
The how-to magazine of electronics... AN INTERTEC PUBLICATION 

ELEGT111111TM 
Servicing &Technology AUGUST 1988/$2.50 

Solving the TV shutdown puzzle Unusual uses for varactor diodes 

Continuing your electronics education 

Choosing the right 
satellite antenna 

system 

www.americanradiohistory.com



Easier Testing. By Comparison. 
Scopemate 2:"' With Your Scope Or Ours, 

Still The Best Price Solution 
For Good/Bad IC and Component Testing 

Now you can economically test all 
types of analog, digital and hybrid 
components-including resistors, capaci- 
tors, diodes and ICs with up to 40 pins- 
using a simple X -Y oscilloscope. In the 
field or on the bench, in -circuit or 
out -of -circuit. Without tedious pin -by -pin 
or contact -by -contact testing. 

It's made possible by Scopemate 2TM 

from Beckman Industrial. All it does is 

plot voltage vs. current. Just a lot easier. A 

lot faster. 

Scopemate 2 compares components 
known to be good with those to be tested, 
giving you a very accurate and fast way to 
identify bad devices. The voltage vs. 
current plot from a known good device is 

compared to the device under test. In fact, 
since there's no complex numerical test 
data to interpret, Scopemate 2 is ideal for 
less experienced personnel. 

And, at $395 it doesn't take too long 
to figure that Scopemate 2 may pay for 
itself in saved testing time. Real soon. 
Scopemate 2 comes with a simple yet 
comprehensive operator's manual, a 
complete set of leads, interconnect cables 
and plug-in transformer. 

Although Scopemate 2 will work 
with just about any X -Y oscilloscope, 

Beckman Industrial Circuitmate'° Model 
9020 offers capabilities seldom found on 
other scopes costing less than $600. 

Proven capabilities such as delayed 
sweep for easy bandwidth analysis, zoom - 
in for short -duration events, a variable 
holdoff function for a stable display of non - 
periodic signals-even beam finding to 

Scopemate 2" IC/Component Tester 
$395.00 
Test Method: Direct Visual Comparison (known good 

vs. device under test) 

Test Sockets/Interface: 20 and 40 -pin ZIF IC sockets; 
banana jacks 

Power: 120 or 220VAC, 50/60Hz, 5VA max. (specify) 

Circuit Test Voltage/Current: 14VAC RMS (voltage, 
approx.); 300µA AC RMS (current, approx.) 

Pin Test selection: Push-button switch per pin. 

9020 20MHz Delayed 
Sweep Oscilloscope 
$ 589.00 
Vertical Accuracy: ±3% 
Time -based accuracy: t34ó 
Input Impedance: 1M ohm 
35pF (2%) 

Input Max. Voltage: 400V 
(DC+pos. peak AC) 

Sweep Delay Ranges: 
10,1,0.1ms;10,1,0.1µs 

Mode: Normal, search, delay 

locate and return trace to view regardless 
of control settings. And switchable Xl/X10 
probes give you more sensitivity for low 
frequency measurements, less circuit 
loading for high frequency measurements. 

For real value, combine the 9020 and 
Scopemate 2 for performance and flexi- 
bility unmatched by systems costing 
$1,500 or more. 

Both Scopemate 2 and our Circuit - 
mate Model 9020 illustrate a simple com- 
mitment by Beckman Industrial-to 
provide service test instruments that meet 
your needs. Whether through advanced 
technology or value -oriented applications 
of proven technology, Beckman Industrial 
gives you the right features at the right 
price, with service test instruments built 
to rigorous standards of quality and 
reliability. 

Visit your Beckman Industrial 
distributor today and find out how the 
ruggedly reliable Scopemate 2 and the 

9020 Oscilloscope can meet your 
needs. And why they offer the best 
value around. By comparison. 

B ir- /Lr r ai¡n.ui I---_ -V`-V 
Beckman 

/'M 

Industrial Corporation 
Instrumentation Products Division 
A Subsidiary of Emerson Electric Company 
3883 Ruffin Road, San Diego, CA 92123-1898 
(619) 495-3200 FAX (619) 268-0172 TLX 249031 
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EVERY SONY PRODUCT COMES 
FULLY EQUIPPED WITH OUR 

DEDICATION TO QUALITY SERVICE. 

Your customers may never need 
The Sony Service Company, but it's 
comforting to know we're only a 
phone call away. 

Our nationwide network of Sony 
Service Centers, Training and 
Technical Departments and our 
National Parts Center represent our 
commitment to service. This means if 
you sell or service Sony products, 
Sony is there for you. Read on to find 
out more. 

1. Sony Service Centers. Repair 
work is performed at over 27 Sony 
Service Centers located throughout 
the country (even Hawaii). 
The Centers also sell Sony 
accessories and rent video 
equipment. For the nearest 
SonyService Center call 
(201 930 -SONY (7669). 

2. Regional Centers. Our 
Regional Centers are set up to assist 
you with any technical questions. Just 
call one of the following numbers. 
Mahwah, NJ (201) 529-1616; Phila- 
delphia, PA (215) 632-7999; Irving, 
TX (214 550-5269; Fort Lauderdale, 
FL (305920-5656; Honolulu, HA 
(808) 8 4-6622; Niles, IL (312) 
647-2424; Detroit, MI (313)477-4805; 
Costa Mesa, CA (714) 549-4836, 
San Jose, CA (408) 280-7675. 

3. Training & Technical Depart- 
ments. Because constant innovation 
is the rule ir the field of consumer 

SONY 
Sony Service Company 

A Division of Sony Corporation of America 

electronics, authorized servicers and 
Sony Service Center technicians need 
the latest information available. This 
information is provided through train- 
ing sessions at our Regional Training 
facilities and publication of Service 
Bulletins by our Technical Department. 

4. National Parts Centers. All 
Sony Service Centers, parts distribu- 
tors and authorized servicers depend 
on the National Parts Center. The 
Center also provides up-to-date service 
manuals and training tapes. To 
receive the Comprehensive Service 
Literature brochure free of charge 

write: Sony Service Company, 
National Parts Center, 8281 
NW 107th Terrace, Kansas 
City MO 64153 Attention 
Publications Department or 
call (816) 891-7550. 

1988 Sony Corporation of Amer ca. Sony is a registered trademark of Sony Corporation. 
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is like taking two steps forward 
and one back, you're not alone. 
Most electronics servicers find 
continuing their electronics 
educations a confusing, frustrating 
process. However, locating the 
course, seminar or book you need 
might just be a matter of finding 
the right address. 

46 Unusual uses for varactor 
diodes 
By Joseph J. Carr, CET 
When is a diode not simply a 
diode? When it's a special 
enhanced -capacitance diode called 
a varactor. Servicers might expect 
some of the many different 
functions diodes serve in electronic 
circuits, but they might be 
surprised to see that this special 
diode can also be used as a 
capacitor. 
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The earth is ringed with television 
satellites located in an orbit directly 
above the earth's equator between 69° 
west longitude and 143° west longitude. 
Catching the clearest signals from these 
satellites is a matter of knowing where 
the antenna will be located and 
calculating the proper G/T spec for that 
area. 
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Now_you can put your fingers on 
214,OOd' replacement semiconductors. 

Finding the precise, quality solid state replacement device is as easy as 
opening one book, the SK Solid State Replacement Guide. 

Inside you'll find listings for making over 214,000 solid state replacements 
using some 2,900 quality -built SK and KH types. From transistors and thyristors to 
integrated circuits and microprocessors. All cross-referenced so you can replace 
original parts of all makes quickly and easily. 

When you need a solid state replacement part for servicing a VCR, TV, audio 
component or personal computer, this is one book your fingers will turn to 
automatically. 

To get your SK Guide (SKG202E), see your local SK Distributor. Or write: 
Sales Promotion Services, Thomson Consumer Electronics, Inc., Distributor and 
Special Products, 2000 Clements Bridge Road, Deptford, NJ 08096-2088. 

SKReplacement 
Solid State 
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Editorial 

Keeping 
an open 

mind 

The great musicians are said to prac- 
tice for hours every day. This dedica- 
tion is also common with great athletes. 
For example, Larry Bird, the Boston 
Celtics great, is said to spend hour upon 
hour during the off season shooting bas- 
kets, first with one hand, then with the 
other. Not only do they practice, but the 
best of the best in all professions study 
constantly. How would you like to be 
operated on by a surgeon whose educa- 
tion stopped 30 years ago? 

Managers and professionals of all 
kinds attend seminars. Writers attend 
workshops. Teachers are required to 
spend part of their time taking advanced 
education. Many professions require 
that their members earn some number 
of continuing education units every year. 

How about you? Today's electronics 
servicing technicians are being called 
upon to provide service on some of the 
most sophisticated products-and the 
products are becoming more sophisti- 
cated all the time. More and more new 
products, featuring different and in- 
creasingly sophisticated technology, are 
constantly being produced. 

Any consumer electronics servicer 
who doesn't want to be left in the dust 
needs to spend whatever time is avail- 
able polishing up old skills and knowl- 
edge and learning new ones. 

Think about what's going on in con- 
sumer electronics: 

Greater numbers of TVs, VCRs, CD 
players and tape recorders are being de- 
signed around sophisticated integrated 
circuits. 

More and more consumer electronic 
devices are featuring microprocessor 
control. 

The array of electronic devices likely 
to be found in the home continues to 
grow: TV, VCR, CD, telephone, com- 
puter and peripherals, telephone an- 
swering device, copier, facsimile 
machine. 

Smaller and smaller devices such as 
surface -mount components require sol- 
dering skills that rival the surgical skills 
of a heart surgeon. 

Increasing numbers of components 

are susceptible to electrostatic discharge 
damage. Servicing these products re- 
quires extreme care-otherwise, dam- 
age may be inflicted by the very person 
who is being trusted to fix the product. 

In light of all of these changes in the 
consumer -electronics field, no servic- 
ing technician can ignore the need to 
continually sharpen and update skills. 
Fortunately, there are a number of plac- 
es technicians can go to do this. Here's 
a partial list: 

Manufacturers' literature and seminars 
Books 
Magazines 
Community college courses 
EIA courses 
Correspondence courses 
Private technical school courses 
EIA and manufacturer videotapes 

The wise tech who wants to continue 
being a tech will take advantage of these 
courses wherever possible. The wise 
owner and manager will see that techs 
have the opportunity to do so. 

Of course, we all have excuses. "I 
don't have the time. I can't afford to fly 
to another city and stay in a hotel for 
a week. I can't afford to be away from 
my business that long." Those are all 
valid reasons not to attend classes, but 
if you were to put those arguments on 
one side of a balance sheet and put the 
arguments for attending on the other 
side, you might find that the reasons for 
attending easily outweigh the reasons 
against attending. 

If you just can't attend seminars or 
courses, there are still the home -study 
courses, books and videotapes. You sim- 
ply can't afford to let your knowledge 
and skills become stagnant. 

A wise man whose name escapes me 
at the moment once said that if he had 
a tree to chop down and a limited time 
to do it in, he'd spend most of that time 
sharpening his axe. A servicing tech- 
nician's skills are his most important 
tool-his axe. It's a wise technician who 
spends some time every year sharpen- 
ing and honing his axe. 

QA414. eey..e.,J C...,....,,, 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

FLUKE 

Multiple Problems. 
For microprocessor board trouble- 
shooting and service, nothing expands 
your diagnostic capabilities - and 
simplifies your operation - like the 
new Fluke 90 Series. 

This unique pP board tester gives you a 

complete range of test functions: 

Bus Tests 

Memory Tests 

I/O Tests 

QuickTrace" Probe Test, to automatically 
identify and display unknown nodes. 

QUICKTR CE 

In all,16 different preprogrammed tests 
make the 90 Series a powerful stand- 
alone troubleshooting instrument. 

Add the power of a PC. 

Connect the 90 Series' RS -232 port to a 

PC or terminal and access advanced trou- 

bleshooting functions, such as Break -Point 

and Frame -Point capabilities, memory 

upload and download, plus external trigger 
functions. You can save both test sequences 
and results, building documentation on 

different boards as you go. 

PHILIPS PHILIPS 

One Solution. 
Designed for real-time testing. 

The 90 Series consists of three units, 
each designed for one of the three most 
commonly used 8 -bit processors (Z80, 
6809 or 8085). 

Each tester clips directly onto the micro- 
processor, including soldered -in proces- 
sors. Power is supplied by the Unit Under 

Test. The UUT continues to operate while 
diagnostics are executed, so you can even 

locate intermittent problems. 

Easy on the technician, 
easy on the budget. 

The 90 Series is small enough (11"x 6" x 

3") to find a home on every service bench. 

Test results are fast and presented in Eng- 

lish. Each diagnostic function is selected 
from a simple -to -follow menu, which greatly 
reduces training time. 

The Fluke 90 Series is ideal for service and 

repair operations, as well as engineering 
prototype testing and technician training. 
And it's ideally priced at $1395 (suggested 
U.S. list), available from leading electronic 
distributors. 

To find out more about the Fluke 90 Series, 

or the products that made Fluke the leader 

in emulative board testing, the 9000 

Micro -System Troubleshooter or 9100 
Digital Test System, call today at 

1 -800 -44 -FLUKE ext. 33. 

The Fluke 90 Series. A single instrument 
for a multitude of problems. 

The 90 Series 
pP Board Tester 

John Fluke Mtg. Co., Inc., P.O. Box C9090. M/S 250C, Everett, WA 98206. 

U.S.. 206-356-5400 CANADA: 416-890-7600. 
OTHER COUNTRIES: 206-356-5500. 

©©Copyright 1987 John Fluke Mfg. Co.. Inc. All rights reserved. Ad No. 1173-F90. 
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News 

Triplett offers repair policy 
The Triplett Corporation has restruc- 

tured its repair policy by placing maxi- 
mum cost limits, which are considerably 
lower than present industry rates, for 
repair work on each model in its line of 
test equipment. 

Responding to the problem of "throw- 
away" test equipment, in which users 
feel it is cheaper to replace a unit than 
fix it, the company is placing a cap on 
repair costs for each digital or analog 
multimeter, communications product 
and test -equipment accessory it manu- 
factures. In most cases, the ceilings are 
approximately half the price of a brand 
new unit. 

EIA/CEG establishes defense fund 
The Electronic Industries Associa- 

tion's Consumer Electronics Group 
(EIA/CEG) has established a 6 -figure 
matching legal defense fund to be made 
available to the first member company 
to be sued over marketing digital audi- 
otape (DAT) recorders in the United 
States. The funds are intended to be 
used to match company funds needed 

for company defense in litigation on the 
legality of importing and marketing 
DAT recorders. The fund was estab- 
lished in response to the Recording In- 
dustry Association of America's inten- 
tion to sue the first DAT seller. 

EIA supports compatibility in HDTV 
The Electronic Industries Association 

Committee on Advanced Television 
(EIA/ATV) has reached several agree- 
ments concerning the development of a 
technical standard for high -definition 
television (HDTV), which is expected 
to be used in the United States in the 
1990s. The key issue resolved was that 
of compatibility-the committee agreed 
that any system that is adopted should 
be compatible with the current NTSC 
system now in operation in the United 
States. The committee also agreed that 
no degradation should be discernible in 
the NTSC signal received by the home 
viewer, and that a smooth transition to 
HDTV is necessary to protect both the 
consumers' and the broadcasters' 
investments. 

The committee has been meeting 

since the beginning of 1988 to develop 
a broad industry consensus on key is- 
sues related to the development of 
HDTV standards. The association is 
working with broadcasters, cable oper- 
ators, consumers and federal agencies 
in addition to its manufacturing 
members. 

These resolutions were set forth be- 
fore the Congressional Subcommittee 
on Science, Research and Technology 
in June. Sidney Topol, the chairman of 
the EIA/ATV committee, testified that 
the basic principles agreed upon by the 
electronics industry more than 50 years 
ago also apply to HDTV. The principles 
include a single set of TV standards for 
the United States, a high -definition pic- 
ture, a service giving as near nation- 
wide coverage as possible, a selection 
of programs, and the lowest possible re- 
ceiver cost and the easiest possible tun- 
ing. The chairman also pointed out the 
new opportunities HDTV will create for 
manufacturers of TVs, tubes, amplifica- 
tion systems, components, transmission 
systems, satellite and cable TV 
equipment. 
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The 
Troubleshooting 

When VCR problems bring your Guide service department to a standstill, 

turn to your Mitsubishi VCR with Troubleshooting Guide! This in ten- 111.111131.1111.1 
sive two hour tour of information ::; 
features Mitsubishi's unique on- l vision ......... ,.......... 
symptom analysis and efficient ,:., .u..."' -'111i11111 

1110111.1111311 -.7z2 - 
troubleshooting. ==== 

_-__ 

screen indexing system for easy 

The techniques explored are 

easily adaptable and can be applied 

to a wide range of VHS VCR brands. 

The VCR Troubleshooting Guide is 

a continuous source of reliable in- 

formation that saves time, money 

and headaches. 

If troubleshooting has got you 

down, look up to the experience of 

the easy -to -follow Mitsubishi 

Troubleshooting Guide. 

Turn your service department 

down -time into up -time. today! 

MITSUBISHI 
ELECTRIC SALES AMERICA, INC. 

ONLY S49.95 ORDER PART NO. TT -103 (INCLUDES ONE WORKBOOK) 
ADDITIONAL WORKBOOKS AVAILABLE FOR S4.95 EACH BY ORDERING PART NO. TWB-103 

COD ORDERS ACCEPTED (800) 553-7278 FAX (800) 825-6655 
VISA/MC ACCEPTED 
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Give up real-time capability for 
storage? Not with Tek! 
That's because analog capability is 
integral to low-cost Tek digital storage 
oscilloscopes. So you need only one 
instrument to make all your measure- 
ments efficiently. With no trade-offs. 

It's another Tek advantage: analog 
and digital in one familiar, affordable 
package. 

Select 
either 
mode 
at the 

push of a 
button. 
With digital 
storage you 
can capture 
events which 

are difficult if 
not impossible 

to see on con- 
ventional scopes. 

Pre and post trigger 
events. Fast transients. 

CAT/null! c 1988. TeRtroni,. Inc All nrkhls res«vvrd. I ".1 

Single -shot events. 
Elusive glitches. 
Low -speed 
phenomena. 

Four screen photos spliced 
end to end illustrate the 
benefit of full four -screen 
capture using the 2230's 4K 
record length. 

Any waveform can be viewed for 
as long as you like. Or stored in 4K of 
memory for later analysis or com- 
parison to other waveforms. And if 

there's a question about a digital 
measurement, just push a button for 
real-time display analysis. 

www.americanradiohistory.com



real-time advantage. 
The affordable portables. 
These are the world's best-selling dig- 
ital storage oscilloscopes. And with 
the new 50 MHz Tek 2210 joining the 
family, there's now an even better 
selection in bandwidth, perform- 
ance and price. 

Select for advanced features such 
as 100 ns glitch capture at any sweep 
speed, CRT readout, measurement 
cursors, multiple acquisition modes 
and hardcopy output, plus optional 
GPIB or RS -232C interfaces and 
software. 

These scopes are perfect for 
first-time digital users. And sea- 
soned operators will appreciate 
even more their versatility, con- 
venience and value. All backed 

edf 

fRIGGF. 
,.. 

Features 

Bandwidth 

2230 2221 2220 2210 

100 MHz 60 MHz 60 MHz 50 MHz 

Max. Sam- 20 MS/s 20 MS/s 20 MS/s 20 MS/s 
piing Speed 

Vertical 8-12 bits 8-10 bits 8 bits 8 bits 
Resolution 

Record 
Length 

4K 4K 4K 4K 

Glitch Capture 100 ns 100 ns 100 ns No 

CRT Readout/ Yes Yes 
Cursors 

No No 

GPIB/RS-232-C Yes Yes 
Options 

Yes No 

Warranty 

Price 

3 -years on labor and parts including CRT 

$4995 $3995 $2995 $2395 

Each scope offers a range of 
capabilities you'd expect to 
find only in much more 
expensive instruments. 

by Tek quality and a 3 -year warranty. 
Discover the potential. Let Tek 

show you what you're missing ...with- 
out making you give up analog to see 
it. That's the real-time advantage of 
Tek digital storage. 

For easy ordering or more infor- 
mation call Tek Direct: 

1-800-426-2200 
VISA, MasterCard 

Tëktronòc. 
COMMITTED TO EXCELLENCE 

Circle (6) on Reply Card 

www.americanradiohistory.com



Choosing the right satellite 
antenna system 

Understanding G/T specs will help you choose the right 
satellite antenna system 

By James E. Kluge 

Although the term G/T is one of the 
specifications frequently found on a 
TVRO antenna spec sheet, some anten- 
na buyers just memorize a number to 
aim for and let it go at that. However, 
understanding what this specification 
means will allow a consumer, technician 
or dealer to choose a satellite antenna 
receiving system that will provide a 
good TV picture under all conditions. 
No one number will do the job: You 
need to know how the system will be 
used to choose the proper G/T. 

G/T is expressed in units of decibels 
per kelvin, where G is antenna gain and 
T is the system noise temperature. (See 
"What on Earth Are Kelvins?" in the 

Kluge is a technical editor at the wmegard Company. 

July 1988 issue for an explanation of 
noise temperature.) G/T represents a 
figure of merit for TVRO-antenna 
systems. Although it is probably one of 
the least understood items on a spec 
sheet, a typical dealer or consumer does 
understand that the higher the value of 
G/T, the better the antenna. 

Unfortunately, the characteristic that 
G/T represents encompasses many 
aspects of a TVRO system. The G/T can 
express the gain/temperature ratio of on- 
ly the antenna, of any portion of the 
TVRO system, or of the entire TVRO 
system, including the receiver. 

Because gain and noise contributions 
in the system components between the 
low -noise amplifier (LNA) output and 
the TV set do not significantly affect 

G/T, this ratio is commonly specified 
from the antenna up to and including the 
LNA input. In fact, when you see G/T 
specified, it often does not apply to the 
antenna alone but will nearly always in- 
clude the LNA's effective input noise 
temperature. This means that the G/T 
rating includes the antenna and the LNA 
input plus whatever waveguide or pas- 
sive devices are interconnected between 
them. 

Without delving into TVRO system 
design, let's take a look at the G/T spec 
as it applies to the antenna-to-LNA 
combination contained within the 
feed/LNB module. 

Gain -temperature ratio 
TVRO antennas are rated in decibels 
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Figure 1. All of the domestic television satellites are located in an orbit directly about the earth's equator between 69° west longitude and 
143° west longitude. Because their orbital speed just matches the rotational speed of the earth, each one is, in effect, stationary above 
a point on the earth. 
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of gain, which is a function of the anten- 
na aperture (the diameter of the dish). 
Antenna gain (G) is directly proportion- 
al to the area of the reflector, which 
means that it is proportional to the 
square of the diameter of the reflector: 
G a D2. The gain of an antenna is a 
number that compares its performance 
to the performance of a reference stan- 
dard antenna. The reference antenna or- 
dinarily used is called an isotropic 
antenna (see the glossary, "Some 
TVRO terminology;' for explanations of 
any unfamiliar terms you run into in this 
article). An isotropic antenna is an ideal 
antenna that radiates or receives equal- 
ly in all directions. 

Let's call the power received by the 
reflector antenna PR and the power 
received by the isotropic antenna PI. 
The gain of the reflector antenna in dB is 

gain (dB) = 10 log (PR/PI) 

That is, gain expressed in decibels is 
equal to 10 times the logarithm of the 
numeric ratio of the maximum signal 
power received by the antenna, to the 
equivalent power received by an isotrop- 
ic antenna immersed in an identical 
electromagnetic field. This numeric 
power ratio is used in G/T calculations. 

The symbol T stands for system noise 
temperature, which includes the noise 
temperature of the antenna and the 
LNA, as well as the noise temperature 
of any waveguide and other devices, 
passive or active, interconnecting the 
antenna and the LNA. 

G/T, then, is a ratio of numerical gain 
to effective noise temperature in kelvins; 
this figure is then converted to decibels. 
The goal of a TVRO system is to maxi- 
mize G/T, which requires either increas- 
ing G by using a larger diameter (and 
more expensive) antenna, or reducing 
T by employing a more expensive LNA 

that has a lower noise temperature. 
There are cost trade-offs whichever way 
you choose to go. However, there is a 
practical lower limit of noise tempera- 
ture on available LNAs for use with con- 
sumer -marketed TVRO systems; that 
limit is about 65K to 75K. 

Signals from a more powerful satellite 
allow you to relax either of the two op- 
tions for maximizing G/T. In other 
words, the true goal of TVRO system 
design is a maximum carrier -to -noise 
ratio, C/N. The C/N is the ratio of the 
carrier strength to the noise strength ex- 
pressed in decibels. The higher the C/N, 
the higher the S/N and, consequently, 
the better the TV picture will be. 

C/N (in dB) is directly related to G/T. 
For example, a TVRO system with a 
G/T of 30dB/K will increase the C/N 
by 10dB over a system with a G/T of 
20dB/K. It is extremely important to 
maintain a minimum C/N (threshold 

level) to avoid a rapid deterioration of 
the S/N ratio in the receiver. Typical 
values range from 8dB to 15dB. 

Antenna noise 
Antenna noise temperature, designat- 

ed TA, is not a physical temperature 
but rather an effective temperature 
related to generated noise power. Be- 
cause the energy radiated by any warm 
body is directly related to its thermo- 
dynamic temperature, the noise power 
received from it can be specified in 
thermodynamic temperature units (kel- 
vins). The noise contribution from noise 
sources outside the system depends on 
the direction from which the noise ar- 
rives relative to the boresight of the an- 
tenna. The noise contribution is weight- 
ed by the receiving pattern of a partic- 
ular antenna relative to its maximum on - 
axis gain. 

Thus, antenna noise temperature is a 
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Figure 2. Effective isotropic radiated power (EIRP) is a measure of the relative strength of 
the satellite TV signal expressed in dBW. This footprint map graphically illustrates how strong 
the satellite signal is as it reaches various regions of the satellite's coverage area. Each satellite 
has a different coverage pattern. In many cases, different transponders on the same satellite 
will show a different EIRP. Where the signal is strongest is the area referred to as the boresight. 
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function of the look angle of the anten- 
na and its particular ambient environ- 
ment, as well as the antenna's receiving 
pattern. The antenna noise temperature 
varies considerably with elevation angle. 
The noise temperature is minimum (ap- 
proximately 4K to 15K) at the antenna's 
zenith (directly overhead, which is 90 
degrees above the horizon) when "look- 

ing" at the sky. As the elevation angle 
is reduced, the noise temperature begins 
to rise slowly as the side lobes of the 
antenna start picking up radiated ther- 
mal energy from the earth at about 20° 
to 30° elevation. The noise temperature 
then rises nearly exponentially toward 
290K, which is the earth's ambient ref- 
erence temperature. Pointing an anten- 

na at the sun (which happens twice an- 
nually, in the spring and fall) causes its 
noise temperature to skyrocket to a point 
where the noise swamps the desired 
signal. 

Devices in the signal chain 
In a TVRO system, the first device in 

the signal chain is the antenna. In addi- 

Some TVRO terminology 

Antenna gain: An antenna is a passive de- 
vice; it obviously can't have gain. How- 
ever, some antennas pick up more of the 
electromagnetic signal and convert it to 
a larger electrical signal for use by the 
TVRO system. TV antennas use reflec- 
tors and directors to increase the amount 
of electromagnetic signal picked up from 
a transmitter in a specific direction. 
TVRO antennas use a parabolic dish to 
collect signal over a large area and direct 
it at the antenna. An antenna using either 
of these methods aimed at a source of 
electromagnetic radiation gives a much 
larger signal than would an antenna that 
receives signals equally from all direc- 
tions (an isotropic antenna). The ratio of 
the power produced by a practical anten- 
na to the power produced by an isotropic 
antenna when receiving an identical sig- 
nal is called antenna gain. 

Aperture efficiency: The ratio of captured 
signal to the theoretical maximum for a 
given dish antenna/feed combination. 
The design goal is 100% aperture effi- 
ciency, but most TVRO dishes perform 
at only 50% to 80% to attain low noise 
characteristics and ease of construction. 
Some VHF/UHF antennas, on the other 
hand, can approach the 100% goal with 
an array of reflective elements. 

Boresight: The center of the transponder 
footprint, where signal strength is at its 
maximum. 

dBi: The unit used to express antenna 
gain. The i shows that this is gain com- 
pared to an isotropic antenna. 

dBW: The unit that indicates the power 
of a signal as compared to a reference of 
1W. 

EIRP: Effective isotropic radiated power, 
a measure of the relative strength of the 
satellite TV signal expressed in dBW. 
This parameter is called effective (or 
equivalent) isotropic radiated power be- 
cause, although the transmitting anten- 
na at the satellite is directional, the EIRP 
describes the power that reaches the earth 
as though the transmitting antenna were 
an isotropic antenna. A directional anten- 
na directs all its power into producing a 
signal in one direction. An omnidirec- 
tional antenna would have to produce the 
same signal strength in all directions. 
Therefore, an isotropic antenna would 
have to be fed more power to produce the 
same signal strength at a specific loca- 
tion on earth as is being produced by the 
actual antenna being used. 

Figure of merit: A numerical quantity 
based on one or more characteristics (of 
a device or solution) under specified con- 
ditions. The figure is used for indicating 
comparative efficiency or effectiveness. 
In other words, a figure of merit doesn't 
tell you, absolutely, anything about what 
it describes, but it does allow you to com- 
pare among similar units. 

Isotropic antenna: An idealized antenna 
that transmits or receives electromagnetic 
signals equally in all directions. Such an 
antenna ordinarily would be of little use 
in an actual application: An isotropic 
transmitting antenna would waste a lot of 
power transmitting signal where it wasn't 
needed; an isotropic receiving antenna 

would be subjected to a lot of unwanted 
signals from directions other than the 
direction of the desired source. An iso- 
tropic antenna does, however, make a 
good reference against which to compare 
practical antennas. 

LNA: Low -noise amplifier. An amplifier 
that is designed to contribute the lowest 
practicable amount of noise to an ampli- 
fied satellite signal. This antenna pre- 
amplifier is located directly at the antenna 
so that the very small satellite signal is 
amplified before any attempt is made to 
transmit it to the TV system. 

Look angle: The angle above the horizon 
at your location from which the satellite 
signal arrives. 

Side lobes: If you look at the response 
curve of a directional antenna, you ordi- 
narily find that, in the case of a transmit- 
ting antenna, it radiates most of its energy 
in the direction perpendicular to the an- 
tenna orientation. In most cases, however, 
you will find that at some angle to the 
direction of transmission, on both sides, 
some smaller amount of energy will be 
transmitted. A directional receiving an- 
tenna will be most sensitive to received 
signals from the direction perpendicular 
to its orientation, but it will exhibit some 
sensitivity to signals coming from some 
angle on both sides of the line of greatest 
sensitivity. On the response curve, these 
measures of power transmitted or sensi- 
tivity look like lobes. People who work 
with antennas have adopted the practice 
of using the term side lobes when speak- 
ing of this energy transmitted or received 
at an angle to the main direction of trans- 
mission or reception. 

* These definitions have been adapted by 
the editorial staff of ES&T from a 
number of sources, primarily information 
provided by Winegard. Any errors that 
may have occurred should be attributed 
to the ES&T staff, not the author. 
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Figure 3. Antenna noise increases very rapid 
ly at elevation angles below about 20° where 
off -axis antenna response becomes more 
susceptible to thermal radiation from the 
earth and ground objects. 

tion to gathering signal power, an anten- 
na is also a noise source that derives its 
noise power largely from outside sourc- 
es such as the sun, the stars, the moon 
and even the earth. Also associated with 
an antenna are ohmic losses, which con- 
tribute to the antenna's total noise. How- 
ever, these losses are small and insig- 
nificant when compared to the contribu- 
tion of noise flux from the outside noise 
sources that are incident on the anten- 
na surface. 

The second device in the chain is the 
waveguide, along with its junctions, 
which connect the antenna feed to the 
LNA. The waveguide, being passive, 
has no gain and, in fact, represents a 
loss, L. For G/T measurements, the de- 
vice is referenced to the standard am- 
bient noise temperature, 290K (62.3°F). 
Its effective noise temperature may vary 
from OK for an ideally lossless device 
to 290K for a very high -loss device 
(more than 15dB insertion loss); a 1dB 

insertion loss would correspond to an 
effective noise temperature of 60K. 

The mathematical relationship be- 
tween loss and effective noise tempera- 
ture is T = 290 (L -1/L) where L is a 
ratio of input power to output power 
(just the inverse of a power -gain for- 
mula). L is termed the power -loss ratio; 
it is always greater than one. 

Finally, the third device in the signal 
chain is the LNA. This unit establishes 
or determines the S/N characteristics for 
the rest of the TVRO system that 
follows. 

The LNA s gain should be high 
enough to raise the tiny input signals to 

Table 1. 

'Typical specifications for a TVRO antenna 

dB gain 
aperture efficiency 
dB gain 
aperture efficiency 
beam width (-3dBi) 
gain/noise temperature 
gain/noise temperature 
2° response 
side lobes 
cross polarization 
F/D ratio 

40.4dBi (Chaparral with Gold Ring) 
67% 
39.6dBi (stock Chaparral) 
56% 
1.6° 
19.8 (80° LNA, Gold Ring) 
19.0 (80° LNA, Stock Feed) 
more than 18dB down 
more than 20dB down 
more than 25dB down 
0.283 

an output level that can be downconvert- 
ed in frequency, then sent along a coax- 
ial cable leading to the receiver indoors 
without the cable loss overly degrading 
the C/N ratio. Also, the LNA should 
have a low enough effective input -noise 
temperature, TE, so that its noise does 
not significantly add to the noise level 
of the signals it is amplifying. Typical 
LNA gain is 40dB to 50dB; typical C - 
band noise temperature ranges from 
75K to 100K. If these specs are inade- 
quate, the system requires a larger di- 
ameter antenna to boost the carrier lev- 
el. Keep in mind that not all satellites 
and transponders are equal; avoid mak- 
ing a decision based on EIRP (see the 
glossary) of signals from one of the 
more powerful birds. 

Calculating G/T 
If the antenna gain (GA), the anten- 

na noise temperature (TA) and the sys- 
tem noise temperature (Ts) are known, 
G/T can be calculated from the expres- 
sion G/T = GA/(TA + Ts). GA and TA 

can be determined from the manufac- 
turer's spec sheet, and the system tem- 
perature, Ts, is essentially equal to the 
LNA noise temperature. 

Because G/T is commonly expressed 
in dB/K, you calculate G/T by adding 
TA and Ts (in kelvins), finding the log- 
arithm of the total, multiplying by 10 

and subtracting the result from the an- 
tenna gain given in dB or dBi. 

For example, a 10 -foot antenna with 
an aperture efficiency of 67% has a gain 
of 40.4dBi. Its minimum noise temper- 
ature is 35K. When the antenna is con- 
nected to a 100K LNA, the G/T is 

G/T = 40.4 - 10 log (35 + 100) = 
19.1dB 

When the antenna is connected to an 

85K LNA: 

G/T = 40.4 - 10 log (35 + 85) = 
19.6dB 

This G/T is a 0.5dB improvement in 
C/N. 

A useful G/T for typical TVRO re- 
ceiving antennas ought to range between 
15dB and 20dB. But what end of that 
range should you design for? 

Determining what G/T you need 
To know what G/T you need, you 

must know what minimum signal level 
(EIRP) to expect and what minimum 
C/N ratio you are willing to tolerate. A 
C/N of 8dB produces a good watchable 
picture. Below 8dB, the picture quality 
deteriorates rapidly, so it is wise to allow 
a margin of safety such as 3dB or 4dB 
to provide for less -than -ideal conditions 
(snow, rain, wind, sun transit). 

The EIRP at a given location can be 
determined from your geographical lo- 
cation's footprints, found in published 
charts. Then C/N can be calculated us- 
ing the following formula: 

C/N = EIRP - loss + G/T 
- 10 log B - k 

where: 
EIRP = the expected minimum (worst 

case) signal, in dBW, from the pub- 
lished footprint. 

loss = free -space loss of signals travel- 
ing through space (typically 196dB 
at 4GHz, 205.5dB at 12GHz). 

B = the TVRO receiver's bandwidth in 
hertz (typically 30MHz). 

k = Boltzmann's constant, 1.38 x 10-23 

(-228.6dB). 

For example, using a 10 -foot antenna 
with a G/T of 20dB/K and a bandwidth 
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The farther north the satellite receiving site 
is, the lower the look angle. In Anchorage, 
Alaska, where the look angle is just above the 
horizon, ground clutter noise could be signifi- 
cant if an ordinary dish -type reflector is used. 
A highly directional antenna works better in 
this situation. 

of 30 x 106 Hz, assuming a worst -case 
EIRP of 30dBW, the equation yields a 
C/N of 7.83dB. 

C/N = 30 - 196 + 20 - 74.77 + 
228.6 = 7.83dB 

Because most footprints yield an 
EIRP of 35dBW or more, this figure 
represents a 5dB margin of safety, so 
that most of the time (with an EIRP of 
approximately 35dBW and a G/T of 
20dB/K) the C/N will be between 12dB 
and 13dB, providing excellent picture 
quality. Under worst -case conditions, 
when poor atmospheric conditions re- 
duce the EIRP to 30dBW, picture quali- 
ty will still be acceptable. A 6 -foot 
antenna with a G/T of 15dB would be 
acceptable for more powerful satellites 
but unacceptable for many medium - 
power satellites or fringe areas of the 
footprint. A larger antenna or a quieter 
LNA would provide the only solution- 
a higher G/T. 

So G/T becomes important in calcu- 
lating the C/N ratio. There isn't much 
you can do to influence the EIRP, the 
free -space loss, the receiver bandwidth 
or Boltzmann's constant. But you can 
select a suitable G/T by making trade- 
offs between antenna gain (size) and 
LNA noise temperature. Always re- 
member, the bottom line is picture 
quality and clarity. ES= ! , 

Troubleshooting tips 
Vertical foldover 
Mitsubishi CS1952R 
(Photofact 2337-2) 

This Mitsubishi CS1952R receiver 
was producing a raster that was folded 
over at the top and somewhat reduced 
in height overall. The dc voltage reading 
at the collector of the second vertical 
output transistor, Q402, was about 
42Vdc-somewhat on the high side of 
the required 32Vdc. The Q402 base 
voltage was 0.5Vdc, which is about 
right, according to the schematic. Next, 
I examined the waveform at the Q402 

base. The amplitude and dc level were 
correct, but instead of just one pulse, 
two closely spaced pulses of excessive 
width were present during each vertical 
interval. 

The waveform at C412 revealed that 
Q4o2 was amplifying this incorrect base 
drive and applying it to the deflection 
yoke. I next examined the waveform at 

the SYNC/SWEEP/CHROMA/VIDEO 
integrated circuit (pin 14 of IC201) and 
found that it had the double pulse as 
well. At IC201, all of the other 
waveforms pertaining to the vertical cir- 
cuit (pins 7, 9, 10, 11 and 13) were nor- 
mal, with no double pulse. On the basis 
of these facts, I decided that IC201 

should be replaced. 
I powered up the unit, but the problem 

remained. Because all of the waveforms 
at IC201 appeared to be correct except 
for the output at pin 14 (I rechecked 
them to be certain), I couldn't see any 
obvious clues as to the cause of the fault. 
I checked the components in and around 
the vertical linearity and height controls, 
thinking that a fault in the feedback cir- 
cuitry would be responsible, but all 
components were good. A check of 
C412 revealed that it was leaky. I re- 
placed it, which produced slightly in- 
creased height, but the foldover 
remained. 

R201 
5600 R227 

18K i1 

2 s 
VER.' VERT 1V 

PART OF IC201 

9.1V 4.9V 
13 

R407 
560 

VR403 
VERT 

LINEARITY 
20K 

6 

R416 
270 

12 

R406 
47K 

VR402 
VERT 

PE16NT 
500 

C531 C532 
S6OpF 

10% 

330pF 
50 VI 
10% v 

R531 C533 
15K .00471 R532 

500V 82K 
10X 211 

7 

14 

C409 
002 

10 R223 e I 

12.4v 8200 
SERVICE SM L 

52011 

R40B 
100 

e 0207i 
55500-0 

R202 
1500 

C202 
2. 2pF 

lo 

12.4V 

R281 
270K 

12.4V 

6V 
VERI i 

.Il VRjÔ4 
5118 

CONTRAST 
50K 

C413 e 2SC2073-C 
.001 0402 VERT OUT -2 

I 32.0V 
R413 

10% .. i 4.7 

13.9V 

e 
0401z e 

55500-0 0402 
55500-0 

OPEN 

110V 
VERI 

e 
0401 

R411 ; 
220 
210 [Q 

R410 
co1 

270 10F 

21,1 1 100V 

130V 

32.5V 

80V 
.oRt 

T531 

130V 

C551 

00221 10% 

28.6V 

L552 

C535 
.0022I 
10% 

* 2SDE69-L 
0591MOMIT OUT 

LS91 

12 5V Ei 

C 

CS54 
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After some time away from the prob- 
lem, I redrew the output circuit, includ- 
ing Q40, and Q402. This redraw revealed 
a somewhat unusual configuration. The 
Q401 output acts as a current source for 
the yoke except when the down -going 
pulse is present at the base of Q402. 

When the pulse is present, the emitter 
of Q401 and the collector of Q491 rise es- 
sentially to the supply voltage, about 
110V, which brings back the voltage 
reading at the Q402 collector. Recall 
that this voltage measured somewhat 
high. A high voltage here indicates a 
possible problem with the Q401 circuit. 
On the schematic, note that there is a 
clamping diode, D401, essentially 
parallel with the base -emitter junction 
of Q401. This diode allows some of the 
base current, which would otherwise 
drive Q401, to be bypassed around it, 
limiting the gain of the circuit and caus- 
ing it to conduct less. I removed Qom 

and tested it on a transistor tester. It was 

13.9V 

LVR201! 
CONTRAST 

50K 

12.4V 

25C2073-C 
VERT OUT -1 

R412 4 7/+F 
56 250V 10M1 

130V 

110V 

R414 
27K 

13 

R415 
7500 

12.4V 

C412 
100pF 

LEAKY 

C415 
. 0047 = 
500V 

10% 

C552I 
0068 

1. SKY 

M 
CS59 

200V 
C560 

4.7 F 
25ÓV 

e 
D552 
T VR1G 

C559 
.0022 I-- 
500V 

good. When I removed D401 and tested 
it, I found that it was open. Replacing 
this component and touching up of the 
height control restored proper 
operation. 

The double pulsing of the IC201 pin 
14 waveform arose as a result of the 
feedback circuitry. IC201's internal 

Model 2125 Oscilloscope 
Same great features as 2120. 
except with delayed 
sweep Ree$519.40 g..$620 

IerN ANNIVERSARY PRICE 

Model 1541A Oscilloscope DC to 
40 MHz. Dual Trace, 6" CRT 1 my 

Senitivity 
Regs$045 '739.4° 

40TH ANNIVERSARY PRICE 

Model 2160 Oscilloscope DC- 

60MHz. dual trace, delay sweep. 
6" CRT, 1mv. sensitivity 

Reg. $995 $839 40 
MTN ANNIVERSARY MICE 

Model 2520 Digital Storage 
20MHz, Dual Trace, 2mv Sens. 

Reg. $1990 51795 40 
MIEN AMMINEROARY PRICE 

Model 2521 Digital Storage 
20MHz, Dual Trace CRT Readout, 
Cursors, RS232 Interface 

Reg $3050 

oscillator apparently was fooled into re- 
setting (or pulsing) twice during the ver- 
tical interval because of the fault in the 
output circuitry. 

Frank Dreher 
Flanders, NJ 

Model 2120 
Oscilloscope 
DC to 20 MHz. Dual Trace, 
6" CRT, 1 my Sensitivity. 

R. Reg. $520 $37940 e 
40TH ANNIVERSARY PRICE 

Model 1249 NTSC/RGB Color Bar 
Generator. Composite Video 
Output, RF Output 
Reg. 5499 y 

UM ANNIVERSARY PRICE 

Model 2009 MIS TO Stereo 
Generator Ideal for Stereo TV, 

Receivers, VCR's and Stereo 
Adapter Service $419,40 
Reg. $499 

48711 ANNIVERSARY MICE 

Model 2830 31/2 DIGIT LED 

BENCH Multimeter .5 DCV 

Accuracy, ALL 33 Ranges and 

Functions are Push Button 
Selectable 
Reg. $243 

ITN ANNIVERSARY MICE 

Model 1045 Telephone Product 
Tester Provides Basic Operation 
Tests for Corded and Cordless 
Telephones, Answering Machines 
and Automatic Dialers 

Reg. $495 $415.40 
IRS ANNIRRNARY PRICE 

Model 1803 Frequency Counter 
100 MHz, 8 digit display, zero 
blanking AC or Battery 

Reg. $199 
4cm ANNIVERSARY MICE 

We are celebrating our 40th Anniversary by offering 
you huge savings on B&K Test Equipment. 

$209.40 

$2745 40 
MU ANNIVERSARY MICE 

rend for FREE 480 page "Industrial 
Products Catalog." I understand it is 

FREE with any order or If requested 
on company letterhead. (Other. 
wise, $4.95 to cover catalog and 
shipp.ng costs.) 

ORDER TOLL FREE 

'169.40 

Model 2005 RF Signal Generator 
100 KHz to 150 MHz. in 6 

fundamental bands and 450 MHz 

in harmonics $16U5 40 
Reg. $195 

IRO ANNIVERSARY MICE 

Model 3011 Function Generator 
2 MHz, 4 digit display, TTL 8 
CMOS pulse outputs 
Reg $239 

1eTO ANNIVERSARY MICE 

Model 1630 DC Power Supply 
0-30V. 0-3A, high -low current 
range, Low ripple 

Reg. $251 5209.40 
10TH ANNIVERSARY PRICE 

Model 1601 DC Power Supply 
isolated 0-50V, 0-2A in ranges, 
fully automatic shutdown, Adi. 

current limit 
Reg. $463 

10111 ANNIVERSARY PRICE 

Model 1650 Triple Output Power 
Supply two 0-25 VDC 5 .5A and 

5VDC 5 5A, fully automatic 
shutdown 
Reg. $489 $409.40 

40TH ANNIVERSARY PRICE 

Model 1653 AC Power Supply 
variable isolated 0-150 VAC 5 
2A. built-in isolation transformer 

$169.40 Reg. $200 
10711 ANNIVERSARY MICE 

NEW! Model 388 -HD 

Hand-held 31/2 Digit LCD 

TEST BENCH 
41 voltage ranges, frequency 
counter, capacitance meter, 

logic probe, transistor and diode 

tester. All packed into a drop - 
resistant case. SPECIAL PRICE! 

Reg. $139 $119.40 

$389.40 

Include $5.00 per item for shipping and handling. 
' 

1-800-323-5925 \ Jy., Visa 0 Master Card ElDiscover 
El IN ILLINOIS Check Money Order O Rush Catalog 

312-297-4200 
FAX: 312-297-6923 Name 

JOSEPH ELECTRONICS, INC. Dept. F 

8830 N. Milwaukee Ave., Niles, IL 60648 
Rush merchandise per attached order. 

I understand rated accounts are shipped open 
account; otherwise send per credit card. 

Card No. Exp Date 

Company 

Street Address 

r11.J VI&..,. IL Res. 7% Rao 
City State Zip 

Circle (9) on Reply Card 

August 1988 Electronic Servicing & Technology 17 

forward bias applied to its base from test I transistor Q415 senses excessive CRT beam current. 

August 1988 Electronic Servicing & Technology 19 

www.americanradiohistory.com



FROM 
HORIZ. 
OSCIL. 

REGULATED 
B+ 

R411 

SCRw1 
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Figure 3. In this RCA CTC126 chassis, the overcurrent shutdown transistor and the over - 
voltage latch transistors shown in Figure 2 are missing. However, in both chassis, the horizontal 
deflection system is shut down by cutting off the drive to the horizontal output stage, in 
response to either overvoltage or overcurrent conditions. The 2 -transistor latch has been 
replaced by a thyristor (SCR401) with a 10V zener diode (CR402) in its gate circuit. 

of the horizontal driver transistor to the 
33V source (TP3) through resistor 
R433 

The resulting heavy base current 
causes Q41 to turn on and stay on 
(saturation) instead of switching on and 
off in response to the horizontal oscil- 
lator signal. Because the horizontal 
driver's collector current no longer 
switches on and off, no voltage is in- 
duced in the driver transformer second- 
ary (T401), and no drive signal is fed to 
the horizontal output transistor. Thus the 
horizontal output system shuts down, 
and potentially dangerous high voltage 
is avoided. 

Excessive CRT beam current also can 
cause system shutdown as a result of the 
action of transistor Q4u in the voltage 
divider string. 

Two opposite polarity voltages usually 
affect this transistor's base bias. On the 
one hand, CRT beam current returning 
from the high -voltage supply makes test 
point TP4 negative in relation to ground. 
This negative voltage, applied through 
R450, tends to reverse -bias Q4u's base - 
emitter junction. On the other hand, re- 
sistor R454 applies a positive dc voltage 
to the base of Q415 from the +33V ref- 
erence point (TP3). Under normal beam 
current conditions, the net result of 
these two opposing voltages is that the 

overcurrent shutdown transistor is suf- 
ficiently forward -biased to operate in the 
saturation mode as previously 
mentioned. 

However, when beam current increas- 
es, TP4 becomes sufficiently negative 
to partly offset the positive bias supplied 
through R454. This reduction in positive 
bias forces Q4u out of saturation, and 
its decreasing collector current allows 
the positive voltage at TP2 to rise. If 
CRT beam current becomes excessive, 
TP4 becomes so negative that Q4u's 
collector current is reduced drastically, 
which allows the voltage at TP2 to be- 
come positive enough to forward -bias 
the emitter -base junction of Q413, trig- 
gering the Q -Q4!4 latch and causing 
system shutdown as previously 
explained. 

Servicing tips 
Circuit descriptions are fine and dan- 

dy, you say, but how about those servic- 
ing tips you promised? Well, RCA of- 
fers some useful ones in its C11.108 Tel- 
evision Workshop: 

To check the shutdown system's ability 
to operate, temporarily connect a jump- 
er across R434 (TP1 to TP2). This 
causes the dc voltage at TP2 to rise and 
should trigger the overvoltage latch and 
cause system shutdown. If it doesn't, the 

shutdown circuitry should be checked. 
If a fault has caused the system to shut 

down, turn the power off and short the 
collector of Q415 to ground. Then 
momentarily turn the set on. If this pro- 
cedure restores receiver operation, Q415 

may be defective. If the transistor checks 
out OK, suspect an overcurrent condi- 
tion. The horizontal deflection, high 
voltage and CRT circuitry should then 
be checked. 

If shorting the collector of Q4u to 
ground doesn't restore receiver opera- 
tion, try shorting Q413's base to emitter. 
This maneuver should turn off the latch. 
If shutdown persists, suspect a defective 
Q413 and/or Q414 transistor or possibly a 
defective zener diode (CR407). If 
horizontal system operation is restored, 
suspect an overvoltage condition and 
troubleshoot the regulator and/or 
horizontal output circuits. 

Variety is the spice of life 
Figure 3 is a simplified schematic of 

the shutdown circuitry in the RCA 
CTC126 chassis. It works in much the 
same way as the circuit in Figure 2. 
"How's that?" you say. "They don't even 
look the same" Well, you've got to hand 
it to TV manufacturers: They don't bore 
technicians with the same old circuitry 
in chassis after chassis. For instance, 
comparing the two circuits, you notice 
right away that the overcurrent shutdown 
transistor and the overvoltage latch tran- 
sistors are missing. (A cost -reduction 
measure?) Even so, the fact remains that 
in Figure 3 the horizontal deflection sys- 
tem is still shut down by cutting off the 
drive to the horizontal output stage, in 
response to either overvoltage or over - 
current conditions, just as in Figure 2. 

In Figure 3, the 2 -transistor latch has 
been replaced by a thyristor (SCR40!) 
with a 10V zener diode (CR402) in its 
gate circuit. CR402 can sense both over - 
voltage and overcurrent conditions be- 
cause its cathode is connected to test 
point TP1, whose dc voltage is deter- 
mined by a combination of two circuit 
parameters: beam current flowing up to 
the high -voltage return line of the high 
voltage transformer; and horizontal 
pulses from the flyback transformer, 
rectified by CR4 

! 

Under normal conditions, the SCR is 
off because the positive dc voltage at 
TP1 is not high enough for the zener di- 
ode to conduct. Thus the horizontal 
driver transistor is not affected by the 
SCR, and the horizontal deflection sys- 
tem operates normally. 
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If beam current becomes excessive, 
the positive voltage at TP1 rises. Like- 
wise, if the high voltage increases, the 
higher amplitude flyback pulses recti- 
fied by CR401 cause the TP1 voltage to 
rise. Once the voltage at the cathode of 
CR402 exceeds 10V, the zener diode 
goes into conduction, providing gate 
current for SCRs. As a result, the 
thyristor fires, and its low cathode -to - 
anode resistance allows B+ to be ap- 
plied to the base of Q401. The driver 
transistor becomes saturated. As in the 
earlier case, this steady current does not 
induce a voltage in the transformer sec- 
ondary, thus stopping the drive signal 
to the horizontal output stage. As a re- 
sult, the horizontal deflection and high 
voltage system shuts down and a poten- 
tially catastrophic failure is averted. 

When in doubt about the 
procedure, consult the 

manufacturer's literature. 
With some sets, the 
manufacturer warns 

technicians never to force the 
receiver back on by defeating 

certain functions of the 
protective circuitry. Heed 

that warning. 

According to RCA, a useful tip for 
troubleshooting shutdown problems in 
this chassis is, if the receiver refuses to 
start, measure the dc voltage across 
R411. If it measures OV, the SCR is ob- 
viously not conducting and shutdown 
has not occurred. In this case, trouble- 
shoot the start-up and horizontal deflec- 
tion circuitry. But if the voltage across 
R411 measures approximately 3V, 
SCR401 is conducting (shutdown condi- 
tion). Switch off the receiver and 
ground the gate of the SCR, then turn 
the set back on briefly. If the receiver 
operates, suspect one of the inputs to the 
shutdown circuit; if the set still doesn't 
operate, suspect a defective SCR. 

Figure 4 shows yet another way of 
killing the horizontal drive. In this cir- 
cuit, an SCR is used to ground the base 
of the horizontal driver rather than con- 
necting the driver to B+. 

PANAVISE PRODUCTS FOR 

TODAY'S TECHNOLOGIES 
For over 30 years, PanaVise has made work holding devices for a variety 

of industries. Our newest line is created specifically for the electronics 

professional! PanaVise experience and made -in -USA quality ensure years 

of reliable, long-lasting service. 

STANDARD PANAVISE: The orig- 
inal "tilt it, turn it, hold it anywhere 
you want it" vise with the patented 
split ball. A single control knob lets 

you position work in three planes- 
without removing it from the unit! 

Opens to 2'/4 ;' and comes standard 
with tough, yet gentle nylon jaws for 

improved grip. Steel, brass, Teflon® 

and grooved nylon accessory jaws 
sold separately. Model #301. Sug- 

gested retail $33.95. 

IDC BENCH ASSEMBLY PRESS: 
For low volume mass termination of 
IDC connectors on flat (ribbon) cable, 

choose this quick, economical 1/4 ton 
manual IDC Assembly Press. Select 
interchangeable base plates for female 
socket transition connectors, card 
edge connectors, standard DIP plugs, 
D -Subs, etc. Ribbon cable and strip 
header (IDC) cutters also available. 
Perfect for short run production, 
R&D centers, MRO's and service tech- 
nicians. Model #505. Suggested retail 
$139.95. 

MULTI -PURPOSE WORK CEN- 
TER: Self -Centering Extra Wide 
Opening Head (opens to 9") is com- 
bined with our famous "split ball" 
Standard Base to create a versatile 
work station. Reversible (serrated or 
"V" -groove) neoprene jaw pads 
gently hold a variety of round, 
or difficult to hold items with 
ease! Convenient Tray Base Mount 
(with parts wells) completes the 
package. Model #350. Suggested 
retail $52.95. 

CIRCUIT BOARD HOLDER: Eight - 

position rotation, tilt -angle and height 
adjustments plus six positive -lock 
positions in the vertical plane mean 
convenience and versatility! Spring - 
loaded arm holds circuit boards se- 

curely, but allows quick, easy removal 
and replacement. Perfect for compo- 
nent insertion and soldering: a must 
for maximum work efficiency. Model 

#333. Suggested retail $49.95. 

See your local electronic equipment supplier or contact PanaVise 

for the source nearest you. 
PanaVise Products, Inc.; 2850 E. 29th Street; 

Long Beach, CA 90806; (213) 595-7621. 
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Over the past year you've given us your suggestions 
through letters, phone calls and by answering our 
research questionnaires. And here's what you said and 
what we've done for you. 

You told us to publish: 

- More VCR servicing articles. 
So, now ES&T gives you Video Corner-VCR servicing how-to 
information every month. 

- More computer servicing articles. 
So, now ES&T gives you Computer Cornercomputer servicing 
information every month. 

- More audio servicing articles. 
So, now ES&T gives you Audio Corner-how-to servicing tips 
every month on repairing CD players and other audio 
equipment. 

Plus, you said to publish: 

- More Symcures. 
So, back by popular demand, you'll find Symcures in ES&T 
every month-providing you the symptoms and cures 
compiled from field reports of today's most recurring 
equipment troubles. 

www.americanradiohistory.com
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And, you said to give you more information 

Servicing automotive electronics. 

Locating replacement parts. 

Finding servicing documentation. 

Servicing satellite TVs. 

on: 

Again, we've listened to you. And, ES&T will publish more of what 
you want and need to read about during the next few months and 
throughout all of next year. 

That's why now, more than ever, you can't afford to miss your next 
issue of Electronic Servicing & Technology magazine. 

So, renew your subscription today. Don't delay. Use your handy 
subscription renewal form on page 29 in this issue. It's postage -paid 
for you to return to ES&T, so it won't cost you a cent. 

Renew your subscription now. Because, now more than ever, ES&T is 
delivering what you want and need to read to succeed in your 
business. 

The how-to magazine of electronics... 

ELEOTNORIG 
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Symcure Symptoms and cures compiled from field reports of recurring troubles 

These Symcures are reprinted from Electronic Servicing magazine. 

r 
Chassis-RCA CTC58 
PHOTOFACT-1365-1 

LEAKY 

15 CR101 
860V 

10 KQ BOOST 

Symptom-Poor gray tracking, and green smear on 
right of video 
Cure-Check CR104 for leakage, and replace it if 
defective 

1 

y 

2 Chassis-RCA CTC51, CTC52 and CTC53 
PHOTOFACT-1 332-2 

50 pF 

TO R11 

OPEN 

CONVERGENCE 

PLUG 4 

3o o6 

2 0 0 
07 

5 NF 

Symptom-Vertical misconvergence of bottom half of 
picture 
Cure-Check C9, and replace it if open 

Chassis-RCA CTC48 
PHOTOFACT-1300-2 

OPEN 

FROM R122 

AND 
FOCUS RECT 4700Q 

+16V 
10 KQ 

BRIGHT LIMITER 

15 uF 

Symptom-Vertical might collapse when brightness 
is increased 
Cure-Check R20, and replace it if open 

3 

1 

Chassis-RCA CTC58 
PHOTOFACT-1365-1 

+210 V 

1OKQ 

OPEN 

Symptom-Video smear to the right 
Cure-Check L1301, and replace it if open 

Chassis-RCA CTC48 
PHOTOFACT-1300-2 

BRIGHT LIMITER 

TO Q4 EMITTER 

TO 06 OF ALL 

MAD0o1A 
MODULES 

4 

5 

1 

TO BRIGHTNESS 
CONTROL 

Symptom-No control of brightness 
Cure-Check diode CR103, and replace it if shorted 

Chassis-RCA CTC53 
PHOTOFACT-1201-1 

FROM B -Y 

150 KQ 

z 220 KQ 

FROM R -Y 

Symptom-No green in color 
Cure-Check R39, and replace it if open 

G -Y AMP 

6GH8A 

6 

I. t 
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Books/Photofact 
Editor's note: Please direct inquiries 
and orders to the publisher at the ad- 
dress given rather than to ES&T. 

Understanding Satellite Television 
Reception, by S.E. Sutphin; 
Prentice -Hall; 111 pages; 
$38, hardbound. 

This non -technical explanation of sat- 
ellite technology, written for the novice, 
shows the early beginnings of the indus- 
try and predicts what the future will 
have to offer for technology and pro- 
gramming. The author also tackles 
questions about scrambling, DBS, un- 
fair zoning practices and the integrity of 
the equipment. 
Prentice -Hall, Englewood Cliffs, NJ 07632; 
800-223-1360. 

Handbook of Video Camera 
Servicing and Troubleshooting 
Techniques, by Frank Heverly; 
Prentice -Hall; 416 pages; 
$16.95, paperback. 

This handbook provides theory, op- 

erational data and step-by-step tech- 
niques for troubleshooting and servic- 
ing single -tube color video cameras. 
More than 400 charts, diagrams, illu- 
strations and photographs show how the 
cameras work; how to pinpoint mal- 
functions; how to use test equipment to 
repair them; and how to remove, rein- 
stall, align and adjust the pickup tube. 
The book also explains how to set up 
and build a profitable TV camera serv- 
ice business. 
Prentice -Hall, Business and Professional Division, 
Englewood Cliffs, NJ 07632. 

PHOTOFACT 

HITACHI 
2595-1 CT 2667B, CT2668 

MAGNAVOX 
2594-1 chassis 25B101 through 

25B110, 26B101 through 26B1089 

QUASAR 
2593-1 TS9823BK, 

TU9820BK/21BK/25 BD/29BP 

2598-1 . . TU9880BW (CH. ADC134) 

PHIL.CO 
2597-1 C3320AW01 

RCA 
2596-1 ... chassis CTC136D/G/J/P/AA 
2597-2 EPR295A-1/D-1/E-1/V-1 

(CH. CTC134A) 

SEARS 
2593-2 564.40652650/51/52/53 
2594-2 562.40802750 
2595-2 562.42571750 
2596-2 564.48202750 
2598-2 564.42122750 
2599-1 564.48206750/51 

ZENITH 
2599-2 C2500W/02G/04P/06N, 

C5522G/24G/32G/34G/56G/62G/72 
G/86G, S6510G/18G, 

S C2501 W/03 G/05 P/07 N/11G/ 8 3 H , 
SC 5511H/23G/33 G/35 G/57G/63 G/ 

73G/87G/95H, SS6511/G/19G 

PHILIPS 
MEANS 
MORE 

MO PEO 
Over 15,000RE Trained AnnuallPLyE 

MO PN 

Over 30 LocatRionsEationwideLACES 

MORE COS 
9 Comprehensive CoursesURES 

MORE OFT 
Over 200 Classes per Year 

MORE TRAINING 
Tell Me MORE "Lisa" (615)475-0044 

Mat to: "Lind 
Philips Consumer Electronics Company 
P.O. Box 555 
Jefferson City, TN 37760 

Name 

Company 

Address 

Today's complex state-of-the-art consumer 
electronics products require service skills 

acquired through professional training. In this 
field Philips Means More. With Successful Service 
Training (SST), Philips Product Services offers the 
finest, largest, and most comprehensive training 
programs available. 
SST courses are hands-on sessions that dress 

innovation, theory, and diagnostic programs. 
Material content and course offerings are 
continually revised and expanded to provide 
the most pertinent, up-to-date training possible. 

FALL 1988 COURSES 
COMPACT DISC DIGITAL AUDIO & ODV 
BASIC DIGITAL TECHNOLOGY 
DIRECT -VIEW TV TECHNOLOGY 
LARGE SCREEN TV 
FUNDAMENTALS OF COLOR CAMERA 
VCR OPERATING SYSTEMS THEORY & 

TROUBLESHOOTING 
DIGITAL VCR 
SUPER-VHS VCR 
VIDEOWRITER 

Take advantage of this opportunity to 
increase your skills and profits. 
Let Philips Mean More to you today 

Phone( 
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Technology 

Doubling the frame count 
Although the broadcasting system 

used in the United States and other 
countries performs well in most re- 
spects, one problem, flickering, cannot 
be totally eradicated. However, Toshiba 
has introduced a TV that can produce 
clearer and more vivid images than con- 
ventional TV without changing any sys- 
tems or adding any special equipment 
at broadcasting stations. The image 
quality of the 30 -inch TV, the 30ID1, 
results from the adoption of the com- 
pany's frame double scanning method, 
which doubles the number of frames per 
second used in conventional TVs. 

How conventional TVs work 
The TV broadcasting system current- 

ly used in North America, Korea and 
Japan is the NTSC (National TV Sys- 
tems Committee) system, in which 30 
still pictures called frames are sequen- 
tially displayed on a screen every second 
to form a continuous image. The origi- 
nal frame, which is composed of 525 
scanning lines, is divided into two ve- 
netian -blind -like pictures, called fields, 
of 262.5 lines, each consisting of alter- 
nate lines of the frame. Every second, 
60 fields are sequentially displayed to 
form 30 frames. Because of the nature 
of human vision, the viewer perceives 
the frames as a continuous image. The 
frame is divided to minimize the flicker- 
ing that would be perceived if 30 undi- 
vided frames were displayed per 
second. 

Despite the many advances in the pic- 
ture quality of the conventional TV sys- 
tem, flickering has not been entirely 
eliminated, resulting in a less -than -per- 
fect image. For example, flicker some- 
times affects the horizontal edge of im- 
ages such as the edge of a TV announc- 
er's jacket sleeves. On large -screen TVs, 
which are enjoying increasing populari- 
ty, the wider gaps between the scanning 
lines of each field can, at times, affect 
picture quality. 

Frame double scanning 
Toshiba's new system uses frame dou- 

ble scanning, a new scanning method 
that uses semiconductor technology. LSI 
memory chips called frame memories 
memorize the field immediately preced- 
ing the one on the air at any given in - 
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Figure 1. In frame double scanning, flicker is eliminated by filling in the gaps between the 
scanning lines in the two fields that make a frame. The static images (in this case, the moun- 
tain) are filled with the appropriate pixels of the previous field stored in frame memory chips. 
The mobile images (the flying birds in this example) are filled with the same pixels just scanned 
in the previous scanning line stored in the line memory chip. 

stant. The two fields are then composed 
to create a perfect picture. The result is 
60 perfect frames displayed every sec- 
ond instead of 30 imperfect frames. 

However, frame double scanning 
alone would only marginally improve 
the picture quality of conventional TV. 
The picture is further improved by line 
double scanning. Consider the contin- 
uous image displayed on your TV. Some 
parts are static, such as a mountain or 
an armchair, while others, such as a 
skier or a galloping horse, are in mo- 
tion. With respect to a moving image, 
a picture composed of two fields from 
two different frames would result in a 

discrepant image. Toshiba's new system 
eliminates the problem by identifying 
mobile images and applying line dou- 
ble scanning, in which the picture ele- 
ments of each field depicting a mobile 
image are scanned twice, not scanned 
once and combined with the preceding 
field. 

Frame double scanning and line dou- 
ble scanning are accomplished with 
three custom LSIs, a lMbit image mem- 
ory chip and a 256kbit line memory 
chip. The new TV incorporates five 
1Mbit image memory chips for frame 
memory and five line memory chips. 
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Test your 
electronics 
knowledge 

By Sam Wilson, CET 

You are obviously a top-level tech- 
nician-it's obvious because you sub- 
scribe to ES&T. That makes it possi- 
ble for you to keep up with the state 
of the art. Did you skip over some- 
thing in one of the issues? Here are 
ten questions on material covered in 
the first five months of 1988. 

1. At the collector of the horizontal 
output stage, you should measure the 
regulated dc voltage that is specified 
on the schematic. You should also 
see pulses that repeat every 63.5µs. 
How wide are the pulses? (Caution: 
Your scope must be able to handle 
pulse amplitudes as high as 120V to 
150V.) 

2. Which of the following best de- 
scribes the main use of buffers in mi- 
croprocessor systems? 
(A) They protect the microprocessor 
from high -voltage spikes. 
(B) They prevent the oscillator from 
being drawn off frequency by chang- 
ing loads. 
(C) They are used for temporary 
storage of input and output data. 

Wilson is the electronics theory consultant for ES&T. 

(D) There is no such thing as a buf- 
fer in a microprocessor system. 

3. At one time, 3D pictures taken 
with camcorders tired the viewer's 
eyes because of the flicker phenom- 
enon. The 3D -CAM system by To- 

shiba has eliminated the flicker by 
(A) Increasing the horizontal line 
frequency. 
(B) Increasing the normal viewing 
speed for standard video to 60 pic- 
tures per second per eye. 

4. The rise time of a square wave de- 
livered to an oscilloscope vertical in- 
put terminal is 0.011x. Assuming a 
perfect square wave, what is the ap- 
proximate bandwidth of the scope 
vertical amplifier? 

5. You can buy low-priced DVMs 
with resistance accuracy measure- 
ments of 1% or better. The problem 
is that the highest resistance range 
has been limited to a maximum of 
2M0. What simple procedure can be 
used to extend the range to 20M0 or 
beyond? 

6. You need to replace a defective 

1000 resistor. You don't have the 2% 
type that was originally used, but you 
have a 1001 20% resistor that meas- 
ures exactly 1000 on the DMM. Can 
you use that 20% resistor as a 

replacement? 

7. What defines the resolution of a 

digital storage oscilloscope? 

8. A Johnson counter is an example 
of 
(A) a synchronous counter. 
(B) an asynchronous counter. 

9. A soldering iron should be tinned 
at 
(A) the highest possible temperature. 
(B) the lowest possible temperature. 

10. Gamma is a term that has been 
used to represent common -collector 
current gain. However, the most 
widely accepted use of the term has 
been for 
(A) beta cutoff frequency. 
(B) alpha cutoff frequency. 
(C) emitter efficiency. 
(D) upside-down transistor operation. 

Answers are on page 53. 
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Continuing your electronics 
education 

By Conrad Persson 

There probably was a time when you 
learned a profession or a trade, then 
pretty much went out and did the work 
for a lifetime with almost no updated 
training. If such a time once existed, 
those days are gone forever. Today, al- 
most any kind of employment that re- 
quires knowledge and/or skills requires 
the practitioner to update his knowledge 
constantly. 

Take a look at the automotive world, 
for example. Many of today's mechanics 
were brought up in a world of carbure- 
tors, rear -wheel drive, drum brakes and 
non -electronic ignitions. Most of those 
mechanics have had to become familiar 
with fuel injection, transaxles, constant - 
velocity joints, disk brakes, electronic 
ignitions and other electronic engine 
controls. 

Or how about medicine? In just the 
past few years many types of surgery 
have become considerably different than 
they once were. Orthopedic surgeons 
are now using arthroscopic techniques 
to perform joint surgery through a small 
incision instead of opening the entire 
joint. Still in the experimental stage is 
angioplasty, a technique in which sur- 
geons can clean out fatty deposits in cor- 
onary arteries without opening the chest 
cavity. 

Even office workers are having to 
learn to cope with a host of innovations: 
personal computers, facsimile machines 
and more. 

Everywhere, advances in technology 
are changing the way we live and work, 
and most people, especially those in- 
volved in servicing the new technolog- 
ical marvels, must continually update 
their knowledge if they want to avoid 
becoming obsolete. 

There are few places where the con- 
sequences of these technological ad- 
vances are more strongly felt than in the 
field of consumer electronics servicing. 

Persson is editor of ES&T. 

It's almost overwhelming just consider- 
ing them, never mind trying to learn 
enough about them to fix them. Start 
with TV, for example. Components are 
getting smaller, more and more func- 
tions are being built into integrated cir- 
cuits, and more high-tech extras are be- 
coming standard-remote control, mi- 
croprocessor control, stereo sound, pro- 
jection TV and LCD display screens. 

Add to that the complexities of VCRs, 
compact discs and digital electronic tun- 
ing in audio systems, and servicing be- 
comes hard to handle. But wait, that's 
just the beginning. Today, the electron- 
ically well-equipped home also features 
a personal computer or two, and the way 
things are going, it wouldn't be much of 
a surprise to see a lot of homes with 
copiers and facsimile machines in the 
near future. And then, of course, there's 
home automation. 

Someone, namely the consumer elec- 

tronics servicing technician, is going to 
be expected to fix all that. Good luck! 

Where to turn 
Fortunately, today's technicians don't 

face the problem of training alone. A lot 
of people know that it's in their best in- 
terests if technicians are around who 
know how to fix today's complex elec- 
tronic products. After all, consumers get 
testy if the widget they just bought fails 
to widge. Manufacturers of today's con- 
sumer electronics products want to have 
competent technicians on hand to fix 
their products. Private and public 
schools stand to increase their revenues 
handsomely if they can attract students. 
Publishers can sell a lot of books if they 
are able to publish good, helpful texts 
that will help technicians learn to un- 
derstand and fix consumer electronics 
products. 

As you might expect, there has been 
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a great deal of effort in these areas. 
Manufacturers and their organizations 
are churning out training materials and 
scheduling classes. Schools are increas- 
ing the availability of servicing courses. 
Book publishers are cranking out quan- 
tities of technical books. 

Setting a goal 
Most consumer electronics servicing 

technicians, overwhelmed by the new 
technology, are aware that they need to 
upgrade their skills. The problem boils 
down to answering two questions: 
"What do I need to learn?" and "How 
do I go about learning it?" 

It's important to analyze these ques- 
tions thoroughly to determine before- 
hand exactly what it is you need to study. 
It's not enough to just say "I need to 
learn more about VCRs," then charge 
off to find a book, a home -study course 
or a local school that might offer a 
course on VCRs. Do you just want an 
overview on VCR technology for start- 
ers? Or do you really have a pretty good 
idea of how VCRs work, and what you 
really need is a course in servos? 

Once the specific goals are set, the 
next consideration becomes how to 
achieve them. One simple but effective 
method might be to contact other techni- 
cians in your area. If you have a skill 
that they lack and vice versa, you might 
be able to arrange for a session in which 
you educate each other. 

Studying on your own 
Another simple, although less effec- 

tive method is to buy a book on the sub- 
ject and study it yourself. Depending on 
a number of factors, including the com- 
plexity of the subject, the quality of the 
book and your own self discipline, this 
experience might bring anything from 
complete understanding of the material 
to a sense of total frustration. Home - 
study courses offer a major improve- 
ment over studying from books. The 
material is broken down into study units, 
someone tells you what is expected of 
you, and you get feedback through reg- 
ular tests. 

Enrolling in schools and seminars 
If time and money permit, a more ef- 

EIA/CEG VCR workshops 
Locations 
Video Technical Institute 
1806 Royal Lane 
Dallas, TX 75229 

United Electronics Institute 
3924 Coconut Palm Drive 
Tampa, FL 33619 

Illinois Technical College 
506 S. Wabash Ave. 
Chicago, IL 60605 

Video Technical Institute 
2828 Junipero Ave. 
Long Beach, CA 90806 

Dates 
Oct. 3-8, 1988 
March 20-24, July 31-Aug.4, 
Nov. 6-10, 1989 

Sept.. 26-30, 1988 
March 27-31, June 26-30, 
Sept. 25-29, 1989 

May 1-5, Aug. 28 -Sept. 1, 

1989 

Aug. 1-5, Nov. 14-18, 1988 
May 15-19, July 31 -Aug. 4, 
Oct. 2-6, 1989 

VCR 
IDLER TIRES 

. 
I 

Now you can do VCR 
faster and easier than 
Parts Express is now 
most comprehensive 
available. With this kit 
stock room you can 
of idler assembly 
repair jobs without 
waiting for parts 
deliveries. 

The kit includes a 

FREE cross- 
reference listing over 
turer assembly numbers 
200 model numbers. 
total, 10 each of 15 different 
in a high quality storage 
separate compartments 
size. Worth over $400 

#400-900 $5500 

v,4, 

repairs 
ever before. 

offering the 
idler tire kit 

in your 
do over 90% 

with 

a 

v= afl=» 

cros s-refee rence 
included 

80 manufac- 
and over 

150 tires 
sizes 

case 
for each 

retail value. 

VCR IDLER ASSEMBLIES 

Part # Replacement for (1-9) (10 -up) 

430-010 Sharp NIDL0005 4.15 3.70 

430-020 Sharp NIDL0006 4.35 3.90 

430-030 Sharp NPLY-V0051 4.15 3.70 

430-050 Pana VXP0329 1.40 .95 

430-052 Pana VXP0344 1.40 .95 
430-055 Pana VXP0401 1.95 1.55 

430-060 Pana VXPO521 4.50 3.90 
430-100 Fisher 4204-00300 7.80 6.90 

430-105 Fisher 4804-00100 1.50 1.25 

430-110 Fisher 4904-00900 7.50 6.75 

430-120 RCA 164113 3.75 2.95 

430-125 RCA 150614 3.95 3.25 

430-130 HIT 6413111 5.20 4.65 

FREE 
CATALOG 

Parts Express 
,'..a:.a. 

Inc. International 

CALL TOLL FREE 

1-800-338-0531 
340 E. First St., Dayton OH 45402 

Local -1-513-222-0173 

Circle (13) on Reply Card 

August 1988 Electronic Servicing & Technology 43 

www.americanradiohistory.com



fective way to learn is through structured 
class and lab courses. Here again, there 
are many avenues. Public and private 
technical schools throughout the coun- 
try offer a selection of courses from the 
most elementary introductory courses to 
detailed theory and design. If you have 
the time and the budget to travel, man- 
ufacturers of home electronic equipment 
offer seminars on the operation and 
servicing of specific items. 

In addition, manufacturers of test 
equipment and tools such as multime- 
ters, oscilloscopes and soldering tools 
often offer instruction in using their 
products. Some have books and pam- 
phlets that help you understand what you 
can do with their products. Other man- 
ufactures and trade associations offer 
formal courses of study, both through 
home -study curricula and through sem- 
inars that travel to different areas of the 
country so you can be taught by the ex- 
perts near your own home. For exam- 
ple, NESDA/ISCET is offering a VCR 
course in Syracuse, NY, Aug. 22-26. 
(For more information, contact NES- 
DA/ISCET at 817-921-9061 or -9101.) 

The EIA/CEG is offering a free resi- 
dent VCR service training program for 
technicians currently employed in pri- 
vate industry by an independent sales 
and/or service organization that acts as 
an authorized servicer of one or more 
manufacturers of consumer electronics 
products. The 40 -hour, 5 -day course 
covers electrical and mechanical func- 
tions of playback, recording and servo 
control for VHS and Beta formats. 
Dates and locations are listed on page 
43. (To register, send a letter on com- 
pany letterhead to the EIA's Product 
Services Department at the address 
given in the trade association section of 
the accompanying sidebar.) 

Identifying the available resources 
A local school will have just the 

course you need listed in its catalog, or 
one of the book publishers might have 
the book or series of books that can fill 

in the gaps in your knowledge. Maybe 
one of the associations related to home 
electronics -equipment manufacturing, 
sales or service will have just the infor- 
mation you need; if nothing else, they 
may be able to point you in the right 
direction. 

Why not try experimentation? 
Many of today's consumer electronics 

products are electromechanical, and it's 
frequently the mechanical portion of 
these products that cause problems. In 
understanding a mechanical system, it's 
frequently useful just to open the unit 
up and watch how things work or even 
to introduce some problems to see what 
happens. I wouldn't suggest this ap- 
proach to learning with a $600 hi-fi 
VCR, but some of the low -end units cost 
in the neighborhood of $200. If you take 
a look at the cost of books or seminars 
these days (or even just the cost of lodg- 
ing at a hotel while you attend a free 
seminar), $200 is pretty cheap for a unit 
you can take apart, observe, check with 
your DMM and oscilloscope, and pos- 
sibly get a pretty good education from. 

The following text lists a number of 
correspondence schools, publishers and 
associations you might want to contact 
for further information on what educa- 
tional opportunities they have to offer. 

'Wade 
associations 

Electronic Industries Association/ 
Consumer Electronics Group 
(EIA/CEG) 
2001 Eye St. N.W. 
Washington, DC 20006 
202-457-4919 (8715) 

Electronics Representatives 
Association (ERA) 
20 E. Huron 
Chicago, IL 60611 
312-649-1333 

Electronic Technicians Association 
(ETA) 
604 North Jackson St. 
Greencastle, IN 46135 
317-653-3849 

Musical Instrument Technicians 
Association, International 
8216 Audrain Drive 
St. Louis, MO 63121-4504 
314-389-3290 

National Association of Business and 
Educational Radio (NABER) 
1501 Duke St., Suite 200 
Alexandria, VA 22314 
703-739-0300 

National Association of Retail 
Dealers of America (NARDA) 
National Association of Service 
Dealers (NASD) 
10 East 22nd St. 
Lombard, IL 60148 
312-953-8950 

National Electronic Distributors 
Association 
35 East Wacker Drive 
Suite 3202 
Chicago, IL 60601 
312-558-9114 

National Electronic Servicing 
Dealers Association (NESDA) 
2708 W. Berry St. 
Ft. Worth, TX 76109 
817-921-9062 
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Technical book 
publishers 

Hayden Book Company 
Rochelle Park, NJ 07662 

McGraw-Hill Book Company 
1221 Avenue of the Americas 
New York, NY 10020 

Prentice -Hall 
Route 9W 
Englewood Cliffs, NJ 07632 
201-767-5937 

Howard W. Sams & Company 
4300 W. 62nd St. 
Indianapolis, IN 46268 
317-298-5400 

Tab Books 
P.O. Box 40 
Blue Ridge Summit, PA 17214 

717-794-2191 

Van Nostrand Reinhold Company 
135 W. 50th St, 
New York, NY 10020 

Home study 

Cleveland Institute of Electronics 
1776 E. 17th St. 
Cleveland, OH 44114 

Cook's Institute of Electronics 
Engineering 
Desk 15 

P.O. Box 20345 
Jackson, MS 39209 

Electronic Institute of Brooklyn 
4823 Ave. N 
Brooklyn, NY 11234 

Grantham College of Engineering 
2500 S. La Cienega Blvd. 
Los Angeles, CA 90034 

Heath/Zenith 
P.O. Box 167 

Hilltop Road 
St. Joseph, MI 49085 

National Institute of Technology 
1701 W. Euless Blvd. 
Euless, TX 76039 

National Technical Schools 
456 W. Santa Barbara Ave. 
Los Angeles, CA 90037 

NRI Training for Professionals 
McGraw-Hill Continuing Education 
Center 
3939 Wisconsin Ave. 
Washington, DC 20016 

Private 
trade schools 

National Association of Trade and 
Technical Schools 
2251 Wisconsin Ave. N.W. 
Washington, DC 20007 

Upto 

50zSavings 
on Probes 

Model SP100 
Switchable 1X -10X 43. 

Performance 
Guaranteed 

TEST 
PROBES, INC. TPI 
9178 Brown Deer Road 
San Diego, CA 92121 

Call toll free for informa- 
tion and free catalog: 
1-800-368-5719 
1-800-643-8382 in CA 

-ORDER FROM THESE DISTRIBUTORS ORDER FROM THESE DISTRIBUTORS 
Or Phone Toll Free for the Distributor Nearest You 

A'P contact east Metermaster 
1-800-535-9593 
1-800-462-9520 LA 

1-800-225-5370 1-800-962-8128 
(617) 682-2000 MA (213) 685-4340 CA 

Specialzed 
PRODUCTS C O M P A \ Y 

1-800-527-5018 
(214) 550-1923 TX 

1-800-363-6592 Canada 
1-800-363-7601 QUE 

CeÇOTRON 
(617) 879-7650 

JENSEN. TOOLS INC. 

(602) 968-6231 
BCS Canada 
(416) 661-5585 

ALL/ED ELECTRON/CS. 
A SOBSIOGRY OF HA[( f[FCIRONu 

1-800-433-5700, (817) 336-5401 TX 

i11EsTEM inc. 
(503) 283-0132 OR, (206) 223-1133 WA 
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Unusual uses 
for varactor diodes 
By Joseph J. Carr, CET 

When is a diode not a diode? When it's a capacitor. 

Although diodes serve many different 
functions in electronic circuits, servicers 
might be surprised by some of the ways 
diodes are used. Some of those uses are 
expected because of the nature of PN 
junctions. Other diode functions, such 
as diodes used as capacitors in modern 
electronic equipment, come as quite a 
surprise. 

Special enhanced -capacitance diodes 
intended for this operation are called by 

Carr, an electronics engineer, has published several books 
of electronics and is a frequent contributor to FS&T. 

Figure 1. Figure 1A shows the usual circuit 
symbol for varactors. In some cases, the 
"capacitor" at the top end of the "diode" 
symbol has an arrow through it to denote var- 
iable capacitance. Varactors come in sever- 
al different standard diode packages, includ- 
ing the 2 -terminal "sorta -like -transistor" Type 
182 package shown in Figure 1B. 

several names, perhaps the most com- 
mon of which are varactor (variable 
reactor) and varicap (variable 
capacitor). Although varactors are spe- 
cially designed for use as electrically 
variable capacitors, all PN junctions ex- 
hibit the variable junction capacitance 
phenomena to some extent. I have even 
used ordinary, low -leakage lA silicon 
rectifier diodes as varactors in labora- 
tory experiments. 

Figure IA shows the usual circuit 
symbol for varactors (although several 
other symbols also are used). In some 
cases, the "capacitor" at the top end of 
the "diode" symbol has an arrow 
through it to denote variable capaci- 
tance. Varactors come in several differ- 
ent standard diode packages, including 
the 2 -terminal "sorta -like -transistor" 
Type 182 package shown in Figure 1B. 
Some variants have a beveled edge on 
the package to denote which is the 
cathode. In other cases, the package 
style will be like other forms of diodes. 
I have seen varactors in almost every 
form of diode package, up to and in- 
cluding the package used for 50A to 
100A stud -mounted rectifier diodes. 

How do varactors work? 
Varactors are specially made PN junc- 

tion diodes designed to enhance the con- 
trol of the PN junction capacitance with 
a reverse -bias voltage. Figure 2 shows 
how this capacitance is formed. A PN 
junction consists of P- and N -type semi- 
conductors placed in juxtaposition with 
each other, as shown in Figure 2A. 
When the diode is forward -biased, the 
charge carriers (electrons and holes) are 
forced to the junction interface, where 
positively charged holes and negatively 
charged electrons annihilate each other 
(causing a current to flow). But under 
reverse -bias situations, such as those 
shown in Figure 2, the charges are 
drawn away from the junction interface. 

Figure 2A shows the situation where 

the reverse bias is low. The charge car- 
riers are drawn only a little way from 
the junction, creating a thin, insulating 
depletion zone that acts as an insulator 
between the two charge -carrying P- and 
N -regions. This situation fulfills the cri- 
terion for a capacitor: two conductors 
separated by an insulator. Figure 2B 
shows the situation where the reverse 
bias is increased. The depletion zone is 
increased, which is analogous to in- 
creasing the separation between plates. 

The varactor is not an ideal capacitor. 
(But then again, "real" capacitors aren't 
ideal either.) Figure 3 shows the equiv- 
alent circuit for a varactor. Figure 3A 
shows the actual model circuit; Figure 
3B shows one that is simplified but, 
nonetheless, valuable to understanding 
the varactor's operation. The equivalent 

P THIN N 

++ ++ 
++ ++ 
++ ++ 
++ ++ 
++ ++ 
++ ++ 

FIGURE 2A 

P WIDE N 

++ ++ 
++ ++ 
++ ++ 
++ ++ 
++ ++ 
++ ++ 

FIGURE 2B 

Figure 2. Varactors are specially made PN 
junction diodes designed to enhance the con- 
trol of the PN junction capacitance with a 
reverse -bias voltage. When the diode is re- 
verse -biased, the charges are drawn away 
from the junction interface. If the reverse bias 
is low, as in Figure 2A, the charge carriers 
are drawn only a little way from the junction, 
creating a thin, insulating depletion zone that 
acts as an insulator between the two charge - 
carrying P- and N -regions. If the reverse bias 
is increased, as in Figure 2B, the depletion 
zone is increased. 
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Figure 3. The equivalent circuit for a varactor: Figure 3A shows the actual model circuit; 
Figure 3B shows one that is simplified but, nonetheless, valuable to understanding the varac- 
tor's operation. The equivalent circuit in Figure 3B is based on the assumption that certain 
parameters shown in Figure 3A are negligible. 

R1 

Cd 

A 
CR, 

FIGURE 4 

Figure 4. In a typical test circuit for the varactor, a variable dc voltage is applied as a reverse 
bias across the diode. A series resistor limits the current should the voltage exceed the ava- 
lanche or zener points and also isolates the diode from the rest of the circuitry. Without a 

high -value resistor in series with the dc supply, stray circuit capacitances and the power - 
supply output capacitance would swamp the typically low value of varactor capacitance. The 
capacitor at the output (C1) is used to block the dc from affecting other circuits; it also 
prevents the dc in other circuits from affecting the diode. 

circuit in Figure 3B is based on the 
assumption that certain parameters 
shown in Figure 3A are negligible. 

Figure 4 shows a typical test circuit 
for the varactor. A variable dc voltage 
is applied as a reverse bias across the 
diode. A series resistor limits the cur- 

rent should the voltage exceed the ava- 
lanche or zener points (which could de- 
stroy the diode) and also isolates the 
diode from the rest of the circuitry. 
Without a high -value resistor (10k9 to 
1M9 is the normal range; 100k9 is 
typical) in series with the dc supply, 
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Figure 5. In this typical varactor-tuned LC 
tank circuit, the link -coupled inductor (L2) is 
used to input RF to the tank. The principal 
LC tank circuit consists of the main inductor 
(L1) and a capacitance made up from the 
series equivalent of C1 and varactor CRi. In 
addition, you also must take into account the 
stray capacitance (Cs) that exists in all elec- 
tronic circuits. Capacitor C2 is used to filter 
the tuning voltage, Vi,,. 

stray circuit capacitances and the power - 
supply output capacitance would swamp 
the typically low value of varactor ca- 
pacitance. The capacitor at the output 
(C1) is used to block the dc from af- 
fecting other circuits; it also prevents the 
dc in other circuits from affecting the 
diode. The value of this capacitor must 
be very large in order to prevent it from 
affecting the diode capacitance (Cd). 
The total capacitance is found from the 
usual series capacitors equation: 

C, = (C, X Cd)/(C, + Cd) 

Varactor voltage sources 
The capacitance of a varactor is a 

function of the applied reverse -bias 
potential. Therefore, it is essential that 
a stable, noise -free source of bias is pro- 
vided. If the diode is used to tune an FM 
tuner or a TV tuner, for example, drift 
will result if the dc potential is not 
stable. Noise also affects the operation 
of varactors. Any component that varies 
the dc applied to the varactor will cause 
a capacitance shift. 

I can recall that, in the early days of 
varactor-tuned hi-fi receivers, several 
tuners had problems that appeared to be 
trouble with the tuner but were actual- 
ly caused by intermittent noise applied 
to the tuning voltage power supply. If the 
varactor is used to tune a local oscillator 
in a receiver, noises tend to frequency - 
modulate the oscillator, with the expect- 
ed bad results of the tuner operation. In 
most varactor tuners, the dc tuning volt- 
age line is well -filtered with capacitors 
in order to eliminate this problem. Of 
course, the drift could be eliminated by 
using a voltage regulator dc power sup- 
ply for the tuning voltage. 

Servicers should be especially wary 
of varactor-tuned circuits in which the 
tuning voltage is derived from the main 

Figure 6. In this PNP transistor operated as 
a variable frequency oscillator, coil L1 is ac- 
tually an untuned RF transformer designed 
for use as a 49MHz coil in TV IF amplifier cir- 
cuits; the actual frequency of operation 
depends on the parallel capacitance across 
the primary of L1. 
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regulated power supply without an in- 
tervening regulator that serves only the 
tuning voltage. Dynamic shifts in the 
regulator's load, variations in the regu- 
lator voltage and other problems can 
create local oscillator drift problems that 
are actually power -supply problems and 
have nothing to do with the tuner despite 
the apparent symptoms. 

The specifications of any varactor are 
given in two ways. First is the nominal 
capacitance taken at a standard voltage 
(usually 4Vdc, but I also have seen 1Vdc 

and 2Vdc used). The other is a capaci- 
tance ratio expected when the dc re- 
verse -bias voltage is varied from 2Vdc 
to 30Vdc (or whatever the maximum 
permitted applied potential is for that 

Figure 7. Because the resonant frequency of 
an LC -tuned tank circuit is a function of the 
square root of the inductance -capacitance 
product, the maximum/minimum frequency 
of the varactor-tuned tank circuit varies as the 
square root of the capacitance ratio of the 
varactor diode. This value is the ratio of the 
capacitance at minimum reverse bias to the 
capacitance at maximum reverse bias. As a 
result, the tuning characteristic curve (voltage 
vs. frequency) is basically a parabolic 
function. 
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Figure 8. The varactor-tuned oscillator circuit in Figure 8A is LC tuned, and a varactor (CR1) makes up a portion of the total tank capacitance. 
The variable capacitor (C) also is used as the main tuning capacitance. The varactor capacitance is used to shift the resulting operating 
frequency in accordance with the applied ac signal (V;,,). The output RF signal is either frequency -modulated or swept, depending upon 
whether V;,, is an audio signal or sawtooth. In the low -powered, crystal -controlled FM transmitter in Figure 8B, the crystal will oscillate at 
a specific frequency that is somewhat dependent upon circuit capacitance. By varying the capacitance, you also can vary the frequency 
of oscillation. In this form of transmitter circuit, the crystal can be directly modulated. 

diode). The NTE replacement line type 
614 is typical. According to the NTE 
Replacement Guide and Cross -Refer- 
ence, the 614 has a 3:1 "C2/C30" 
capacitance ratio and a nominal capac- 

itance of 33pF at 4Vdc reverse -bias 
potential. 

Varactor-tuned LC tank circuits 
Varactors are electronically variable 

capacitors. In other words, they exhibit 
a variable capacitance that is a function 
of a reverse -bias potential. This phe- 
nomena leads us to several common ap- 
plications in which capacitance is a con - 
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Figure 9. The varactor-tuned variable frequency oscillator is used as the LO in FM receivers. The FM detector produces an error voltage 
that indicates how far off center the tuning is and feeds it back via the automatic frequency control (AFC) line to the tuning voltage input 
on the tuner. The AFC voltage drives the LO operating frequency to the center -tune condition. 

sideration. Figure 5 shows a typical va- 
ractor-tuned LC tank circuit. The link - 
coupled inductor (L2) is used to input 
RF to the tank when the circuit is used 
for RF amplifiers and, in many oscil- 
lator circuits, to output RF signal to 

other circuitry. The principal LC tank 
circuit consists of the main inductor 
(L,) and a capacitance made up from 
the series equivalent of C, and varactor 
CR1. In addition, we also must take in- 
to account the stray capacitance (Ce) 

that exists in all electronic circuits. (It 
is, incidentally, the stray capacitance 
that usually makes technology -school 
students think their lab experiments 
"prove" that the theory formulas are all 
wet.) The blocking capacitor and series 
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resistor functions were discussed above. 
Capacitor C2 is used to filter the tuning 
voltage, V;,,. 

Because the resonant frequency of an 
LC -tuned tank circuit is a function of 
the square -root of the inductance -capac- 
itance product, the maximum/minimum 
frequency of the varactor-tuned tank cir- 
cuit varies as the square root of the ca- 
pacitance ratio of the varactor diode. 
This value is the ratio of the capacitance 
at minimum reverse bias to the capaci- 
tance at maximum reverse bias. As a re- 
sult, the tuning characteristic curve 
(voltage vs. frequency) is basically a 
parabolic function. An example of this 
curve is shown in the next example. 

Varactor-tuned oscillator circuits 
Figure 6 shows a circuit that I built 

and tested while researching this arti- 
cle. It consists of a PNP transistor op- 
erated as a variable frequency oscillator. 
Coil L, is actually an untuned RF 
transformer (Toko TK -209) designed for 
use as a 49MHz coil in TV IF amplifier 
circuits; the actual frequency of opera- 
tion depends on the parallel capacitance 
across the primary of L,. By using a 
Motorola MV -2111 varactor (47pF at 
4Vdc), I found that the circuit oscillated 
at frequencies from 33.5MHz to 
40.9MHz as the applied dc varied from 
+8Vdc to +30Vdc. Oscillations ceased 
above and below these potentials (a re- 
sult of "junkbox" engineering-a little 
care in design could make the circuit os- 
cillate over the entire range). Note the 
roughly parabolic shape of the tuning 
characteristic in Figure 7. 

Two additional varactor-tuned oscil- 
lator circuits are shown in Figure 8. The 
circuit in Figure 8A was found in a 
sweep generator project. The oscillator 
is LC -tuned, and a varactor (CR,) 
makes up a portion of the total tank ca- 
pacitance. The variable capacitor (Cv) 

also is used as the main tuning capaci- 
tance. The varactor capacitance is used 
to shift the resulting operating frequen- 
cy in accordance with the applied ac 
signal (V.). The output RF signal is 
either frequency -modulated or swept, 
depending upon whether V,. is an 
audio signal or sawtooth. 

The circuit in Figure 8B is represen- 
tative of low -powered, crystal -controlled 
FM transmitters. A crystal will oscillate 
at a specific frequency that is somewhat 
dependent upon circuit capacitance. 
When buying crystals, always specify 
the calibration capacitance at which the 
frequency is guaranteed. By varying that 
capacitance, you can also vary the fre- 
quency of oscillation. In this form of 
transmitter circuit, the crystal can be 
directly modulated. Varactors also are 
used in reactance modulator circuits. 
The range of linear modulation is lim- 
ited both by the crystal characteristics 
and by the normal non -linearity of the 
varactor V -vs. -C curve. Thus, a low -fre- 
quency oscillator typically is used, and 
then a chain of frequency multipliers 
raises both the operating frequency and 
the deviation (delta -F) to the proper 
level. 

For example, a 165MHz FM trans- 
mitter requiring 6kHz deviation can be 
built using a 6.876MHz crystal oscillator 

F1 

O 

F1 

C1 L1 

F2 = NF, ..--"-. 
L2 C2 

_Jo ó0l , rää31 I 

CR, 

FIGURE 10 

Figure 10. In this varactor tripler circuit, the input circuit is tuned to the input (fundamental) 
frequency by either an LC -tuned tank circuit or a micro -strip line. The output is similarly tuned 
but to a harmonic (N x F1) of the input frequency. 

operating at a deviation of 0.25kHz 
(250Hz); a chain of multipliers giving 
X24 frequency increase raises the center 
frequency to 165MHz and the deviation 
to 6kHz. A traditional problem with this 
classical transmitter design has been that 
the deviation varied with channel be- 
cause not all crystals worked identical- 
ly. In modern synthesized transmitters, 
a single variable frequency -modulated 
oscillator can provide deviation for all 
channels. 

An application that is more familiar 
to most readers is shown in Figure 9. 

The varactor-tuned variable frequency 
oscillator is used as the LO in FM re- 
ceivers. The FM detector produces an 
error voltage that indicates how far off 
center the tuning is and feeds it back via 
the automatic frequency control (AFC) 
line to the tuning voltage input on the 
tuner. The AFC voltage drives the LO 
operating frequency to the center -tune 
condition. 

Varactors as frequency multipliers 
The last varactor application may be 

less well known: Varactors can be used 
as frequency multipliers. In some mi- 
crowave and UHF applications, very 
high local oscillator frequencies are 
needed. However, such signals are dif- 
ficult to generate in primary oscillators. 
As a result, some circuits use a lower - 
frequency HF or VHF oscillator to gen- 
erate the signal and then multiply it to 
the operating frequency. For example, 
one MDS downconverter receives 
2.145GHz and outputs the video signal 
on VHF at 70MHz. The local oscillator 
for that device is 2,075MHz (2,145-70 
= 2,075MHz). A 340.33MHz local os- 
cillator is well within the range of nor- 
mal TV -type technology, and this fre- 
quency can be multiplied (x6) to 
2,045MHz by using a doubler and a 
tripler circuit in cascade. Figure 10 

shows a varactor tripler circuit. The in- 
put circuit is tuned to the input (funda- 
mental) frequency by either an LC - 
tuned tank circuit or a micro -strip line. 
The output is similarly tuned but to a 
harmonic (N x F1) of the input 
frequency. 

Variable capacitance diodes are used 
to tune or control most modern FM and 
TV receivers. They also are found in 
FM transmitters, communications re- 
ceivers and a host of other products. 
Knowing varactor characteristics and 
circuits can help the electronics servicer 
zero -in on potentially misleading trou- 
ble symptoms. 
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Quiz answers 
Questions are on page 41. 

1. 121.4s. (See "Servicing Voltage 
Regulators" by Gregory D. Carey, 
CET, in the January 1988 issue.) If 
the pulses are less than 121.cs wide, 
a capacitor between the emitter and 
collector of the output stage is prob- 
ably open. 

2. C-Buffers in microprocessor 
systems are used for temporary stor- 
age of input and output data. (See 
"Troubleshooting Microprocessor - 
based Circuits" by Tom Allen in the 
January 1988 issue.) Buffers do the 
same thing in computer systems. 

3. B-The viewing speed is in- 
creased to 60 pictures per second per 
eye. (See "Three-dimensional Cam- 
corder" in the February 1988 issue.) 
The new system shows each picture 
twice. This advance is accomplished 
by using digital memory technology. 

4. 35kHz. (See "Test Your Elec- 
tronics Knowledge" in the February 
1988 issue.) The calculation of ap- 
proximate bandwidth is accom- 
plished by dividing 0.35 by the rise 
time. 

5. Connect a 2M11 resistor across the 
ohmmeter output. (See "Extending 
DVM Ohmmeter Ranges" in the 
March 1988 issue.) The article sug- 
gests a simple graph for quick 
readings. 

6. No. (See "Creating Resistor Val- 
ues" by Art H. Myerson in the 
March 1988 issue.) According to an 
editor note in this article, the tol- 
erance tells you how far the resistor 
value may vary in normal use. 

7. The number of bits. (See "An Os- 
cilloscope Update" by Conrad Pers - 
son in the April 1988 issue.) The 
greater the number of bits, the 

smoother the waveform looks. 

8. A-a synchronous counter. (See 
Computer Corner, "The Ripple 
Counter," by Christopher H. Fenton 
in the April 1988 issue.) Synchro- 
nous counters clock all of the flip- 
flops on and off at the same time. 

9. B-the lowest possible tempera- 
ture. (See "Choosing a Soldering 
Iron" in the May 1988 issue.) Tin- 
ning should be done at the lowest 
possible temperature because corro- 
sion occurs faster at higher 
temperatures. 

10. C-emitter efficiency. (See 
"What Do You Know About Elec- 
tronics" in the May 1988 issue.) 
Emitter efficiency and common -col- 
lector current gain are two different 
definitions of transistor gamma. 
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What do you know 

about electronics? 

Network theorems and laws 

By Sam Wilson, CET 

I have been asked (maybe challenged 
is a better word) to discuss all of the ma- 
jor network theorems and laws without 
using math. In other words, what do 
these theorems and laws mean strictly 
from the standpoint of practical 
applications? 

I want to say that, from my viewpoint, 
I think these theorems and laws are best 
understood when they are supported by 
math. However, I do recognize that too 
often they are submerged in fancy 
mathematical footwork, and the real 
message is lost. 

So, here we go. It's going to take 
about 12 issues, so get a good hold on 
your chair. 

The maximum power transfer 
theorem 

All power sources (such as batteries, 
ac generators and car engines) have in- 
ternal resistance (or friction). If they 
didn't, we could have perpetual motion 
machines. The internal resistance (or 
friction) dissipates power. That power 
is lost to the outside world. 

From the viewpoint of electricity, the 
question to be answered is: How does 
the internal resistance affect the amount 
of power you can get to the outside 
world? 

The maximum power transfer theo- 
rem for dc systems says that the maxi- 
mum power that you can get out of a bat- 
tery (or any dc generator) occurs when 
the load resistance equals the internal 
resistance of the source. 

Wilson is the electronics theory consultant for &S8í1'. 

R, 

RL 

Figure 1. Maximum power is transferred from 
a source to a load if the load resistance, RL, 
is made equal to the internal resistance of the 
source, R. 

In its simplest form, the load resis- 
tance (RL) in Figure 1 must equal the 
internal resistance (R;) in order for that 
load resistance to get the maximum 
amount of power. If RL is a light bulb, 
then it will glow brightest if the resis- 
tance of the filament equals the inter- 
nal resistance of the source. 

However, that is only half of the story. 
The efficiency of any system is equal to 
the output power (PL) divided by the 
total power (P; + PL). 

Whoa! There goes the math again. 
The efficiency of any system is a 

measure of how well the power source 
is able to get power to the outside world. 
When the power delivered is maximum, 
the efficiency is only 50%. The higher 
the load resistance, the higher the 
efficiency. 

If you want to design a flashlight, you 
want two things: a lot of power delivered 
to the light bulb so it glows brightly, and 
high efficiency so the batteries will last 
a long time. Unfortunately, you can't 
have high power transfer and high effi- 
ciency. They are called tradeoffs. You 
have to decide how much of each you 
are willing to settle for. You can't get 
around the problem by making the 
bulb's resistance higher because you will 
need more power (FR) to get your 
desired brightness. 

There I go with the math again. Give 
me a little time to practice and I'll get 
better at this job. 

Sometimes you want maximum pow- 
er, and efficiency isn't so important. The 
internal resistance of a lead -acid battery 
is low. If you want the battery to deliver 
enough power to the starter motor, the 
starter motor resistance had better not 
be high. 

The maximum power transfer theo- 
rem for ac is about the same, but we use 
bigger words to explain it. The internal 
opposition of the generator is an impe- 
dance made up of resistance and/or 
capacity. 

Figure 2 shows an example. In this 
case, the internal impedance is made up 
of resistance and capacity. In other sys- 
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Figure 2. In the case of an ac circuit, the in- 
ternal impedance of the source consists of 
the resistance plus any capacitive and/or in- 
ductive reactances. 

tems, the internal impedance could be 
resistance and inductance. 

Now, how do we get the maximum 
power to the outside world? It's easy. 
Make the load resistance equal to the in- 
ternal resistance (as before). Use an in- 
ductance to resonate with the internal 
capacitance so that you have a series 
resonant circuit. (I'm not going to say 
make XL = X, because I'm getting 
better at not using math.) See Figure 3. 

In a series -resonant circuit, the induc- 
tive reactance equals the capacitive reac- 
tance. Their effects cancel and the cir- 
cuit acts as though they aren't present. 
Only the resistance is to be considered. 
In this case, the internal resistance and 
load resistance values are equal. There- 
fore, maximum power is transferred. 

Remember, capacitance and induc- 
tance do not dissipate power, so when 
you cancel them, you aren't changing 
the amount of power transferred. Power 
is dependent only on the internal and 
load resistances. 

In a bipolar transistor (or tube or 
FET) circuit, the source of power can 

NIL 

z, 

Figure 3. In the case of an ac circuit with a 
capacitive internal impedance, in order to 
transfer the maximum power to the outside 
world, make the load resistance equal to the 
internal resistance and use an inductance to 
resonate with the internal capacitance so that 
you have a series resonant circuit. 
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be thought of as being the amplifying 
device. The generator in Figure 2 might 
actually be a transistor. You can think 
of it as being the equivalent generator. 
In the real world, transistors are 
3 -terminal devices. For that reason, the 
2 -terminal generator in Figure 2 doesn't 
tell the whole story. However, it will 
work if you limit yourself to the tran- 
sistor and load. 

Suppose the load for the transistor is 
a speaker that can be represented by a 
resistor and inductor. Then, if you have 
a conjugate match (one in which the 
load resistance equals the source resist- 
ance and the load reactance resonates 
with the source's internal reactance), 
you can deliver the maximum power 
from the transistor to the speaker. 

Sounds easy, but two tradeoffs rear 
their ugly heads. We've already talked 
about one. At maximum power transfer, 
the efficiency is only 50%. If the equip- 
ment is battery operated, the operating 
time is reduced by the maximum power 
transfer. The second tradeoff has to do 
with fidelity. It turns out that when you 
operate a transistor (or tube or FET) un- 
der maximum power transfer condi- 
tions, you may also get maximum 
distortion. 

So you can get maximum power 
transfer in an ac system by using a con- 
jugate match. However, you may not 
want it. 

You will need to know about the max- 
imum power transfer theorem when you 
read about some of the other theorems 
and laws in this series. 

Some old business 
In the April 1988 issue, Rapid Roy 

Delange asked about a neutral isolator. 
He sent a newspaper clipping that 
claims milk production increased by 700 
pounds per cow when "neutral isolators 
were installed." Does that sound like a 
lot of bull? No. We're talking about the 
udder kind here. 

Roy L. Mott, Sr., CET of Thomas- 
ville, AL, solved the problem. He wrote 
a nice letter explaining that the neutral 
isolator is nothing more complicated 
than an isolation transformer. Seems the 
cows were getting shocks from the milk- 
ing machines, and it made concentra- 
tion on their work very difficult. 

In the May 1988 issue I discussed the 
fact that a transistor amplifier beat an 
op -amp in a lab face-off. The contest 

was conducted by Glen Langley of West 
Palm Beach, FL. 

A nice letter from Garth Fisher of 
Walla Walla College in the state of 
Washington defends the op -amp. He 
says the op -amp has advantages that 
were not used in the contest. 

Don't pick an op -amp to do 
a bipolar transistor's job. It 

is easy to get pulled into 
op -amp designs because they 

are simple to do. 

8'd 

For those of you who also disputed 
the outcome, here is my answer to Mr. 
Fisher: "You asked what frequencies 
were used for the comparison between 
the op -amp and transistor amplifier. The 
test that gave the best comparison was 
a sweep analysis. Sweeping from 0Hz 
to over 150,000Hz, the Bode plots were 
displayed on an oscilloscope. 

"To make a fair comparison, the gains 
of both amplifiers were set equal, and, 
I believe, a gain of 10 was used. That 
gave the operational amplifier a broad 
response. However, the transistor am- 
plifier showed a much wider response. 

"The high input impedance of the op - 
amp did not give it any serious advan- 
tage in this case. Langley used a B&K 
function generator with a 7552 output. 
That value was low compared to the in- 
put impedance of either amplifier. 

"Had input impedance been a factor, 
Langley could have added two resistors 
and a capacitor (around 10 cents) and 
made a bootstrap circuit. That pro- 
cedure would have made a respectable 
high -input impedance. 

"To be fair, long -tail bias can be used 
with a bipolar circuit. After all, the op - 
amp requires a positive and a negative 
power supply, so that would not be 
counted against the bipolar. Using long - 
tail bias eliminates the 0.6V forward 
drop problem. 

"The differential input of the op -amp 
is definitely an advantage unless, as in 
the comparison test, the op -amp is be- 
ing used as a single -input amplifier. In 
that case, low drift and differential in- 
put is not an advantage. 

"As you say, the cost factor is open 
to challenge. Langley used a fast design 
procedure that I use when teaching bi- 
polar circuits. Once you know which 
transistor is to be used-and that is 
where you could lose some time-the 
design takes only 10 minutes. If you 
dilute that design time by building 
10,000 units, it is no longer an impor- 
tant factor. 

"As you have no doubt surmised, the 
op -amp comes in second place because 
it is being used in an application where 
its advantages are of no use. I think that 
is the most important lesson in this ex- 
periment: Don't pick an op -amp to do 
a bipolar transistor's job. 

"My feeling is that it is easy to get 
pulled into op -amp designs because they 
are simple to do." 

Transmission lines 
I have never had occasion to delve into 

all of the facets of power transmission 
lines. I recently had an assignment that 
required me to do just that. 

I do remember that a signal delivered 
to an open-end transmission that is in- 
finitely long will pass on to infmity with 
no loss. I've never been able to test that 
to make sure it is true. 

In a book titled "Communications 
Circuits" by Ware and Reed (Wiley 
1947) the authors shorten the line (con- 
siderably) to 2,000 miles. They consider 
a cable pair of that length made of #19 
AWG copper wire. The input signal fre- 
quency is assumed to be 796Hz. 

They calculate that a lA signal intro- 
duced at one end would result in an out- 
put of 10-97A. This means that one 
electron would arrive at the receiving 
end every 500 x 1068 years! You can 
think of this fact in a different way. If 
you needed 1µW at the receiving end, 
you would have to have an input at the 
other end equal to 10188W! That's 
enough power to light 10186 100W light 
bulbs. You can see the advantage of us- 
ing amplifiers along the line. 

Have you ever worked on a smearer? 
I know you'll think I made this up, but 

there is a circuit called a smearer. OK, 
I'll admit I ran across it in an electronics 
dictionary that got its start in England, 
but it was sold in the United States by 
Penguin Reference Books. A smearer, 
according to this dictionary, is a circuit 
used to remove the overshoot of a pulse. 

BOW 
e We, "_-. 
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Products 
Solder -wick dispenser 

The Wickgun, HMC's desolder braid 
dispenser, prevents the braid from be- 
coming contaminated by finger oil or 
dirt. The dispenser is manufactured 
from static dissipative material and fea- 
tures snap -in replacement of pre -loaded 
cassettes with 15 feet of braid. 

Circle (75) on Reply Card 

Telecom test set 
The AR -180T, a telecom test set, has 

been announced by American Reliance. 
Features include level and noise meas- 
urements, ac and dc volts, dc current, 
resistance and audio continuity beeper. 
The unit is switchable between either 
6009 terminated or bridge meas- 
urements at 1M12 impedance. 

Circle (76) on Reply Card 

Dial torque gauge 
The model TQ-1800 dial torque gauge 

from Tentel is designed to evaluate the 
clutch and brake torque performance for 
optimum tape handling. A motorized 

torque driver simulates the 9.5cm/sec U- 
Matic tape pulling speed. Torque meas- 
urements may be made either clockwise 
or counter -clockwise directly on the 
supply or take-up spindle. 

Circle (77) on Reply Card 

SMD removal system 
O.K. Industries has introduced the 

SMT-WC, a hand -operated SMD re- 
moval system that features a variable 
temperature controller, a tweezer -action 
handpiece, a stand and various high - 
thermal capacity tips. Temperatures 
range from 330°F to 740°F. 

Circle (78) on Reply Card 

Learn 
how to repair 
VCRs... 

Read 
Video Corner 

each month 
in GIGOTRODIO 

Self-contained cleaning products 
Chemtronics has introduced a line of 

self-contained cleaning products. The 
pads and swabs, which are saturated 
with measured amounts of cleaning 
agents and filtered to less than 0.2 mi- 
crons, are sealed in individual tear - 
open, foil packets. Optic Prep, Screen 
Prep, Chempad, Gold Guard Pad, TF 
Pad and Chemswab are products includ- 
ed in the line. 

Circle (79) on Reply Card 

Breakout box 
The Easy BOB model 725 breakout 

box from Beckman Industrial tests 
RS -232 transmission lines with 15 ded- 
icated line -monitor locations and a spare 
LCD set for monitoring other lines. 
Each side of the BOB has a 3 -inch rib- 
bon cable with a dual -gender DB25 con- 
nector to facilitate hookup. The unit is 
an unpowered breakout box and does 
not use batteries. 

Circle (80) on Reply Card 

Continued on page 58. 
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Products (continued from page 57) 

Self -igniting Pyropen 
The WPA-2 cordless, butane -gas - 

powered, self -igniting Weller Pyropen 
has been introduced by CooperTools for 

use as either a soldering iron or a hot- 
air gun. The 4.4 -ounce unit can operate 
for about three hours per butane fill up. 
Varying the gas flow controls the tem- 
perature, which ranges from 650°C to 
1,202°C when the unit is used as a hot- 
air gun, and 250°C to 500°C when it 
is used as a soldering iron. 

Circle (81) on Reply Card 

Digital storage device 
B&K-Precision has introduced a de- 

vice that converts an analog oscilloscope 
to a digital storage device. The model 
2501 digital storage adapter provides 
dual -channel operation, waveform stor- 
age, magnification capabilities and 10 

megasample per second sampling; an 
output connector can be used with a 
hard -copy plotter. Digital storage is 
2,048 x8. Vertical resolution is 8 -bit. 

Circle (82) on Reply Card 

Menu -driven multimeter 
The Professional Series model 560 

menu -driven multimeter from Simpson 
features autoranging; data logging on 
any selected range with 2,150 measure- 
ment memory (battery back-up); a 
500kHz frequency counter; and REL, 
continuity and diode checks with an 
audible beeper. The dual -LCD format 
features a 5 -digit, 52 -segment measure- 
ment display and a 4 -line menu/pro- 
gramming display. 

Circle (83) on Reply Card 

Aerosol chemicals 
Philips ECG has introduced an assort- 

ment of cleaning, lubricating, shielding 
and testing agents, including circuit re- 
frigerant, heavy-duty flux remover, con- 
tact cleaner and an all-purpose degreas- 
er and wash. The aerosol cans are indi- 
vidually color -coded to facilitate iden- 
tification and are available in different 

aerosol sizes and in bulk containers. 
Also available are 1- and 1/2 -pound 

spools of solder, which consists of a 
60/40 tin -lead alloy and contains 2 % 

rosin flux in three internal channels. 
Both sizes are available in 0.062 -inch, 
0.047 -inch and 0.032 -inch gauge 
diameters. 

Circle (84) on Reply Card 

Coaxial tool kit 
Mouser Electronics has announced its 

Strip'n Crimp coaxial tool kit, which 
contains a dual -crimping tool, a simplex 
cable stripper, 10 plugs and cable 
sleeves in various sizes. 

Circle (85) on Reply Card 

Wire strippers 
T -Stripper wire strippers, introduced 

by Ideal Industries in both standard and 
premium models, accommodate 10 

AWG to 30 AWG solid and 8 AWG to 
26 AWG stranded copper or aluminum 
wire. The line includes the T-10, which 
slits cable jackets and then strips the 
conductors; the T-12 or T-14, which si- 
multaneously strips two conductors; a 
90° stripper with 90° offset blades; and 
adjustable V -Notch strippers. 

Circle (86) on Reply Card 

Dual -temperature heat gun 
Ungar's 1095 1,000W heat gun has 

two temperature settings (790°F and 
1,200°F) of flameless heat. The 22 - 

ounce gun reflows solder, loosens ad- 
hesives, applies heat -shrinkable mater- 
ials, cures epoxy, heats liquids, shapes 
plastics and more. It has a heat -concen- 
trating nozzle with stainless steel shield- 
ing, a permanent magnet motor and a 
reinforced, mica -insulated heating 
element. 

Circle (87) on Reply Card 

RF network analyzers 
Direct Conversion Technique is offer- 

ing a line of portable, automatic vector 
network analyzers that measure linear 

impedance, VSWR and other perform- 
ance parameters of components, anten- 
nas and circuits. The analyzers function 
in the 100kHz to 4GHz bands and are 
made up of a tunable frequency source, 
a reflected voltage signal sampler and 
a amplitude/phase measurement 
module. Options include analog or 
digital displays and interfacing to other 
equipment. 

Circle (88) on Reply Card 

Commercial and mil -spec knobs 
A line of mil -spec and commercial - 

type instrumentation knobs have been 
introduced by Keystone Electronics. 

Ili e te 0 
o o 

Mil -spec knobs, which are made of 
polycarbonate, are manufactured in 26 
variations of the five most widely used 
styles and are available in 0.125 and 
0.250 diameters. The commercial 
knobs, made of ABS thermoplastic with 
spun aluminum inlays, are available in 
32 variations of the six most popular 
styles and come in 0.125 and 0.150 shaft 
diameters. 

Circle (89) on Reply Card 

DMMs 
The 3200 series DMMs from C.G. 

Soar have a 3,200 -count full scale with 
a high-speed, 32 -segment analog bar - 
graph display. Features include auto - 
ranging, audible continuity/diode test, 
range hold and data hold; an adaptor 
mode, which can be used with the com- 
pany's 9300 series adaptors, allows 
ac/dc current measurements and capac- 
itance, temperature and transistor 
testing. 
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Logic analyzer 
Tektronix has introduced the modular 

1230 logic analyzer, which is con- 
figurable from 16 to 64 acquisition 
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channels. The analyzer offers four 2K 
deep memories behind every acquisition 
channel and supports most microproces- 
sors. It has up to four time bases, an 
auto -compare mode and trigger -in and 
trigger -out signals that provide paths for 
system interaction. 

Circle (91) on Reply Card 

Portable pattern generator 
Leader Instruments Corporation has 

announced the LCG-412B, a battery -op- 
erated, portable pattern generator. It 

weighs less than 14 ounces, including 
six AA power cells, and features 75% 
color bars, dot, crosshatch and full 
raster signals of 100% white, red, green 
and blue. The unit features RF output 
on U.S. broadcast VHF and UHF chan- 
nels in addition to 1Vp_P video output 
into a 75G load. 

Circle (92) on Reply Card 

Productivity organizer manual 
Lynco Publications has announced a 

computerized version of the Productivity 
Organizer manual. The floppy disk, 
which contains a menu -driven, 
automated template for use with Lotus 
1-2-3, version 2.0 or later, provides a 
quick method for recording and analyz- 
ing service technician productivity 
statistics. The disk requires an IBM or 
compatible PC, 256K RAM and a copy 
of Lotus 1-2-3, release 2.0 or later. 

Circle (93) on Reply Card 

Elevating table 
The Economy Regal mechanical 

elevating table, introduced by Regal 
Equipment Company, features two 
storage shelves and an adjustable top 

surface with four self-locking Acme 
screw thread posts. A high-speed stud 
operates at 3/8 -inch turn for light loads. 
A low -speed stud operates at 1/8 -inch 
turn for heavy loads. The table is 
equipped with phenolic wheels and a 
foot -operated lock. 

Circle (94) on Reply Card 

Solder dispenser 
The Solderstat solder dispenser from 

SGW cuts soldering time by as much as 

40%, according to the company. It at- 
taches to any elastic or velcro static - 
control wrist strap and dispenses up to 
14 pound of solder directly from the 
wrist. 

Circle (95) on Reply Card 

SCSI bus test system 
The 5380 SCSI bus test system from 

DTR allows engineers in product 
development and vendor evaluation to 
analyze devices that can be interfaced 
through the small computer system in- 
terface (SCSI). The tests for each unit 
are based on diagnostic libraries sup- 
plied by manufacturers. A 31/2 -inch flex- 
ible disc drive allows custom test gen- 
eration. The panel can be enhanced to 
include bar code systems for factory 
floor tracking and data collection. 

Circle (96) on Reply Card 

Jumper boxes 
B & B Electronics has designed jump- 

er boxes that allow users to assemble 
custom RS -232 interfaces. A small PC 
board provides the solder pads for each 
line from both 25 -pin connectors. The 
boxes have twenty jumper wires and are 
equipped to tap signals from the RS -232 
line. Three models are available: the 
model 232MFJB with one female and 
one male connector; the model 
232MMJB with two male connectors; 
and the model 23214NJB with two female 
connectors. 
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Audio Corner 

Knowing your specs 
Specifications are an important part 

of the information available about a 
product. For example, the nominal volt- 
age on an appliance tells you what elec- 
trical systems you can safely use that 
product on. If you try to operate an ap- 
pliance designed for 120Vac on a 240V 
system, you'll probably get a lot of 
smoke. 

On the other hand, specifications are 
frequently nominal, which means that, 
over some portion of the conditions un- 
der which it is used, the actual perform- 
ance of the unit will be close to that 
specification. Nominal voltages for ac 
appliances have risen over the past sev- 
eral years. The typical household ac 
voltage used to be 110V. At some point, 
the nominal voltage on most systems 
was raised to 115V. And wasn't it at 117V 

for a while? Now it's at 120V. Strange- 
ly enough, ac appliances that were 
manufactured years ago with a nominal 
110V specification seem to work well 
enough at 120V and will probably work 
pretty well over a voltage range of 
somewhere below 100V to about 130V 
or even higher. 

That's the good news about specifica- 
tions: They're really ball -park numbers, 
with a fair amount of tolerance. 

That's also the bad news about speci- 
fications because, being inexact, they 
sometimes defy definition. 

Defining speaker impedance 
The good news/bad news trade-off is 

especially true for audio specifications. 
In fact, in talking to a colleague here, 
I suggested that, as often as not, audio 
specs aren't necessarily even in the ball- 
park, and sometimes it's a wonder if the 
specification and reality are in the same 
town. He corrected me and said it's re- 
markable if the spec and the reality are 
in the same county. 

Take speaker impedance, for example. 
A typical speaker has an input impe- 
dance of 82. Just what does that mean? 
Well, for starters, if you take a DMM 
and set it on OHMS, then take a reading 
across the speaker's terminals, you'll 
read considerably less than 89. But you 
knew that. Speaker impedance is com- 
plex impedance, describing a combina- 

Persson is editor of ES&T. 

tion of resistance, inductive reactance 
and capacitive reactance. 

But, you say, inductive and capacitive 
reactance are frequency dependent. In- 
ductive reactance is defined by the 
formula: 

X, = 27rFL 

where XL is inductive reactance. 
F is frequency. 
L is the value of inductance. 

Likewise, capacitive reactance is de- 
fined by the formula 

Xc = t/z 1rFC 

where Xc is capacitive reactance. 
F is frequency. 
C is the value of capacitance. 

By Conrad Persson 

The nominal (there's that word again) 
audio frequency range is given as 20Hz 
to 20kHz. Substituting these two wide- 
ly differing values of F into the equa- 
tion for inductive reactance, you get: 

Xi,(20Hz) = 27rFL = 27r(20)L 
XL(20kHz) = 27rFL = 2r(20,000)L 

Taking a ratio of the two equations: 

XL(20kHz)/XL(20Hz) 
= 21r(20,000)L/21r(20)L 

The ir's cancel, the L's cancel and the 
2s cancel, leaving a ratio of 20,000/20, 
or a thousand -fold difference in induc- 
tive reactance between the two extremes 
of audio frequency. So what does the 
nominal speaker impedance mean? 

Figure 1. At a given frequency, you close the switch and adjust the amplifier controls for 
a 10V reading at meter 1. A voltage of 10V across the 1k4 resistor means that the current 
through it is 10mA. The second step is to open the switch and read the voltage across the 
speaker inputs. This voltage is caused by the 10mA of current through the speaker. The im 
pedance of the speaker at that frequency will be the meter voltage divided by the current. 
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Figure 2. If you perform the measurement technique described in Figure 1 at frequent inter- 
vals across the audio spectrum, you will get a graph of the impedance of the speaker vs. 
frequency, such as this fictitious example. It will vary considerably, but the lowest impedance 
you find should be somewhere around the nominal impedance specified by the manufacturer. 
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Of course, things are far more com- 
plicated than this, and looking at 
speaker impedance requires that we 
consider the speaker coil's dc resistance 
and the contributions of inductive reac- 
tance and capacitive reactance. The for- 
mula for complex impedance, taking in- 
to account all of these factors, is: 

Z = V122 + (XL - Xc)2 

If you were to plug some real -world 
loudspeaker values into this formula, 
you would find that the impedance 
would vary considerably with frequen- 
cy, probably never exceeding 1000. In 
fact, the maximum impedance probably 
would be considerably less than that. 
The minimum impedance you would en- 
counter would be somewhere around the 
value specified by the manufacturer as 
nominal. 

To sum up, the nominal impedance of 
an audio system loudspeaker is some- 
where near the minimum impedance 
that the speaker will present to the 

power amplifier. The manufacturer is 
stating that the loudspeaker will work 
properly with an amplifier that is spec- 
ified to operate with a speaker of that 
impedance. In other words, if the am- 
plifier manufacturer specifies the per- 
formance of an amplifier with an 80 
load, and you have an 80 speaker, the 
system can be expected to work reason- 
ably well (provided, of course, that the 
amplifier is capable of providing enough 
power to drive the speaker). 

Measuring loudspeaker impedance 
One way of measuring loudspeaker 

impedance is using the so-called con- 
stant current method. This method con- 
sists of driving the speaker with a power 
amplifier in series with a resistor that 
is large compared to the output impe- 
dance of the amplifier and the impe- 
dance of the speaker. You then use a var- 
iable oscillator capable of producing sig- 
nals over the audio frequency range. 

Take a look at Figure 1. At a given 
frequency, you close the switch and ad - 

just the amplifier controls for a 10V 
reading at meter 1. A voltage of 10V 
across the lkt resistor means that the 
current through it is 10mA. The second 
step is to open the switch and read the 
voltage across the speaker inputs. This 
voltage is caused by the 10mA of cur- 
rent through the speaker. The impe- 
dance at that frequency will be the meter 
voltage divided by the current: 

Z=VM/O.O1A=VMx 100 

So, a simple way to determine the 
speaker's impedance for a given meter 
reading is to multiply the reading by 100. 

If you perform this measurement 
technique at frequent intervals across the 
audio spectrum, you will get a graph of 
the impedance of the speaker vs. fre- 
quency. (See Figure 2 for a fictitious ex- 
ample.) Again, you will note that it will 
vary considerably, but the lowest impe- 
dance you find should be somewhere 
around the nominal impedance specified 
by the manufacturer. 
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Computer Corner 

Interfacing computers 
to the analog world Part 111 

By Joseph J. Carr, CET 

Last month we looked at the digital -to - 
analog converter (DAC), which is a de- 
vice for converting a binary digital num- 
ber (word) to a proportional analog 
voltage or current output signal. This 
month we will take a look at the DAC's 
opposite number: the analog -to-digital 
(A/D) converter, which sometimes in- 
cludes DACs as a component. 

Of the many techniques for perform- 
ing an A/D conversion, only a few basic 
types are of interest to us: single- and 
dual -slope integrators, which we'll cover 
here, counters (or servos) and suc- 
cessive approximation methods. 

Single -slope integration ADCs 
Most digital panel meters (DPM) or 

digital multimeters (DMM) use either 
single- or dual -slope integration for the 
A/D conversion process. An example of 

Carr, an electronics engineer, has published several books 
on electronics and is a frequent contributor to ES&T. 

a single -slope integrator is simple, but 
is limited to those applications that can 
tolerate accuracy of only 1% to 2 % . 

The single -slope integrator A/D con- 
verter in Figure lA consists of five basic 
sections: a ramp generator, a compara- 
tor, logic, a clock and an output encod- 
er. The ramp generator is an op -amp 
Miller integrator circuit with its input 
connected to a stable, fixed reference 
voltage source. This reference source 
makes the input current Iref essentially 
constant, so the voltage at point two will 
rise in a nearly linear manner, creating 
the voltage ramp. 

The comparator is merely another op - 
amp, but it has no external feedback 
loop. The gain in that instance is essen- 
tially the open -loop gain of the device 
selected and is typically very high even 
in low-cost op -amps. When the analog 
input voltage V, is greater than the 
ramp voltage, the output of the compar- 
ator is saturated at a logic HIGH level. 
The logic section consists of a main 
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Figure 1. The single -slope integrator A/D converter in Figure lA consists of five basic sec- 
tions: a ramp generator, a comparator, logic, a clock and an output encoder. The waveforms 
associated with the circuits pointed out by the circled numbers are shown in Figure 1B. 

AND gate, a main -gate generator and 
a clock. The waveforms associated with 
these circuits are shown in Figure 1B. 

When the output of the main -gate 
generator is LOW, switch S, remains 
closed, so the ramp voltage is zero. The 
main -gate signal at point one is a low - 
frequency square wave with a frequen- 
cy equal to the desired time -sampling 
rate. When point one is HIGH, S, is 
open, so the ramp will begin to rise lin- 
early. When the ramp voltage is equal 
to the unknown input voltage Vs, the 
differential voltage seen by the compar- 
ator is zero, so its output drops LOW. 

The AND gate requires all three in- 
puts to be HIGH before its output can 
be HIGH also. From times To to T,, 
the output of the AND gate will go 
HIGH every time the clock signal is also 
HIGH. 

The encoder section, in this case an 
8 -bit binary counter, will then see a 
pulse train with a length proportional to 
the amplitude of the analog input volt- 
age. If the A/D converter is designed 
correctly, the maximum count of the en- 
coder will be proportional to the maxi- 
mum range (full-scale) value of V,. 

Several problems are found in single - 
slope integrator A/D converters: 

The ramp voltage may be non-linear. 
The ramp voltage may have a slope 

that is either too steep or too shallow. 
The clock pulse frequency could be 

wrong. 
Noise may cause changes in the ap- 

parent value of V,,. 

Dual -slope integrators 
Many of the problems with single - 

slope integrators are corrected by the 
dual -slope integrator in Figure 2. This 
circuit also consists of five basic sec- 
tions: an integrator, a comparator, a 
control logic section, a binary counter 
and a reference current or voltage 
source. An integrator is made with an 
op -amp connected with a capacitor in 
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the negative feedback loop, as was the 
case in the single -slope version. The 
comparator in this circuit is also the 
same sort of circuit that was used in the 
previous example. In this case, however, 
the comparator is ground -referenced, 
using just one active element. 

When a START command is re- 
ceived, the control circuit resets the 
counter to 00000000, resets the inte- 
grator to OV (by discharging C,) and 
sets electronic switch S, to the analog 
input. The analog voltage creates an in- 
put current to the integrator; that cur- 

rent causes the integrator output to begin 
charging capacitor C,, which means 
the output voltage of the integrator will 
begin to rise. As soon as this voltage 
rises a few millivolts above ground, the 
comparator output snaps HIGH -posi- 
tive. A HIGH comparator output causes 
the control circuit to enable the counter, 
which begins to count pulses. 

The counter is allowed to overflow, 
and this output bit resets switch S,. 
The graph in Figure 2B shows the inte- 
grator charging during the interval be- 
tween the START command and the 
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Figure 2. The dual -slope integrator consists of five basic sections: an integrator, a comparator, 
a control logic section, a binary counter and a reference current or voltage source. The graph 
in Figure 2B shows the integrator charging during the interval between the START command 
and the overflow of the binary counter (T, -T0). 

overflow of the binary counter (T, T0). 
At time T,, the switch changes the in- 
tegrator input from the analog signal to 
a precision reference source. At the 
same time, the counter overflows and 
again has an output of 00000000 (max- 
imum counter plus one more count is 
the same as the initial condition). It will, 
however, continue to increment as long 
as the comparator output is HIGH. The 
charge accumulated on capacitor C1 

during the first time interval is propor- 
tional to the average value of the analog 
signal that existed between To and T,. 

Capacitor C, is discharged during 
the next time interval (T2 -T1). When C, 
is fully discharged, the comparator will 
see a ground condition at its active in- 
put and will change state and make its 
output LOW. Although the low output 
causes the control logic to stop the bi- 
nary counter, it does not reset the binary 
counter. The binary word at the counter 
output at the instant it is stopped is pro- 
portional to the average value of the an- 
alog waveform over the interval T, -To. 
An end -of -conversion (EOC) signal is 
generated by this circuit to strobe the 
microprocessor or other instrument, 
which indicates the output data is both 
stable and valid and, therefore, ready for 
use. 

Next month, we'll cover two A/D 
converters, the servo and the successive 
approximation converter, that use DACs 
for a reference voltage. mug, 

The Only Universal Back Tension Gau e 
Tension cassettes work on less than half the VHS machines now in the field. 
The Tentel T2 -H7 -UM Tentelometer- is so universal, it will work on all brands and models of VHS recorders and 
allows the accuracy to be easily verified in the field. Tension measurements are made out in the 
tape path near the heads where tension is important. Tape tension can 
cause a number of problems difficult to correct when you're only guessing. 
Stop guessing, do it right! 

Ask about Tentel's NEW T. E.S.T. Cassette for use with the Tentelometer.® 
This NEW T. E.S.T. Cassette (Patent Pending) offers a fast, complete perfor- 
mance evaluation of holdback tension and the entire tension servo system; 
to determine if it is maintained in the 23 to 35 gram specification. 

T2 -H7 -UM - $325 T E.S.T. Cassette/VHS - $29 

Call our toll free number or send for complete details on these and Tentel's other VCR test gauges. We make the 
difficult easy... to help you! 

TENTEL® Corp. 
1506 Dell Ave. 
Campbell, CA 95008 

(800) 538-6894 
In Calif. - (408) 379-1881 
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Video Corner 

Elements of video optics 
This material was adapted from "Ele- 
ments of TV Optics," published in 
Broadcast Engineering, August 1986. In- 
formation for this article was provided 
by Angenieux, Canon, Fujinon, Schnei- 
der and Tamron. 

To fully understand video -camera 
operation, you must be familiar with 
two types of devices and circuits: those 
that convert light to electronic signals, 
and those that manipulate these elec- 
tronic signals. You also should be famil- 
iar with the optics (the lenses) that 

Bentz is the TV technical editor for Broadcast Engineer- 
ing magazine. 

gather the light, which ultimately be- 
comes the video picture. The next sev- 
eral installments of Video Corner will 
discuss video camera optics. 

Waves or particles 
Light seems complex because it si- 

multaneously exhibits two sets of prop- 
erties: the properties of a wave as well 
as the properties of particles. To explain 
camera -tube or CRT operation, it's eas- 
ier to think of light in terms of the 
photon theory of energy particles, or 
packets, with momentum. For optical 
systems-lenses, mirrors and prisms- 
it's easier to think in terms of the wave 
nature of light. 

By Carl Bentz 

Wavelengths or frequencies of elec- 
tromagnetic energy (light is a form of 
electromagnetic energy) define light and 
its color. The wavelength of a particular 
color of light is related to its frequency 
by the formula 

1 = C/f 

where: 
C is a constant value, 3 x 108 m/s, the 

velocity of light in meters/second in 
free space; 

1 is the wavelength in millimicrons (ling 
= 10-9 meters); 

f is the frequency in terahertz (1THz = 
l0'2Hz). 

Mirrors reflect light by bending light 
rays back into the medium they came 
from. If the surface is flat (planar), a 
sharp image of the reflected object ap- 
pears to a viewer located at any distance 
from the mirror surface. The light waves 
are bent but remain relatively parallel to 
one another. If the surface is non -planar, 
or curved, the waves reflect in various 
directions. Depending on the type and 
smoothness of the curve, the image may 
be enlarged or reduced in size and may 
be inverted (appear upside-down). The 
light strikes the surface at an angle called 
the angle of incidence; light leaves the 
surface at an angle called the angle of 
reflection. The two angles, measured 
from a line perpendicular to the surface, 
are equal. This law of physics is never 
broken, even if the surface is not smooth. 

Flat glass mirrors may be constructed 
to reflect from the front surface (first 
point contacted by the light) or from a 
rear silver-plated surface. Except for spe- 
cial -effects work, the double image re- 
sulting from a rear -surface mirror would 
be undesirable. Therefore, camera optical 
systems use metallic mirrors or glass with 
a polished plated layer on the front 
surface. 

A concave mirror, such as those found 
in reflecting telescopes, causes light rays 
to converge at a focal point in front of 
the mirror. Images seen between the focal 
point and the mirror surface are enlarged 
and erect, while images viewed from be- 
yond the focal point are inverted. 

The convex mirror creates a virtual im- 
age behind the surface. The image is al - 

Reflections 
ways erect and is smaller than the image 
created with a plane mirror. Automobiles 
frequently use convex rear-view mirrors 
because they allow a wider angle of view 
than plane types provide. 

Another highly efficient reflector is 
found in some types of prisms. Although 
seldom used in video optics, the double 

AIR 

FILM 

AIR 

The angle of incidence is equal to the angle 
of reflectance, both measured from the nor- 
mal, which is a line meeting the reflecting sur- 
face at an angle of 90°. 

A convex mirror causes light to be reflected 
divergently toward its source. A virtual image 
appears behind the mirror. 

Porro prism with 45x -45x -90x angles 
allows realignment of light for easier 
viewing in high -quality binoculars. Porro 
prisms are sometimes used for special- 
purpose lenses; for example, they are 
sometimes used to shorten a very long 
focal length to a more manageable 
physical length. 

C 

A concave mirror causes light waves to be 
reflected and converged at a focal point in 
front of the mirror. 

Although rarely used in TV optics, the dou- 
ble Porro prism with 45°-45°-90° angles 
allows realignment of light for easier viewing 
in high -quality binoculars. 
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Visible light wavelengths range from 
400mµ to 700mµ. Light waves with 
wavelengths longer than the wavelength 
of red light (700mµ) are infrared; 
lightwaves of wavelengths shorter than 
the wavelength of violet light (less than 
400mµ) are ultraviolet. White light is a 
composite of energy with many different 
colors or all the wavelengths between 
these limits. 

When light travels through a medium 
other than free space, such as glass, its 
speed changes. This speed factor is what 
allows an optical device to bend light. 

When light strikes 
When light waves strike the boundary 

between two media of different densi- 
ties, one of two things may happen. (See 
Figure 1 and the sidebar on reflection). 
The light may be reflected from the sur- 
face boundary, or it may pass into the 
new medium. 

When we think about reflection, we 
usually think of mirrors, within which 
an image seems to appear. Reflection al- 

so occurs from rough surfaces, but the 
light becomes diffused; the directions 
taken by the reflected light rays are no 
longer parallel. Instead of an apparent 
image, we see the reflecting surface it- 
self, formed from those light rays that 

INCIDENT 
RAY 

n 

NORMAL 
REFLECTED 
RAY 

n' 

REFRACTED 
RAY 

Figure 1. When light waves strike the boun- 
dary between two mediums, the rays are 
either refracted, or passed through the sur- 
face, or they are reflected back. 

are reflected relatively perpendicular 
from the surface. When light strikes a 
junction between two transparent media, 
at least some of the light is reflected. In 
fact, beyond a certain critical angle of 
incidence, all light is reflected. To re- 
duce reflection, coatings may be ap- 
plied. For a lens, the coating may result 
in increased efficiency. Coatings of cal- 
cium or magnesium fluorides reduce re- 
flectance to 1% or 2 % of the incident 
light. 

When non -reflected light passes the 
junction between the two media, the 
properties of the new medium dictates 
the result. If the material is transparent 
(clear glass, for example), light passes 
through and rays remain relatively par- 
allel. The object acting as the source of 
the light waves is visible through the 
glass. 

The next installment of Video Corner 
will cover the nature of the media from 
which video -camera lenses are made, 
the components of lenses, and apertures 
and f-stops. Bet 

Now You Can Learn Electronics 
From VHS Video Tape!!! 

UCANDO Now Has Four Video 
Tapes Designed For The 

Electronic Enthusiast. 

ELECTRONICS AND YOU-PART ONE DC 
PRICE $32.95 

You will learn about Series circuits, Parallel cir- 
cuits, the combination of Serles -Parallel circuits, 
Ohms Law, Voltage, Current and Resistance as 
well as how to use the Digital multimeter. 
ELECTRONICS AND YOU-PART TWO AC 

PRICE $32.95 
You will learn about AC theory, Colis 
Transformers, Capacitors, Filter circuits and 
how they are used in actual circuits. 

VCR MAINTENANCE AND REPAIR 
PRICE $32.95 

This tape was designed for the average VCR 
user. No special tools or schooling are required 
for this tape. You will learn how to clean the en- 
tire tape path In the VCR as well as how to 
replace some of the belts In the VCR. 

INTRODUCTION TO VCR REPAIR 
PRICE $59.95 

You will learn how the VCR Processes the 
Luminance, Chromance and Audio signals in 
the VCR, in both the playback and record modes, 
you will also learn about the Servo systems us- 
ed to control the Capstan motor and the Video 
Drum Cylinder. This tape also covers many more 
aspects of the VCR. 

ORDER YOUR TAPES NOW! 
VISA and MASTER CARD are accepted. 
CALL: (513) 548-6113 or mail check or money 
order top: 

letIFUCANDO1#, 

P.O. Box 386 
Greenville, 
Ohio 45331 

FREE CATALOG 

108 full -color 
pages packed with 

the latest in high 
quality electronic 

products 

Heath 
Company 

CL -792 

Featuring superior quality electronic prod- 
ucts in kit and assembled form. Innovative 
home products, test instruments, self - 
study electronics courses. Challenging 
and educational kits for first-time as well 
as seasoned builders. Quality ready -to - 
use electronic products for homeowners, 
sports enthusiasts and professionals. 
All from Heath Company, a leader in the 
changing electronics market. 

fJ Send NOW for your FREE 
Heathkit Catalog. 

Send to: 
Heath Company, Dept. 030-682 
Benton Harbor, Michigan 49022 

Name 

Address 

City 

State Zip 
A subsidiary of Zenith Electronics Corporation 
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Readers' Exchange 

Editor's Note: Readers' Exchange items are 
published in the order they are received. We are 
happy to offer this service at no charge to you, 
our readers, but we ask that: 

Items are typed (or legibly written). 
You include your name and address on the same 

page as your ad (envelopes and contents are often 
separated). Please also include your telephone 
number (specify if you don't want it published). 
Using your peel -off label is a good idea. 

You limit any ad to no more than three items. 
If space demands, ads will be edited to roughly 
four lines in the magazine. 

Mail to: Readers' Exchange, Electronic Servic- 
ing & Technology, P.O. Box 12901, Overland Park, 
KS 66212. 

Please remember that ES&T is in production 
six weeks to two months ahead of publication date. 

WANTED 

Hickok model 292X -AL signal generator, next -to - 
new condition. Please send your price. Paul 
Capito, 637 W 21st St., Erie, PA 16502. 

Sams Photofacts, #1767 and up. State price and 
condition. Johnnie Hoggar, Hogan Home Appli- 
ance, 617-19 Archer, Marshall, IL 62441; 217- 

826-5122 days. 

Schematic for Panasonic model RS -818S stereo. 
Schematic no longer available. Photocopy is fine. 
Kenneth S. Weber, 1249 Bellaire Blvd., Bellevue, 
NE 68005. 

B&K 2040 CB signal generator, Calrad Variac 
0-130Vac, CB42, good condition, with manuals 
and accessories. Reasonable prices. No collect 
calls. KW Lawson, Star Route Box 41, Nemo, TX 
76070; 817-645-8381. 

Heathkit information to install an SB10 in a DX100 
transmitter; service manual for Sony model KV 
1930R TV; man for Navy ICS -8 transceiver or 
power supply; Swan Electronics equipment, dead 
or alive; tubes: 6LF6, 6HF5, 6GK6, 7360, 8950. 
George R. Jarrett, N5016 Idaho Road, Newman 
Lake, WA 99025. 

Sencore SG165 AM/FM stereo analyzer in good 
shape. Jim Patrick, 69 Main St., Greenwich, NY 
12834; 518-692-9366 days, 518-692-2855 evenings. 

Sencore VA -48 analyzer. Must be EC with all man- 
uals and leads. Will buy best offer received be- 
fore August 1st. Send price to include shipping. 
Ttm Rowell, 1200 Barton St., Johnson City, IN 
37601. 

Service manuals for Sony U-Matic VCRs, models 
VO -2800 and VO -2850. Photocopies OK or send 

and I will copy and return. Robert Corwodin, 1218 

Lane Drive, Cary NC 27511; 919-836-5912 days. 

B&K 520 or 530 transistor checker; Optoelec- 
tronics 800MHz counter; function generator; 
Simpson 260 800MHz service monitor; Motorola 
TEK -7 meter. R. Riddel, 2412 S. Bowen Road, Ar- 
lington, TX 76015. 

Used Sencore equipment. Send list or call. Cahill 
Electronics, P.O. Box 568, Kingston, NH 03848; 
603-642-4292. 

Test equipment such as an ac isolated, adjustable 
power supply; an FM signal generator; a transistor 
tester, etc. Ed Herbert, 410 N. Third St., Miners - 
ville, PA 17954. 

Schematic or service manuals for a B&K model 
1074 TV analyst and a Hewlett Packard model 
410B VTVM. Will pay for copy or buy outright. 
Ben C. Boell, RFD 1, Box 128M, Republican Ci- 
ty, NE 68971; 308-799-5135. 

Radio Retailing magazines. Will pay $1 per issue 
for issues dated before 1943. Doug Heimstead, 
1349 Hillcrest Drive, Fridley, MN 55432; 612- 
571-1387. 

NRI microcomputer/digital electronics servicing 
course-will buy or trade my NRI TV/audio 

Coming Up in 

GIGOTRODiG 
Servicing &Technology 
September 

Multimeter Update: Here's an overview of some of the features on the newest crop of multimeters on the market. 
You'll find out what you can now do with meters that couldn't be done before. 

Automotive Electronics Servicing: ES&T explores some of the new electronic circuits found in today's cars. 

October 

Preventive Maintenance Update: Some products, especially products like audiocassette recorders, VCRs, turn- 
tables and disc drives, should be periodically cleaned, lubricated and adjusted. ES&T tells you which of these con- 
sumer electronics products should be given preventive maintenance, and how to do it. 

Servicing Mechanical Components: Many consumer electronics products have mechanical components. ES&T 
tells you what some of these mechanical components are, what can go wrong with them, and how to fix them when 
problems occur. 

November 

Power Conditioning Equipment Update: Today's consumer electronic products are susceptible to damage from 
power line spikes, surges, sags and dropouts. ES&T describes for you some of these problems and tells you about 
the kinds of equipment available to solve them. 

Wire and Cable: ES&T provides information on the different kinds of wiring products and their characteristics. 

Plus ES&T's Regular Monthly Departments 
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course. J. Kostalek, 3141 Lodwick Drive, Warren, 
Ohio 44485; 216-898-4145. 

FOR SALE 

B&K model 1470 5 -inch scope, dual -trace, trig- 
gered sweep, 20MHz, with two probes and man- 
ual, $150; Leader model LDM 31/2 -digit ship 
DDM, $50. Harry Hoffman TV, 2743 Ocean Ave., 
Brooklyn, NY 11229; 718-891-8010. 

Philco TV 4YC90 modules; complete Philco TV 
3CR40, 4CS71, 3CN20; Magnavox model íC6104 
portable TV; many RCA CTC 74 parts; Zenith 
14CC16 complete. D.J. Aijala, 50 Fir Circle, Bab- 
bitt, MN 55706. 

B&K model 1570 70MHz, dual time base, quad 
trace with manuals and diagrams, $900; B&K 
model 1246 digital TV color pattern generator with 
manual, $90; Heath model Tí5230 TV picture tube 
checker and rejuvenator with universal adaptor and 
manual, $100. Kenneth Schultz, 1045 Heavenridge, 
Essexville, MI 48732; 517-893-591& 

Hitachi 35MHz, dual -trace scope, in box, $375; 
Lectrotech 10MHz single -trace scope-vectorscope, 
$125; Lafayette CRT tester -rejuvenator, $50; B&K 
1076 TV analyst, $50; B&K 707 tube testers, have 
three, $25 each; Albia 550MHz frequency counter, 

$75; B&K Senior Voltohmyst, have three, $75 each; 
B&K 465 CRT rejuvenators, have two, $25 each. 
Add shipping. Service Center, 603 E. Oak St., 
Santa Maria, CA 93454; 805-925-8774 day time, 
Mon. -Fri.; 805-925-2173 evenings and weekends. 

Sencore VA 62 universal video analyzer; VC 63 
VCR tester accessory; NT64 pattern generator; EX 
231 expander jack, complete with manuals and ca- 
bles. Craig Schwan, 20432 Hollywood, Harper 
Woods, MI 48225; 313-772-8345. 

Sams Photofacts, TV series #1300 through #1829, 
$950; CB series over 100, $300 for all or $5 each- 
call or write for numbers. Frank Wolff, 6 White 
St., Topsham, ME 04086; 207-729-0566. 

Sams TV Photofacts, #859 to #1664, includes me- 
tal files, $2,400 or best offer. Add shipping. 
Bellevue Radio & TV, 109 W. Center St., Bellevue, 
OH 44811; 419-483-7180 

B&K 1472C dual -trace scope, $250; B&K 290 
TVOM, $115; DMM NLS #3.5A, $30; B&K 1248 
color generator, $100; Conar transistor tester, $35; 
Conar signal generator, $35; 70 tubes in boxes, 
$70. All include manuals and are in excellent con- 
dition. You pay shipping. Money orders or bank 
checks only. For appointment call 718-375-3640, 
Len Elgart, after 5 p.m. Leonard Elgart, 1811 

Quentin Road, Brooklyn, NY 11229. 

Hickok model 610A universal TV -FM alignment 
signal generator, $50; Sams Photofacts, #69 
through #496, all 275 sets for $100; Triplett model 
690 portable transistor tester, $20; Lectrotech 
model TT -250 transistor analyzer, $50; Philco 
model 7050 tube tester, tests old tubes also, $30. 
All equipment includes manuals and is in good 
condition. Add shipping to all prices. John 
Brouzakis, 247 Willey Circle, Charleroi, PA 15022; 
412-483-3072. 

RCA tuner modules MSC, MST and MCR (send 
SASE for complete list); magazines: ES&I' Nov. 
1981 -Dec. 1984, E/T Dealer June 1976 -March 
1982, Electronic Servicing Jan. 1977 -Oct. 1981, 
P.F. Reporter Jan. 1964 -Dec. 1967, approximate- 
ly 200 pieces, $10 plus shipping. M.E. Andrews, 
Jr., Box 91, Exeter, RI 02822. 

3,500 tubes, mostly new, will sell separately or 
for best offer; assorted yokes and flybacks. Dick 
16sko, 407 E. Main St. , Fremont, WI 54940; 
414-446-2239. 

Heathkit model 10-4550 10MHz, dual -trace os- 
cilloscope, $150; model 1G5228 color -bar gen- 
erator, $50; B&K model 1077B TV analyst, $95; 
Mark IV tuner subber, $20; other test equipment. 
Gene Bartley, 1805 Sylvia, ArkndPlphia, AR 71923; 
501-246-7234. 

ESE/f, 

Classified 
Advertising rates in the Classified Section are $1.55 
per word, each insertion, and must be accompanied 
by payment to insure publication. 

Each initial or abbreviation counts as a full word. 

Minimum classified charge $30.00. 

For ads on which replies are sent to us for forwarding 
(blind ads), there is an additional charge of $35.00 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 of 
distributor. 

FOR SALE 
TV TOUGH DOGS: 300 symptoms and cures. Send 
$7.95 to DAVIS TV, 11772 Old Fashion Way, Garden 
Grove, CA 92640. 10-87-tfn 

AUTOMOBILE RADIO, TAPE and amplifier repairs 
most manufactures. Quick turn around time. Send 
your units to us at, Laren Auto Electronics, 188 W. Lin- 
coln Avenue, Mount Vernon, New York 10550. In- 
quiries: P.O. Box 466, Bronx, New York 10475. 
914-664-8025, 800-223-8314. 5-88-tf n 

INTEGRATED CIRCUITS -Lowest prices on Admiral, 
GE, NAP, Philco, RCA, Sears, Sylvania, and Zenith 
types. Write P.E.C. Box 894 Union, NJ 07083. 

03-88-6t 

VHS -VCR REPAIR SOLUTIONS VOLUMES I, II, III. 
Each contains 150 symptoms and cures, cross 
reference chart, free assistance. Each $11.95, any two 
$19.95, all $29.95. Eagle Electronics, 52053 Locks 
Lane, Granger, IN 46530. 5-88-tfn 

O'SCOPES. TEKTRONIX. 465 100MHZ $1000. Tektronix 
475 200MHZ $1600. HP1740A. 100MHZ $1000. Much more 
equipment available. Cal -Scope, 473.707 Macara Ave., Sun- 
nyvale, Ca. 94086. (408) 730-4573. 7-88-3t 

TVNCR "Tuff Tips" listed by mfg. and model. 1st or se- 
cond edition, 200 tips per edition, $10.95, both editions 
$19.95. TV Tips only, 1st or 2nd edition $5.95, both edi- 
tions $10.95. VCR Tips only, 1st or 2nd edition, $6.95, 
both editions $12.95. TECH CURES, 4825 
Fredericksburg Road, San Antonio, Texas 78229. 

6.88-tfn 

TVIVCR Failure Histories -Multiple cures for most pro- 
blem areas. Send $6.95 with mfg. and model number 
to TECH CURES, 4825 Fredericksburg Road, San An- 
tonio, Texas 78229. Money will be refunded with free 
sample, if model is not on database. 6-88-tfn 

VCR CROSS-REFERENCE listing for the following 
electronically -similar manufacturers: RCA, GE, 
Sylvania, Panasonic, Quasar, Magnavox, Philco, and 
J.C. Penney. Send $13.95 to TECH CURES, 4825 
Fredericksburg Road, San Antonio, Texas 78229. 

6-88-t f n 

PHOTOFACTS: Individual folders #1400 $3.00. Above 
#1400 $5.00. Sent same day first-class post-paid. 
Loeb, 414 Chestnut Lane, East Meadow, NY 11554. 

6-88-3t 

SONY-TRINITRON Rebuilt Picture Tubes are now 
available. All tubes shipped U.P.S. No Charge. We buy 
all Sony duds. Rochester Kinescope, 716-235-0750. 

11-87-tfn 

FOR SALE: PACE 90 W Repeater Power Amplifier, Rack 
Mount with built-in power supply. New in box with manuals. 
$390.00. J. Foster, 342 Sonne Kolb Road, Oak Hill, Ohio 
45656, 614-286-3607. 8 -88 -lt 

SENCORE SCOPE Model SC61, $2,100.00, (801) 487.8742. 
8.88.1t 

PROTECT YOUR FUTURE in the electronic repair 
business-"CAMCORDER TECH TIPSI," all brands, 
reference info, equipment specs, etc. DON'T MISS THISI 
Send $19.95 to T. Ton, P.O. Box 567, Bradenton, FL 34206. 

8 -88 -lt 

AAA ELECTRONICS: Parts NTE, chemicals, supplies. For 
flyer write to 2336 S. Presa, San Antonio, Texas 78210. 

8-88-1t 

TVNCR REPAIR TIPS-Over 1,000 up-to-date prob- 
lems/cures listed by model and chassis for quick easy 
lookup. A great reference for just $29.95. Add $2.50 postage 
and handling, Computer Assistance, Box 232026, An- 
chorage, AK 99523. 8-88-3t 

COMPUTER TVNCR SERVICE TIPS DATABASE PRO- 
GRAM (IBM Compatible). Scan symptoms and cures in 
seconds by model or chassis. Add, change, delete, print 
out hard copy. An excellent aid for the technician. $49.95 
for program. $69.95 includes up-to-date database witn 1,000 
plus ServiceTips. Add $2.50 postage and handling. Com- 
puter Assistance, Box 232026, Anchorage, AK 99523. 

8-88-3t 

HELP WANTED 

TOURO INFIRMARY, a 570 bed teaching hospital located 
in New Orleans, has a position available for a Sr. Technical 
Support Technician. Candidate must have 2-3 years ex- 
perience in maintenance and repair of TV, VCR and com- 
munication equipment, FCC license required. If qualified, 
please send resume or call collect (504) 897-8340, Brenda 
Albarado, 1401 Faucher, New Orleans, LA 70115. 
8 -88 -lt 

WANTED TO BUY 

WANT TO BUY: HEATH ET -3400 Microprocessor Trainer. 
J. Foster, 342 Sonne Kolb Road, Oak Hill, Ohio 45656, 
614-286-3607. 8-88-11 

BUSINESS OPPORTUNITIES 

OWNER RETIRING electronics and home appliance 
business for sale with repair parts and equipment, trade 
fixtures, office equipment, delivery van plus trade in inven- 
tory. Five year lease of down town store available in north 
central Wisconsin. Subject to inventory on day of sale. 
$25,900.00. Woller Realty, 102 S. Court St., Merrill, WI 
54452. Phone 715-536-5725. 7-88-2t 

WESTERN COLORADO, 33 year electronic service 
business for sale. Finest diagnostic equipment; Service vehi- 
cle; Computer. Gross over $100,000. Retiring. Details, call 
303-245-2073 after 6. 8-88-1 t 
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PERSONALIZED 24 -HOUR SERVICE 

ON OVER 10,000 ELECTRONIC 

COMPONENTS & PRODUCTS... 
CALL TOLL FREE 

IN 

1-800-558-9572 wis 1-800-242-9553 
24 HOUR ORDERING: FAX: 414/473-4727 u PRO n,GA= 

PROJECTOR -RECORDER BELT CORP. 
P.O. Box 176 Whitewater, WI 53190 

TLX 4994411 PRBUSA 

Circle (26) on Reply Card 

Aarranb 

HAND REMOTE REPAIR 
LA GUARDIA ENT 

5882 Rich Hill Way 
Yorba Linda, CA 92686 

(714) 579-1276 
Call for pricing 
24 hr. turnaround time 
Return freight pre -paid 

Circle (25) on Reply Card 

NEW LOW PRICE 

TEST/CLEAN/RESTORE with a UNIVERSAL CRT 
ADAPTOR that plugs into your CRT and quickly hooks - 
up to all CRT's on the market (now or in the future). 
Guarantees profit & total CRT servicing. Used by TV 
Repair, US Govt., Airlines, Computer Serv., Dept. of 
Defense. Patented Adaptor -Sockets -CRT Reference/ 
Setup book-Only $39.95 plus $2.50 postage & han- 
dling. Our 6th year. Over 15,000 sold. Chargecards/ 
Checks/COD. Money Back Guarantee. 

FREE CALL 1-800-331-9658 
DANDY MFG. CO. 

2323 Gibson St. Muskogee, OK 74403 

Circle (24) on Reply Card 

SAVE 
TIME 
For fast, accurate 
service, please 
remove the Peel -Off 
Label (which is used 
to address your 
magazine) and affix it 
to the Reader Service 
Card, the Address 
Change Card, or to 
any correspondence 
you send us regarding 
your subscription. 

Ad Index/Hotline 
Reader 

Page Service Advertiser 
Company Number Number Hotline 

American Reliance 53 18 800/654-9838 

Beckman Industrial Corp IFC 1 619/495-3200 

C + S Sales 47 15 800/292-7711 

Dandy Mfg. Co 68 24 800/331-9658 

ETA 59 

Fluke, John Mfg. Co., Inc. 5,13 4,7 800/227-3800 

Fordham Radio Supply Co. 15 8 800/645-9518 

Hameg Inc. 25 28 800/247-1241 

Heath Co. 65 616/983-6004 

ISCET 53 

Joseph Electronics 17 9 800/323-5925 

Laguardia Enterprises 68 25 714/579-1276 

Matsushita Services Co. 49 16 

MCM Electronics 55 18 800/543-4330 

Mitsubishi 7 5 800/553-7278 

NESDA 55,61 

Panavise Products Inc 21 10 213/595-7621 

Parts Express Intl Inc 43 13 513/222-0173 

Philips Consumer Electronics (Technical Pub.)..51 20 615/475-0400 

Philips Conusumer Electronics (Training Div.)...27 12 615/475-0044 

Projector Recorder Belt Corp. 68 26 800/558-9572 

Sencore, Inc IBC 2 800/843-3338 

Sony Service Company 1 201/930 -SONY 

Sperry Tech, Inc. 68 27 800/228-4338 

Techni-Tool 57 23 215/825-4990 

Tektronix, Inc. 8A -8B 800/835-9433 

Tektronix, Inc. 8-9 6 800/835-9433 

Tentel 63 22 800/538-6894 

Test Probes, Inc. 45 11 619/535-9292 

Thomson Consumer Electronics 3 3 

Tronix, Inc. 21 61 313/939-4710 

U -CAN -DO VCR Educational Products Co 65 17 513/548-6113 

Zenith BAC 

Tech's 
Guide 

To 
Pricin 

"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 

Circle (27) on Reply Card 

ELECTRONIC SERVICING á TECHNOLOGY (ISSN 0278-9922) 

is published monthly for $19.49 per year by Intertec Publishing 

Corp., 9221 Durera Rd., Overland Park, KS 66215. Second-class 

postage paid at Shawnee Mission, KS and additional mailing 

offices. POSTMASTER: Send address changes to ELECTRONIC 

SERVICING á TECHNOLOGY, P.O. Box 12960, Overland Park, 

KS 66212. 

ADVERTISING SALES OFFICES EMIR. 
St11neüg & bdtnofogy 

KANSAS CITY, MISSOURI 
Greg Garrison, Sales Manager 
P.O. Box 12901 
Overland Park, KS 66212 
Phone: (913) 888-4664 
Fax: (913) 888-7243 
Telex: 42-4156 INTERTEC OLPK 

OXFORD, ENGLAND 
Nicholas McGeachin 
Roseleigh House, New Street 
Deddington, Oxford OX5 4SP 
Phone: (0869) 38794 
Telefax: (0869) 38040 
Telex: 837469 BES G 

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 

FREWVILLE, SOUTH AUSTRALIA 
John Williamson 
Hastwell, Williamson, Rep. Pty. Ltd. 
109 Conyngham Street 
Frewville 5063 
South Australia 
Phone: 799-522 
FAX: 08 79 9735 
Telex: AA87113 HANDM 
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With Just One Probe Hookup You Can Confidently 
Analyze Any Waveform To 100 MHz, 10 Times Faster, 

10 Times More Accurately, Absolutely Error Free, 
Guaranteed Or Your Money Back 

HAN CHANB AUB VECTOR 

CD C) FR 

FOCUS 

CD 

MODEL SC61 

Prom ses of increased productivity from other oscilloscopes 
fade f 3St wh an compared to the speed and accuracy of the SC61. 
Elimi ate tie confusing menus, cursors and coral lexity of 
regular osci_loscopes at t le push of a button. Here's what the 
SC61 t es for you: 

Aralyze Waveforms Easily 

Accurate Waveform Display - 60 MHz Bandwidth (use- 
able To 100 MHz) To Test The Latest Digital Circuits. 

Rock Solid Sync - ECL Logic Circuits And Differential 
Amplifiers Give Fiddle Free Operation. 

Four Times The Measuring Range - Measure From 
5 mVTo 2000 Volts (3000 Volts Protection) For Ex- 
pandlzd Signal Handling. 

AutotrackingTM Digital Readings Analyze The Whole 
Signal 

Autoranging DC Volts Through Single Probe, Even 
With AC Coupled. 

Automatic Peak -To -Peak Volts - Even If Variable Con- 
trol Is "Out Of Cal". 

Automatic Frequency Measurements Without Sensi- 
tivity Adjustment Or Range Switching,. 

CHANNEL A 
INPT 

MUSE COUPLING 

DC t'.0 

CHANNEL. 

IPPUT COUPLING 

DIGITAL 
RE ATOUT 

VERTICAL 
POSITION 

TRACE BAI 

REOINVERT B. 

CV VERTICAL 
POSITION 

VOLTSID JISION 

Eso .05 

BEAD ANECT 

WilB10:PROBE 

VOL-sItIVISION 
2 

IB 

CHA A DELTA MEAS 
a PPV .NTENSIFI' 

BEGIN PORTI 

CH B 

PPV 

I PO 

TIME 

EAM 
NDER 

OLE ÑOB 

ExvA O 

RÇ 

o 
WAVEFORM ANALYZ 

Digital Delta Tests Analyze Any Part 3f The Signal. 

Delta Peak -To -Peak Vols - Peak -To -Peak Volts Of Any 
Part Of The Signal. 

Delta Time For Any Tin -e Reading - Including De ay 
Between Traces 

1/Delta Time - Frequency Of Part Of The Signal - 
Finds Sources Of Interference Or Ringing. 

Frequency Ratio Test - Tests Multiplier And Divider 
Circuits 

Easy To Use - Human Engineered Controls And Virtually 
No Graticule Counting Or Calculations 

The SC61 is designed to give you the measurements you need - 
fast. We make one claim : 

"Try the SC6I on your bench for 30 days. If it doesn't cut 
your present scope time in half, send it back for a com- 
plete refund. no questions asked." 

Try the SC61 for 30 days, and discover true troubleshooting 
speed. 

Call 1-800-843-3338 
In Canada Call 1-860-851-8866 impil Circle 12) on Reply Ca 
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For your own reputation 
and in your customers' best interest 

always insist on 

GànüiìiZethth 

Remanufactured Replacement Part 

Recondifioned and Serviced for Reliability 

by Zenith People 

as Knowledgeable and Dedicated as 

Those Who Made the Originals! 
One of the easiest, fastest, and surest 

ways for you to preserve the pedigree and 
maintain the quality of the Zenith products 
you service is with genuine Zenith replace- 
ment parts. 

And at no time is this more critical 
than when you replace the more sophisti- 
cated components like modules, tuners, 
channel selectors and sub -assemblies. 

Your participating Zenith parts dis- 
tributor will supply you with a replace- 
ment remanufactured, reconditioned and 
serviced for reliability by Zenith people as 
dedicated and knowledgeable as those who 
made the original. 

Equally important, the replacement 
module or sub -assembly you receive in ex- 
change from your Zenith parts distributor 

will most likely incorporate any Zenith 
factory -made modifications in effect at the 
time of remanufacture. 

And nowhere else but in a partici- 
pating Zenith parts distributor's Exchange 
Program can you get assurance that a 
replacement incorporates Zenith factory 
up -dates! 

To learn the location of the Zenith 
R&R Exchange Counter in your area, write 
on your company letterhead and we will 
help you locate one that's nearby. 

Risking an exchange for a Zenith 
replacement anywhere else doesn't make 
sense. Not when factory -fresh replacement 
modules and sub -assemblies are so readily 
available thru a Zenith parts distributor's 
Exchange Program! Write now! 

The quality goes in before the name goes on 

Zenith Service, Parts & Accessories 11000 Seymour Avenue, Franklin Park, Illinois 60131 A Division of Zenith Electronics Corporation 
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