music passages, pass an amplifica-
tion stage before the return of the
output signal, arriving back at the
input stage via the negative feed-
back circuit. This allows the input
stage to operate without negative
feedback. These transients can
then overload the first stage suffi-
ciently to cause internal -clip-
ping —hence, TIM.

These negative aspects of TIM
are countered with three special
design parameters:

e a super-low distortion driver
stage that exhibits proper local-
ized feedback (feedback within
each stage vs. feedback in the
entire circuit).

¢ the introduction of transistors
with extremely quick response
speed, excellent linearity and
alarge, safe operating area.

e the incorporation of a dual
source system with high and low
voltage sources. The high vol-
tage 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

1) Custom engineered hybrid cir-
cuttry (U.S. patent pending)

The heart of the amplifier is a
thick film hybrid circuit specifical-
ly developed by the Technical
Research Centre of Finland. The
thick film hybrid consists of tran-
sistors and thick film resistors
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 com-
ponents, 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 distor-
tions are reduced to virtually
nothing.

2) Dual Independent Power
Transformers

The massive power supply sec-
tion 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 deliver-
ing 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 transmis-
sion line

Conventional large-diamater
wiring inductance greatly restricts
the flow of high frequency current
from the power supply to the out-
put transistors. To overcome this
limitation, a transmission line con-
sisting of three parallel plates was
designed, providing a low im-
pedance path for the positive and
negative power supplies and
ground. Each plate is 24-Karat
gold-plated, which further
enhances high frequency conduc-
tivity.

4) Self-correcting circuitry

Each amplification stage has
been designed to have self-
correcting ability with regard to
temperature matching, keeping
thermal induced distortion to a
minimum.

5) Protection circuitry (U.S. pat-
ent pending)

A completely electronic protec-
tion circuit operates without com-
promising sonic quality. The pro-
tection cireuitry is capable of ultra-
high 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 tran-
sistor assembly, there is a custom-
designed heat sink. These special
heat sinks have a contact wall
thick enough to absorb instan-
taneous heat generation, prevent-
ing thermal distortion. At the
same time, they dissipate the heat
and reach thermal equilibrium
quickly.

7) 8-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 in-
crease in distortion. With the
3-position switch, the user can ad-
just bias current according to the
output level required, and the am-
bient temperature of the room or
the amplifier storage area, to
achieve adequate cooling and op-
timum 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 fre-
quency) signals from local broad-
casters have the possibility of be-
ing 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 func-
tion 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 dc component
filter, which is designed to be in-
itiated by the user—alerted by a
front panel warning indicator.
This filter is designed to be
operated at very low level dec
voltages —prior to voltages suffi-
cient to operate the overall
amplifier protection circuits at 3V.
The overall protection circuits shut
the amplifier completely off if
voltage of de should be high
enough to cause loudspeaker

damage.
8sy..



Calculator-style DMM

Svmpson Electric Company has
introduced a calculator-style
DMM, the 470, with 25 ranges, in-
cluding 1000Vde, 750Vac and 10A
ac/dc. All voltage and resistance
ranges are protected against tran-
sients up to 6 kV at 100us.

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 semicon-
ductor functions.

The high-contrast, 3%-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

Quad-vertical-input scope

The B&K-Precision test instru-
ment product group of Dynascan
Corporation has introduced a full-
feature 70MHz quad-vertical-input
triggered sweep oscilloscope.
Designed for applications requir-
ing the highest degree of measure-
ment sophistication, model 1570
provides 1mV/division sensitivity
over the entire 70MHz bandwidth.
For applications requiring ex-
tremely high single-channel sen-
sitivity, 500uV 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 advan-
tage that can eliminate the need to
use two scopes to compare four
signals.

Circle (52) on Reply Card

Voltage spike protector
The RCA SK400 voltage spike
protector guards TV sets and
other appliances from breakdown

due to high-voltage surges that
often occur when lightning strikes
near a power line. Housed in a
small adapter, the SK400 plugs in-
to any 15A-125V grounding recep-
tacle or cord connector.

Circle (53) on Reply Card

new models M 2011 and M 2012
give the user 2000 hours battery
life, along with 10A current range.

Other features are 3%-digit
oversize LCD, single-dial selector
switch for all ranges and standard
banana plugs and terminals that

two new hand-held DMMs. The

are protected against accidental
shock. All meters come with a
2-year warranty.

Circle (54) on Reply Card

asor..

Hand-held DMM
BBC-Metrawatt has introduced

You'll find MORE
In wiring components at a

Sprague Q-LINE Distributor

Look for the Q-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

s PRI

is logically arranged for quick location.
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North Adams, Mass. 01247,
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Where MORE is more than a promise.

a subsidiary of GK Technologies
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