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Oops Proof. Now Even Better. 
Industry's Most Popular Heavy -Duty DMMs.. 
Now Even Better With Dual -Fuse Protection 

And A Tougher Case. 
The tough just got tougher. When 
Beckman Industrial introduced heavy- 
duty DMMs tough enough to withstand 
accidental drops, input overloads and 
destructive environments, they quickly 
became the industry's most popular. 

Now they're even tougher, thanks to 

the best dual -fuse protection you can buy 
and a new case. Covered by a one-year, 
no-fault guarantee against damage to the 
meter other than gross abuse. 

For overloads, all voltage ranges can 
withstand transients up to 6KV. Resistance 
ranges are protected to 600 volts. Current 
ranges are protected by a 2 amp/600 volt 
fuse. The 10 amp range is protected by a 15 

amp, 600 volt high energy fuse with 
100,000 amp interrupt rating. 

NMNlIOM 

Valox® is a registered trademark of General Electrk. 

Our heavy-duty DMMs can with- 
stand accidental drops, literally bouncing 
back for more, thanks to a new case made 
of Valox® one of the most impact and 
corrosive chemical resistant thermoplas- 
tics around. Sensitive components are 
shock mounted for impact protection. 

Even oil, water and industrial grime 
can't keep our heavy-duty DMMs away 
from the action. Everything is sealed with 
o -rings for maximum protection. 

Of course, even the toughest DMM 

isn't much good if it can't deliver accuracy 
and the right combination of capabilities 
at the right price. 

Check the HD DMM specs for your- 

self: Maximum voltage rating of 1500 volts 

DC, 1000 volts AC; tested to 40KHz; diode 
test function; and exclusive INSTA -Ohm® 

capability, now with an audible beeper, to 

make your HD even easier to use. 

What's more, you can select just the 
model you need without paying extra. 

Start with the economical HD -100 at 
S169.00 for solid, all-around meter per- 

formance. Choose the HD -110 with 
continuity beeper. Or, the HD -110T that 
lets you select Farenheit or Celsius 

temperature measurement with a 

simple field adjustment, accurately 
measuring from - 4°F to +1999°F, 
and works with any K -type ther- 
mocouple. It also has a measure- 
ment range of 32°F to 392°F 
with the thermocouple provided. 

You can even get the true 
RMS capability on the HD -130. 

or wt á 2 digit display required by the 
HD -140's accuracy. 

HEAVY DUTY 

DMMS HD100 40110 1 HDIOT I HOBO HD140 

Digits 31/2 41/2 

Accuracy (Vdc) 0.254ó 0.14ó 0.054ó 

Input Impedance 22 Megohms 10 Megohms 

AC Conversion 

Type 

Average True RMS True RMS 

Bandwidth 

(AC Volts) 

10KHz 40KHz 10KHz 

Current Range 

Min. Reading 

0.1A 0.01µA 

Max. Reading 2A 10A (20A for 30 Secont s 

Continuity Beeper V j 

Battery Life 

(Alkaline type) 

2000 Hours 100 Hours 

Visit your local Beckman Industrial 
distributor today. Compare. And discover 
why the toughest are tougher than ever. 

Seivi 
struments 

it The One. 

BOr%!I'frfair7 liege ItCtirlal Ts" . M. . .. . . ..... . ... 
lbs bruin Industrial Corporals. lu ;rt El cr_riiu l't d., .> 

A Subsidiary of Emerson Electric bedpost 
3883 Ruffin Rd.. San Diego. California 92123-I898 
(619) 565.4415 FAX (619) 268-11172 TI.X 219031 

© 1987 Beckman Industrial Corporation 
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REPAIR PCB's 
ANYWHERE 

.- 

ilk Repair PCB's Anywhere! 
Finally there's a power desoldering and soldering 

-- system that's so portable, you can use it anywhere. 
DEpot. Service center. Mobile van. On site. Anywhere! 
Yet it will even outperform most bench top systems in key areas: 

One -minute warm-up Precise tip temperature control 
Spike -free operation Finger -activated vacuum 
Desoldering and soldering with one handpiece 
AC and 12VDC source operation 
Compact and lightweight 

Call or write today for a FREE brochure: 
PACE, Inc., 9893 Brewers Court, Laurel, 
N_d. 20707, U.S.A. (301) 490-9860. 
Telex 87446. Circle (3) on Reply Card 

_, 

Micro Portable 
Systems for PCB Repair Anywhere 
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The how-to magazine of electronics... 

GIGOTRODIO 

12 
Desoldering 
components 
By James K. Bausell 
On today's high -density 
PCBs, desoldering a faulty 
component must be 
accomplished in 3s or less. 

20 
Test your electronics 
knowledge 
By Sam Wilson 
The author presents eight 
types of resistors for 
readers to identify. 
"Experienced technicians 
won't be fooled." 

22 
VCRs maintenance and 
cleaning 
By Victor Meeldijk 
Guidelines are given for 
maintaining commercial -type 
VCRs that require frequent 
head cleaning in order to 
remain operational: every 
200 hours. 

page 12 
Removing a failed component without 
damaging the PCB requires skill. 
(Photo, courtesy PACE, Inc.) 

Page 22 
This VCR head had not been cleaned in 
more than two years. 

Departments: 
6 Editorial 
8 News 
9 Feedback 

10 Technology 
29 Photofact 
30 Literature 
31 Profax 
45 Books 
54 Products 
56 Troubleshooting Tips 
58 Audio Corner 
60 Computer Corner 
62 Video Corner 
64 Readers' Exchange 

40 
Using a small 
transformer to get 
special ac voltages 
By Arthur G. Hansen, PE 
The buck/boost transformer 
is smaller, cheaper and 
easier to select-a rough 
estimate of requirements 
will do. 

46 
What do you know about 
electronics?-More on 
infrared remote controls 
By Sam Wilson 
Basics of infrared reception 
are discussed, with 
emphasis on preferred wide - 
and narrow -pulsed data 
transmission. 

52 
The nightmare of knob 
repair 
By Larry Critchlow, 

the "Old Timer" 
Watch for^ more time -saving 
tips from this author. 
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Editorial 

Electronics: 
concrete 

results 
from 

abstract 
concepts 

Whether you have ever thought 
about it or not, technicians and 
others working in electronics have 
made a commitment to deal in the 
abstract. Think about it. You deal in 
volts, amps, ohms, amplification, 
bandwidth, frequency. What are 
those things? How many volts to a 
pound? How many amps would 
fill a teacup? 

Electricity/electronics is a discipline 
in which, at least in my experience, 
it's very difficult to grasp the 
fundamental units. By contrast, take 
the basic units of the physical world. 
You can pick up something that 
weighs a pound and feel what a 
pound is. You can look at a ruler and 
see how big a foot or an inch is. 

When it comes to electricity, 
though, you have no such evidence of 
the senses. For someone who's just 
starting in electronics it takes a while 
to get a feel for what the units mean. 
For example, is a volt a very large 
potential? Ten volts? 100? And 
how about current? Is one amp 
very large? Ten? 

As all of you who have been 
involved with electronics know, the 
answer is "that all depends..." Are we 
talking about an LCD watch or a 
washing machine? Still, after a while 
we get a feel for the correct values, 
so that if someone talks about a 
phono cartridge putting out a few 
microvolts, it sounds about right. And 
capacitors come in microfarads or 
smaller, and resistors come in a few 
ohms, a few hundred ohms or 
thousands or millions of ohms. 

Armed with that feel, then, if 
someone starts talking in terms of 
farads, milliohms or megamps it 
doesn't sound right. That doesn't 
mean that values in those ranges 
can't exist, but they don't sound right 
and, properly, raise concerns. 

Another difficulty in dealing with 
electrical units is that they tend to be 
defined in terms of one another - 
Ohm's Law and all that. What's an 
amp? Well, if you place a resistance 
of one ohm across a potential of one 
volt, the resulting current is one amp. 

OK then, what's a volt? Well, if you 
run a current of one amp through a 
resistance of one ohm, the resulting 
potential drop will be one volt. 

What's an ohm, then? If you place a 
potential of one volt across a 
resistance and the resulting current is 
one amp....Enough! 

As it turns out, there actually is a 
definition of one of these parameters 
that relates it to the physical world. 
According to an article "Volts and 
amps are not what they used to be" 
in the March 1987 issue of IEEE 
Spectrum, a monthly technical 
magazine published by the Institute 
of Electrical and Electronic 
Engineers, The International 
Committee on Weights and Measures 
has adopted the following definition 
for an ampere: That constant current 
which, if maintained in two straight 
parallel conductors of infinite length, 
of negligible circular cross-section, 
and placed one meter apart in 
vacuum, would produce between 
these conductors a force equal to 
2x10-7 newtons per meter of length. 

OK, so 2x10-7 newtons per meter 
doesn't really give you a feel for what 
an ampere is, especially as it's pretty 
hard to visualize an infinite length of 
infinitessimally thin conductors in a 
vacuum. Still, this definition of an 
ampere does connect the electrical 
world with the physical world and 
gives you a concrete value on which 
to base the concepts of volt and ohm. 

Converted into the English system 
of measurement, that force between 
conductors carrying one amp is equal 
to about four and one-half millionths 
of a pound. 

Although that force seems small 
indeed, if you give those wires a little 
more heft, wrap many turns close 
together and run several amps 
through them instead of just one, you 
have an electric motor capable of 
generating a lot of force. 

As it turns out, these abstract 
concepts dealt with every day by 
electronics technicians produce some 
very concrete results. It's reassuring 
every once in a while to find a 
definition, such as the definition for 
ampere give above, that 
demonstrates the connection 
between that abstract world and 
the real world. 
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"I thought a DSO that did all 
that would cost a fortune... u 

"isn't that 
`he new 

B& K -ARE _ISION 
2520 c'i-grtal 

- storage 
oscilbscope?" 

'R ,3hrt, Jim ... It's quite a 
_lerformer, with dual-chanrEl 
-ea -: me and digital ooeratipns, 
2 --ieeasample per second 
sairigling and 1024 x 3 bit pe- 
d-anr el storage. It's even got an 
analog output for a plotter.'' 

'Those specs sound pretty Scrod, 
Sot, but why a DSO? V/or't 
voir analog scope dc the jot ?" 

'This DSO really opens new 
dozri ... For instance .. 

Let's say I rEed 
tok k at a 
non -re pet tive 
waveforn ... ' 

Power ,,. In-elsity 
O _ 

For,. 

"Like our mechanical stress tests?" 

"Exactly ... or a one-shot pulse, 
or even a power lïne glitch ... 
Looking at those on a regular 
scope is darn near impossible, 
even with a camera. On the 2520, 
I can pretrigger at 0%, 25%, 75%, 
or 100%. When the event pops, 
it's frozen on the screen. I can 
also coripare 
test rest. Its 
from ore 
event tc 
the next." 

see, Bot. Freeze one 
event on one channel, 
look at the new events 

on the second channel, 
ar d zoom in for a 
coser look. What 
other jobs will it 
simplify?" 

"Here are just a fery ideas: 
Shock testing-without 
trigger cata loss; Bounce 
testing cn switches and 
breakers; capturing a PCM 
tone burst; and flammability 
tests using two thermocouples. . 

Our bio Lab can even use it for 

Circle (6) on Reply Card 
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nerve response tests... Best of all 
the 2520 costs just $1990 " 

"$í990? I thought a DSO that 
dia all that would cost a 
fortune. Where do I get mine?" 

You can get your own 2 í-20 
from your local B&K-PRECISION 
distributor. Also ask about the 
new 2521 with automat c time 
and voltage measurements 
and optional 2502 waveform 
processor. For complete c etails 
anc a free list of DSO 
applications contact: 

M/ C/h1el1Ai1 
OYNASCAN CORPORATION 

3460'N. Cortland St. Ch cago, IL 60635 
312-389-8870 

Intematiorol Soles, 6460 W. Cortland St., Chicago, L 50635 

Canadian ìcles, Atlas Electronics, Ontario 

South and Control Ame -icon Sales, Empire Exporters, Rainview, NY 1 BOa 1 
b lulo TRIIIGER 

Nl 
E.i 

Trc l+rel+ 
-I 

-iME/D 
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Preparing for change 
1987 Technician convention theme 

Convention dates: June 2.4 to 27 
According to Dick Glass, presi- 

dent of the Electronics Techni- 
cians Association, International, 
the 1987 Convention will be held at 
Depauw University in Greencas- 
tle, IN. Electronics technicians 
working in all professional areas 
are invited, both members of ETA 
and non-members. 

Workshops begin Thursday, 
June 25. Two tech -seminar types 
will be held simultaneously at the 
university's Science & Math Cen- 
ter. The Electronics Workshops 
will address such topics as com- 
puter servicing; electronics com- 
ponents; TV service; communica- 
tions radio and electronics instruc- 
tor methods. The second seminar 
is the ninth in a series of SAM 
(Satellite -Antenna -Master Anten- 
na) schools. SAM schools are 
geared to helping TVRO techs 
move into roof -top and master 
antennas, as a supplement to the 
somewhat depressed satellite busi- 
ness. This 16 -hour, 2 -day school 
ends with the opportunity for at- 

tendees to qualify for a CET (Cer- 
tified Electronics Technician) 
rating, by passing ETA -I's written 
examination. 

Through special arrangement 
with the State Professional Licen- 
sing Agency of Indiana, area tech- 
nicians can qualify for required 
technician licensing for satellites 
and antennas by taking the state 
examination at the conclusion of 
the SAM school. 

Other events occurring at the 
9th Annual Technicians Conven- 
tion include a hog roast; ladies and 
childrens tours; Technician -of -the - 
Year award and banquet. Also 
election of officers of ETA Divi- 
sions: Shopowners, Educators, 
Canadian, Certified Technicians, 
Communications and Satellite 
Technicians. 

For registration and ETA in- 
formation: 
ETA -I 
604 N. Jackson 
Greencastle, IN 46135 
317-653-5541 

Novice hams now vocal 
Ham radio operators with 

Novice licenses now can com- 
municate by voice instead of being 

limited to the traditional Morse 
code. The Federal Communica- 
tions Commission has expanded 
entry-level privileges that, pre- 
viously, required passing a more 
difficult examination. 

For more information on 
amateur radio and how to obtain a 
Novice license, contact the 
American Radio Relay League, 
Dept. NE, 225 Main St., New- 
ington, CT 06111. 

Extended hours, call toll -free 
Matsushita Services has ex- 

tended evening hours for its call -in 
consumer information and assist- 
ance service through its Consumer 
Affairs Department. Consumers 
with inquiries concerning Pana- 
sonic or Technics consumer prod- 
ucts may call 201-392-4767 or 4768 
weekdays between 9 a.m. and 8 
p.m. (Eastern Standard Time). 

The company also has expanded 
the operational hours of its 
Panasonic telephone products 
assistance hotline, Consumers re- 
questing operational assistance, 
on telephone products, only, may 
call toll -free, 1-800-922-0028, 
weekdays between 9 a.m. and 
8 p.m. (EST). 

The how-to magazine of electronics 
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Is there a solution? 
I am writing in an effort to find 

out what is happening in the elec- 
tronics industry - in particular, 
consumer electronics. I own an in- 
dependent repair shop and can no 
longer make a living in this busi- 
ness because of these obstacles: 

Retail stores in our area are 
charging ridiculously low prices 
for televisions, video machines, 
and stereos. For example, a 
13 -inch color television is $99, a 
19 -inch set is $129 and VCRs, as 
low as $199. 

Then there are the repair prob- 
lems with the few sets that do 
come in. For instance, VCR serv- 
ice manuals are vague and expen- 
sive. Also, when I have called 
Technical Assistance for some 
companies, I could hardly under- 
stand the technician because he 
could not speak English clearly; at 
other times these technicians ei- 
ther did not know or would not 
help me. 

Training on VCRs is almost non- 
existent. 

....I don't understand how large 
companies such as RCA, Sony, Ze- 
nith, and Sylvania can compete 
with the cheap sets manufactured 
by Korean firms. Why isn't any- 
thing being done to prevent these 
sets from coming into our country? 
And if that is not possible, the 
prices should be raised so that 
small stores like mine can make 
something on the repairs. 

These low prices not only affect 
large companies and independent 
shops but distributors as well. Re- 
member, we can't order parts, 
modules, test equipment, or serv- 
ice manuals if there are no sets to 
repair. 
Wayne Sherman 
Bergenfield, NJ 

The problems you describe in 
your letter of January 9 are very 
real, and I sympathize with the dif- 
ficulties you and other servicers 
are facing. 

I'm not an expert on internation- 
al economics, but I believe the U.S. 

government's experts when they say 
that tariffs and import restrictions 
don't work. 

You 'mentioned VCRs, but state 
that servicing those units presents 
some problems like lack of training 
and vague servicing manuals. I 
wouldn't be surprised. In spite of 
that, many servicing technicians 
are learning about VCRs. 

There are a number of things you 
might explore. VCR manufac- 
turers, EIA, book publishers. 

Another possibility would be the 
associations: ETA and NESDA. 

There is a wealth of information 
available, although it may not al- 
ways be easy to find. 
Conrad Persson 
Editor 

Continued on page 19 
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TEST INSTRUMENTS, LOGIC PROBES, OSCILLOSCOPE PROBES, AND SOLDERING STATIONS FOR 

SERVICE ENGINEERS 
Light weight reliable instruments and tools: portable enough to be a help, not a 

hindrance; affordable enough to turn a profit nota loss. 

If your solution calls for ultra -portable test instruments. universally adaptable oscilloscope 
probes or test lead kits,,logic probes or solder desolder equipment, call OK Industries 

today. We serve the U.S. with a network of over 750 distributors. 

800 523-0667 
IN NEW YORK STATE DIAL (914) 969-6800 
BEING THE BEST IS A MATTER OF BEING OK. 

OK ok 
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4 Executive Plaza, Yonkers, New York 10701 USA 
Telex 125091 OK NYK. Telex 232395 OK NY UR 

Phone 1914)969-6800 
Fax (9141969-6650 

OK 
Industries 

Inc. 
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Technology 
From one year 

by hand, 

Advanced CAD reduces 
design time to 3 days 

Dr. Richard I. Hartley (left) and Dr. Sharbel E. Noujaim, two members of the GE team 
that developed the silicon compiler, an advanced chip design tool, examine a 
computer -generated plot of one chip fabricated by this method. (Photo courtesy of GE.) 

Computer aided design has 
dramatically reduced the length of 
time needed to bring an integrated 
circuit from concept to production. 
Recently a team from the General 
Electric Research and Develop- 
ment Center developed an ad- 
vanced silicon compiler that's 
reducing the time it takes to 
design custom integrated circuit 
chips for the company's internal 
product needs. 

Three working days 
vs. six -eight months 

The first two working chips to 
result from the computerized tool 
completed the design cycle (went 
from algorithm description to 
layout) in just three working days. 
These were 1.25µ CMOS devices 
containing 35,000 transistors in 
one case and 15,000 in the other. 

It is estimated that the process 

would have taken six to eight 
months if these very -large -scale - 
integration (VLSI) chips had been 
designed with the low-level com- 
pilers, or assemblers, now com- 
merically available and well over a 
year if designed "by hand." 

The two chips, to be employed in 
a high-performance graphics com- 
putation application, contain some 
1,500 transistors per square 
millimeter, giving them what is 
believed to be the highest layout 
density achieved to date for com- 
piled, non -memory circuits at this 
feature size. Interconnection wires 
occupy only 10% of their total 
area, and less than 1% of the chips' 
area is wasted. 

IC performance 
based on algorithm description 
With GE's advanced silicon com- 

piler, the chip design is generated 

directly from the specifier's high- 
level language description of the 
algorithm the circuit will execute. 
Rather than detail how the circuit 
should operate (a task that re- 
quires an IC design specialist and 
hundreds of hours of design time), 
this description simply spells out 
what the circuit is to do. 

The GE compiler language (re- 
sembling "C") is both easy to mas- 
ter (the user need not be a pro- 
gramming or chip -design special- 
ist) and extremely efficient. The 
more complex of the two chips de- 
scribed (the one containing 35,000 
transistors) was fully specified 
with only 100 lines of code. 

Simulation mirrors results 
Once the chip is specified, the 

compiler first does a simulation to 
test the algorithm it has been sup- 
plied. This simulation produces 
data that mirror the output of the 
eventual chip, enabling the 
designer to see how closely his 
algorithm achieves the hoped -for 
results. 

After the algorithm description 
is adjusted (if necessary) and cer- 
tain "housekeeping" chores (such 
as defining the chip's aspect ratio) 
are completed, the design tool is 
turned loose to perform the actual 
chip compilation. This is fully auto- 
matic. The system creates the spe- 
cialized cells it needs to do the job 
from its library of basic building 
blocks such as adders, subtractors 
and delay. It then figures out how 
to lay out and interconnect them 
following tried and proven design 
rules. It has built-in optimization 
routines that serve to maximize 
layout density and minimize wire 
length. 

As the final step in the process, 
the computerized description of 
the chip produced by the compiler 
is run through a Calma worksta- 
tion that details the cells (draws in 
the required transistors and other 
basic circuit elements). The file 
that results from this process is 
then sent to the vendor who em- 
ploys it to produce the mask set 
needed for fabricating the chip. 

As currently configured, the GE 
compilation tool is designed for 
generating circuits using a bit - 
serial architecture. This accom- 
modates many digital signal proc- 

10 Electronic Servicing & Technology May 1987 

www.americanradiohistory.com



essing applications required by 
GE's internal product operations. 
The design tool is fully functional 
at the GE Research and Develop- 
ment Center and is in transition to 
several company locations. 

Device performs 
to produce unit vector 

The first of the compiled chips is 
called the Normalizer. This 
35,000 -transistor device performs 
the normalization of 2- or 3- dimen- 
sional vectors to produce a unit 
vector. With unnormalized vector 
coordinates as inputs, the chip per- 
forms a reciprocal of square root 
algorithm and normalization of 
numbers to determine the coor- 
dinates of the unit vector. 

The Normalizer contains 13 
12 -bit x 12 -bit mulitpliers and an 
equivalent number of adders and 
subtractors, plus registers for con- 
stant storage. It measures 184 
mils x 206 mils, has a room 
temperature (25°C) clock speed of 
30MHz, and dissipates 400mW of 
power at 30MHz. 

This closeup shows the plot for a chip de- 
signed for use in a high-speed GE graphics 
processor. Implemented in 1.2p double -level - 
metal CMOS technology, this multiply/ac- 
cumulate chip measures 7.2mm x 8.0mm and 
contains 56,000 transistors. Its 24 -bit x 24 -bit 
multiplier is pictured at the bottom, its expo- 
nent and mantissa data paths, at the top. 
(Photo courtesy of General Electric R&D.) 

Interpolator has 36MHz 
cluck speed 

The other compiled chip is 
known as the Interpolater and 
serves to calculate the interpolated 
value at a point from values of up 
to eight vertices. Smaller in size, 

this chip measures 121 mils x 128 
mils and consists of seven 12 -bit x 
12 -bit multipliers and a like 
number of adders and subtractors. 
It has a clock speed of 36MHz and 
dissipates 150mW. Only 15 lines of 
high -level -language compiler code 
were required to specify it. 

The architecture of the two chips 
is bit -serial with 12 -bit fixed point 
twos' complement arithmetic. All 
operations are carried out on a bit - 
by -bit basis synchronous with the 
chip clocks. 

The silicon compiler automati- 
cally performed data synchroniza- 
tion between the chips' operators, 
a key problem in circuits with pipe - 
lined bit -serial architecture. This 
elminated the tedious job of man- 
ually translating the system algo- 
rithm into a bit -serial architecture. 

Prototype quantities of the Nor- 
malizer and Interpolator chips 
have been fabricated at the GE 
Research and Development Center 
employing its 1.25µ double -metal 
CMOS process. Both types were 
fully functional at first silicon. 
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Desolderingi 

solder extraction 
By James K. Bausell 
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The most common problem in- 
volving circuit board rework or re- 
pair is the removal and replace- 
ment of a component from the 
board. Beyond the diagnostic or 
troubleshooting stage, the great- 
est problems arise in trying to re- 
move a failed component without 
damage to the board. High density 
circuit boards now incorporate 
very tight lead -hole spacing so that 
the lead fits tightly into the plated - 
through hole. In addition, there 
are often large ground buses locat- 
ed on the surface of these boards 
that tie in to several leads on each 
component, adding additional 
thermal mass that must be over- 
come during desoldering. 

To overcome these problems, it 
is almost mandatory that the tech- 
nician now must consider the ther- 
mal mass properties of each solder 
joint before desoldering. It also is 
still important that heat applied to 
each joint continues to be limited 
to a maximum dwell time - normal- 
ly two to three seconds. 

Because most components asso- 
ciated with printed circuit assem- 
blies have been soldered in place, 
heating is one of the key factors in 
component removal. The circuitry 
can be ruined completely if you ap- 
ply excessive heat. 

On semiconductor devices, the 
desoldering operations must be 
performed rapidly, in no more 
than three seconds per solder joint 
as a rule. Similarly, the circuitry it- 
self is highly susceptible to heat 
damage. Because controlled pres- 
sure and heat were used to bond 
the circuitry to the base material 
in manufacturing, when these 
same forces are applied during de - 
soldering operations, delamination 
can occur. 

At temperatures necessary to 
melt solder, the bond strength of 
James K. Bausell Is corporate sales manager for 
PACE, Inc., Laurel, MD. 

circuit traces can be reduced to ap- 
proximately 20% of their cold 
strength in just a few seconds. If 
excessive pressure from a solder- 
ing or desoldering tool is applied, 
it can easily delaminate the circuit 
pads or runs. 

Thermal considerations 
A primary factor to consider be- 

fore attempting to desolder any 
joint is the joint's metallic volume. 
In general, the greater the mass, 
the more heat is required. The 
mass of any particular joint may 
vary over a wide range. If you're 
working on only a single pad on a 
single -sided circuit board, there's 
relatively little mass involved, so 
the pad heats up quickly. 

In a vacuum desoldering 
system, the tip performs 
four basic functions: 

1. It is the primary means 
of transferring heat to melt 
the solder joint. 
2. It is the beginning of the 
path through which the 
molten solder will flow. 
3. It pulls ambient air 
through the joint to cool 
the joint and to prevent 
resweating. 
4. It is used to manipulate 
the lead during the entire 
desoldering sequence. 

Thermal considerations 
when desoldering 

1. Joint metallic volume. 
2. Surface condition of 
joint to be desoldered. 
3. Area of contact between 
the heat source and the 
solder joint. 

But if it's a double -sided board 
with plated -through holes, there's 
more than double the mass, and 
that's before the mass of any com- 
ponent lead is taken into consider- 
ation. The lead mass itself can 
vary greatly, since some leads are 
thicker and longer than others. 

Additionally, the circuit runs to 
each joint may vary in size and 
number, and some joints may have 
large metal surface planes or buses 
connected to them. There may be 
stand-off terminals mounted at the 
joint, with one or more connecting 
wires attached to the terminal. 

Each joint has its own particular 
volume; how this joint mass com- 
pares with the mass of the heat 
source (soldering iron tip, desolder- 
ing tip, etc.) determines the rate of 
temperature rise of the work. 

Surface condition 
A second factor of importance is 

the surface condition on the joint 
at the area of contact between the 
heat source and the joint. If ox- 
ides, coatings or other contami- 
nants cover the solder joint, there 
will be a barrier to the flow of heat. 
Then, even though the heat source 
is the right size and temperature, 
it may not be able to supply 
enough heat to the joint to melt 
the solder in an acceptable time 
period. 

Thermal connection 
A third factor to consider is area 

of thermal contact. This is the area 
of contact between the heat source 
and the solder joint. In desoldering 
for component removal operation, 
thermal contact is made between 
the tip of a desoldering tool and 
the solder joint itself. 

Heat rate indication 
For desoldering, the primary 

workpiece indicator is observing 
how fast heat is flowing into the 
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A solder extraction desoldering unit consists of a handpiece with a hollow tip, a source of vacuum to extract the molten solder 
from the joint. a waste solder collection chamber, and a control unit to control desoldering tip temperature and vacuum. 

solder joint. In practice, this 
means observing the rate at which 
the entire solder mass melts, 
which should be within one to 
three seconds for desoldering. 

Any component removal proce- 
dure must control the amount of 
heat and pressure applied to the 
solder joint, and the amount of 
time for which they are applied. To 
achieve effective soldering with 
minimal risk of damage, consider 
the best means to achieve efficient 
heat transfer from the heat source 
to the solder joint. The prime pipe- 
line for quick, efficient heat trans- 
fer (flow) through a solder joint is 
via the solder mass itself. 

The secondary means is via the 
component lead. Ideally, optimum 
heat transfer should be through a 
combination of these two media. 
Application of heat directly to a 
circuit pad itself, with heat trans- 
fer through the plating in the hole, 
should be avoided. These are low 
mass elements that are easily dam- 
aged by excessive heat. 

Prior to any desoldering opera- 
tion, the solder joint should be in- 

spected to ensure that there is suf- 
ficient surface solder fillet to work 
with. If not, then additional solder 
fillet should be added to the joint 
prior to desoldering. 

Desoldering system selection 
There are many types of solder 

removal methods. Continuous vac- 
uum solder extraction system is 
well suited for desoldering com- 
ponents from high -density PCBs. 
An ideal solder extraction system 
consists of a straight in -line hand - 
piece having a hollow tip, a heating 
element, and a solder receiving 
chamber that collects and solidifies 
the waste solder (and in some sys- 
tems, clipped leads as well). 

The solder extraction handpiece 
normally is provided along with a 
power source that controls the 
vacuum (and in some cases, pres- 
sure), and the necessary electrical 
voltage to the desoldering unit 
heater. 

The advantage of this type of 
system is that it can provide full 
control of both heat and vacuum. 
In some systems, a power source 

also can provide variable control of 
the temperature level at the heat- 
ed tubular tip. This permits more 
precise operating on different 
boards, plated -through holes, sol- 
der masses, and heat sinking con- 
figurations. 

For solder extraction, the heated 
tip is applied to the solder joint 
(not the pad). When the solder is 
melted, the vacuum is activated, 
causing the solder to be withdrawn 
from the joint and deposited into a 
collection chamber. 

To overcome the critical problem 
of the lead resweating to the side 
walls of a plated -through hole, the 
lead always should be oscillated 
with the tip, prior to and during 
vacuum application. This permits 
cool air to flow into and around the 
lead and plated -through hole side 
walls, causing them to cool down, 
thereby preventing lead 
resweating. 

Solder extraction with continu- 
ous vacuum is a consistent method 
for overcoming this resweat prob- 
lem for either dual or multileaded 
components, terminating into 
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Together, these RCA Guides provide fast, easy 
answers for 235,000 solid state replacement problems. 
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Sales Promotion Services, RCA Distributor and Special 
Products Division, 2000 Clements Bridge Rd., Deptford, 
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The hollow tip of the handpiece slips over the lead to be desoldered. 

plated -through hole solder joints in 
double -sided boards. 

Desoldering tip selection 
A solder extraction handpiece is 

normally provided with various 
sizes of tubular tips. In operation, 
the tip performs four basic func- 
tions. 
1. It is the primary means of 
transferring heat to melt the sol- 
der joint. 
2. It is the beginning of the path 
through which the molten solder 
will flow. 
3. It pulls ambient air through the 
joint to cool the joint and to pre- 
vent lead -to -surface resweating. 
4. It is used to manipulate the lead 
during the entire desoldering se- 
quence. 

The right tip size has an opening 
that will fit over the lead or pin for 
maximum heat transfer, yet allow- 
ing sufficient clearance around the 
lead to permit molten solder and 
air passage through it. 

The maximum outside diameter 
(OD) of the tip selected should not 
cover the pad completely or touch 

the circuit board base material it- 
self, nor extend over the figure of 
an eyelet or funnelet. For desol- 
dering terminals, the tip OD is se- 
lected to permit entry into the de- 
sired area. 

The desoldering operation 
When desoldering with a solder 

extraction system, the operation is 
performed one lead at a time. This 
permits controlled desoldering 
based on the individual thermal 
mass properties of the joint, while 
limiting heat build-up over a large 
area. It is best to first examine 
how the component is mounted to 
the board in terms of thermal mass 
of each joint, on both sides of the 
board. Typically, some joints will 
be connected to one or more circuit 
tracks, some to surface ground 
planes, buses or large solder 
masses, and some will be totally 
unconnected (pads/terminals 
only). 

Then determine the amount of 
solder mass at each joint. Each 
should have an adequate solder fil- 
let to ensure positive heat transfer 

through the joint. In cases where 
the fillet contains insufficient 
solder, it is best to add solder to 
the joint to build up the fillet, 
thereby ensuring good heat trans- 
fer characteristics for desoldering. 

It is best to hold the desoldering 
handpiece like a pencil or soldering 
iron for maximum comfort and 
control. The tip should be placed 
over the lead so that is approxi- 
mately at a right angle to the 
board. Your arm should be posi- 
tioned comfortably so that there is 
no strain. 

During any desoldering opera- 
tion, it is necessary that circuit 
pads or adjacent circuitry be pro- 
tected from lifting or damage, and 
that measling does not occur on 
the adjacent base material. Two 
elements that can cause problems 
are excessive heat and pressure. 

To prevent any of the above 
problems, only a light touch should 
be used when desoldering, essen- 
tially allowing the desoldering tip 
to touch the pad just lightly. Also, 
dwell time on the joint should be 
kept to a minimum - normally 
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Wiggling the lead with the desoldering tip lets you know when the solder has melted. 

Once the solder has melted, apply the vacuum while continuing to wiggle the lead. 
This removes almost all of the molten solder and cools the lead. the through -hole 
plating and the pad to prevent resweating. 

about two to three seconds maxi- 
mum after the initial solder fillet 
melt. 

The tip should be held tightly 
against the solder joint with no 
more pressure than a pencil bal- 
anced lightly on its tip. The solder 
should be permitted to melt. 

Once the melting action starts, 
and the tip comes down over the 
lead, the top should be used to wig- 
gle the lead until the lead swings 
freely and easily, indicating full 
solder melt through the joint. 

When desoldering round leads, 
use the desoldering tip to move the 
lead in a circular motion. When de - 
soldering flat leads, such as on 
dual -in -line packs, the tip should 
move the lead back and forth along 
the flat plane of the lead. Once the 
lead moves freely, indicating full 
solder melt through the joint, the 
motion is maintained while the 
vacuum is applied. Then, with the 
vacuum still applied, the tip is re- 
moved, and the vacuum is turned 
off. 

When desoldering multileaded 
dual in -line (DIL) components, 
avoid working on adjacent leads in 
sequence to prevent localized heat 
buildup. A good procedure is to do 
the corners first, then skip over 
every other lead on the first pass, 
going back for a second pass to de - 
solder the alternate leads. 

A good rule to follow for most 
double -sided boards is to apply 
heat at a tip temperature of 575°F 
to 600°F (302°C to 316°C), for ap- 
proximately two seconds following 
initial solder fillet melt on the lead 
side. Then, apply vacuum (with the 
lead kept moving) for at least one 
second to two seconds. This will 
permit ambient air to be drawn up 
through the hole, causing cool - 
down of the hole and the lead, and 
preventing lead resweating. 

If, after desoldering all the leads 
on a component, it is found that 
sweat joints still occur, or that the 
solder joint was not completely de - 
soldered, do not attempt to apply 
more heat to the joint. Allow the 
joint to cool down; resolder the 
joint and desolder it once again. 
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Feedback 

Continued from page 9 

Letter to Sam Wilson 
I have two questions regarding 

"Test Your Electronic Knowledge," 
January 1987 issue. 
1. Question No. 7: The track on a 
compact disc is about ???. You gave 
the correct answer as choice "D. 
None of these choices is correct." 

In the December 1986 issue, 
page 54 under heading Technology 
required to produce a compact disc, 
the second paragraph states that 
there are approximately 21/2 miles 
of spiral track on a compact disc. 
This was given (in January, ques- 
tion 7) as choice C. My question: 
How long is the track on a com- 
pact disc? 
2. Question No. 8: What is the 
name of the block marked X in the 
phase -locked loop in Figure 4? You 

gave the answer as "Divide -by - 
three circuit." Can this also be 
called Prescaler? 

ES&T is a great magazine!... 
Joe Sanfilippo 
Woodruff, WI 

In reply to your first question, 
the answer in the magazine was in- 
correctly marked. The correct an- 
swer to question #7 is C. As you 
pointed out, 21/2 miles is an average 
value for compact discs. In reality 
the length of the track is deter- 
mined by how much information 
has been recorded, so that is why we 
always say about 22 miles. 

In reply to your second question, 
the answer is yes you can call the 
block a prescaler. However, the 
word prescaler doesn't describe 

what it does in the ' phase -locked 
loop, so I prefer the use of the term 
"divide by 3 (or divide by any 
number)." 

Thanks for your comments on the 
magazine. Your correspondence is 
very important to us. 
Sam Wilson 

Do you have a comment, a gripe, 
or some valuable information 
that you'd like to share with the 
editors and/or readers of ES&T. 
Please address your comments 
to ES&T, care of the "Feedback" 
department. If they're of general 
enough interest and we have the 
room, your comments might be 
published here in the "Feed- 
back" column. E5U 

TIMEFLIESBY... 

BUT OUR WARRANTY DOESN'T. 
Our new generation EX -500 and EX -501 have the following new features: 

Zero Voltage Switching and localized grounding for CMOS safety. 

Finger Switch/Foot Switch option. (Apr. '87). 

Low Voltage Heating Elements and Accessories for operator safety. 

Microprocessor Controlled Temperature Regulation. 
Locking DIN Connectors. - And the same old warranty* 

EX -500 
EX -501 
EX -525 

5 YEARS 
2 YEARS 
2 YEARS 

*Call or write for warranty details. 
Local distribution assures prompt service! 

Call for your local rep: 

AUTOMATED PRODUCTION EQUIPMENT CORP. 
142 PECONIC AVENUE MEDFORD, NEW YORK 11763 

516 - 654-1197 TWX: 510 - 228 - 2120 
yo,, 

Booth 253 
Midwest Show 
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Test your electronics 
knowledge 

By Sam Wilson 

What could be easier than a quiz 
on resistors? To make it a little bit 
more challenging, the circuits are 
drawn differently, but, the connec- 
tions are correct. Also, the sym- 
bols have been changed in some 
cases. Those things won't fool an 
experienced technician. Try for 
100% on this quiz. 

Here are the names of the resis- 
tors. Enter the letters on the 
drawings: 
A. Thevenin resistor 
B. VDR 
C. Equalizing resistor 
D. Swamping resistor 
E. Norton resistor 
F. LDR 
G. Rheostat 
H. Surge limiting resistor 
I. Temperature compensating 

resistor 
J. Bleeder resistor 
K. Potentiometer 
L. Bias resistor 

R 

Figure 1. 

R 

R, R. 

vouT 
o 

Figure 3. 

_ R. 

R 

Figure 5. 

R 

R 

Figure 2. Figure 6. Figure 8. 

Answers are on page 53. 
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WELCOME TO THE FUTURE 
INTRODUCING A NEW IDEA IN TEST EQUIPMENT; 

SO REVOLUTIONARY IN FACT, IT HAS TWO PATENTS (pending). 

ELECTRONIC DESIGN SPECIALISTS, INC. 

EDS-S9C 
SE111IRNRLYZER 

'489 

Reads condition (OPEN LEAKY SHORTED), polarity (NPN PNP), and number 

of junctions (SINGLE DUAL TRIPLE) of semiconductors. 

Uses only TWO test leads, not three. 

Measures junctions IN CIRCUIT with circuit turned off. 

Audible beep tones for circuit conditions; keep your eyes on your work. 

Displays voltage breakdown (non-destructive) of semiconductors AND 

CAPACITORS up to 175 Volts DC; finds leaky components FAST! 

LISTEN to junction breakdown with built-in amplifier; FINDS NOISY DIODES, 

TRANSISTORS AND CAPACITORS. 

Displays Zener diode voltages IN CIRCUIT! 

Made in U.S.A. with TWO YEAR limited warranty on PARTS AND LABOR. 

Designed in cooperation with technicians who make their living on commission, 

the SEMIANALYZER R 59C is designed to make you a faster, less frustrated 

technician. We're so sure, we are offering this money -back guarantee: Use the 

59C on your most difficult "dogs" for 60 days, and if it hasn't earned its keep, ship 

it back for a full refund. 

LIMITED SPECIAL OFFER: Semianalyzers ordered before June 30 will receive a free pair 

of specially designed Pomona adjustable length, curved tip test probes (a $20.00 value). 

VISA or MASTERCARD ORDER TOLL FREE 24 Hours Day -7 Days/Week: 
1-800-544-4150 (Florida 305-726-7416) or send check or money order to: 

ELECTRONIC DESIGN SPECIALISTS, INC. 
951 SW 82 Ave. 

North Lauderdale, FL 33068 

Please include $7.50 to cover P&H. Florida residents add 5% sales tax. 
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Maintenance 
and cleaning of VCRs 
Grime collects on VCRs neglected, as was this, for more than two 
years. Note dirt on swab. 

By Victor Meeldijk 
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Figure 1. A: Atypical video head is made up of two pieces of ferrite material and coil 
windings of wire 1/1,000 inch in diameter. B: The azimuth method of recording 
minimizes crosstalk between adjacent video tracks. See page 24. 

Although videotape recording was 
pioneered by Ampex in 1956, and 
the industry standard U-matic cas- 
sette recorder became available in 
the late 1960s, home recording did 
not really start until 1976 with a 
1 -hour record/playback machine. 
This was the Betamax SL -7200, 
developed by the Sony Corpora- 
tion, according to Akio Morita, 
chairman of the Sony Corporation. 
In the book "Made In Japan," the 
term Betamax was coined because 
in Japanese there is a word pro- 
nounced "beta" that refers to a rich 
and full brushstroke in calligra- 
phy - without skips or white spots. 
VCR azimuth recording (which is 
explained later) does not need 
guardbands or blank tape areas be- 
tween tracks. 

Home recording grew with the 
SL -8200, which offered up to three 
hours of record time, and expand- 
ed even more in late 1979 with the 
Beta III, which had a five hour re- 
cord capability. 

The competing VHS format, 
sometimes called Video Home Sys- 
tem, was introduced by JVC after 
the appearance of the Beta ma- 
chine in 1975. The Matsushita Cor- 
poration, better known in the 
United States as Panasonic, ex- 
panded the capability of the VHS 
machine to four hours. The 1985 
expiration of the 10 -year JVC pat- 
ent on the VHS format has result- 
ed in the recent emergence of 
Korean manufactured recorders. 

Meeldijk is reliability maintainability engineering 
manager, Diagnostic/retrieval Systems, Inc. 

22 Electronic Servicing & Technology May 1987 

www.americanradiohistory.com



Other early home recorder de- 
signs, now obsolete, included the 
VX format, marketed as the Great 
Time Machine by Quasar Electron- 
ics (a division of Matsushita) and 
the V -Cord system developed by 
Sanyo. The latter, while using two 
video heads for full field recording, 
stretched the machine capability to 
two hours by using 1 -head helical 
scanning and skip -field recording. 

Total VCR sales to dealers, ac- 

cording to the Electronic Indus- 
tries Association, were 252,981 
units the week of Sept. 13 to Sept. 
19, 1986. This was a 3.7% increase 
compared with the sales for the 
same week in 1985. Of this num- 
ber, 231,765 were VCR decks and 
21,216 were camcorders (in 1985 
516,698 camcorders were sold, 
with 1,168,768 sold to dealers in 
1986, a 23% increase). It was pro- 
jected that 13.8 million recorders 

All recorders-including 
VHS, Beta, 8mm, and VHS- 
C-have the same elements. 
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There is much controversy 
as to when, and if, periodic 

head cleaning for VCRs 
is necessary. 

Figure 2. If one video head becomes inoperative, the effect is a combination of a bad 
image and lots of snow. See page 25. 

would be sold to dealers in 1986 
(7.6 million were sold in 1984 and 
11.8 million in 1985) and that a 
projected 14 million households 
were expected to have VCRs (34.4 
million VCRs.) The projections 
were close: nearly 13.2 million 
VCRs were sold to dealers in 1986. 
Forty percent of the households 
now have VCRs. 

VCR maintenance percentages 
An Electronic Industries Associ- 

ation study of VCR owners who in- 
dicated that they had required 
servicing, 32% reported that the 
reason for servicing was head 
cleaning, 15% for repair of the re- 
wind mechanism and 11% for head 
replacement. If 11% of machines 
require service (as noted in the 
January 1987 issue of Consumer 
Reports, from a survey of readers 
with machines purchased between 
1982 and 1985), then 21.2 million 
recorders (from the figures given 
above) times 11% (of recorders 
brought in for servicing) times 
32% (recorder service for head 
cleaning) equates to more than 
746,000 recorders requiring clean- 
ing in early 1987 alone. 

It is expected that these percent- 
ages will increase with the use of 
camcorders, which are exposed to 
harsher environments than exper- 
ienced in the home (mechanical 
shocks, dust, sand, moisture and 
excessive heat). VCR damage also 
can be a result of cassette tape 
damage. In tests done by the U.S. 
Naval Avionics Center, and by 
manufacturers using recorders in 
military applications, it has been 

found that the magnetic tape will 
stretch. The tape may be perma- 
nently damaged when used at tem- 
peratures in excess of 60°C, and 
the videocassette case may warp 
when subjected to an 85°C storage 
temperature. When the tape 
stretches, the oxide particles will 
flake off into the VCR mechanism. 
Should the cassette warp excess- 
ively it may become jammed inside 
the recorder, which will then re- 
quire service to remove. 

The videocassette 
recorder mechanism 

All recorders, including VHS, 
Beta, 8mm and VHS -C, have the 
same basic elements: tape guide 
rods, cylinder (or drum or scanner) 
assembly, record heads (audio/vid- 
eo), control (or servo) head and 
erase heads. The audio, servo and 
erase heads resemble those heads 
found on audiotape recorders but 
the video (and hi-fi audio) heads 
are different. 

The typical video head is a tiny 
electromagnet made up of two 
pieces of ferrite material and ultra 
fine (1/1,000 inch) magnet wire 
(Figure 1, page 22, shows the con- 
struction of a typical video head). 
Early machines have only two 
video heads, as do currently of- 
fered inexpensive VCRs. Some of 
the new machines have as many as 
five heads: two for the 2 -hour 
mode, 2 for the 4/6 -hour modes 
and one for still -field playback. 
Other machines have four video 
heads and two heads for hi-fi audio 
recording. The index head, used to 
find tape segments in fast forward 
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or rewind, is not located on the 
video drum and is located in the 
tape path for tape fast forward/re- 
wind where no video playback is 
necessary. 

Video heads are located on the 
video drum and two heads, diamet- 
rically opposite each other, are 
used at one time (for a given tape 
mode) to record a program. The 
head gap on a VHS machine is ± 60 
from perpendicular, and ± 70 from 
the perpendicular for Beta format 
units. 

This recording scheme, called az- 
imuth recording, makes it possible 
to elminate spaces or guard bands 

between tracks because a head 
cannot pick up a signal from the 
differently angled pattern made by 
its counterpart head. Should one 
head become clogged with magnet- 
ic oxide particles, filling the head 
gap and shorting out the video 
signal, the effect is a combination 
of a bad image and lots of snow 
(see figure 2, page 24). 

The video heads (and hi-fi heads 
if present) rotate at 1,800rpm. In 
the SP (or 2 -hour mode) the tape is 
drawn at a linear tape speed of 
1.33 inches per second, which re- 
sults in a relative head -to-tape 
speed of over 220 inches per sec - 

Figure 3. This photo shows a magnified image comparing a new video head (left) with 
a worn head (right). The new head protrudes 0.0019 inches beyond the head drum, 
while the worn one only protrudes 0.0005 inches. The line between the two, 0.002 
inches wide, will give some idea of the magnitudes being shown. The color inset is a 

closeup of the video head that will give some Idea of the angle from which the head 
wear photos were taken. See page 26. 

REDUCE 
YOUR COSTS... 
INCREASE 
YOUR 
PROFITS... 

nommumr 

( 1411111111 

WITH THE PRB 
BELT SYSTEM 

PROJECTOR -RECORDER BELT of- 
fers you the world's most complete 
inventory of replacement belts for all 
types of electronic equipment 
including... 

VIDEO RECORDERS 
COMPUTER PERIPHERALS 
TURNTABLES 
CASSETTE RECORDERS 
PROJECTORS 
8 -TRACKS 
145 VIDEO BELT KITS 

PRB has the replacement belt you 
need in just the right shape and size. 
PLUS the PRB system helps you find 
your replacement belt easily and fast 
for maximum convenience that 
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PRB...THE SOURCE FOR 
OVER 10,000 ELECTRONIC 
COMPONENTS 
We stock a wide variety of electronic com- 
ponents. These are all high quality elec- 
tronic components at everyday low prices 
backed by service you can depend on. 
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IN WISCONSIN 1-800-242-9553 
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IN CANADA CALL COLLECT: 1.613/225-5003 
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and (for Beta machines with differ- 
ent cylinder, or drum, size the rela- 
tive speed is 273.2 inches per sec- 
ond). For each hour of recording 
time, each head travels the equiva- 
lent distance of seven miles. 

Video heads have a life of be- 
tween 1,000 and 3,000 hours. The 
1,000 -hour figure is based upon the 
use of non -name brand or unli- 
censed tapes that may be more 
abrasive than high quality tape, 
.and which may even damage the 
VCR heads, according to a Con- 
sumer Reports video tape report, 
November 1986. 

It is difficult to judge head wear 
with the naked eye because the 
head protrusion between a worn 
head, which could fail anytime, is 
0.0004 inches and the head protru- 
sion of a new head is 0.0020 inches. 
Figure 3, page 25, shows two video 
heads, one worn and one new. The 
line between the heads is 0.002 
inches thick, or the thickness differ- 
ence between a worn and new head. 
To further illustrate the small 
measurements involved, Figure 4 
shows a video head vs. a 1 -cent 
piece. It is easy to see why special 
tools such as a head protrusion 
gauge should be used to adequate- 
ly measure head wear (Figure 5). 

VCR cleaning/maintenance 
intervals 

There is a great deal of contro- 
versy as to when, and if, periodic 
head cleaning for VCRs is neces- 
sary. Some manufacturers recom- 
mend that no cleaning be done un- 
less video degradation occurs. 
Cleaning intervals between 200 
hours to 500 hours have been rec- 
ommended by some service texts, 
and makers of head cleaners rec- 
ommend anywhere from 6-, 20-, 
40- or 100 -hour intervals. 

The following guidelines are 
given for recorders used for busi- 
ness or commerical purposes 
where it is critical that they work 
when they are needed. Cleaning 
interval is 200 hours, when there is 
no control over the quality of tape 
used or the environment the ma- 
chine is exposed to. Before any 
maintenance or cleaning is at - 

Figure 4. The size of this video head compared to the size of this penny's lettering 
gives a pretty good idea of how small the head is, and why special tools are required. 

VCR cleaning method 
There are a few distinct categories of cleaning methods: 
Dry cassette tape cleaners that use unpolished or partially polished re- 

cording tape, or employ a wiping action 
Wet cassette -type cleaners that use a soft synthetic, or chamois, clean- 

ing ribbon in a cassette housing which is moistened by a cleaning solution 
Chemical, cleaning aerosol sprays 
Lint -free swabs (such as foam) and a cleaning solution. The pinch rollers, 

heads and other parts of the tape transport mechanism are individually 
cleaned using a moistened swab. 

Only the last method is recommended as this is the only way to 
thoroughly clean the VCR mechanism. Unpolished tape is abrasive and 
leads to additional head wear. The wet -cleaning cassette may leave fibers 
on the video leads from the cleaning ribbon and Freon aerosol sprays may 
create a rapid temperature change of the head resulting in head damage 
from the different temperature characteristics of the epoxy, ferrite, brass 
and copper materials used in the head. Epoxy failure will allow the ferrite to 
crack or the head gap to open, either of which results in a head failure. 

VCR cleaning procedure 
To clean a VCR follow these steps: 

Make sure the machine is turned off and does not have a cassette in it. 
Unplug the unit from ac power. 

Remove the top cover of the machine to gain access to the tape transport 
mechanism. 

Moisten a tintless (foam or chamois) cleaning swab with a cleaning solu- 

Figure 6. Use a lintless swab and the recommended solvent to clean video heads. 
Rub the heads only in the direction of tape movement. Use of up-and-down motions 
may damage the fragile heads. 
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Figure 5. A head protrusion gauge such as the Tentel HPG-1 accurately measures 
head wear and lets you know when a head needs to be replaced. 

tion. (Methyl alcohol does the best job but can be a health hazard. Other 
solvents are isopropyl alcohol, DuPont Freon TF or trichlorotrifluorethane 
and alcohol). 

Clean the video heads by applying five or six strokes of gentle back -and - 
forth motion in the tape path direction. Rotate the head drum assembly by 
hand. Touch the top and not the sides of the upper drum to do this, to ex- 

pose the total surface to be cleaned (See Figure 6). 

Clean the rest of the tape path (Figure 7 shows a typical VHS tape path) in 

a similar manner. Be sure to clean the audio/servo head, erase head, tape 
guides, pinch roller, capstan shaft assembly and the index head (if used). 

Do not 
use a cotton swab, as it may leave lint particles. 

Do not 
apply vertical cleaning strokes. Motion in other than that of normal tape 

path motion can damage the very fragile heads. 
Do not 

use acetone, MEK or other strong solvents. They may dissolve the var- 
nish insulation from the head magnet wire coils. 
Do not 

use Freon aerosol sprays that can create a rapid temperature change of 
the head assembly which can result in head damage. 

FIGHT TAPE GUIDE NOD 

LEFT TAPE GUIDE NOD MONT GUIDE ROLLEN 

LEFT GUIDE ROLLER / 

ERASE HEAD 

LOOP SETTER 
GUIDE ROLLER 

BACK TENSION POLE 

AUDIDICTL HEAD 

UPPER HEAD DRUM 

AUOIOICTL HEAD 
FIXED HOLLER 

Figure 7. Cleaning the entire tape path, 
as shown here for VHS machines, will 
keep the unit operating properly. (Illustra- 

tion courtesy of Photo-Sonics, from its technical 

manual.) 

PINCH ROLLER 

CAPSTA AF 

The Fluke 8060A 41/2 -digit 
handheld multimeter. 

It's the best tool you could add to your tool 

pouch, because it lets you troubleshoot more 

...with less. 

This portable, powerful instrument has a 

unique combination of features not available 
in any other handheld DMM. 

A simple push of a button on the Fluke 

8060A lets you measure frequencies to 200 

kHz, make relative offset measurements, con- 
vert voltages to direct reading decibels, or 

conduct audible continuity tests. Plus the 

8060A offers wideband True RMS ac meas- 

urement capability to 100 kHz. 

So say goodbye to your part-time counters, 

oscilloscopes, continuity testers, calculators 
and power supplies. And welcome a full-time 
professional that'll be there when you need 't. 

You'll find that for troubleshooting every- 

thing from motor controls to data communica- 
tions equipment, the Fluke 8060A is the best 

multimeter value going. 
Find out more by calling our toll -free hot- 

linel-800-227-3800, ext. 229, day or night. 

Outside the U.S. call 1-402-496-1350, 
ext. 229. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 
© 1986 Fluke 
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ELENCO PRODUCTS 
AT DISCOUNT PRICES! 

;I.` 
,414'-1;I_iI, 

. 
20 MHz Dual Trace Oscilloscope 

$349.95 MO -1251 
Two lx, 10x 100 MHz probes, diagrams 
and manual included. Write for specs. 

35 MHz $499.95 MO -1252 

GF -8016 Function Generator 
with freq. counter 

1 
$219.95 

Sine, Square, Triangle 
Pulse, Ramp, .2 to 2 MHz 
Frequency .1 thru 10 MHz 

GF -8015 without freq. meter $169 

Triple Power Supply XP -660 

0-20V@1A 
0-20V @ lA hike _ , -- 

5V@5A 

$149.95 
Fully regulated, short circuit protected 
with 2 limit cont. 3 separate supplies 

3 Amp Power Supply XP -650 

_- -- __ 0-40V @ 1.5A - 
¿ I 

0-20V @ 3A 

*am. 3 1 $119.95 
Fully regulated, short circuit protected 
current limit control 

Color Convergence Generator 

SG -200 

4Lill 
LU - $69.95 

' Finest in the industry 
10 rock steady patterns 

Multimeter with Capacitance 
and Transistor Tester 

Model CM -1500 i' 
$64.95 11 

Reads volts, ohms, current, ' l- . c 

capacitors. transistors, diodes''''''''" 

Digital LCR Meter $148.95 
iri 

,8401 
Model LC -1800 
Measures: Inductors 
Capacitors, Resistors 
Inductors .1uH to 200H 
Capacitor .1Pf to 200uF 
Resistor .01 Ohms to 20M Ohms 
Ranges 6 Ind, 7 cap, 7 res 

C&S Sales, 8744 W North Ter. 1MM 
Niles. IL 60648 800-292-7711 min 
312-459-9040 ASK FOR CATALOG 
Add 5% P&H ($10 Max per item) iw.,.:c.,a, 
IL Res., add 7% sales tax 
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Figure 8. Moving parts should be 
lubricated only as recommended by the 
manufacturer with the lubricant recom- 
mended. Be sure to follow instructions 
carefully. (Illustration courtesy of Photo-Sonics, 
from its technical manual.) 

Figure 9. This illustration contrasts the tape configuration in a Beta VCR with that of 
a VHS VCR. Note that because of the shape of the tape path, the Beta configuration 
is called omega(52) wrap and the VHS configuration is called inverted M, or W wrap. 

tempted, however, the manufac- 
turer service manual should be 
checked. Do not lubricate or clean 
any part unless it is recommended 
by the manufacturer (sealed bear- 
ings, for example, do not require 
any lubrication). 

Video head replacement is at 
1,000 -hour intervals, audio/servo 
and erase heads at 4,000 -hour in- 
tervals. (According to a Consumer 
Reports survey in January 1987, 
only 2% of machines purchased 
from 1982 to 1985 have had the 
heads either repaired or replaced.) 
Lubrication of the tape guides (us- 
ing a 90 -weight graphite grease 
type MX90, or the manufacturer 
recommendation) should be per- 
formed when the heads are re- 
placed. Belts are replaced at 
2,000 -hour intervals (or during 
each head replacement for critical 
applications). This is for rubber 
and not special film belts made of 
Kapton, Mylar or similar mater- 
ials. Pinch rollers should be in- 
spected every 500 hours and are 
replaced every 4,000 hours. Pulley 
bearings, made of brass/bronze 
materials, wear out faster than 
other parts of the recorder and are 
replaced every second head re- 
placement (1,500 hours to 2,000 
hours). 

Head degaussing for the video or 
hi-fi heads is not necessary as 
these heads are made of ferrite 
materials. Although head degauss- 
ing of the other heads and tape 
guides often is not mentioned in 
service manuals, it should be part 
of the maintenance done when the 
video heads are replaced. Degauss- 
ing is rarely necessary; it is con- 
sidered necessary when there is a 
consistent loss of several lines of 
video. 

These fairly short maintenance 
intervals, when compared to a 
500 -hour cleaning and 3,000 -hour 
head life ensure that the recorder 
is operational when needed for 
critical recording situations. 

Following the guidelines pre- 
sented in this article will assist in 
keeping any VCR in peak opera- 
tion condition. 

M 

The author would like to 
acknowledge the assistance 
of Mr. Wayne Graham, of the 
Tentel Corporation, Camp- 
bell, CA, and Mr. Philip Kiel 
of Photo-Sonics Inc., Bur- 
bank, CA, for supplying some 
of the information used in 
this article. 
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These Photofact folders for TV receivers have been released by Howard W. Sams since ES&T's last report. 

JCPenney 
685-2511-00 (855-0535) 2486-1 

MAGNAVOX 
RG4049S L 

SYLVANIA 
Chassis 25C508/09/11/16/47/48/49 2484-1 

TEKNIKA 
2481-1 Chassis ECC -1507 2481-2 

PANASONIC 
CTF-1952R, CTG -1952R, CTG -1952R-1 2485-1 

PANASONIC 
CTG -2059R, CTG -2059R-1 2483-2 

PANASONIC 
CTG -1349R, CTG -1362R 2487-1 

PHILCO 
Chassis 19C301 thru 19C320 2487-2 

SONY 
Chassis SCC648Z-A, SCC552V-A 2483-1 

TEKNIKA 
Chassis ECC -14247 2482-1 

TEKNIKA 
Chassis ECC -20460 2483-2 

TEKNIKA 
Chassis ECC -20473 2484-2 

TEKNIKA 
Chassis ECC -2801 2485-2 

WARDS 
GNB12995B, GNB17982C 2482-2 

NARDA 
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before 
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Special quote 
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$41.00 

$62.00/M 

$51.00/M 

$46.00/M 
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Special quote 
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$115.00 

$94.00/M 

$89.00/M 

$84.00/M 

$80.00/M 

Special quote 

Not available 

$125.00 

$99.00/M 

$94.00/M 

$89.00/M 

$84.00/M 

Special quote 

Not available 

$34.00 

$56.00/M 

$51.00/M 

$50.00/M 

$49.00/M 

Special quote 

Not available 

$38.00 

$60.00/M 

555.00/M 

$51.00/M 

$50.00/M 

Special quote 

$15.50/M $15.50/M $15.50/M $15.50/M $15.50/M $15.50/M 

$13.00 $13.00 None None None None 

Illinois residents add applicable sales tax 

Send 
all orders 

& inquiries to: 

NARDA, Inc. 
Attn: Forms Dept. 

10 E. 22nd St. 
Lombard, IL 60148 

or call toll -free 

1-800-621-0298 
(in Illinois, 312-953-8950) 
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NATIONAL ASSOCIATION 

RETAIL DEALERS 
OF AMERICA 
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ATTENTION! 

ELFCTRO!LC 

EARN YOUR 

B.S.E.E. 
DEGREE 

r 

THROUGH HOME STUDY 
Our New and Highly Effective Advanced -Place- 
ment Program for experienced Electronic Tech- 
nicians grants credit for previous Schooling and 
Professional Experience, and can greatly re- 
duce the time required to complete Program and 
reach graduation. No residence schooling re- 
quired for qualified Electronic Technicians. 
Through this Special Program you can pull all of 
the loose ends of your electronics background 
together and earn your B.S.E.E. Degree. Up- 
grade your status and pay to the Engineering 
Level. Advance Rapidly! Many finish in 12 
months or less. Students and graduates in all 50 
States and throughout the World. Established 
Over 40 Years! Write for free Descriptive Lit- 
erature. 

COOK'S INSTITUTE 
OF ELECTRONICS ENGINEERING 

347 RAYMOND ROAD 
P.O. BOX 20345 
JACKSON, MISSISSIPPI 39209 

CIE 
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ATTENTION 

TECHNICIANS 

* JOB OPENINGS 

* MONTHLY TECHNICAL 

TRAINING PROGRAM 

* BUSINESS MANAGEMENT 

TRAINING 

* LOW COST INSURANCE 

* CERTIFICATION 

* TECHNICAL SEMINARS 

All of this in a nonprofit 
international association 
for technicians 

FIND OUT MORE: 

iIlrÄ e 
ETA e 

604 N. Jackson St. 
Greencastle, IN 46135 

Application Note 
on making video measurements 

From Tektronix comes a tutorial 
on video measurements that also 
details many advanced measure- 
ment methods. Definitions of video 
waveform terms are provided in 
Part I of this 16 -page application 
note, "Video Measurements Using 
2445A and 2465A Oscilloscopes 
with Television Triggering". Part 
II details triggering, line/sync pro- 
tocols, and specific methods of 
making amplitude and timing 
measurements. A section covers 
measurement automation using 
built-in oscilloscope features for 
automatic setup, settings SAVE/ 
RECALL, and measurement step 
sequencing. 
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Simplified TV service guide 
This simplified TV servicing 

guide developed by Sencore is for 
everyone with questions about in- 
creasing their servicing produc- 
tivity and capabilities. Titled 
"VA62 Simplified Operating 
Guide," it takes a step-by-step proc- 
ess to teach signal injection, a quick, 
profitable method of servicing. 

Once the guide is completed, a 
self -test is provided that can be 
sent back to the factory for grad- 
ing. Upon the user's successful 
completion of the exam, a Sencore 
Video Troubleshooting Certificate 
will be issued. 

The VA62 Simplified Operating 
Guide is valued at $20 but is being 
offered during the introductory 
period at no charge. 

Circle (126) on Reply Card 

Track kit literature 
A 4 -page brochure from Auto- 

mated Production Equipment fea- 
tures its complete line of circuit re- 
pair kits and materials. 

Highlighted is a Combat circuit 
repair kit that includes virtually 
every item necessary to repair, re- 
build or remanufacture a damaged 
circuit board. This kit is designed 
for remote applications where the 
user must be self-sufficient. 
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Tools and equipment 
The catalog 87 -DTI -8 from Davie 

Tech features 36 pages of tools and 
equipment for electronic and 
telecommunications manufactur- 
ing, field service and labs, as well 
as schools and hobbyists. The 
catalog includes wire -wrapping 
tools, testing and troubleshooting 
tools, assembly products and aids 
of various types. 
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Bimonthly sales brochure 
Metric Mart, Metric Resources' 

periodic 36 -page presentation of 
name brand, previously rented 
electronics equipment, carries the 
guarantee that all equipment is 
tested, calibrated and inspected in 
state-of-the-art metrology labs pri- 
or to delivery. There also is a full 
90 -day warranty, according to the 
company, which is the sales divi- 
sion for Leasametric, Inc. The 
$100 -million -plus inventory in- 
cludes general purpose, industrial 
and telecommunications test 
equipment, microprocessor devel- 
opment systems and technical 
desktop computer/controllers. 
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Reference for technical books 
Omega Press, an OMEGA Group 

Company, announces the publica- 
tion of the Complete Handbook of 
Science and Technology Books. 
Known as the Book of Books, it is a 
one -stop source for ordering Eng- 
lish language texts from the 14 
leading science and technology 
publishers. 

More than 10,000 books are 
listed in OMEGA's Book of Books, 
along with scientific software and 
complete descriptions and prices. 
Publishers such as John Wiley, 
McGraw Hill, Van Nostrand Rein- 
hold, Academic Press, Pergamon, 
Hemisphere, CRC, Plenum, 
ASTM, Harper & Row, Macmillan 
and Prentice Hall are fully 
represented. 

Books in 16 subject categories 
including all engineering disci- 
plines, the sciences, mathematics 
and computer science are listed 
with competitive prices, and prom- 
ised with fast delivery. 
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DELIVERY IS THE MOST IMPORTANT 
FUNCTION OF A PARTS DISTRIBUTOR. 

BUT IT'S NOT ENOIIJ. 

Ag11.1TY r3 ellri 
UORT 

(1.13M-IriG 
MATSUSHITA AUTHO ' 1 F' ED PARTS -LI 

Some distributors are quick to , is íff teolace- 

ment electronic parts. But they ma e right parts. 

That's never a problem when you p your trust in a Matsushita Au- 

thorized PARTS -LINK" Distributor-your best source for Panasonic, 

Technics and Quasar original replacement parts. For basic stocking, 

each distributor maintains over 1,000 of the most 

demanded part numbers for off -the -shelf 
delivery. Even if the part you need isn't so 

common, your Matsushita distributor is tied 

into our exclusive PARTS -LINK" network, 

tracking over 385,000 part numbers, so that 

we can locate the part you need, lock in the 

order, and deliver it-if overnight delivery is 

requested to your doorstep within 24 hours. 

They can even cross-reference these original 

TM 

IBUTORS. BECAUSE IT PAYS TO BE SURE. 
replacement ,arts to other Matsushita built products so that you 

can retain the high quality and reliability of Matsushita's design. 

THE DIFFERENCE BETWEEN A PROMISE KEPT, AND A 
PROMISE BROKEN. 

Your Matsushita Authorized PARTS -LINK'" Distributor isn't 

authorized by accident; each has met (and 

continues to meet) stringent requirements to 

ensure fast, courteous and responsive ser- 

vice backed by Matsushita's replacement 

parts warranty. 

The right part at the right time from the 

right source. For the name and location of 

your Matsushita Authorized PARTS -LINK" 
Distributor- contact us at the address below. 

YOUR SOURCE OF CONFIDENCE. 

araLILL'LL 
50 Meadowland Parkway, Secaucus, NJ 07094 
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Using a small transformer 
to get special ac voltages 

Figure 1. Connecting a small transformer like this will allow you to increase or 
decrease incoming line voltage by the transformer's output voltage (120V in this 
case) to test equipment response to undervoltage/overvoltage conditions. If you 
would use a unit such as this frequently, it would be best to build it into a case and 
add a double -pole on/off switch, and a line fuse and indicator light. Add a duplex 
receptacle as output and you have a handy, versatile unit. Connect it to the incoming 
line via a 1:1 isolation transformer for safety. 

THE LOW -VOLTAGE TRANSFORMER 

Primary Secondary 
Volts 120.00 12.00 
Amps .10 1.00 
Volts x 12.00 12.00 
Amps 

Figure 2 table. 

Figure 2. In a transformer, the power consumed in the load is equal to the power 
measured in the primary, less transformer losses. The voltage step-down ratio 
equals the current step-up ratio. 

By Arthur G. Hansen, P.E. 

When an equipment test requires 
a special ac line voltage, you can 
save time and money if you know 
how to connect a small rectifier 
transformer or control transformer 
to do the job. Here's how. 

Using special ac voltages 
Almost every technician or ex- 

perimenter needs a non-standard 
ac line voltage from time to time. 
To check a unit's performance at 
low and high line voltages, or to 
operate a piece of equipment from 
a supply voltage different from the 
nameplate value, it helps to know a 
simple, inexpensive way to get 
special ac line voltages. While 
special transformers or adjustable 
autotransformers will do the job, 
they can be expensive or just not 
available. Instead, you can use a 
low -power rectifier or control 
transformer. With its low voltage 
secondary winding connected to 
aid or oppose the line voltage, it 
can provide a simple, low-cost 
solution. 

The buck -boost transformer 
To get an ac line voltage that is 

more than or less than the stan- 
dard value, you can just connect 
the secondary winding of a trans- 
former so that its voltage adds to 
(boosts) or subtracts from (bucks) 
the ac line voltage. The buck/boost 
transformer will be smaller than a 
regular line -to -line isolation trans- 
former, and cheaper than an ad- 
justable autotransformer. 

A setup that can change the 
120V ac line by plus or minus 10% 
is good enough for many equip- 
ment tests. A schematic for a volt- 
age changer is shown in Figure 1. 
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Figure 3. If the load were a pure linear 
resistance, bucking/boosting the input 
voltage by 10% would result in the 
change in output current and power 
shown in the table. 

This circuit uses a transformer 
with a primary winding rated at 
120V ac and a center -tapped sec- 
ondary winding of 24V. A switch 
connects the load device to one of 
the following: 
1. Directly to the input ac line 
voltage 
2. The line voltage boosted by one 
12V side of the transformer secon- 
dary (one-half) 
3. The line voltage bucked by the 
other 12V half of the secondary. 

With 120V input, the switch 
selects 120V, 132V (120+12), or 
108V (120-12). 

The buck/boost transformer sup- 
plies only a fraction of the total 
output power, so most of the 
power to the load comes directly 
from the ac line. In comparison to 
a full transformer, the buck/boost 
transformer is not only smaller 
and cheaper, but easier to select. 

The method has two limitations: 
1. There is no electrical isolation 
between input and load. For safety 
reasons you should use a 1:1 isola- 
tion transformer and connect the 
buck/boost system to its output. 
2. The output voltage changes in 
steps, and is interrupted every 
time the selector switch setting is 
changed. 

If your application can tolerate 
this, then a buck/boost trans- 
former probably can do the job. 

How it works 
To see how the arrangement 

works, let's first review some basic 
principles of transformers. The 
first rule is: 
Input power equals output power. 

Condition 
Normal 
Ten percent low 
Ten percent high 

R = 120 OHMS 

Volts 
120.00 
108.00 
132.00 

Current Power 
= V/R Amp 

1.00 
.90 

1.10 

Figure 3 table. 

= Vxl Watt 
120.00 
97.20 

145.20 

CALL TOLL FREE 800_824_2873 
Include work address and phone 
number for Free Product Guide 

SCOPES 

IWATSU ® 
All 14 models in stock 

D 2-3 year warranties 

D 20-250 MHz 

MODEL PRICE 
5702 $ 535 

5705 

5706 

5710 

5711 

$ 899 

$ 749 

$1245 

$1695 

5712 $2999 

HITACHI V-509 
Portable Dual Trace Scope 

SALE $1199 
LIST 5139900 

DC -50 MHz 

Lightweight 
High Sensitivity and 
Fast Sweep Timer 
Delayed Sweep 

HITACHI ghHitachi 
Denshi America. Ltd. 

All 20 models in stock 

2-3 year warranties 

20-100 MHz 
MODEL PRICE 

1050 $1299 

509 $1199 

VC 6041 $4400 

422 $ 690 

1100 $1900 

650 

V209 

1070 

1100A 

$ 930 

$ 725 

$1595 

$2490 

V222 $ 550 

DIGITAL 
MULTIMETERS 

BECKMAN 
Beekman industried 

All 300, HD, and 
Circuitmate series 
All accessories in stock 

MODEL PRICE 
HD100 

HD110 

HD130 

HD140 

300 

310 

320 

330 

350 

360 

4410 

$169 

$189 

$239 

$259 

$120 

$145 

$179 

$219 

$229 

$289 

$239 

FLUKE 
Autorange 

D Touchhold function 
D 0.3% accuracy 
D Heavy duty D Analog display 

FLUKE 

MODEL PRICE 

73 $ 79 

21 $ 99 

25 $229 

8010A $279 

80208 $199 

8024B $249 

MODEL PRICE 

75 $ 99 

23 $145 

27 $259 

8012A $359 

8022B $154 

8050A $389 

FLUKE 77 

SALE 
$119 
LIST '13900 

Analog/Digital 
Multimeter 

POWER SOURCES 

POWER DESIGNS 
D Low and high voltage 

power sources 
D 1-5 year warranties 

MODEL 
2020B 

2K20 

4050 

6150 

TW5005W 

TW6050A 

TW347 

TP340 

TP343A 

PRICE 
$750 

$695 

$660 

$725 

$595 

$880 

$695 

$750 

$795 

We also carry a full line of Sola uninterrupted Power Sources. 

USED TEST EQUIPMENT, TOO!-OVER 3,000 MODELS 
AVAILABLE AT HUGE DISCOUNTS WITH WARRANTIES! 

Quantity Discounts Available Dealers Welcome Freight and Tax Extra Immediate Availability of Equipment 

United States 
Instrument Rentals, Inc. 

A U S Leasing Company 
2988 Campus Drive 
San Mateo, CA 94403 
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BOOST ARRANGEMENT 

Transformer 
Load Secondary Primary Total 

V 132.00 12.00 120.00 120.00 
1.10 1.10 .11 1.21 

VxI 145.20 13.20 13.20 145.20 

Figure 4A table. 

BUCK ARRANGEMENT 

Transformer 
Load Secondary Primary Total 

V 108.00 12.00 120.00 120.00 
.90 .90 .90 .81 

V x I 97.20 10.80 10.80 97.20 

Figure 4B table. 

Figure 4. When the transformer is connected to boost the line voltage (A), the load 
draws more current. When the transformer is connected to buck the line voltage, the 
load draws less current. In both cases, the transformer rule, output power equals in- 
put power, is obeyed. 

This is because we are just trans- 
forming the input power from the 
transformer primary to the sec- 
ondary. Except for small losses in 
the transformer, all of the primary 
input power appears on the sec- 
ondary output. 

The input and output powers are 
just the products of volts and 
amps. Figure 2 shows a trans- 
former with a 120V primary and a 
12V secondary. The table shows 
the primary and secondary 
voltages and currents when the 
secondary is connected across a 
1251 load. 

Because the volt-ampere prod- 
ucts of primary and secondary 
must be equal, we now have the 
second rule for transformers: 

The voltage step-down ratio 
equals the current step-up ratio. 
Suppose, for example, that you 

have a device that normally draws 
a current of lA from the 120Vac 
line. You want to test this unit at 
line voltages that are approx- 
imately 10% higher and 10% lower 
than normal. Because the device 
draws lA from 120Vac, you can 
represent it as a 12051 resistor. 
Under normal, low and high line 
voltage conditions, the table in 
Figure 3 shows what you would 
measure if you took current and 
power readings in the circuit of 
Figure 3. 

To test the unit, connect the low 
voltage secondary winding of our 
12V transformer in a boost (volt- 
age -adding) and a buck (voltage - 
subtracting) arrangement. 

Increasing the output voltage 
Suppose that the transformer of 

Figure 2 is connected as in Figure 
4(A). Notice that the load resistor 
of 12052, which would draw lA 
from 120V draws more current 
when the voltage it is connected to 
is boosted. Note the voltage, cur- 
rent and power values in the 
Figure 4A table. 

The table of numbers illustrates 
the basic transformer rule: 

Transformer output power 
equals transformer input power. 
Because the voltage ratio is 10:1 

(120:12), the current ratio is 1:10 
(0.11:1.1). 

With this arrangement the 
load is operating at 132V, supplied 
from a 120Vac line. 
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Decreasing the output voltage 
You can reduce the 120V to 

108V for low voltage testing by 
connecting the secondary winding 
of the transformer so as to buck, 
or oppose, the input voltage. This 
is shown in Figure 4B. 

With this arrangement, you'd 
get the measurements shown in 
the table of Figure 4B. 

Here again, the basic trans- 
former rules are obeyed. The main 
difference from the "boosting" ar- 
rangement is that the transformer 
current flowing in the 120V wind- 
ing subtracts from, rather than 
adds to, the total input current. 

NOTE: You have to find out ex- 
perimentally how to hook up the 
secondary winding. To do this, 
first identify and mark the pri- 
mary and secondary connection 
points. Then, connect one lead of 
the secondary winding to the pri- 
mary and measure the combined 
output voltage. If it is greater than 
the input, you've found the boost 
connection; the buck connection is 
just the reverse. 

Practical considerations 
in transformer selection 

Selecting a transformer for a 
boost/buck arrangement is not 
critical. Even a rough estimate of 
your requirements is good enough 
as long as the low -voltage wind- 
ing of the transformer has approx- 
imately the right voltage, and 
that it has enough current capacity 
to handle the load current. For 
these examples, almost any trans- 
former with a 12V, lA secondary 
will work. 

See how this might work in a 
practical case. You need to run a 
quick, one-time buck/boost test. 
You've determined that you need a 
transformer with these character- 
istics: 

Primary voltage 
Secondary Voltage 
Secondary Current 

120V 
12V 

1A 

Going through your collection of 
old salvaged transformers, you 
find one that has a 10V, 1.5A sec- 
ondary. The current rating is ade- 
quate, but here is how you would 
check the voltage: 

Exclusive, triple patented dynamic 
cap and coil analyzing ... guaranteed 
to pinpoint your problem every time 

or your money back 

with the all new LC75 "Z METER 2" 
Capacitor Inductor Analyzer 

Patented $995 

The "Z METER" is the only LC tester that enables you to test all 
capacitors and coils dynamically - plus, it's now faster, more 
accurate, and checks Equivalent Series Resistance (ESR) plus 
small wire high resistance coils. 
Eliminate expensive part substitution and time-consuming shotgun- 
ning with patented tests that give you results you can trust every time. 
Test capacitor value, leakage, dielectric absorption, and ESR dynamically; 
with up to 600 volts applied for guaranteed 100% reliable results - it's 
exclusive - it's triple patented. 
Save time and money with the only 100% reliable, in- or out -of -circuit 
inductor tester available. Dynamically test inductors for value, shorts, and 
opens, automatically under "dynamic" circuit conditions. 

Reduce costly parts inventory with patented tests you can trust. No 

more need to stock a large inventory of caps, coils, flybacks, and IHVTs. 
The "Z METER" eliminates time-consuming and expensive parts substitut- 
ing with 100% reliable LC analyzing. 

Turn chaos into cash by quickly locating transmission line distance to 
opens and shorts to within feet, in any transmission line. 

Test troublesome SCRs & TRIACs easily and automatically without 
investing in an expensive second tester. The patented "Z METER 2" even 
tests SCRs, TRIACs, and High -Voltage Diodes dynamically with up to 600 
volts applied by adding the new SCR250 SCR and TRIAC Test Accessory 
for only $148 or FREE OF CHARGE on Kick Off promotion. 

To try the world's only Dynamic LC Tester for yourself, CALL TODAY, 
WATS FREE, 1-800-843-3338, for a FREE 15 day Self Demo. 

Call Today Wats Free 1-800-843-3338 

SENCORE 
3200 Sencore Drive 
Sioux Falls, SD 57107 
605-339-0100 In SD Only 

innovatively designed 
with your time in mind. 
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9.0A 10.0A 

240V 

o 

1.0A 

10.0A 

120V 

24V 

120V 

1 

216v 

L 
o 
A 
D 

Input Transformer Output 
Primary Secondary 

Volts 240.00 240.00 24.00 216.00 
Amperes 9.00 1.00 10.00 10.00 
Volt -Amps 2,160.00 240.00 240.00 2,160.00 

Figure 5 table. 

Figure 5. A dual 120V primary transformer can be connected to buck or boost a 240V 
line to test 240V equipment. 

Voltages Ideal Actual %Error 
Secondary 12.00 10.00 - 
Input 120.00 120.00 - 
Boosted 132.00 130.00 1.54 
Bucked 108.00 110.00 1.85 

The transformer secondary 
voltage of 10V is 20% less than 
your ideal value of 20V. However, 
the error in the total bucked and 
boosted voltages is less than 2%. 
You can use the 10V unit. General- 
ly, a transformer that is about 
right is good enough. 

Saving money 
Because the bucking or boosting 

transformer only handles a frac- 
tion of the total power, it is much 
smaller and cheaper than a con- 

ventional transformer. Consider 
another practical case, where you 
want to test an ac equipment rated 
at 10A at 208V. You have a 240V 
line, and you want to reduce this to 
208V. To get exactly 208V from a 
240V line, you would need a buck- 
ing transformer with a 240V pri- 
mary and a 32V secondary, rated 
at 10A. 

Suppose that it's a Friday after- 
noon and you want to finish the 
test before the weekend. You call a 
local supplier, but all that he has in 
stock is an industrial control trans- 
former with a l0A 24V secondary 
and a dual 120V primary (the dual 
primary means that the trans- 
former has two 120V windings). 
These can be connected in parallel 
for 120V or in series for 240V. If 
you connected this transformer ac- 
cording to Figure 5, you'd get the 
values of voltage, current and 
power shown in the table. 

The total output voltage is 216V 
rather than 208. You note, how- 
ever, that the error is only 8V in 
208, or about 4%. You decide that 
this is close enough and, after a 
quick trip to the supply house, 
you're ready for the test. 

Notice that the bucking trans- 
former has a volt-ampere product 
that is one -ninth of the full trans- 
former you would need. 

There is an additional plus to 
consider: A small transformer dis- 
sipates heat better than a larger 
one. Because of this, the size, 
weight and cost of the 240VA unit 
will be even less than one -ninth 
that of the 2,160VA unit. Also, the 
small buck/boost transformer not 
only saves money, but is easier to 
connect and mount. 

Buck/boost: inexpensive, simple 
When you need a special ac 

voltage for testing or operating a 
piece of equipment, consider ways 
to use a transformer with a low 
voltage secondary winding con- 
nected to boost or buck the 
primary voltage. This will be 
cheaper and simpler than using a 
transformer rated for the full load. 
Selection of the buck or boost 
transformer is generally not 
critical. For many applications, a 
suitable unit may be right there in 
the shop or readily available as a 
surplus unit. 
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Editor's note: Periodically Elec- 
tronic Servicing & Technology 
features books dealing with subjects 
of interest to our readers. Please 
direct inquiries and orders to the 
publisher at the address given, 
rather than to us. 

Electronic Test Instruments: 
A User's Sourcebook, by Robert 
Witte; Howard W. Sams, $14.95, 
272 pages, paperback. 

From simple meters to spectrum 
analyzers, the author covers prac- 
tical techniques and shortcuts for 
using the latest digital instru- 
ments involved with understand- 
ing designing and troubleshooting 
electronic circuits and systems. 
Technicians, hobbyists and ham 
radio operators will find it a useful 
tutorial and reference book. 

Request book No. 22483. 
Published by Howard W. Sams & Company, 
4300 W. 62nd St., Indianapolis, IN 46268; 
317-298-5400. 

It's YOUR Business, By William 
J. Lynott; Lynco Publications, 
101 pages, $14.95, paperback. 

This is a collection of 49 of the 
most popular columns from the 
series of the same name that ap- 
pears monthly in Appliance Serv- 
ice News. The author is publisher 
of the Service Dealer's Newsletter. 

"It's YOUR Business' is con- 
cerned with the nuts and bolts of a 
profitable servicing business. 

Pennsylvania residents, please 
add 90 cents sales tax. 
Published by Lynco Publications, 614 N. 
Easton Road, Suite 200, Glenside, PA 19038; 
215-886-3646. 

RS -232 Manual and Interfacing 
Guide, by Datatran, $5, 55 pages, 
softbound. 

A comprehensive manual for 
RS -232 interfacing and trouble- 
shooting has been produced for use 
by Datatracker users, but the 
wealth of information provided 
would be valuable to any techni- 
cian or training personnel. The 
55 -page manual includes chapters 
on RS -232 Background Informa- 
tion, and RS -232 Troubleshooting 
and Interfacing Techniques. 
Published by Datatran Corporation, 355 Yuma 
St., Denver, CO 80223; 303-778-0870. firiv 

Analyze defective waveforms 
faster, more accurately, and 

more confidently - every time 
or your money back 

with the SC61 Waveform Analyzer 
Patented $2,995 

If you value your precious time, you will really want to check 
out what the exclusively patented SC61 Waveform Analyzer can 
do for you. 10 times faster, 10 times more accurate, with zero 
chance of error. 
End frustrating fiddling with confusing controls. Exclusive ultra solid 
ECL balanced noise cancelling sync amplifiers, simplified controls, and 
bright blue dual trace CRT help you measure signals to 100 MHz easier 
than ever. 
Accurately and confidently measure waveforms from a tiny 5 mV 
all the way to a whopping 3,000 V without hesitation with patented 
3,000 VPP input protection - eliminates expensive "front end" repairs 
and costly equipment downtime. 
Make only one circuit connection and push one button for each 
circuit parameter test: You can instantly read out DC volts, peak -to -peak 
volts and frequency 100% automatically with digital speed and accuracy. 
It's a real troubleshooting confidence builder. 
Confidently analyze complex waveforms fast and easily. Exclusive 
Delta measurements let you intensify any waveform portion. Analyze 
glitches, interference signals, rise or fall times or voltage equivalents be- 
tween levels; direct in frequency or microseconds. 

Speed your digital logic circuit testing. Analyzing troublesome divide 
and multiply stages is quicker and error free - no time-consuming 
graticule counting or calculations. Simply connect one test lead to any test 
point, push a button, for test of your choice, for ERROR FREE results. 
To see what the SC61 can do for your troubleshooting personal productivity 
and analyzing confidence, CALL TODAY, WATS FREE, 1-800-843-3338, 
for a FREE 15 day Self Demo. 

Call Today Wats Free 1-800-843-3338 

1NCORE 
3200 Sencore Drive 
Sioux Falls, SD 57107 
605-339-0100 In SD Only 
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with your time in mind. 
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What do you know 
about electronics? 

More on the basics 
of infrared 

remote controls 
By Sam Wilson 

Figure 1. In parallel data transmission, same time over a data bus consisting of 
all bits of a data word are sent at the one path per bit. 

The basic idea of remote control 
is that a transmitter in the 
viewer's hand is used to send coded 
signals to the receiver (inside the 
TV set). The coded signals are 
used to turn the TV set on and off 
change the sound volume and ad- 
just the set in a number of other 
ways from the remote position. 

In the previous issue, I discussed 
the infrared diode and the pin 
diode. The infrared diode is used in 
the transmitter to convert coded 
electrical signals into coded in- 
frared radiation. The pin diode is 
used to receive the infrared signal 
and deliver it to the waveshaping 
and decoding sections in the 
remote controller -receiver. 

In the previous article, we dis- 
cussed, in block diagram form, the 
transmitter and receiver sections. 
In this article, we will look at some 
additional features of the coded 
signal, and a simple method of 
decoding signals in preparation for 
operating the TV controls. 

Transmission of data 
There are two basic ways in 

which data can be transmitted 
from one point to the other. For 
the parallel method shown in 
Figure 1, the individual lines are 
used to carry a coded signal. For 
the case shown, there are eight 
lines, so the data transmitted will 
consist of eight individual com- 
binations of ones and zeroes, all 
sent at the same time. 

Parallel transmission is the 
fastest method of transmitting 
data from one point to another. 
However, there are cases where it 
cannot be used; for example, 

Figure 2. In a serial data transmission, bits are sent one at a time via a single path and assembled into a word at the receiving 
end. Presence of a pulse represents a logic O. 
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when transmitting data over a 
telephone line. It would be 
necessary to have eight individual 
telephone lines to accomplish the 
parallel data transmission shown 
in Figure 1. 

Serial data transmission is ac- 
complished by sending one indi- 
vidual digit of a code at a time. 
This is illustrated in Figure 2. The 
clock is used to time the signals 
and move the data. In this case, 
the data consists of pulses that 
represent a logic 1, and absence of 
pulses that represent logic O. 

A disadvantage of data trans- 
mission shown in Figure 2 is that it 
is not possible to tell whether the 
pulse is missing because it was not 
sent or because the transmitter/ 
receiver combination was not able 
to convey the pulse from one point 
to another. 

Another way of sending data is 
shown in Figure 3. Here, a wide 
pulse is used to represent a logic 1 

and a narrow pulse is used to 
represent the logic O. In this case 
there is always a pulse present 
even though the digit 0 is being 
transmitted. 

There are many methods of 
sending data in serial form. In the 
previous issue we talked about 
pulse -code modulation. In that 
case, a binary code is used to 
represent various amplitudes of a 
signal for compact disc operation. 
The same technique can be used to 
represent and transmit data with a 
pulse code. 

The method shown in Figure 3 is 
the one often used for infrared 
remote controls. 

Serial -to-parallel conversion 
in the receiver 

The first thing that must be 
done in the receiver is to take the 
received pulses and shape them. 
That is necessary because the 
transmission system rounds the 
pulses and makes them useless for 
operating digital circuitry. So, the 
receiver amplifies the signal and 
shapes the pulses. These steps are 
not illustrated in this article. 

After the pulses have been 
shaped, they are converted into a 
parallel data word for convenient 
decoding. One method used to do 
this is to deliver the pulses into a 
shift register. 

Now test and restore every CRT on the 
market ... without ever buying 

another adaptor socket or coming up 
embarrassingly short in front of your 

customer ... or your money back 

with the new improved CR70 "BEAM BUILDERTM 
Universal CRT Tester and Restorer 

Patented $995 

Have you ever? 
Thrown away a good TV CRT, data display CRT, or scope CRT that 
could have been used for another two or three years because you had no 
way to test or restore it? 

Lost valuable customers because you advised them that they needed 
a new CRT when another technician came along and restored the CRT 
for them? 
Lost the profitable extra $35 or more that you could have gotten for 
restoring a CRT while on the job and locked in the profitable CRT sale later? 

Avoided handling profitable trade-ins or rentals because you were 
afraid you'd have to replace the picture tube when you could have restored 
it? 

Had a real need to test a CRT on the job, but didn't have the right 
adaptor socket or setup information in your setup book? 

If any of these things have happened to you, CALL TODAY, WATS FREE, 
1-800-843-3338, for a FREE 15 day Self Demo. 

"BEAM BUILDER" is a trademark of Sencore, Inc. 

Call Today Wats Free 1-800-843-3338 SNCOR 
3200 Sencore Drive 
Sioux Falls, SD 57107 
605-339-0100 In SD Only 
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with your time in mind. 
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Figure 3. This scheme of data transmis- 
sion differs from that of Figure 2 in that, 
here, a wide pulse represents a logic 1 

and a narrow pulse represents a logic 0. 

Figure 3. 

CLOCK r -- 

CODED 
PULSE 

1 

1 L 

TYPICAL 

SHIFT REGISTER 

Figure 4. A shift register accepts serial 
data one bit at a time and converts it into 
a parallel data word. 

CODE 

CODED DATA 

1 0 1 1 0 0 1 1 0 0 0 0 0 0 0 0 

1 0 1 1 0 0 1 1 o 0 0 0 0 0 0 

1 0 1 1 0 0 0 0 0 0 0 0 

1 0 1 1 0 0 1' 0 0 0 0 0 

1 0 1 1 0 0 1 0 0 0 0 

1 0 1 0 o 0 0 0 

1 0 1 1 0 0 1 0 0 

1 0 1 0 o 1 0 1 
J 

REGISTER FULL 0 0 0 1 

Figure 4. 

Figure 5. An EXCLUSIVE NOR gate has a 
logic output of 1 only if both inputs are 
the same (1 or 0). If the inputs are dif- 
ferent the output of the gate is 0. 

Figure 5. 
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Shift registers are made with 
flip flops. The actual circuitry will 
be discussed in another session at 
another time. The theory of the 
shift register is shown in Figure 4. 
In order to understand this il- 
lustration, you must know that a 
clock pulse is delivered to the flip 
flops in the shift register. Each 
time a clock pulse is delivered the 
data is moved one block to the 
right. (The clock pulse is not 
shown in Figure 4.) 

In Figure 4, the flip flops are 
shown as boxes in the shift regis- 
ter. The same shift register is shown 
nine times to illustrate the flow of 
serial data into the flip flops. 

In the first illustration, the shift 
register has all zeroes in the flip 
flops and the coded data has not 
started to enter. At the first clock 
pulse the right-hand digit (logic 1) 
of the coded data has entered the 
shift register in the first flip flop 
position. The last zero in the 
previous step has been discarded. 

In the next step the second digit 
(logic 1) is entered into the shift 
register. That moves the first digit 
to the right, and another zero has 
been discarded. 

The next illustration shows a 
zero entered into the shift register 
and another zero discarded. 

If you will study this illustration 
carefully, you will see that the data 
is stepped into the shift register 
one bit at a time until all of the 
digits have been entered. At that 
time the register is full. 

This type of shift register is 
sometimes referred to as serial 
in/parallel out because the data in 
the register is used as an 8 -bit 
parallel code in the receiver. 

In many of the modern systems 
there are more than eight digits. 
For example, in the Fisher 
REM -885 there are 12 bits of data 
for each individual coded signal. 

The identifying code and decoder 
Part of the signal coming from 

the transmitter is used for an iden- 
tifying code. In the Fisher system, 
there are three digits used for this 
purpose. This code assures that 
the transmitter being used is the 
one intended for the receiver. It 
also assures that it is a legitimate 
signal coming from a transmitter 
and not from some extraneous 

Walk "tough dog" troubles out of 
any TV & VCR in half the 

time ... or your money back 

Ell A 

with the exclusive, patented, 
VA62 Universal Video Analyzer ...$3,295 

Would you like to? 
Reduce analyzing time: Isolate any problem to one stage in any TV or 
VCR in minutes, without breaking a circuit connection, using the tried 
and proven signal substitution method of troubleshooting? 

Cut costly callbacks and increase customer referrals by completely 
performance testing TVs & VCRs before they leave your shop? Own the 
only analyzer that equips you to check all standard and cable channels 
with digital accuracy? Check complete, RF, IF, video and chroma response 
of any chassis in minutes without taking the back off the receiver or 
removing chassis plus set traps dynamically right on CRT too? Simplify 
alignment with exclusive multiburst pattern? 
Reduce costly inventory from stocking yokes, flybacks, and other 
coils and transformers, for substitution only, with the patented Ring- 
ing Test. Run dynamic proof positive test on any yoke, flyback, and inte- 
grated high voltage transformer ... in- or out -of -circuit? 

Protect your future by servicing VCRs for your customers before they 
go to your competition? Walk out "tough dog" troubles in any VCR chromi- 
nance or luminance circuit - stage -by -stage - to isolate problems in 
minutes? Have proof positive test of the video record/play heads before you 
replace the entire mechanism? 

Increase your business by meeting all TV and VCR manufacturers' 
requirements for profitable warranty service work with this one universally 
recommended analyzer? 
To prove it to yourself, CALL TODAY, WATS FREE, 1-800-843-3338, for 
a FREE Self Demo ... or learn how the VA62 works first by calling for 
your free simplified operation and application instruction guide, worth 
$10.00. 

Call Today Wats Free 1-800-843-3338 

SENCORE 
3200 Sencore Drive 
Sioux Falls, SD 57107 
605-339-0100 In SD Only 

innovatively designed 
with your time in mind. 
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Figure 6. In this decoding system, if the code from the infrared transmitter matches 
the code in the receiver, a signal is generated, enabling the receiver to decode the 
command signal from the infrared transmitter to change channel, adjust volume, etc. 

CODED 
DATA 

110111110 

4 TYPICAL 
CODE 

C 
o 1 0 o o 

FIRST STEP 

o 

SECOND STEP 

Figure 7. In this decoding system, comparison of bits transmitted at different times 
by the transmitter allows the decoder to determine if the command signal is valid. 

noise pick up. 
There are many ways in which a 

3 -digit code can be used to identify 
the signal as being proper. We will 
discuss one of the possible 
methods to show how simple the 
procedure actually is. 

The operation of this decoder 
depends on the use of the EX- 
CLUSIVE NOR gate illustrated in 
Figure 5. The symbol is shown 
along with the Truth Table that il- 
lustrates the fact that the only way 
you can get a logic 1 out of this EX- 
CLUSIVE NOR is if the two inputs 
are identical. In other words, 
there will be an output signal if the 
input data can be both zeroes or 
both ones. If there is a difference 
between the two input signals the 
output is a logic 0. 

Consider the simple decoding 
system shown in Figure 6. The up- 
per blocks represent three flip 
flops in a shift register. A coded 
signal has been received from the 
transmitter, putting these flip 
flops in the 110 condition. The 
lower three blocks represent three 
permanent logic levels in the 
receiver. They represent the code 
for this particular system. 

In the illustration, the code from 
the transmitter matches the code 
in the receiver. When this happens 
there will be an output that tells 
the remaining receiver circuitry to 
"go ahead and decode the 
message." Note that each pair of 
signals is delivered through an 
EXCLUSIVE NOR gate. In each 
case the pair of inputs to the EX- 
CLUSIVE NORs are identical, so 
a logic 1 is delivered by an EX- 
CLUSIVE NOR to the AND gate. 

With three inputs into the AND 
gate the output is a logic 1. That 
output is used to give the receiver 
an OK to decode the rest of the bits 
in the transmitted code. 

Remember that this is only one 
of the many possible ways of deter- 
mining whether an input coded 
message (signal) is proper for 
operating the receiver. 

Figure 7 shows another way of 
assuring that a received code is 
legitimate. To understand how this 
system operates, review again the 
condition for loading a shift 
register illustrated in Figure 4. 
Remember that the data is stepped 
in from the left to the right, and 
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each time a new digit is entered in- 
to this shift register, the one on 
the right is discarded in this simple 
application. 

For the system in Figure 7, in- 
stead of discarding the right-hand 
digit it is returned to a block where 
it is compared with the last digit 
that was stepped in. 

To start the operation, the regis- 
ter in the receiver is first filled 
with the code being transmit- 
ted. The transmitter repeats the 
code, and the first step of the il- 
lustration shows the second re- 
ceived code in a position to be 
moved into the shift register. 

In the second step, the zero has 
been entered into the shift 
register. At the same time, the last 
zero from the previous step is 
moved out and back into the block 
where it is compared with the in- 
put digit. Of course, the last digit 
from the first code received and 
the last digit from the second code 
must be identical. When these two 
are compared by a logic com- 
parator, they will produce a logic 1 

output. 
The coded data is stepped in one 

digit at a time. Each time, the last 
digit from the previous code is 
returned for comparison. 

The theory here is that if the 
code is a random combination of 
ones and zeroes it would not be 
possible to compare every single 
digit favorably. 

If at any time the digits do not 
match, there will be a logic 0 out 
from the EXCLUSIVE NOR that 
is used to compare the digits. The 
system will then shut down. 

To summarize, the receiver has 
safeguards against receiving a 
false input. If the signal is 
legitimate, it is decoded. The 
decoded signal is used to perform 
the various functions in the 
receiver. 

Unusual theories 
Over the years I have ac- 

cumulated a box of unusual letters 
from readers, acquaintances, com- 
panies and other sources. This par- 
ticular box is marked strange. The 
letters contain pet theories of the 
letter writers. They are totally out 
of step with what is generally 
regarded as being facts. 

Strange as these theories are, I 
am unable to totally disregard 
them, For one thing, the writers 
usually are qualified professional 
people. Another reason is that I 

am not sure if I have all of the facts 
straight myself. 

From time to time I would like to 
share some of these theories with 
you. The one I want to tell you 
about in this issue came from a col- 

lege professor with a doctorate. 
He teaches at a highly respected 
university in Texas. His letter con- 
tained this unusual (strange?) 
theory: 

"A battery cannot produce 
voltage at any time unless current 
is being drawn from that battery." 

I have never heard this from any 
other source so I keep it in a box! 

Over 5,000 
PTS modules delivered 

non-stop daily. 
Every day over 5,000 

professional technicians 
choose PTS. Fast turnaround. 
Availability. 

Over a million modules a 
year. And every PTS module 
undergoes a complete 
13 -step rebuilding process 
including recommended 

automatic updates and live 
on -air tests in an actual 
chassis. Every module. 

Your PTS module meets or 
exceeds all manufacturer's 
specifications. You've made 
PTS America's Number One 
Independent Electronics 
Rebuilder. 

PTS CORPORATION 
TM PTS Rebuilds America. 

Corporate Headquarters P.O. Box 272 Bloomington, IN 47402 (812) 824-9331 

Arvada, CO (303) 423-7080 Detroit, MI (313) 862-1783 Jacksonville, FL (904) 389-9952 

Longview, TX (214) 753-4334 Norfolk, VA (804) 853-5844 (804) 853-5847 

North Highlands, CA (916) 334-2012 Pittsburgh, PA (412) 787-3888 

Westfield, MA (413) 562-5205 Yeadon, PA (215) 622-0450 
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By Larry Critchlow, "the Old Timer" 

Have you noticed that some TV manufacturers rein- 
force their plastic knobs with an outer metal sleeve? 

You probably never replaced one of these knobs. 
How many times has this happened? Someone 

brings you a small portable television. God only 
knows what brand or vintage. He hands you the 

cracked channel selector knob and says, "The Tee 
Vee is fine. I just need a new channel selector, which 

the kids broke. Can't change the channels." You 
look through your stock of new knobs and then 

through your stock of used knobs. The only one you 
can find that might work has the numbers all in the 

wrong places. Maybe you can order a new one? It'll 
take three weeks to know for sure. If you do get it, it 

costs $5 or more plus phone calls. Or you could 
assemble one from a universal kit (this is costly and 
will break sooner than the old knob did). 

This may only happen once a week, but that's 50 ag- 
gravations a year you can avoid. Here's how to do it. 

Visit your local hobby shop. Ask to see the K&S 
display. This Chicago -based firm supplies brass and 
aluminum rods, sheets, tubing, etc. They have 20 
sizes of thin -wall, brass tubing, (in 1 -foot lengths) 
from 1/16 inch to 21/32 inch. More sizes than you 
will ever need! While you are there, pick up a hob- 
byist's back saw (XACTO). These have very fine 
teeth, screw -on handles and replacement blades. 
Very neat. 

Now back to paragraph one, the part about knobs 
that don't fail, and paragraph two, the TV viewer 
who can't change channels. Select one of the brass 
tubes that fits snugly over the broken part of the 
knob. Saw off a length (3/8 inch or so usually does 
it), assemble the whole works with some 5 -minute 
epoxy. It's done. When you get good at it, you can do 
five knobs an hour. 

What about the tough case? "This knob is worn, 
smashed, and I don't even have all the pieces." From 
your drawer of old knobs, select a similar one and 
saw off whatever plastic you need to fill out the 

missing portions. Get an old tuner shaft and file a 
few thousandths off the flat. Smear a little oil on the 

shaft. Assemble the pieces (reinforcing sleeve, 
spring and lots of epoxy) right on the shaft. The oil 

allows removal after hardening, and the filing as- 
sures that the repaired knob will fit tight. 

I have repaired hundreds this way, including fine 
tuners, push-pull volume and little clock -radio 

knobs, and never had a call back. Can't say that 
about the rest of this business... 

,,tk,c, eel Ern.í. 
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Answers 
to the Quiz 

1. G-A rheostat is a 2 -terminal 
variable resistor used to control 
current. (The term potentiometer 
was not used.) 

2. A -The Thevenin circuit shown 
can be used to represent any 
2 -terminal active do circuit. A 
resistor across the original circuit 
will draw the same amount of cur- 
rent as when it is placed across the 
Thevenin circuit. 

3. R1-J, R2-H 
The circuit is for a 1/2 -wave rec- 
tifier with a pi filter. It is drawn 
upside-down and backwards. 

4. D - The purpose of the swamp- 
ing resistor is to lower the circuit 
Q. That, in turn, gives it a greater 
bandwidth. 

5. E-The Norton generator 
shown, like the Thevenin gener- 
ator, can be used to represent any 
2 -terminal active do network. 

6. F - The arrows pointing to the 
resistor symbol mean that it is a 
light -dependent resistor. 

7. C-The resistors assure that a 
reverse voltage across the diodes 
will be evenly distributed. The 
equalizing resistors have a high 
value of resistance. 

8. R1-B, R2-I 
The voltage dependent resistor 
protects the transistor from induc- 
tive kickback. The emitter resistor 
stabilizes the amplifier against 
temperature changes. (The term 
bias resistor was not used.) 

Questions on page 52. 

By Sam Wilson 

Because Your Customers Deserve the Best 

HITACHI 
Hitachi Original Replacement Parts 

Quality, reliability, service...they're the 
touchstones of the Hitachi tradition, as 
recognizable as our trademark. And now 
those same standards that have earned 
us our reputation as a technological 
leader in consumer products, back up 
our new line of Hitachi Original 
Replacement Parts. 

We know that for the service professional, 
time wasted is profit lost. Which is why 
Hitachi makes it easy for you. With our 
complete line of parts, we provide you 
with a single source for all your repair 
needs-and a profitable addition to your 
business. From VCR kits, IC chips and 

diodes-to battery packs, video, audio 
accessories and technical publications. 

What's more, our nationwide network of 

distribution centers means that you can 
get the parts and accessories you need, 
when you need them. And, of course, 
Hitachi Original Replacement Parts 
are included in our total service support 
program...because your customers 
deserve the best. 

For more information, call toll -free 

1-800-447-2882. 

HSC SERVICE COMPANY 
division of Hitachi Sales Corporation of America 

401 W. Artesia Blvd. 
Compton, CA 90220 
(213) 537-8383 
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Test and measurement 
training package 

A training system that operates 
as a source of a wide variety of 
electronic signals for students 
learning to use test and measure- 
ment equipment is now available 
from Tektronix. This is the CRS 
101 Basic Training Lab that in- 
cludes the CRS 10 Power Unit, 
CRS 30 General Purpose Board 
and instruction manual. 

Tektronix's CRS 10 Power Unit 
and CRS Signal Boards are train- 
ing tools suitable for teaching 
students about concepts including 
rise time, pulse width and frequen- 
cy, as well as lessons in digital 
troubleshooting and making video 
measurements. Several other 
signal boards can be plugged into 
the power unit for specific training 
applications. 

The CRS 10 is a power/clock 
board driven by an external 
transformer that provides 24V ac 
centertapped - below levels con- 
sidered hazardous by the Under- 
writers Laboratory. 

Circle (75) on Reply Card 

Low-cost current probe 
John Fluke Manufacturing an- 

nounces a clamp -on current probe 
that provides accurate measure- 
ments of both do and ac currents 
up to 400A. The Fluke 80i-410 
dc/ac current probe is a battery - 
powered, Hall -effect probe com- 
patible with a wide range of volt- 
meters, multimeters and other 
voltage measuring instruments. 

The jaws of the 80i-410 are de- 
signed to fit around a conductor 
without breaking the circuit. The 
output signal is lmV per amp, do or 
ac. The large jaws will fit over a 
single conductor up to 30mm (1.18 
inch) in diameter, or over two con- 
ductors 25mm (0.98 inch) in diam- 
eter, making it easy to read the 
sum or difference of two currents. 

Circle (76) on Reply Card 

Cordless, triple -use tool 
The Weller Pyropen, a cordless 

LP -gas catalytic soldering iron, 
torch and hot air gun, has been in- 

troduced by The Cooper Group. 
This multipurpose tool is especially 
useful for field and service jobs 
and in the electrical and communi- 
cations industries when electricity 
is not available. It can be used as a 
heat gun to shrink tubing, connect 
vinyl chloride pipes and dry glues, 
as a soldering iron, and as a torch 
to braze copper and other metals. 

The handle of the 95/8 -inch tool 
serves as the gas container and 
holds enough LP gas for about a 
3 -hour operation. Refill the con- 
tainer in seconds. 

Circle (77) on Reply Card 

Capacitance meter 
A. W. Sperry Instruments an- 

nounces the model CM -200 digital 
capacitance meter. 

The CM -200 will allow the ac- 
curate measurement of almost any 
capacitor. It is a handy and useful 
tool for use in the laboratory, 
manufacturing plant or in the 
field. Its features include 0.5% 
basic accuracy, large, easy -to -read 
31/2 digit LCD display, separate 
test socket for close connection of 
capacitors, built-in tilt stand and 
fuse protection. 

Ranges are 200pf/2nf/20nf/ 
200nf/2µf/20µf/2, 000µf/20mf; 
maximum resolution is 0.1pf and 
the maximum test voltage, 3.2V. 

Circle (78) on Reply Card 

Two stereo TV analyzers 
Sencore Electronics has two new 

stereo TV analyzers: the ST65 Vid- 
eo Analyzer Stereo TV Adder and 
the ST66 Stereo TV Analyzer. Re- 
portedly with just one connection, 
the technician can check the stereo 
circuits in seconds with 100% accu- 
racy and confidence. Both instru- 
ments are complete analyzers with 
all the following signals: 
1. RF audio carrier 
2. RF video carrier 
3. 45.75MHz IF carrier 
4. 4.5MHz IF carrier 
5. MTS Composite Signals 

a. L + R c. Pilot 
b. L -R d. SAP 

6. Normal and compressed audio 
(300Hz, 1kHz, 8kHz) 

These signals allow testing the 

complete operation of the stereo 
circuits including separation, 
crosstalk, dBx (R) noise reduction, 
audio beat in the video and pilot 
threshold tests. 

Circle (79) on Reply Card 

Lightweight soldering iron 
Added to the collection of solder- 

ing irons supplied by Oryx is the 
Oryx 15W lightweight iron. This 
115V low-cost iron is designed for 
light industrial application and is 
precision -engineered to a high 
quality. 

The unit is supplied with an iron 
plated soldering tip for long life. 
Its operating temperature is a 
nominal 700°F. 

Circle (80) on Reply Card 

The secret is out 
The Secret is TEC-Total Elec- 

tronics Cleaner, an improved for- 
mula containing a cleaning prod- 
uct that has been used by profes- 
sional service technicians for 
years, and is now available to the 
general public. A two- to three -sec- 
ond spray is all it takes, according 
to the manufacturer. 

TEC is a non-conductive, non- 
toxic, residue free, anti -static, rap- 
id drying electronics grade solv- 
ent, that removes dust, dirt, oil, 
and oxides. It is safe for use on 
computer, video audio, telephone, 
and business electronics equip- 
ment in homes or offices. 

Circle (81) on Reply Card 

Thermal balance 
Davle Tech has introduced the 

Electer 200GX series of soldering 
irons. Three models are available: 
20W, 25W and 30W. Some fea- 
tures of these soldering irons are: 

The nichrome element wire is 
precision wound at the end of the 
stainless steel barrel to ensure 
maximum temperature as close to 
the working surface of the tip as 
possible for rapid heat -up and in- 
stant heat recovery. 

Electer's new thermally bal- 
anced heating element increases 
the efficiency of the iron, while re- 
ducing power consumption to al- 
most half that of most soldering 
irons. 
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 A newly developed ventilated 
neophrene finger grip. 

Heat -up time to the working 
temperature is attained in about 
90 seconds. 

A selection of long lasting, iron 
plated tips is available for the iron. 

Circle (82) on Reply Card 

Desoldering tool 
Sibex has released its model S-1 

desoldering tool. This device is de- 
signed for the engineer or techni- 
cian who performs electronic re- 
pair work or modification. 

Designated the "low-priced de - 
soldering tool with the high-priced 
features" model S-1 incorporates a 
silent, electrically powered vac- 
uum pump controlled by a switch 
located in the handpiece. The unit 
may be cleaned while in use. De- 
signed for static -free operation, it 
is suited for PC board repair work. 

Circle (83) on Reply Card 

Has 24V heating element 
Model EX -501 solder extractor 

has a self-contained diaphragm 
pump that provides PSI air pres- 
sure and delivers 18 inches to 24 
inches of Hg. It is safe for use with 
static -sensitive components and an 
operator ground is provided. In- 
cluded with model EX -501 is model 
EX -1000 desoldering handpiece 
and separate solder iron that fea- 
ture temperature controlled 24V 

heating elements for operator con- 
venience and safety. Assorted tips 
and cleaning brushes are also pro- 
vided. An Automated Production 
Equipment product. 

Circle (84) on Reply Card 

Soldering tool for 
SMD components 

A Tweez-SM soldering station is 
available from Hexacon Electric. 
Tweez-SM soldering irons will 
safely remove or replace most 
SMD components on the market 
today. Two standard tip sizes will 
solder or desolder more than 90% 
of current surface -mounted com- 
ponents. Interchangeable custom 
tips are available for other special 
sizes and shapes. 

Tweez-SM uses a tweezer action 
to fit snugly around all sizes and 
shapes of SMD components. It is 
lightweight and has excellent ma- 
neuverability for the delicate posi- 
tioning required on SMD boards. 

Circle (85) on Reply Card 

Crimping tool used in 
video/broadcast work 

The Xcelite MAC -8281 crimping 
tool, introduced by CooperTools, 
works on Belden 8281 cable as well 
as most brands of dual crimp BNC/ 
TNC coaxial connectors. The quali- 
ty tool is designed specifically for 
video and broadcast applications. 

Among the features of the tool 

are its small handle spread, for 
greater user comfort, and dies that 
may be interchanged with Xcelite 
MAC -2210 and MAC -NI -8281. 

Circle (86) on Reply Card 

Desolder braid in new reel 
Solder Absorbing Technology an- 

nounces that 3S -Wick is now avail- 
able in 50 -foot lengths. The cost 
per length on this new package has 
been reduced compared to the 
standard, still available, 5 -foot dis- 
penser reel. 3S -Wick is character- 
ized by its high heat conductive 
woven pattern of pure copper 
fibers and its patented coating. 
The heat conductivity of the weave 
is needed to draw off quickly any 
excess heat from soldering tips in 
order to limit the rate of tempera- 
ture increase and peak tempera- 
ture levels. 

Circle (87) on Reply Card 

Stores, dispenses tubing 
The Shrinkrack, from the firm 

of the same name, is designed to 
handle shrink -tube storage dis- 
pensing. Made of high -impact plas- 
tic, the wall -mountable dispenser 
will accommodate two full 2"x2"x4' 
boxes and one full 4"x4"x4' box of 
heat -shrinkable tubing. Short 
lengths of tubing (less than four 
feet) fall to the bottom where they 
may be retrieved for smaller jobs. 

Circle (88) on Reply Card 

TENTEL MAKES IT EASY TO DIAGNOSE VCR MECHANICS 
Award winning Tentelometer 
tape tension gauge for pro- 
per interchange and tape 
handling. One gauge for 
Beta, VHS and 
U-Matic. 

T2 -H7 -UM $295 

Torque gauge 
NEW from 
Tente) to 
save you 
money- Universal and accu- 
rate for Beta and VHS- 0 to 
600 gm cm. Take-up, FF and 
Rew torques. Tom $139 

Head protrusion and ec- 
centricity gauge to deter- 

mine the 
amount of wear 
remaining on 
the VCR heads; 
safe, easy, mea- 
sures in microns. 

HPG-1 $479 

Spindle height and 
elevator latch and align- 

ment gauge to diagnose cassette 
binding and edge damage problems. 
Finds problems not detected by any 
other method. TSH-v4$395 

Tentel manufactures a complete line of gauges for U-matic, 1 ' Type "C", Betacam and other recorders, too. If you've suffered the frus- 
tration of having a maste tape ruined, or if you are responsible for maintaining and repairing VCRs- There's no faster, easier method to 
test the various mechanics that make VCRs work properly. Call our technical engineering dept. fordetails-ask about thecombodiscount 
for all 4 gauges. We've been helping customers for years and want to help you too-your satisfaction is guaranteed. 

TENTEL°CORP 1506 Dell Ave. (408) 379-1881 
Campbell, CA 95008 800 538-6894 (Not in CA) 
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Troubleshooting 
Tips 

Sound but no raster 
RCA CTC71AB 
(Photofact 1435-3) 

Although the RCA CTC71AB showed no picture 
or even a raster, there was some sound. After a few 
seconds of operation, the circuit breaker tripped, 
evidently from an overload. 

Major components of the low -voltage power sup- 
plies were tested, revealing that Q103 was shorted 
and R109 had been overloaded so severely that it 
was ready to disintegrate. 
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picture was not wide enough to fill the screen 
horizontally and turning up the brightness gave a 
very narrow picture with very bad vertical linearity. 
At the same time the high -voltage reading dropped 
to 11kV. From all the symptoms, the problem ap- 
peared to be in the HV -regulation circuitry. 

My first step was to check the small regulator 
transistors (Q402, Q403 and Q404). They apparently 
had no large defects, so I decided to check all critical 
components, which in this case were resistors. My 
plan was to check in -circuit the first time through 
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For those technicians who have not analyzed this 
regulator circuit, Q103 is operated as a variable 
resistance in series between + 163V at the Q103 col- 
lector and the regulated + 127V at the emitter. The 
270f 22W R109 is added in parallel between Q103's 
collector and its emitter (through isolation diode 
CR404). When the + 127V output current is large, 
both transistor and resistor contribute. When the 
demand for current is very low (and the + 127V 
rises), the transistor is near cut-off and only the 
resistor passes very much current. Thus by varia- 
tions of current, the regulation of the B + is ac- 
complished. Transistors Q404, Q403 and Q402 
monitor the + 125.4V supply and correct it by 
changing the bias (and therefore the internal C/E 
resistance) of Q103. When the high voltage control is 
adjusted properly, regulation of the output B+ 
source is very good. 

Now back to the real world. Thermistor RT101 
(120Vac surge resistor) was replaced because it ap- 
peared to be very brittle and, in fact, broke when ex- 
amined. When ac power was applied, the circuit 
breaker did not trip, but there was no high voltage. 

Next, major components of the horizontal deflec- 
tion system were tested. Both the Q401 horizontal - 
output transistor and the STM101 tripler were 
shorted. After they were replaced, the high voltage 
was a constant 24kV that could not be adjusted, the 
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and not remove any resistors unless the readings 
were unreliable because of other components. I 
started with resistors regulator Q103 and worked 
back toward the front of the control circuit. 

However, only a few tests were required to 
discover that 24012 R427 was open. Because R427 is 
rated at 5% tolerance, the local distributor does not 
stock it and the local distributor had to order it from 
the factory. Installation of the correct 5% R527 and 
several minor adjustments restored the CRC71 
RCA to normal working conditions. 

George M. Marechek 
Cheverly, Maryland 

293 

Picture only 4" tall 
Wards GGV12934 
(Photofact 2138-2) 

During a home service call, I found the picture on 
the Wards color receiver was about 4 inches high 
with a 1 -inch foldover at the bottom. Of course, 
similar symptoms usually require extensive testing, 
so I brought the receiver to our shop. 

First, the vertical -hold, centering and height con- 
trols functioned but had minimal effect on the ver- 
tical deflection; the short picture remained. 

Primary suspects were Q601 and Q603, the 

56 Electronic Servicing & Technology May 1987 

www.americanradiohistory.com



vertical -output transistors, but they tested good 
without leakage, shorts or opens. Voltages at the 
base, emitter and collector of Q601 were within 
specifications, as were those at the base and collec- 
tor of Q603. 

C619 

VERT 45 9V 41011F 

CENTERING 
RLIPG20 

WH 

R67If 
f,Ellll 1 

IVY 

12 03V 

12 03V 

I performed a careful visual inspection of top and 
bottom of the circuit board for any obvious damage 
to components and wiring. Any faults located would 
simplify the search for defects. 

The foil side of the board was badly charred at the 
junction of R651 and R653, and the leads were loose 
in the pad. Although the resistors were changed and 
the leads resoldered, there was no change in the pic- 
ture. Lesson: the obvious is not always the offender. 

Drawing on my past experiences that an open 
electrolytic capacitor can cause foldover and loss of 
height, I began paralleling the most -suspected 
capacitors, which were C603, C615, C619 and C621. 

When C621 was bridged, the picture returned to 
full height. A first glance at a schematic doesn't 
show any important function for C621 until you look 
just slightly further and find that the positive ter- 
minal of C621 is connected to the cold end of the 
vertical -yoke coil. There is no other path to ground, 
so the only continuity for the vertical yoke is 
through C621, through 10051 R653 and to the + 12V 
supply that is bypassed to ground by two 470µF 
capacitors. Other wiring in that area is for pin - 
cushioning and other functions. 

A new C621 was installed, the vertical controls 
were adjusted and the receiver was operated for 24 
hours, proving its stamina. 

Myron H. Freedman 
Tucson, AZ 
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Audio Corner By Kirk Vistain 

Audio equalizers 
It seems we spend so much time working with CDs, 

digital audio recorders, PCM machines, microcontrollers, 
and other equipment with a minimum of actual audio cir- 
cuitry, that we forget about basics. Remember that sound 
is actually analog in nature, and that some audio equip- 
ment, amazingly, has no digital circuitry. Take the audio 
equalizer, for example. It's one of the most useful, and 
least understood, of devices, so let's take a look at it. 

First, think about how sound actually transfers to our 
ears from a stereo. No matter how flat the electronics are, 
by the time the music reaches you, the nonlinearities of the 
speakers and room have combined to muck things up sub- 
stantially. Take my listening room for example. It's small, 
so it has standing waves at about 100Hz. This means that a 
single cycle of 100Hz is just the right size to fit exactly into 
the length of the room. When this happens, subsequent 
cycles at the standing wave frequency are reinforced by a 
sort of positive acoustic feedback. The audible result is a 
severe boominess to the sound, because the 100Hz material 
ends up much louder than it was intended to be. The 
equalizer is well suited to attenuating a small part of the 
frequency band like this. 

What it is 
An audio equalizer is really just an elaborate set of tone 

controls. But instead of having an effect over broad 
ranges, such as bass and treble, the equalizer divides the 
audio spectrum into a large number of bands, normally ten 
or so. 

Tone controls usually correct for things such as record- 
ing errors and personal taste, so may be changed often. An 
equalizer is generally used to compensate for room and 
speaker characteristics, so one needs to adjust it less 
often. This takes some of the sting out of having to 
remember the settings of 20 or so pots. 

Almost any equalizer worth having will offer separate 
control over left and right channels. The left and right 
speakers in the typical listening room seldom see the same 
acoustic load and must be separately adjusted. 

So far I have been referring specifically to the graphic 
equalizer, the terminology referring to the fact that the 
setting of its controls affords a rough visual representa- 
tion of the frequency response curve. Another, less com- 
mon device is the parametric equalizer, so called because it 
allows you to vary parameters such as filter center fre- 
quency, Q (bandwidth), and, like its graphic cousin, 
amplitude. Parametrics are great for the most common 
room equalization tasks. Most handle only a couple of 
bands at once, which is usually all you need. But, because 
they don't have as many knobs as a graphic, they aren't as 
appealing to the mass market. 

Connections 
Figure 1 shows a typical installation. The equalizer is in- 

serted into the signal path at a point ahead of the volume 
and tone controls. This means the tape monitor loop, or a 
special external processor loop (EPL). The signal level 
here remains within a relatively constant amplitude range, 
regardless of volume setting. To compensate for the loss of 
a monitor loop, most equalizers come with their own to 
replace it. 

Equalizing a room 
In addition to an equalizer, you'll need a source of pink 

noise, a calibrated microphone and an audio spectrum 
analyzer. The latter is not to be confused with its far more 
expensive RF cousins. An audio analyzer covers the band 
from roughly 20Hz to 20kHz, and usually costs less than 
$500. Sometimes it is even built into the equalizer, along 
with a pink -noise source, dramatically reducing cost. 

Types of noise 
When speaking of noise in this context, we mean a signal 

that contains all possible frequencies within a given spec- 
trum. Use of noise allows us to check a system's simultane- 
ous response to all frequencies, closely simulating music. 
There are two flavors, pink and white. Pink noise contains 
equal energy per octave. That means the frequency band 
from, say 1kHz to 2kHz will contain the same energy as 
the one from 8kHz to 16kHz. 

By comparison, white noise has equal energy per Hertz 
(cycle), which means that each succeeding octave contains 
more energy than the previous one. We use pink noise 
because an audio spectrum analyzer uses percentage -of - 
bandwidth filters. For example, 10% of the 1kHz to 2kHz 
band is 100Hz, while the same percentage of the 8kHz to 
16kHz spectrum is 800Hz. If we used equal energy per fre- 
quency noise (white), instead of equal energy per octave 
(pink), the analyzer would show a rising frequency 
response instead of the flat one we want. Figure 2 shows a 
simple white/pink noise generator circuit. 

Calibrated microphones are not cheap or easy to acquire, 
but most audio spectrum analyzers come with an adequate 
one. Also, because adjustment is most frequently done at 
the bass end, any good quality mike will get you pretty 
close. We begin by connecting the pink noise generator to 
one channel of the amp. The other channel remains off. Put 
the microphone at the listening position, turn up volume 
high enough to get a good reading of the analyzer. Tone 
controls should be flat, and any filters off. Adjust the 
equalizer until you get a reasonably flat response on the 
analyzer. Don't worry much about the very bottom (under 
30Hz) or top (over 15kHz). Repeat for the other channel. 
Keep a record of the equalizer settings. 

You're finished. Now, you can use the tone controls on 
the amp or receiver to compensate for program material 
and personal taste. If you have speakers in more than one 
room, repeat the adjustment procedure and keep track of 
settings for each room. 

Strange notions 
I'm reminded of an interesting anecdote that 

demonstrates how a concept can be warped into nonsense 
while passing as unquestioned dogma from one person to 
another. A friend of mine and I had spent the better part 
of four hours equalizing his listening room. It was an 
unusually tough instance, because we were using Magne - 
planar electrostatic speakers in a large, acoustically com- 
plex room. The equalizer's knobs were all over the place. 

When I came back the next day, I noticed they had all 
been set flat. Puzzled, I inquired what had happened. Ap- 
parently a stereo salesman acquaintance of his had come 
over the night before and had been appalled at the way the 
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Figure 1. The basic equalizer hookup. 

eq was set. He promptly chided my friend and explained to 
him that, like tone controls, equalizer pots should always 
be set flat, so as to produce "uncolored" sound! Of course, 
if that were true, why have an equalizer at all? 

Another question that comes up often goes something 
like this. "I have a 50W stereo receiver and want to add 
more power. What kind of equalizer should I use?" Of 
course, from an experienced audio technician's viewpoint, 
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Figure 2. A simple pink noise generator. 

this query belies the adage that there is no such thing as a 
dumb question. Still, the typical user may not understand 
that no amount of line level processing is going to increase 
an amp's maximum power. Some of the confusion probably 
arises from the fact that equalizers built for the 
automotive market often come with their own power amp. 

Well, that's it for this time. Happly listening! 
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field service and bench work. Complete Ultrajet 
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valve, 12 oz. refill can and 36 -inch extension hose. 
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Computer Corner AAr-War-WV Bud Izen CETiCSM 

Common ailments of the Commodore 64 
This month, we'll talk about typical failure symptom 

analysis on the Commodore 64. This computer was chosen 
because there are so many of them out there, and so 
relatively few technicians capable of repairing them. 

Troubleshooting a computer is no different 
than troubleshooting any other electronic 

system. 

Troubleshooting a computer is no different than trouble- 
shooting any other electronic system, like a stereo receiver 
or a television. There is a recommended procedure to 
follow, and if you follow it, you will find the problem fast. 

1. Observe the symptom. 
2. List the functional blocks of the computer likely 

to cause the symptom. 
3. Troubleshooting the blocks in order of failure 

likelihood 
4. Localize the symptom to a defective component. 
5. Replace the component and test for overall prop- 

er operation. 

Once you understand what you are doing, and have 
assembled your workbench in an organized manner, you 
can perform most computer repairs in a relatively short 
time. For example, most C-64 repairs can be performed in 
two hours or less. 

In C -64s, the component most likely to fail 
is the PLA. 

Not having much of a background in them, I talked to 
Daniel Tolvtvar, a local computer consultant who has been 
performing computer repairs on everything from main- 
frames to micros over the past eight years. According to 
Dan, in C -64s, the component most likely to fail is the PLA 
(program logic array). This results in a variety of different 
symptoms, depending upon how the unit fails. Sometimes 
you'll get a blank screen, sometimes you'll get changing 
colors on the border of the display. The PLA is probably 
the toughest chip to analyze because it controls other 
chips. Depending upon how it fails, it could cause other 
chips to turn on and stay on, or turn off and stay off, which 
could cause just about any symptom. The machine may or 
may not load a program, depending upon the failure mode. 

Another common failure is memory chip(s) failure. The 
typical symptom here is blank screen, and the machine will 
not load. 

One of the most common failures of the C-64, especially 
in the older ones, is power supply failure. The power sup- 

ply (a separate unit from the computer itself) is encased in 
resin, to avoid tampering presumably. Unfortunately, this 
also eliminates the possibility of repair in many cases. If a 
power supply has failed you can take one apart and chip 
away at the resin until you know where the fuse is located, 
then measure its continuity. If the fuse is blown, replace it 
and hope for the best. If the fuse is good, or if the replace- 
ment fuse also blows, a new power supply must be 
ordered. Sometimes, due to stress and strain, an open oc- 
curs in one or more of the wires connecting the power sup- 
ply to the main unit, so taking the power supply apart is 
not always a futile activity. If you are efficient, and have 
the correct plug and wire in stock, you can make these 
minor repairs for less than the cost of a replacement 
power supply. 

Be sure to test the power supplies under load, either a 
resistive load or hooked to your substitute computer. 
Sometimes the power supplies will test normal under 
open -circuit conditions but will fail under load. Likewise, 
when the power supplies fail, they often will take out part 
of the components on the main board, so be careful. The 
custom chips average in cost about $30 apiece, so if more 
than two are blown, you can usually figure that the cost to 
repair will be more than most people would be willing to 
pay. Because Commodore has recently brought out a new 
C-64 for close to $200, that means that an owner will, on 
average, be willing to spend about $100 or so on a repair. 
Schematics for the C-64, by the way, are available from 
SAMS. 

Use your senses and observation skills 
before getting out the test equipment. 

When you are examining the memory bank you may or 
may not need the scope. As in the case of audio/video 
repair, you should always use your senses and observation 
skills before getting out the test equipment. Being careful 
to observe precautions against electrostatic discharge 
damage, put a finger next to, then touch each memory 
chip. (In fact, it would be a good idea at this point to touch 
all the chips.) If you encounter one or more that is 
significantly warmer than the others, chances are almost 
100% that you have encountered a shorted chip. Carefully 
spray that chip, and only that chip, with coolant spray and 
watch for any symptom change. If you get a symptom 
change you have certainly isolated the problem. If not, 
change it anyway. Usually you need do nothing other than 
to replace it (them) in order to restore normal operation. 
In other words, most of the time chip failure is a cause not 
an effect. This is true assuming you have previously 
checked the power supply for normal operation. 

Often, memory chips will open rather than short. In this 
case, all you need to do is to piggyback a known good IC 
right over the suspected memory chips, one by one. If only 
one chip has failed, when you piggyback the good one over 
the bad one, normal operation will be restored. Never do 
this or make any other changes in the circuit while the 
power is applied, of course! To piggyback an IC, just lay 

60 Electronic Servicing & Technology May 1987 

www.americanradiohistory.com



the chip on its side and then rock the chip, bending the 
leads toward the center of the chip. Do this on both sides. 
Then the chip can be "clipped" to the chip in the circuit by 
friction only. 

Upon occasion, you will encounter multiple memory chip 
failure. In this case, piggybacking one by one just won't 
get it. Now you will have to drag out the scope and/or a 
logic probe, and take a look at things. Check the power 
supply input to each chip. Next, check the processor clock, 
and then check each address line to see that there are 
pulses coming out. If one is stuck, either high or Iow, this 
should lead you to a problem. Also check the enable lines 
on the major chips (such as the PLA); see if they start out 
low at reset, then go high as indicated on the schematic. 
Check the reset line on the processor., If you have not by 
now discovered anything, it is time to start investigating 
the memory. 

Look at the data -out lines from each memory chip. Look 
for a stuck bit (line not toggling). Again, this is after you 
have piggybacked each one. Experience indicates that 
about 75% of the time, the memory chip will fail open 
rather than short. 

When you have to use the scope, you will be looking for a 
nice clean square wave on all the data -out lines. Even bad 

chips may produce square waves, so you must already 
know what a normal waveform looks like. It should be nice 
and sharp both on the leading and trailing edges. If the 
trailing edge is not crisp, that is often the sign of a bad 
chip. Mark those as suspicious. 

When you have checked all the chips, then go back and 
spray each one individually and watch the waveform that 
was your clue. If it straightens out or dramatically im- 
proves, you have located a problem. Don't stop short; be 
sure to do this for each of your suspected chips. Dan says 
that he found one this way that had four bad memory 
chips. It isn't likely, but it does occur. 

Finally, after the freeze spray test, go back and pig- 
gyback each of those suspected chips (all at the same time). 
That should cure the memory problem, and also should 
restore proper operation, unless you missed something in 
the prior tests. 

The C-64 uses 4164 chips that are readily available off 
the shelf. 

This should get you started doing routine repairs. In the 
months ahead, we will get into disk drive repairs. A profit- 
able business can be had just doing routine disk drive ad- 
justments. 

Moving? 
Take us with you. 
Just peel off the subscription mailing label 
and attach it to the address change card 
located at the front of this issue. Please 
allow 6-8 weeks to process your address 
change. 
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Video Corner By Conrad Persson -Wf- 

Some terms and what they mean 
The introduction of VCRs was accompanied by an intro- 
duction of an entirely new vocabulary of terms to describe 
their components and operation. Here is a glossary of 
terms, reprinted from GE servicing literature, courtesy of 
the General Electric Company, that define the concepts 
discussed in VCR servicing books and articles. The re- 
mainder of this glossary will be published in next month's 
Video Corner. 

Glossary 
ACC 

Automatic color control, used to maintain an overall 
constant color signal level in the color circuits. 

ACK 
Automatic color killer. 

Adjacent Track 
This is the name of the video track to the immediate left 
or right of the track of concern. 

AFC 
Automatic frequency control used to phase -lock the col- 
or circuits to either the recording or playback color 
signal, in order to achieve a stable color signal. 

AFT 
Automatic fine tuning is a special circuit found in most 
recent TV sets that makes the local oscillator of the TV 
tuner follow the channel of concern in order to produce 
a stable IF frequency. In other words, if for any reason 
the TV station being received changes frequency, the 
AFT circuit will automatically compensate so that no 
interference will be seen on the screen. No manual fine 
tuning is necessary. 

AGC 
Automatic gain control, used to maintain an overall con- 
stant picture level in the luminance circuits. 

APC 
Automatic phase control, used to help phase -lock the 
color circuits either to the recording or playback color 
signal in order to achieve a stable color signal. 

Azimuth 
A term used to describe the left -to -right tilt of the gap 
of a recording head, if it could be viewed straight on. 

Balanced Modulator 
A circuit designed to give as an output the frequency 
sum or frequency difference of its two input signals. 
Any special characteristics of one of the input signals 
will be present in the output signal. 

Beats 
A term used to describe the unwanted signals produced 
when two original signals are allowed to be mixed 
together. 

Bipolar PG 
Pulse generator signals that have both positive and 
negative excursions. 

Burst 
A short time occurrence (eight cycles to 10 cycles) of 
the 3.58MHz subcarrier signal, appearing right after 
horizontal sync but centered on the blanking portion of 
the video waveform. Burst is used to keep the color os- 
cillator of a TV receiver locked to the broadcast station. 

C signal 
The color portion of a video signal. 

Capstan 
A small rotating metal dowel that drives the recording 
tape to assure positive tape movement. 

Chroma 
The color portion of a video signal. 

Chrominance 
The color portion of a video signal. 

Clamp 
The process of giving an ac signal a specific do level. 

Control Signal 
A special signal recorded onto the videotape at the 
same time video signal is recorded; used during 
playback as a reference for the servo circuits. 

Converted Subcarrier 
This is the process of frequency shifting the color 
3.58MHz subcarrier and its sidebands down to 629kHz. 

Crosstalk 
The name given to the unwanted signals obtained when 
a video head picks up information from an adjacent 
track. 

CUE 
To scan the playback picture at a faster than normal 
speed in the Forward direction. 

DL 
Delay Line. 

DDC 
Direct drive cylinder. As used in VHS, this means that 
the video heads are driven by a self-contained brushless 
do motor using no belts or gears. DD cylinders produce 
pictures with better stability. 

Dark Clip 
After emphasis, the negative -going spikes (undershoot) 
of a video signal may be too large in amplitude for safe 
FM modulation. A dark clip circuit is used to cut off 
these spikes at an adjustable level. 

Delta Factor (M) 
A term used to indicate that a playback signal off the 
video tape has some jitter or wow and flutter. M, or a 
change in frequency, means that the color signal off the 
tape is not a stable frequency of 629kHz, but rather a 
signal whose frequency at any instant is some small 
amount above or below 629kHz. 

Deviation 
A term used to describe how far the FM carrier swings 
when it is modulated. In VHS the upper limit is 
4.4MHz. 

Dew Detector 
A variable resistor whose resistance value depends 
upon the ambient humidity. 

Dihedral 
A term used to describe the relative position between 
the two video heads as they are mounted in the head 
cylinder. Perfect dihedral means that the tips of the 
heads are exactly 180° apart. 

Dropout 
A momentary absence of FM or color signal off the 
tape, whether due to uneven oxide or a coating of dust 
on the tape or video heads. 

Duty Cycle 
In describing a rectangular waveform, the "duty" refers 
to the percentage of off time and on time for one com- 
plete cycle. 50-50 means that there are equal periods of 
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off time and on time for one cycle and this would be a 
square wave. 

E -E 
Electronics to Electronics. This is the picture viewed on 
the TV set when a recording is being made. This picture 
goes through some but not all of the recorder's circuits 
and is used to test the operation of said circuits. 

EQ 
Shortened form of Equalization, used in the audio 
circuits. 

Emphasis 
The process of boosting the level of the high frequency 
portions of the video signal. 

FG 
Frequency generator used in the servo circuits. 

FL 
Filter. 

FM Signal 
The luminance portion of the video signal is used to con- 
trol the frequency of astable multivibrator. The output 
of this multivibrator is a frequency modulated (FM) sig- 
nal shifting from 3.4MHz to 4.4MHz (pulse sidebands). 

Field 
One-half of a television picture. A field consists of 262.5 

CCleveland Institute 
I of Electronics 

Accredited Member National Home Study Council 

\/934/ 
CIE is the world's largest independent 
study electronics school. We offer ten 
courses covering basic electronics to 
advanced digital and microprocessor 
technology. An Associate in Applied 
Science in Electronics Engineering 
Technology is also offered. 

Study at home - no classes. Pro- 
grams accredited and eligible for VA 
benefits. 

Cleveland Institute of Electronics CIE 1776 East 17th St., Cleveland, Ohio 44114 

YES! I want to get started. Send me my CIE school 
catalog including details about the Associate Degree 
program. 

Print Name - 
Address Apt. 
City State Zip 

Age Area Code/Phone No 
Check box for G.I. Bulletin on Educational Benefits 

D Veteran Active Duty MAIL TODAY! 

AES-22 

horizontal scanning lines across the picture tube. Two 
fields are necessary to complete a fully scanned TV pic- 
ture (frame). First, one field is sprayed on the picture 
tube, starting at the top of the tube with Line 1, and 
ending at the bottom with Line 262.5. Then, the next 
field begins at the top of the tube again with Line 262.5 
and ends at the bottom with Line 525. The lines of the 
second field lie in between the lines of the first field. 
This property of falling in between lines is called in- 
terlacing. The two sweeps of the picture tube, or two 
fields make up one complete TV picture or frame. 
Frame repetition is 30Hz; field repetition is 60Hz. 

Flagwaving 
This is the term used to describe a TV set's ability to ac- 
cept unstable playback pictures from a videotape re- 
corder. All home VTRs have some degree of playback 
instability. A_ TV set with a long horizontal AFC time 
constant may not recover from the VTR's instability 
before the active picture is being scanned. This can 
cause a bending or flapping from side to side of the top 
inch or so of the screen. This movement is called 
flagwaving. To be continued 

FREE! 
New Catalog of 
Hard -To -Find 
Precision Tools 

Jensen's new catalog is jam-packed 
with more than 2,000 quality items. 
Your single source for hard -to -find 
precision tools used by electronic 
technicians, scientists, engineers, 
schools, instrument mechanics, 
laboratories and government agen- 
cies. This popular catalog also con- 
tains Jensen's world-famous line of 
more than 40 tool kits. Call or write 
for your free copy todayl 

JENSEN® 7815 S. 46th Street 

^, Phoenix, AZ 85044 

TOOLS INC. (602) 968-6241 

PORTASOLTM MAIL OFFER 

HOT 
NEW 
mom R Truly 

Portable Butane 
Soldering Iron. 

Order your 
PortasolTM now! 

Only $31.95 
Safe butane -powered 
no open flame 

Adjustable from 10-60W power 
Compact only 7" long 
Each unit comes with 2.4mm tip 
Extra tips available at $7.50 each 
Choose 1.2, 2.4, 3.2, or 4.8mm 

Send check or money order for $31.95 plus 
$2.00 shipping and handling (VA res. add 
4.5% sales tax) to: 

Portasol Mail Offer 
e4358 Harvester Farm Lane 

Fairfax, VA 22032 

Phone Orders Call (703) 323.8000 

Name 

Company 

Street 

City State 

Zip Phone 

Quantity Discounts Available 

Dealers Invited 
Circle (29) on Reply Card Circle (28) on Reply Card Circle (34) on Reply Card 
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Readers' Exchange 

Wanted: 
Schematics and/or servicing information for the following-Lampkin Lab 
20MHz to 30MHz service monitor, type 109; Loftech TS -1 sine wave 
generator by Phoenix Audio Laboratory, or the address in Maryland/DC 
area where they may be purchased. Will buy or borrow, copy and return. 
Larry R. Singleton, SR -2, Box 680-A2, St. Leonard, MD 20685; 
301-586-2960. 

Remote control add-ons: prefer Teknika 6401, dead or alive! JFD 
Technical Services, 62 Main St., Leroy, NY 14482; 716-768-2800. 

Admiral on -off volume control, part No. 75A203-14, new or used. State 
price. Syverson's, Inc., Box 98, Wanamingo, MN 55983. 

Supremes manuals TV -1, 2 and 11, and R-1; volume control with switch for 
Sony KV -1210U television No. 1-222-235. Charles T. Huth, 229 Melmore 
St.. Tiffin, OH 44883. 

Instruction manual for Tektronix type 531 oscilloscope. Will buy, or copy 
and return. Louis Jones, 4382 Valley Drive, Santa Maria, CA 93455. 

Filter chokes (used OK), 100 to 10011, 23/s -inch mtg. centers; 1 through 4 

section filter (can) capacitors, 20mFD through 80mFD, all 450V; twist 
prong installation tool. Jim Farago, P.O. Box 65701, St. Paul, MN 55165. 

Hickok generator, CTV, model 661; Hickok generator, model 660; Hickok 
generator, model 662; Precision generator, model E-310. Jim Shoemaker, 
Color TV Sales and Service, 600 First St., Leechburg, PA 15656. 

Tektronix, Hewlett-Packard, Fluke and other test equipment. Also want 
manuals for the same. Roger Briggs. 983 Ponderosa Ave., No. D, Sunny- 
vale, CA 94086; 408-730-4573. 

Schematic for Sears color set, model 564-41692803. Not available in Sams 
Photofact catalogues. Will forward a check immediately for any expense. 
Robert Faeth, 6D Cardinal Cedar Glen, West Lakehurst, NJ 08733. 

Any early radio -TV literature or ads, etc., for high school student making a 
study of radio pioneers. D. Mark Maurer, 2352 Grace Ave., Lebanon, PA 
17042. 

Service manuals or schematics (or both) for two R.J. MacDonald prod- 
ucts-AM/FM radio/record player, model M-9040; portable stereo ra- 
dio/cassette, model No. code 06-33-67. Will gladly pay for original manuals 
or copies. J.L. Wingfield, P.O. Box 685, Cedaredge, CO 81413; 303-856-6341. 

Stumped! Need to touch base with someone who has built a working tele- 
phone tester that was described in November 1985 issue of ES&T. 
Murray's Repair Service, 8842 Grange Hill Road, Sauquoit, NY 13456; 
315-737-7192. 

Krohn Hite model OF -101A power amplifier; schematic for Advent model 
300 receiver. Will pay copying and postage. Stephen Ford, 3166 West Road, 
R.R. No. 3, Nanaimo, British Columbia, V9R 5K3, Canada. 

Theory of operation, troubleshooting procedures and schematic diagram 
for the TOCOM 5503A converter/decoder. Will exchange service literature 
for the OAK sine wave system models M-27, M35B and V-26 multicode; Ze- 

nith service manual 923-1000 for the SSAVI system. Also have schematic 
diagrams for OAK N-12, Selectra model 603 and M/A-COM Linkabit VC - 
2000E. Will exchange copies of any above, or will purchase TOCOM lit- 
erature. Donald G. Seibel, 6201 35th St., Lubbock, TX 79407. 

IC chip, Plessey PLW 6B SL164OC balanced detector for Royce CB, model 
1-632 (IC No. 2); schematic for Knight R -55A receiver. Will copy and re- 
turn. Internal information on Plessey chip would help, if available. James 
K. Koelling, 4709 NW 19th, Oklahoma City, OK 73127. 

Power -amp module and schematic for Kenwood TK140X stereo receiver. 
Joe Sanfilippo, P.O. Box 347, Woodruff WI 54568; 715-356-6004 or 
715-356-7564. 

Technical manuals for the following: Contact Chatter Tester by AECO; 
model EPC-10026; B&K Nos. 1000 and 1076; Hickok No. 760 scanners and 
any (fly. spot) scanner equipment. D. Test, Box 9064, Newark, NJ 07104. 

Schematic/service information for Crumer electronic piano, model PRF. 
Will pay for copies. Arthur Vickery, P.O. Box 742, Torrington, CT 06790. 

For Sale: 
Text books, service manuals; A.B. Dick mimeograph machine with service 
manual, $35 plus shipping; 800 new, standard brand tubes, 85% off list 
price. Send large s.a.s.e. for list. M. Seligsohn, 1455 -55th St., Brooklyn, NY 
11219. 

B&K digital color generator, model 1246; TF166 Sencore transistor 
analyzer; each, $50. Mark IV tuner subber, $25. Postage not included. 
George Otto, 1045 Magnolia Ave., Beaumont, TX 77701; 409-835-1286. 

Sencore LC53 Z -meter, manual and leads, new condition, $600; Heathkit 
lin/log sweep generator, IG -1275, like new, $150; Heathkit transistor FET 
tester, IT -3120, tried and true, $50. Greg Nesbo, d.b.a. Computek, 643 Hill 
St., Shelby, MT 59474; 406-434-5854. 

Hitachi NTSC waveform monitor, model V-099, $600; B&K model 466 
CRT tester rejuvenator, $75; Heathkit IT -18 transistor tester, $25. Robert 
Cahill, 91 Main St., Kingston, NH 03848; 603-642-4292, days. 

EICO model 330 RF generator, $100; Heathkit íG5282 AF generator, 
$40; Sencore model SS137 sweep circuit analyzer, $50; Leader LCG 388 
color -bar generator, $100; Sylvania CK3000 color test jig with adapters, 
$350; Heathkit IM -5210 HV probe, $25; B&K model 467 CRT 
restorer/analyzer with adapters, $450; Thordarson model 19-2000 degauss- 
ing coil, $25. Will sell separately, or $1,000 for all. Dennis Hoey, 634 

Walnut St., Lansdale, PA 19446. 

Owner's manual and schematic for Johnson Invader Viking transmitter, 
type A, catalogue 240-302, serial No. 10086; audio output transformer fed 
by 2-626 taps Com-4816-10V line; schematic for Coronado radio 
458-45A-86-860. Quote price for information. Lew Wollaston, Wollaston 
Radio & TV, 1504 Big Horn, Alliance, NE 69301. 

Tektronix 453 (50MHz) and 432 (25MHz) scopes; Hewlett-Packard 1741A 
(100MHz) storage scope; Fluke 8024B multimeters; Hewlett-Packard 
model 3300A function generator (0.01kHz to 100kHz). Other test equip- 
ment. Please send $1 for list and prices. Roger Briggs, 983D Ponderosa 
Ave., Sunnyvale, CA 94086; 408.730-4573. 

PTS model 8001 component analyzer, vertical and horizontal hookup to 
scope, like new, with manual, $45, shipping included. Calvin S. Logue Jr., 
17J Washington Lane, Westminster, MD 21157. 

Sams Photofact folders, 65, Nos. 936 to 1683, $1.50 each; 200, Nos. 1715 to 
2320, $3 each; 3,000 tubes, in boxes, new, used, old, antique, etc., $300. 
Paul's TV, 6564 S. Federal Highway, Stuart, FL 33497. 

B&K equipment-model 470 CRT tester/rejuvenator, model 415 TV sweep 
analyst, model 1077-B TV analyst, $150 each; model 801 capacitor analyst, 
$40. Heathkit EU -205-11 strip chart recorder, $50; Simpson VTVM model 
312, with carrying case, $100; Hallicrafters S53A receiver, 540kC to 
54.5MC, $50. All with manuals except EU -205-11. Add postage. Kenneth 
Miller, 10027 Calvin St., Pittsburgh, PA 15235; 412-242-4701. 

Sencore models CR70, VA62, VC63, NT64, HP200 and PR57, $3,950 plus 
shipping. Keith Peyton, 2424 Graham Ave., Evansville, IN 47714; 
812-476-0103, after 6 p.m. 

B&K 1076 analyst, $100; EICO sweep/marker generator, model 368, $25; 
EICO dynamic tube tester, model 666, no charts, $35; EICO audio 
generator, model 378, $25; Lafayette signal generator, model 99-5015, 
$25; Lafayette audio/square/sine wave generator, model 99-5014, $35; Ac- 
curate Instruments geonameter, M156, $25. All prices plus shipping. Many 
other items too numerous to mention: Send 5.5.5.e. for list. Stanley 
Chalker, 1176 Smithsonian Ave., Youngstown, OH 44505. 

All Electronic Servicing & Technology publications from June 1974 to Oc- 
tober 1985, excellent condition. Make offer and include shipping charges. 
Michael Costello, 40 Whiteway St., St. John's, Newfoundland, Canada A1B 
1K2. 

Micronta model 22-025 VTVM, $15; Sencore model BE156 bias supply, 
$15. Both include manuals and leads. Heathkit model IP -17 power supply, 
$85, with manual, shipping extra; Mark IV -C tuner/subber, $35; Mercury 
1400 capacitor/tester, $25; B&K model 466 CRT tester/rejuvenator, $70. 
All include manuals and leads. Dennis Dillon, 1616 S. 94th, West Allis, WI 
53214; 414-774-2255. 

Sencore VA62 video analyzer, NT64 pattern generator, VC63 VCR test ac- 
cessory, complete with manuals and cables, never used, $2,800 for all. Jack 
Ambrose, P,O. Box 536, 11156 North Road, Leavenworth, WA 98826. 

Navy signal generator, small, AN/USM27B, $50 or best offer; government 
tech manuals, $10 each-what are you looking for? D. Test, Box 9064, 
Newark, NJ 07104. 
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B&K 1077B analyst, original box, $175; Leader LTC -906 TX tester, $70; 
EICO 150 signal tracer (old) and manual, $30; Sencore FC51, 1GHz 
counter with wideband amplifier, $350; B&K 1640 12V power supply, $75; 
Optoelectronics 8010 1GHz counter with power pack, $175; Heathkit 
SM -4180 FM deviation meter, $100 and SM -4190 wattmeter (100MHz to 
1GHz), $10; B&K E-2000 RF generator, new but broken, no manual, $40; 
All devices new or like -new, with schematics, manuals and accessories ex- 
cept where noted. Supreme radio manuals, send s.a.s.e. for list. Henry W. 
Porter, 2548 Phyllis St., Jacksonville, FL 32204; 904-387-0182. 

Assorted modules, assorted tubes, assorted semi -conductors. Send s.a.s.e. 
for complete list. Bill Messina, 53 Railroad Ave., Norwood, MA 02062. 

EICO battery eliminator and charger, model 1050, Vdc 0-20, Adc 0-20, 
$25. T. W. Benson, 204 Riverside Ave., Tallassee, AL 36078; 205-283-4266. 

Pioneer car -stereo display, never used, $100; ADM -3 CRT terminal, $75; 
B&K 1401 scope, $125; Telequipment D-61 dual trace, $325; Sencore 
SG -165, $595. Bob Ursdevenicz, NSE, 3921 Farnam, Omaha, NE 68131; 
402-346-7744. 

B&K 1470 dual -trace scope with two probes, $250; B&K 162 transis- 
tor/FET, in -circuit tester, $80; B&K 1801 frequency counter/probe, $125; 
B&K 470 CRT tester and rejuvenator with 19 sockets, $225; 42 Sams Pho- 
tofact folders between No. 600 and 800, $42. All items complete with man- 
ual, schematic and in first-class condition. Long's TV Service, 720 Goshen 
St., Salt Lake City, Utah 84104; 801-595-8442. 

"Million" old-time tubes for older radios, amplifers, televisions, auto radios, 
etc. Many yokes and flybacks. Harry's TV Corner, 1120 Cottman Ave., 
Philadelphia, PA 19111; 215-745-2060. 

New Beckman HD110-T with temperature thermocouple, warranty card, 
used only once, $150; FE -20 Hi -Lo Sencore with 7P212 probe, factory 
calibrated December 1986, $125 or best offer. Add shipping. Hi Tech Serv- 
ice, 72 Mary Stafford Lane, Flint, MI 48507. 

Sencore VA48, $750, and DVM56, $400. Bill Bechtold, 7429 Frederick, 
Omaha, NE 68124; 402-397-2461. 

Sencore field -strength meter, model FS -134, $150; Sencore CR31 super 
mack CRT tester, $375; EICO model 944 flyback yoke tester, new, $100; 
B&K TV analyst, model 1075, $85; Commander CRT tester and re- 
juvenator, model 857, $40; Heathkit capacitance checker, model IT -28, 
$35. E.R. Beard, Route 1, Box 366, Bruceton Mills, WV 26525; 304-379-9314. 

Diehl Mark III scanner, $325; Diehl Mark V scanner, $525. Both with war- 
ranty and manuals. McCormick TV, 824 Woodrow, Denton, TX 76205; 
817-566-0774. 

TV tubes, all types; Sams AR, CB, M hi-fi, TV manuals to 1200 series, $1 
each, plus postage. Send s.a.s.e. for items of interest. Carl's Electronics, 
417 S. 6th St., Sunnyside, WA 98944. 

Heathkit 10-14 5 -inch scope, schematic and all manuals, looks and operates 
like new, $175; Conar 311 resistor/capacitor tester, with manual, good, 
$25; Sencore DVM37 digital multimeter, with manual, original carton, 
perfect, $175; B&K TV analyst, model 1077B, all leads and manual, 
original carton, like new, $325; Sencore LC53 Z -meter, used very little, 
complete in original carton, mint condition, $600. Paul Cecil, Paul's TV, 
260 Main Cross, Charlestown, IN 47111; 812-256-3119. 

Montgomery Ward Airline radio (mid- to late -'40s) model 62-197, 16 -tube, 
4 -band, with two 12 -inch chrome speakers and chrome transformer; Zenith 
Super Transoceanic model H500, CH 5H40 with owner's manual, working 
and in excellent condition. Make offer. R. Embrey, 65 S. Florida St., Buck- 
hannon, WV 26201; 304-472-1614. 

Must sell, retiring-tubes; yokes; modules; Sams Photofact folders (1100 
up) $2.75 each, 10 for $25; transistors; ICs; test equipment. S.a.s.e. for free 
list. United Electronics, P.O. Box 6292, Raritan Station, Edison, NJ 08837; 
201-248-1176. 

Integrated Computer Systems Software and Hardware Course 525A and 
Interfacing Applications Course 526A, includes workbooks and carrying 
case, cost $1,685, sell $800, including shipping and insurance; Atari 
800/400 Personal Computer Operating System user's manual and hard- 
ware manual, $20, including shipping. Roman Olearczuk, 1055 E. Harvard 
Road, Burbank, CA 91501; 818-843-7264. ASVC, 

Classified 

Advertising rates in the Classified Section are 85 
cents per word, each insertion, and must be accom- 
panied by payment to insure publications. 

Each initial or abbreviation counts a full word. 

Minimum classified charge is $20.00. 

For ads on which replies are sent to us for forwarding 
(blind ads), there is an additional charge of $30.00 per 
insertion to cover department number, processing of 
replies, and mailing costs. 

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

FOR SALE 

AUTOMOBILE RADIO and tape replacement parts. 
Delco, Chrysler, Philco-Ford, Motorola, Panasonic and 
many others. Large inventory. Laran Electronics, Inc., 
3768 Boston Road, Bronx, NY 10469. (212) 881-9600. 
National (800) 223-8314, NY State (800) 446.4430. 

1-85-tfn 

CABLE TV CONVERTERS & EQUIPMENT. Plans and 
parts. Build or buy. Send S.A.S.E. C&D Electronics, 
P.O. Box 1402, Dept. ES&T, Hope, Arkansas 71801. 

1-86-tfn 

VCR REPAIR SOLUTIONS for VHS models. Over 150 
symptoms and cures. The hard ones. Send $11.95 to 
Eagle Electronics, 52053 Locks Ln., Granger, IN 46530. 

5-87-8t 

SERVICE MANUALS. Large Shop has 18 yr. collection 
of duplicates. All original manufacturer. All new. 
Audio $2.00, video $5.00. Send SASE for list. Tape 
Recorder Clinic; 4850 E. Speedway; Tucson, Arizona 
85712. 11.86 -tin 

PHOTOFACTS: Individual folders #1 to #1400 $3.00. 
Above #1400 $5.00. Sent same day first-class 
postpaid. Loeb, 414 Chestnut Lane, East Meadow, NY 
11554. 4-87-6t 

3000 COLOR TV REPAIR TIPS, 31 Brands 116 Page 
Manual. Send $21.00 to A. Fernandex, Box 546110, 
Surfside, Florida 33154. 4-87-3t 

TV TROUBLESHOOTING. Over 120 schematic IL- 
LUSTRATED problems -solutions of difficult repairs. 
Also, 12 steps to easier TV repair, 25 pages $12.00. 
Bonus: Remarkable diagnostic tool. Determine opera- 
tion of high voltage circuits every time, no mistakes. 
$5.00. Jones, Box 702, Niceville, Fla. 32578. 4-87-3t 

TV TOUGH DOGS 200 symptoms and cures. Send 
$6.95 to DAVIS TV, 11772 Old Fashion Way, Garden 
Grove, CA 92640. 4-87-3t 

"THE WORKBENCH COMPANION"-Over 200 pages 
of Tough Dogs and troubleshooting notes from 20 
years in the business. Partial contents: Symcure Index 
1970-1987, Radio Elect.Clinic 1969-1987, ETD Index 
ColorFax 1969-1982, Testing HV Diodes, Int. Flybacks, 
Zenors, etc. Important note on capacitors and much 
more. Price: $29.95 + $2.50 shipping and handling. 
FARRELL ELECTRONICS, Hi -Teck, Larry Gribbin, 
Chief Engineer, 127 Providence Avenue, SOUTH 
PORTLAND, MAINE 04106. 5-87-1t 

UPGRADE KIT FOR LINE ZAPPERS $19.96. Stops 
negative pictures, improves clarity. Complete with 
add-on board. Complete kits available. C&C 
Specialties, 1432 Heim, Orange, CA 92665, (714) 
998-6866. 5-87-1t 

ATTENTION: Sylvania remote control motor for 
hospital televisions no. 23-99-383 for sale. With ex- 
change $39.00, without exchange $47.00. Kinirral Elec- 
tronics, 68-26 64th Place, Glendale, N.Y. 11385. Tel. 
(718) 366-3859. 5-87-1 t 

DIGITAL VCR REPAIR-The Future is Here Now! 
Don't miss this one! Circuit detall, Binary conversion 
chart, troubleshooting + more! Send $12.95 to J.C.O., 
P.O. Box 567, Bradenton, Fl. 33506. 5-87.1t 

SENCORE TEST EQUIPMENT: Complete set. SC61 
Wave Form Analyzer, VA 62 Universal Video Analyzer, 
NT64 NTSC Pattern Generator, PR57 AC Powerite. 
Call 919-872-9042. 5-87-1t 

MANY RARE AND DISCONTINUED types of vacuum 
tubes for home entertainment equipment. Approx. 
500. Lot only. List available. Also Sam's Photofacts 
numbers 67 to 2114, some numbers missing. Auto 
radio inc. W. H. Needy, 11 Roessner Avenue, 
Hagerstown, MD 21740. 5-87-1t 

TV TUNER REBUILDING: UHF, VHF, Cable ready. 
Electronic varactor or mechanical, any make. One 
year warranty. $14.95 plus major parts & shipping. 
ROCHESTER TUNER SERVICE, 25 HOWARD RD., 
ROCHESTER, N.Y.14606 (716)647-9180. 5-87-1t 

TVNCR "Tuff Tips" listed by mfg. and model. Over 200 
unique tips. Send $5.95 for TV, $6.95 for VCR or $10.95 
for TVNCR listing to: Tech Cures, 4825 Fredericksburg 
Road, San Antonio, Texas 78229. 5-87.1t 

TVNCR Failure Histories-Multiple cures for most 
problem areas. Send $6.95 with mfg. and model 
number to Tech Cures, 4825 Fredericksburg Road, San 
Antonio, Texas 78229. Money will be refunded with 
free sample, if model is not on database. 5-87-1t 

VCR REPAIR. FAST AND EASY-Comprehensive 
guide on theory and operation + proven Tech Tips on 
all brands-Send $8.95 to: J.C.O., P.O. Box 567, 
Bradenton, Fl. 33506. 5 -87 -lt 

BUSINESS OPPORTUNITIES 

T.V. SALES & SERVICE. Well established business 
located northern Virginia. Owner retiring and will help 
with financing. Call 703-972-7027 after 7:00 p.m. EST. 

6/85-tf n 

ELECTRONIC REPAIR, inventory & equipment. 11 

years at same location. Small recreational town in 
Idaho. Owner wishes to retire. $15,000. 208-756-2915, 
Box 488, Salmon, Id. 83467. 5.87.31 
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Bus. Opportunity (Cont.) 
TV SALES & SERVICE -20 years in Orange County, 
CA. Excellent customer base and reputation. Well 
organized and profitable shop. For information call 
Bob Klein, PCM Realty, (714)768-7261. 5-87-2t 

TV SALES & REPAIR SHOP, Cape Coral Florida, ex- 
clusive Sylvania sales and service, 16 years same 
location. Total price $85,000. Unbelievable net, call 
John Thompson, Realtor -Associate, Century 21 AAIM 
Realty Group, Inc., out -of -Florida 1-800-237-3342. In FI. 
813-337-1121. 5-87-1t 

HELP WANTED 

CAMERA -VIDEO Technicians needed. Top pay and 
benefits for well trained and experienced technicians 
who are expert with consumer and/or industrial 
cameras and VCR's. Training by manufacturers such 
as Sony, Hitachi, Panasonic, etc., are necessary for 
job experience. Come to sunny Florida and enjoy your 
work & leisure time. Write or call ATLANTIC ELEC- 
TRONICS INC., 1232 NE 26th St., Ft. Lauderdale, FL 
33305. (305) 564-827410 AM to 6:30 PM. Ask for Dave or 
Joe. 8 -85 -If n 

VIDEO/AUDIO technician needed. Top pay and 
benefits for well trained and experienced technicians 
who are expert with consumer TV and audio equip- 
ment. Training by manufacturers such as: Sony, 
Hitachi, RCA, Panasonic, etc. are necessary for job ex- 
perience. Write or call: Atlantic Electronics, Inc., 1881 
NE 26th St., Ft. Lauderdale, FL 33305, 305-564.8274 (10 
AM 6:30 PM). Ask for Dave or Joe. 06 -86 -tin 

SERVICES 
SERVICES: Zenith T.V. Module Repair 9 -160 -all 
modules $29. With dud exchange. Most chomacolor Il 

modules also repaired inexpensively. One year war- 
ranty. For complete list of modules repaired contact: 
Weber Electronics, Hard Scramble Rd., Hinsdale, N.Y. 
14743, (716) 557-2135. 5-87-1t 

A MUST FOR THE TV TECHNICIAN 

UNIVERSAL CRT ADAPTER- Don't buy another 
socket for your CRT Tester! Join 10,000 satisif- 
led buyers & WIN the Socket War! 
GUARANTEED to fit your tester. 
Test/clean/restore ALL Color, BAN, 
Projection. $59.99ppd w/Setup 
book, Visa, MC, COD. 

1.800.331.9658 
DANDY MFG. CO. 

2323 Gibson, Muskogee, Oklahoma 74403 
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7 MILLION TUBES 

Includes all current, ob- 
solete, antique, hard -to -find 

receiving, transmitting, indus- 
trial, radio/TV types. LOWEST 

PRICES. Major brands in stock. 
Unity Electronics Dept. E 

P.O. Box 213, Elizabeth, N.J. 07206 
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Tech's 
Guide 

To 

Pricing 

4NE 

"Tech's Guide To 
Pricing" 
updated new 5th edition a 
framework for setting rates 
that apply to Hi -Tech pro- 
ducts a formula that 
guarantees SUCCESS! 

Call Toll Free for details 8/5 1-800-228-4338 CST 
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WE BUY OLD TV's! 

Paying: $25-$300 for Pre -1950 sets, 
30" Dumonts, 15" color (CT -100, etc.), 
Philco Predictas & Safaris. Paying: 
Over $1000 for pre -World War II TV's! 
Buying: TV/Radio signs, neons, pro- 
mos, etc. 

Harry Poster, Box 1883 
So. Hack., NJ 07606 (201) 794.9606 

We Repair Early B&W Sets! 

Advertisers' Index 

Page 
Number 

Reader 
Service 
Number 

Advertiser 
Hotline 

Automated Production 
Equipment Corp 19 10 516/654-1197 

B&K Precision Dynascan 
Corp 7 6 312/889-9087 

Beckman Industrial Corp. IFC 1 714/671-4800 
C & S Sales 28 14 800/292-7711 
Chemtronics, Inc. 59 27 800/645-5244 
Cleveland Institute of 

Electronics 63 29 800/321-2155 
Cooks Inst. Elec. Engrg 30 16 601/371-1351 
Dandy Mfg. Co. 66 30 800/331-9658 
Electronic Design Specialists, 

Inc. 21 11 800/544-4150 
ETA 63 
Fluke, John Mfg. Co., Inc 27 13 800/227-3800 
Hitachi Sales Corp. of America 53 24 516/921-7200 
Jensen Tools Inc. 63 28 602/968-6231 
Kenwood Test & Measuring 

Instruments 11 8 213/639-9000 
Leader Instrument Corp. 5 4,5 514/337-9500 
Matsushita Services Co. (Parts Div.) 39 17 
MCM Electronics 57 26 800/543-4330 
NARDA 29 15 312/953-8950 
NESDA 59,61 817/921-9061 
OK Industries, Inc. 9 7 800/523-0667 
Pace, Inc. 3 3 301/490-9860 
Philips ECG 17 9 800-225-8326 
Poster, Harry Radio & TV's of the '40s 66 33 201/794-9606 
Projector Recorder Belt Corp. 25 12 800/558-9572 
PTS Corp 51 23 812/824-9331 
RCA Distributor and Special 

Products 15 609/853-2441 
RDi/Portasol 30 34 
Sencore, Inc 43,45 19,20 800/843-3338 
Sencore, Inc 47,49 21,22 800/843-3338 
Sperry Tech, Inc. 66 32 800/228-4338 
Tektronix, Inc. IBC 2 800/433-2323 
Tentel 55 25 800/538-6894 
U.S. Instrument Rentals 41 18 800/824-2873 
Unity Electronics 66 31 201/351-4200 
Zenith BC 

Use ES&T 
classified ads 

ELECTRONIC SERVICING á TECHNOLOGY Volume 7, No. 5 

(USPS 462-050) is published monthly by Intertec Publishing 
Corp., 9221 Ouivira Road, P.O. Box 12901, Overland Park, 

KS 66212. Second Class Postage.paid at Shawnee Mission, 
KS, and additional mailing offices. POSTMASTER: Send ad- 

dress changes to ELECTRONIC SERVICING & TECHNOLOGY, 

P.O. Box 12952, Overland Park, KS 66212-9981. 

ADVERTISING SALES OFFICES 

GIGOTROI1IG 
Servicing &TecJxtology 

ALL U.S. TERRITORIES 
Greg Garrison, Sales Manager 
P.O. Box 12901 
Overland Park, KS 66212 
Phone: (913) 888-4664 

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

LONDON, ENGLAND 
Nicholas McGeachin 
Suite 460, Southbank House 
Black Prince Rd., 
London SE1 7SJ England 
Telex: 295555 LSPG 
Telephones: Central Line 01 735-8171 

Direct Line 01 587-1578 

TOKYO, JAPAN 
Haruki Hirayama, 
EMS, Inc. 
Sagami Bldg., 4-2-21, Shinjuku, 
Shinjuku-ku, Tokyo 160, Japan 
(03) 350-5666 
Telex: 2322520 EMSINCJ 
Cable: EMSINCPERIOD 
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NOW GET SCOPE, COUNTER 
AND DMM INPUT ALL AT ONCE 

THROUGH ONE PROBE! 

Gated frequency measurement. 
B sweep triggering during the 
intensified portion of the A sweep. 
Intensified portion frequency is 
measured with the counter/timer/ 
DMM. 

The Tek 2236 combines 
100 MHz, dual timebase 
scope capability with 
counter/timer/DMM 
functions integrated into 
its vertical, horizontal 
and trigger systems. For 
the same effort it takes to 
display a waveform you 
can obtain digital readout 
of frequency, period, 
width, totalized events, 
delay time and A -time to 
accuracies of 0.001%. 

The same probe is 
used to provide input for the 
CRT display and the digital 
measurement system, 
resulting in easy set-up, 
greater measurement confi- 
dence and reduced circuit 
loading. Probe tip volts can 
also be measured through 
the Ch 1 input. 

Precision measurements 
at the touch of a button. 
Auto -ranging frequency, 
period, width and gated 
measurements are push- 
button -simple. And the 2236 
offers an independent float- 
ing 5000 count, auto -rang- 
ing multimeter with side 
inputs for DC voltage mea - 

Delay time measurement. Delay 
time from the start of A sweep to 
the start of the B sweep is mea- 
sured with crystal accuracy. 

Bandwidth 
No of Channels 
Max. Sweep Speed 

100 MHz 

2 + Trig. View 

5 ns/div 

Channel 1 dc volts measure- 
ment. The average dc compo- 
nent of a waveform is measured 
directly through channel 1 with 
direct digital fluorescent readout. 

Digital 
Readout 
Features 

Direct Ch 1 Voltage Meas. 0.5% DC; 2.0% 
AC RMS 

Resistance: .0111, to 200 MegS2 
Continuity/Temp: Audible/C° or F° 

Totalizing Counter: -1 counts to 8,000,000 
Direct Freq. Meas: 100 MHz to 0.001% acc. 
Period, Width Meas: 10 ns with 10 ps max. 

resolution 

Timing Meas. 
Accuracy 

.001% (delay and s -time with readout) 

Trigger Modes 

Weight 
Price 

Warranty 

P -P Auto, Norm, TV Field, TV Line, Single 
Sweep 

7.3 kg (16.2 lb) 

$2650 
3 -year including CRT (plus optional service 

plans to 5 years) 

surements to 0.1%. 
A built-in, auto -ranging 

ohmmeter provides 
resistance measurements 
from 0.01 SZ to 2G0, --as 
well as audible continuity. 
Automatic diode/junction 
detection and operator 
prompts serve to simplify 
set-up and enhance 
confidence in your 
measurements. 

The 2236: scope, 
counter, timer, DMM 

plus a 3 -year warranty 
-all for just $2,650. 

Contact your nearest dis- 
tributor or call Tek toll -free. 
Technical personnel on our 
direct -line will answer your 
questions and expedite 
delivery. Orders include 
probes, 30 -day free trial and 
service worldwide. 

Call Tek direct: 
1-800433-2323 for 
video tape or literature, 

1-800-426-2200 for 
application assistance or 
ordering information. 

In Oregon, call collect: 
1-627-2200 

Téktronbc 
COMMITTED TO EXCEL L F N(.E 
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GET IN TOUCH WITH YOUR ZENITH DISTRIBUTOR'S 
ACCESSORY SALES MANAGER AND LEARN HOW 

YOU CAN MAKE THE MOST OF THE 

Springtime '87 Video Accessory Promotion 
Zenith Service, Parts & Accessories 11000 Seymour Avenue Franklin Park, Illinois A Division of Zenith Electronics Corporation 
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