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New protectio -especially in stormy weather 
for the electronics you use, sell or service! 

A brief, high voltage surge - or spike 
- can occur in any AC line system 
and, at amplitudes lower than 600V, 
cause little or no damage. 

But at greater amplitudes, a spike 
can do real damage. And the greater 
the high voltage surge - resulting 
from nearby lightning, for example - 
the greater the risk of harm, 
especially to solid-state devices. 

That's why Zenith now announ- 
ces the availability of two Spike 
Suppressors - one with a grounding 
plug and the other without. 

Both are designed to provide 
susceptible TV receivers, household 
appliances and other electronics 
with two-way protection from high - 
voltage surges. 

First, a Zenith Spike Suppressor 
absorbs a wide range of voltage 
spikes so only a safe voltage level 
reaches the protected equipment. 

Second, heavy or prolonged 
voltage surges cause a Zenith Spike 
Suppressor to cut off power com- 
pletely to protected equipment 
thereby signaling the need for a 
replacement Spike Suppressor. 

That's double -duty protection 
against spikes for the electronics 
you use, sell or service. And ample 
reason for you to lay in a supply of 
Zenith Spike Suppressors soon. 

Both should be available at 
your Zenith distributor's now. Call 
and pick up several before the 
next storm hits! 

1200 

without Spike Suppressor 
unsafe 

PEAK 
VOLTS 

marginal 

600 - ,, 
with Spike Suppressor 

safe 

In this graph, the solid curve represents the excess 
voltage or "spike" imposed on an electric system and, 
represented by the dotted line, the protection provided 
household appliances as the Zenith Spike Suppressor 
absorbs the excess voltage and prevents it from 
surging thru the system. 

N/rn 
The quality goes in before the name goes on 
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m ni 9s SPECIALS! 
SERVICE IS OUR SPECIALTY! 

2 FULL-TIME SERVICE TECHS WHOSE SOLE 

JOBS ARE TO ANSWER YOUR QUESTIONS. 

1 
The largest selection of original 
Japanese semi -conductors in the 
country. 

Over 4500 items in stock - with a 95% 
in -stock ratio! 

Your order shipped in less than 24 hours! 

CALL TOLL -FREE for your FREE 108 page 
catalog, and get some of the lowest prices 
available ANYWHERE - from MCM, your full 
service repair parts company. 

Pyle 12" Woofer 

30 oz. magnet 2" Voice coil 8 

ohm Foam surround Fs: 25 Z 
min: 7.2 Freq. response 25-2k 
SPL 98 db 1 watt/1 meter 90 watts 
RMS 

#55-140 

$2520 
Electrovoice Diffraction Horn 

Measures 15" x 41/2' Has standard 
13/8' - 18 threaded for use with most 
drivers Rigid die cast construction 
Electrovoice # PH8A See pg. 78 in 

our new catalog for compression horn 
drivers. 

#54-080 

$1 95 .r 

Audiophile Special!! Audio 
Technica AT2OSLA Precision 
Phono cartridges 

Hand picked & tested u Virtually flat 
response from 20 to 20k Hz Dia- 
mond Shibata stylus Attractive dis- 
play package 
Specifications: 60% off Dealer cost 
Freq. response 5 to 50k Hz (170.00) Retail (250.00) 
Channel Separation db at1k Hz 00' Tracking Forcea 3/ 4 to 13/4 grams 
Output 2.7 my #39-085 

,\\^ Becker 10" Heavy Duty 
Tx.xe" Sub Woofer 

Becker's Best 54 oz. magnet 11/2 

special design Voice coil (AP bondage) 
long excursion V.C. 4 ohm Fs: 16.41 

Z min: 2.82 Freq. response 16-600 
Hz SPL 90 db 1 watt/1 meter 150 
watts RMS 

#55-290 $520) $47?? 

Pyle Horn Midrange 

35 watt RMS 50 watt program 
power capacity 2KHz - 8KHz re- 

sponse 8 ohm impedance 5.4 
oz. magnet 108dB SPL 4 x 10 1/4 

Made in USA 

#54-040 

$1480 

Jensen Crossover 

Jensen # 04C0013 Used in Jensen's 
System B 5 way; low freq. 0-300: low 
mid freq. 300-1800: upper mid freq. 
1800-700: high freq. 7000 -up: rear high 
freq. 7000 -up. Can also be used as 3 

way L -pads controls for upper, mid and 
high freq. 12 db octive 150 watts 
RMS Built in protection circuit 

#50-170 

FOR THE ONLY ELECTRONIC PARTS COMPANY YOU'LL EVER NEED! 

CALL FREE 1-800-543-4330 (oi;r'o 1-80o-762-4315) 

$2995 

Ago 
(20 -up) 

$2795 (4 -up) 

Inelli 
ELECTRONICS 

858 E. CONGRESS PARK DR. 
CENTERVILLE, OHIO 45459 

Circle (4) on Reply Card 
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The how-to magazine of electronics... 

!IEJ!TflOfliO 
March 1984 

Volume 4, No. 3 

Graphics plotters give 
personal computer users the 
ability to draw schematics 
and detailed color graphics. 
See related story on page 6. 
(Photo courtesy of Hewlett- 
Packard) 

8 Test your electronic knowledge 
By Sam Wilson, ISCET test director 
This month's questions relate to the various abbreviations 
used in electronics. 

10 Fighting intermittents 
By Kirk Vistain 
The IM -1 is a monitor you can build to help make 
troubleshooting intermittent problems easier. This article 
will show you how. 

20 VHS basics 
By Steve Bowden 
General operations of the basic VHS systems are explained 
in this article. 

26 Troubleshooting with a signal level meter 
Use a signal level meter to determine whether a poor 
picture or poor sound reproduction is caused by the TV set 
or a poor signal. 

44 Continuing the discussion of Tt 
By Sam Wilson, ISCET test director and NESDA technical 
publications director 
The quantity ir has a way of showing up in all manner of 
electronics calculations. This article shows how the constant 
of proportionality in the formula for inductive and 
capacitive reactance can be shown experimentally to 
contain ir. 

46 An introduction to digital logic gates 
By Bernard Daien 
This article provides a simple overview of the basic digital 
logic gates for service technicians who may not be 
proficient in this area. 

58 Toward better TV sound 
The dbx TV noise -reduction system is designed as a cost- 
effective technique to deliver a clean, noise -free audio 
signal through a noisy channel to the home. 
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Next month... 

Microcomputers. As an introduction to future coverage, this 
article describes the elements of a microcomputer and 
examines how they interact to perform the computing 
function. 

Page 58 
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Editorial 

But where can I get it serviced? 
7:30 Wednesday morning, Jan. 11 at the 

Eastern Airlines terminal at Las Vegas' McCarran 
Airport was bedlam. Dozens of cabs and cars were 
spewing out hundreds of passengers. 

What was the occasion for such a crowd of 
people at a small airport early in the morning in 
the middle of the week in January? Most of the 
passengers were flying home from the winter 
Consumer Electronics Show. They had been there 
either to exhibit electronic products that they 
manufacture or import, or to visit the exhibitors' 
booths with a view to contracting with the 
suppliers to sell their products at retail. 

In all, a record number of people, something 
near 91,000 attended the show, which, according 
to Jack Wayman of the Electronic Industries 
Association, covered an area equivalent to 25 
football fields. The size of the show and the huge 
number of attendees reflects the strength and 
growth of the electronics industry and makes quite 
a story in itself. 

The story that fascinates most, though, is where 
that growth has taken place. Although there has 
been some growth in most areas, the growth in 
computers, (hardware and software), video games 
and telephones can best be described as explosive. 

This doesn't mean that audio and video and all 
the traditional electronics have been displaced. 
They have not; they're thriving as well. But these 
new products are making quite a splash. 

Servicing of these new products is a big question 
mark, though, and it'll probably be a while before 
it's resolved. And so many different organizations 
have so many, different philosophies. One attitude 

was displayed by an executive of a Hong Kong 
manufacturer of telephones. When he told me he 
represented a telephone equipment vender and that 
their phones would sell for less than $20 and 
eventually for less than $10, I asked what owners 
would do about service when they break down. His 
instant answer was "Throw 'em away." 

On the other hand, one telephone vender I spoke 
to a year ago has an exchange policy. Bring in the 
defective phone, and for a fee they'll give you a 
new or reconditioned one and send your defective 
unit along to the depot to be reconditioned. Still 
other manufacturers of high -ticket phones seem to 
be encouraging local service. At least one 
manufacturer of test equipment is in the process 
of introducing a line of telephone servicing test 
equipment, from a simple $15 meter for in -home 
checking of the phone lines up to a full feature 
unit to test every function of telephones, including 
cordless. 

Personal computer manufacturers are going 
through similar growing pains. They recognize 
that service is essential. Although many have 
established adequate servicing facilities and 
procedures, others are still scratching their heads 
as to how best to handle servicing. 

The revolution and boom in electronics is 
exhilarating, and promises to continue for the 
foreseeable future, but in the headlong rush of 
sales, many gnawing questions, such as service, 
are still yet to be answered. 

ELEOTROAIO 
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The Digital 
vs. Analog 

battle is over. 

8[* buys you the new champion. J The new Fluke 70 Series. 
They combine digital and analog displays for 

an unbeatable two -punch combination. 

Now, digital users get the extra resolution of a 

3200 -count LCD display. 

While analog users get an analog bar graph for 

quick visual checks of continuity, peaking, nulling 

and trends. 

Plus unparalleled operating ease, instant 

autoranging, 2,000+ hour battery life and a 

3 -year warranty. 

All in one meter. 

Choose from three new models. The Fluke 

73, the ultimate in simplicity The feature -packed 

Fluke 75. Or the deluxe Fluke 77, with its own 

multipurpose protective holster and unique 

"Touch Hold" function (patent pending) that cap- 

tures and holds readings, then beeps to alert you. 

Each is Fluke -tough to take a beating. 

American -made, to boot. And priced to be, quite 

simply, a knockout. 

For your nearest distributor or a free brochure, 

call toll -free anytime 1-800-227-3800, 
Ext. 229. From outside U.S , call 1-402-496.1350, Ext. 229. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

Fluke 73 Fluke 75 Fluke 77 
$85. $99' $129' 

Analog/d.9ital display Analog/digital display Analog/digital display 

Volts. ohms. 10A. diode Volts, ohms, 10A. mA, Volts, ohms, 10A. mA. 

test diode test diode lest 

Autorange Audible continuity Audible continuity 

0 7% basic dc accuracy Autorange/range hold "Touch Hold" function 

2000+ hour battery life 0.5% basic dc accuracy Autorange/range hold 

3 -year warranty 2000+ hour battery life 0.3% basic dc accuracy 

3 -year warranty 2000+ hour battery life 

3 -year warranty 

Multipurpose holster 

Suggested U.S list price. effective October 1, 1983. 

©1983 John Fluke Mfg. Co., Inc. All rights reserved 

FLUKE 
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A picture 
is worth 

a thousand 
bytes 

Plotter brings graphics, 
schematic capability to 

personal computing 

At a little more than $1000, it's 
not exactly inexpensive; it's not a 
piece of computer equipment you 
will find in every home. But the 
HP 7470A graphics plotter from 
Hewlett-Packard is available at a 
price that makes it attractive to 
serious enthusiasts and hobbyists 
as well as to professionals who 
need plotting capability from their 
computers. 

The plotter is capable of repro- 
ducing on paper, in two colors, just 
about any graphics that can be dis- 
played on a computer display 
screen: bar graphs and pie charts 
among others. And for people who 
are involved in circuit design or 
modification, it will even repro- 
duce schematic diagrams. 

For readers who are currently 
involved with computer servicing, 
or who plan to service computers 
in the future, at least a passing 
familiarity with plotter technology 
might be found valuable in the 

future because, according to a re- 
cent release from Hewlett-Pack- 
ard, "The combination of broad 
compatibility, low price and readi- 
ly available software should bring 
personal plotting within reach of a 
much broader range of personal 
computer users." 

Greater sophistication and 6 -pen 
capability may be found in the 
7470A's more sophisticated com- 
panion, the 7475A at $1895. 

Both plotters are compatible 
with personal computers from Ap- 
ple, IBM and many other vendors, 
including Hewlett-Packard. 

Although both units can be used 
with many personal computers, 
they also can add high -quality 
graphics capability to instrument 
systems. Many smart instruments 
can record directly to HP plotters. 
Also, software is available to pro- 
duce plotter graphics with an in- 
strument through an external con- 
troller. 

Graphics plotter provides personal com- 
puters with ability to draw schematic 
diagrams, plot detailed color graphics. 

The HP 7475A plotter weighs 
13.5 pounds and is 22.4"x14.5"x 5". 
It accepts 11"x17" (A3/B size) 
paper, 81/2"x11" (A4/A) size paper 
or overhead transparency film. 
The 7475A draws at speeds up to 
15 inches per second with 2g pen 
acceleration. 

Plotting versatility is enhanced 
with intelligence features such as 
area -fill commands for presenting 
rectangles and circles as solids. 
Two interfaces can be specified - 
HP-IB (HP's enhanced version of 
the IEEE -488 bus) or RS -232-C - 
providing plotter compatibility 
with personal computers from HP, 
IBM, Apple, DEC, Commodore, 

(Information and photos courtesy of Hewlett-Packard) 
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Weller and Xcelite. 
Programmed, for 

advanced servici 

e 

fag, 

j` t)%,,lhr(fi) 
'A 

Xcelite TC100 Attaché Tool Case 

The ultimate. Contains 53 individual tools plus 31 

interchangeable screwdriver/nutdriver blades and handles. 
Every one a top quality tool. Don't leave base without it. 

Ì I 11111. 

N.ttiv 

Weller/Xcelite 
250K 
Mini Electronic 
Tool Kit 
The best of 
the basics in 
a convenient 
storage case. 

Weller GEC120 
Electronically Controlled Soldering Gun 
Sophisticated high quality tool combines 
the features of a temperature 
electronically controlled 
station with a light- 
weight easy to 
handle 
soldering 
gun. 

Weller DS 600 
Portable 
Desoldering Station 
Contains its own 
vacuum source and 
only requires a 
120 volt supply for 
complete desoldering 
capability. Grounded tip 
prevents damage 
to sensitive components 

Whatever type of computer or electronic equipment 
you are dealing with, you can be sure to rely on the specialized 

tools from Weller and Xcelite. A constant program 
of research and development ensures the most advanced tools 

capable of servicing the most sophisticated equipment. 
Here is a brief specification but 

check with your Electronics Distributor for the full data 
Circle (5) on Reply Card 

Coo erTools) 
The difference between work and workmanship. 

BOKER®CRESCENT®LUFKIN®NICHOLSON®PLUMB®WELLER®WISS®XCELJTE® 
The Cooper Group PO Box 728 Apex NC, 27502 USA Tel (919) 362-7510 Telex 579497 
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Compaq and others. The plotters 
have a variety of built-in character 
sets, including ASCII, Japanese 
Katakana and several European 
sets. 

An optional eavesdrop cable en- 
ables users to operate the HP 
7475A in series with a terminal 
when using the RS -232-C inter- 
face, thus requiring only one serial 
computer port. 

Pens are selected from the 6 -pen 
carousel by either front -panel con- 
trols or program commands. 
When returned to the carousel, 
pens are capped automatically to 
prevent drying out. A variety of 
colors is available with pens of 
thick or thin line widths. 

The plotter includes a damping 
mechanism to prevent pen dam- 
age; a pen slow -down control for 
special drawing conditions; and a 
"view" mode that stops plotting to 
allow a user to review the graph or 
chart being produced. Another 
feature rotates charts 90 degrees, 
making it easy to change a hori- 
zontal chart into a vertical format. 

Software 
To meet the administrative 

needs of scientific and engineering 
users, more than 10 independent 
software houses have developed 
packages for both the HP 7475A 
and the HP 7470A. 

Software for Apple computers 
includes Apple Business Graphics, 
Chart -Master, GraphPower, and 
pfs:Graph. Software for the IBM 
PC includes Lotus 1-2-3, Board- 
room Graphics, BPS Business 
Graphics, Business Graphic Sys- 
tems, Chart -Master, Giraph, Graf - 
Talk, Graphwriter, GraphPlan, 
GraphPower and pfs:Graph. HP 
personal computers support HP 
plotters through third -party soft- 
ware packages as well as the 
various HP graphics presentation 
packages. 

For those who want to do their 
own programming, the HP 7475A 
contains more than 50 HP -GL 
(Hewlett-Packard Graphics Lan- 
guage) commands covering pen 
movement, character selection, 
area fill and scaling. ES1 

Test 
your electronic 

knowledge 
By Sam Wilson, ISCET test director 

These questions are similar to 
questions used on various CET 
tests. All of the questions on the 
actual test are multiple choice, and 
a grade of 75% or better is re- 
quired for passing. These ques- 
tions relate to the various ab- 
breviations used in electronics. 
(Answers on page 61.) 

1. Which of the following would 
you expect to find in a phase - 
locked loop? 

A. a BFO 
B. a CPO 
C. a VCO 
D. None of the above. 

2. In a superheterodyne receiver 
that has a diode detector, CW is 
demodulated with the help of 

A. a BFO 
B. a CPO 
C. a VCO 
D. None of the above. 

3. Which of the following might 
be used as a power amplifier? 

A. UMOS 
B. VMOS 
C. WMOS 
D. )(MOS. 

4. A color TV receiver might be 
adjusted for proper color by the 

A. VITS signal 
B. VIRS signal. 

5. Which of the following is a 
signal broadcast with FM stereo? 

A. VIRS 
B. REM 
C. ATR 
D. SCA. 

6. A + 5V regulated power sup- 
ply is needed for 

A. CMOS 
B. ECL 
C. LCD 
D. TTL. 

7. The section of the computer 
that interprets the program and 
performs arithmetic and logic is 
called the 

A. CUP 
B. PUC 
C. CPU 
D. PCU. 

8. Which of the following is cor- 
rect regarding CAD/CAM? 

A. It is related to calculations 
using digital and micropro- 
cessor components. 

B. It is related to design and 
manufacturing with the 
help of a computer. 

9. In a series R -L circuit con- 
nected across an ac source, the 
product of the voltage across L 
and the current through L give the 
number of 

A. VARS 
B. PLRS 
C. PERS 
D. VALS. 

10. The computer memory is 
loaded directly from a tape. To ac- 
complish this, an I/O device takes 
control of the CPU for one or more 
memory cycles. This is called 

A. DAM 
B. DMA 
C. ADM 
D. MAD. 
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N.A.P. Lowers Prices 
ON VCR PARTS 
VCR parts prices have just undergone a major repair. 
Now N.A.P. offers you a more competitive prce en top of oil their other advantages. Quick service. Dependable 
supply. Compatible with many VHS models of 3the- brands such as RCA, Quasar,G.E. and Panasonic, Plus the kind of 

consistent quality you've come to expect from the 
name behind names like Magnavox, Sylvania and 
Philco. 
So, erase last year's price lists. Shop and compare. 

` oNSUMER You'll fi hd our new lowe' prices another Great reason 
E.LECTRONlC) to stoc< N.A.P. parts. 

CORP 

CONSUMER ELECTRONICS CORP. 
Product Services Operation 
P.O. Box 309, Dept. 849 
Greeneville, TN. 37744-0309 
1-615-639-1121, Ext. 5803 

(a) CONSUMER 
ELECTRONICS 
CORP 

ELECROÑCS 
COOP 

A North American Philips Company 
Ci^'cle (6) on Reply Card 
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Fighting 
intermittents 
By Kirk Vistain 

How long have you been servic- 
ing audio? Five years? Ten years? 
If so, you can probably fix most 
problems without thinking too 
much about them. Stuff a tran- 
sistor in here, tweak a coil there, a 
drop of oil on that squeaking take- 
up reel. 

But, there is still one area that 
challenges apprentice and master 
alike, one exquisite little inconven- 
ience that makes you wish you 
would have become a cook for the 
airlines - the intermittent. It hap- 
pens at the customer's home or 
when you are not looking. It 
doesn't seem to happen when you 
are waiting for it. 

This article will present a project 
which, if completed, will give you 
another weapon in your arsenal. 
The IM -1 (Intermittent Monitor 1) 

is essentially an op -amp -based 
VOX (voice -operated switch) that 
controls a buzzer and LED. I have 
added several switchable enhance- 
ments, intended to optimize per- 
formance for use with audio equip- 
ment. 

You can ask it to sum or subtract 
the two input channels (L&R). The 
flip of a switch selects peak or dip 
detection. A simple calibration 
procedure aligns levels using a 
built-in LED indicator that doubles 
as a visual alarm. Best of all, it is 
inexpensive and can be built with 
parts from the junk bin. 

Circuit description 
IM -1 had to meet these criteria: 

Simplicity of design 
Use of off -the -shelf compo- 
nents (preferably from the 
"junk box") 
Reliability 
Utility, not necessarily beauty 

Prototype circuit board. 

Front panel design with VR knobs 
removed for clarity. 

IOW IM1 SPECIFICATIONS 
Input Z: 150k52 
Freq. response: 60-15kHz 

±3dB at TP2 
(peak detector) 

Input sensitivity: 50mV for 
3.6Vdc at TP2 

Id: 2.5mA (LED 
OFF), 20mA 
(LED ON) 

Supply voltage: ± 9V 
V,, range, typical: 50mV3Vrms 

CHART 1. Performance of IM -1 

Figure 1 shows the results. The 
circuit uses a quad op -amp, type 
324, a common package, electrical- 
ly similar to the ubiquitous 741. It 

is internally compensated, has 
good immunity to differential 
breakdown, and is inexpensive. 
Many car stereo booster/equalizers 
use a 324 as tone amp. 

IC1a is an inverting amp with a 
gain of approximately four. IC1b 
can function as either a non -invert- 
ing or inverting stage, the mode 
being selected by the SUM/DIFF 
switch, SW1. Its gain is roughly 
the same as IC la. The outputs of 
both stages are combined in VR2, 
the MIX control. 

With SW1 set for DIFF, ICla 
and IC1b are wired to simulate a 
differential amplifier, with the out - 
of -phase signals being mixed in 
VR2. The differential configura- 
tion is useful when testing stereo 
units, because the channels are 
automatically compared. Failures 
are detected as a peak across C3. 
More details follow in the user in- 
formation section. 

Set SW1 to SUM and the out- 
puts are mixed in phase. A failure 
in either channel will be detected 
by the dip in voltage level across 
C3. 

C2 keeps any residual do offset 
out of IClc, the inverting gain 
stage. Its output passes through 
rectifier D1 and charges C3. R7 
functions as a bleed -down, provid- 
ing the circuit with a time constant 
of 600mS. The do voltage across 
the capacitor is proportional to the 
gain stage input. It is routed 
through SW3 to the comparator, 
IC1d. SW3 allows selection of 
PEAK or DIP detection. VR3, 
THRESHOLD, sets the voltage 
level at which the comparator will 
trip (go "high" or positive). An 
LED and switchable sounder pro- 
vide audible and visual alarms. 

The sounder can be almost any 
piezo buzzer. RS 273-060 from 
Radio Shack works fine. To fur- 
ther simplify the project, use dual 
9V batteries instead of a line - 
operated power supply. Current 
drain is a low 2.5mA in standby, 
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and around 20mA when the alarm 
is triggered. 

SW2 allows you to switch the in- 
put to the LED driver transistor, 
Ql, to sample either the com- 
parator output (ALARM) or the 
peak detector (NULL). On NULL, 
the LED goes out when outputs 
from ICla and IC1b are mixed 
equally. SW1 must be in the DIFF 
mode, and input voltage below 
3Vrms. 

Performance 
Chart 1 contains the IM -1's per- 

formance figures. The input im- 
pedance is high enough that load- 
ing effects will be minimal for 
almost any signal point in audio 
equipment. The sensitivity control 

makes it possible to monitor a wide 
range of voltages. The maximum 
voltage is 12Vrms. Beyond this 
point, differential input break- 
down could damage the op -amp. 

Construction methods 
Circuit board 

The monitor prototype is con- 
structed on perfboard. If you plan 
on making several, an etched 
board is the way to go, but for one, 
the hand -wired version is quicker. 
I've included the PC pattern, along 
with the component layout, and 
front panel design for the proto- 
type, in Figures 2, 3 and 4. If you 
decide to use the etched board, 
1/8W resistors ought to fit nicely. 

Larger ones will have to be 
mounted upright. Although not il- 
lustrated, the input jacks (RCA 
phono type) are mounted on the 
enclosure's rear, along with the 
buzzer. 

An old cabinet, which I rescued 
from the garbage can, made a con- 
venient enclosure. Because some 
holes had previously been drilled in 
it, I used a 3"x5" card as an 
overlay. 

The circuitry is not critical, so 
the IM -1 should go together easily. 
If you lack experience wiring small 
devices and are unfamiliar with 
circuit board techniques, study 
previous issues of ES&T and other 
electronics magazines for help. 

SENSITIVITY 

L in 

R in 

VR1 

0.012u L 

INVERTING AMP 

R2 

Cl RI R 

0.012u 220k 1k 

3 

DIFF 
SUM 

R701 

¡ 270k 

R103 
1k 

220k 

1 SWITCHABLE AMP 

IVca) IVEEI 

.9V -9V 

tSW 5 

1-111¡ 

POWER 

Figure 1. IM -1 schematic. 

R11 

50k 
THRESHOLD 

SW 2 
NULL 
a 

R8 

b- 10k 

ALARM 

4+ 

R9 
470 

LEDI 

QI 

SW' 
SOUNDER 

COMPARATOR 

R12 
470 

D ive IRI 
dbk BI) 

02 

SOUNDER 

FROM SOUNDER SW4a 

El 
PIEZO BUZZER 
RS 273-064 

Common (BK) 
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VR1 

Cl j(c) If) 0101 ISN1f) 

R1 R10 (SW1c) 

\,R2 
R2 (a íb) R102 

1Vcc) R4 1 E7-1 R10í NEE) 

(VR3b) R3 E ! R10zi ,SW1d) 
E Ic1 ' 

(SW3f) E ) R103 IC+M) - 
R R ISW3c) _ ] I R 6 I 

9 10 

(SW4b,2b) R5 I 02 VP.2cl 

SW2c) 

- 
(LEDaI 

_J 

R 

11 

(B1f) D 

1 

R (LEDb) R12 ISW4a ISW3a) R7 
8 

nb b (Bid) (SW2a) C3 ,, Ue L`_ -e 
(Bic) (CCM) (COM) 

Figure 2. Component layout of IM -1 circuit board. Net drawi to scale. 
( indicates connecion to off -board component. 

4.111111ÌÌ 

Figure 3. P3 pattern. This side toward board 

Parts 
Parts substitutions are OK for 

the semiconductors, even the op - 
amp. Almost any silicon NPN 
signal transistor will suffice, and 
several other quad op -amp pack- 
ages are available. C3, however, 
should be a tantalum electrolytic. 
Most of the aluminum ones I tried 
were too leaky, and decay time 
was not constant. This could result 
in false alarms. Stick with linear 
taper controls. Interpolation of 
settings is much easier that way. 

Calibration 
After assembly, you will have 

only to calibrate the threshold con- 
trol. With a new set of batteries in 
the IM -1, connect a do meter to the 
center terminal (c) of VR3. Adjust 
the pot until the voltage reads 
5Vdc. Mark this as calibration 
point " i " on the front panel. Then 
turn the pot down to 3.5V, and 
mark this point S. Next, set the 
pot for 2V. This is point D. Calibra- 
tion is now complete. 

This procedure is optimized for 
input levels above 80mV. The IM -1 
actually can be used with smaller 
input voltages by adjusting the 
THRESHOLD lower than the 
nominal settings. Be prepared to 
trade sensitivity for more critical 
level setting. If you always inter- 
pose an ac millivoltmeter between 
the IM -1 and the DUT, you'll 
seldom have to concern yourself 
with this. 

User information 
The IM -1 will not locate the 

defective part for you, and it also 
will not do any soldering or think- 
ing. What it will do is patiently 
monitor a unit and give you a sig- 
nal, when and if a failure occurs. 

If it notices that one or both 
channels of an amp just quit, it will 
attract your attention with a 
sounder, so you can check it out. If 
an intermittent noise occurs in a 
unit, it will let you know. Coupled 
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So you thought Global 
Specialties was just the lead- 

ing manufacturer ofSolderless 
Breadboarding Systems? Look 
again. Over the past 10 years 
Global's developed more than 40 
bench -crafted quality test and 
design instruments ... Just for you. 

Take your pick ... We offer 
Capacitance Meters, benchtop 
and portable, and an array of 
complementary instruments to 
meet your specific needs. We've 
got 8 Frequency Counters to 
choose from, starting with our 
inexpensive MAX -50 and 
MAX -100 and capped with our 
recently -introduced 6002, 1 GHz 
model. Cur Universal 
Counter -Timer family includes the 
new, widely -acclaimed, handheld 
5000 Counter -Timer. 

We also make logic probes 
and pulsers with frequency and 
pulse width ranges to suit any 

application or budget. Global's 
popular Function and Pulse 
Generators are designed with the 
same quality as our NBS-certified 
Frequency Standard. And a broad 
range of accessories, hardware 
and cases round out the Global 
product line. 

Of course, we still manu- 
facture the largest selection of 
Breadboards and prototyping 
equipment anywhere ... Simple 
Quick Test elements with our 
patented interlocking system .. 
Experimentor Modules which 
combine sockets and bus strips n 

popular arrays ... prototyping 
systems which provide 
uncomplicated translation from 
design to finished product .. . 

Mounted solderless assemblies, 
including Global's PB -105 
Superboard, 50% larger than any 
other, and our powered 
proto -boards offering a wide 

selection of power options. 
You depend on us for the best 

in breadboards ... Depend on us 
for the best in test and design 
instruments. Your pocket won't 
take a beating either. Global 
provides the specifications and 
features you require now ... at 
prices you can afford today. 

Remember ... We're not just 
another pretty breadboard. If you 
need something for Test or 
Design, we've probably got it. So 
give us a call Toll -Free ... TODAY. 

GLOBAL SPECIALTIES 
CORPORATION 

70 Fulton Terr., New Haven, CT 06509 
(203) 624-3103 TWX 710-465-1227 

OTHER OFFICES: 
San Francisco (415) 648-0611, TWX 910-372-7992, 

Europe: Phone Saffron-Waider 0799-21682, 
TLX 851-817477 

Call toll free for details 1-800-243-6077 during business hours 
Circle (7) on Reply Card 
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Fighting 
intermittents 

with other test equipment, it can 
monitor intermittent failures from 
the multiplex section of a receiver 
to the drive mechanism of a cas- 
sette deck. 

Unaided, the IM -1 can handle in- 
put levels of 50mVrms to 3Vrms. 
To monitor at voltages outside this 
range, simply connect it to the out- 
put terminals of your ac millivolt - 
meter. This would make it possible 
to monitor anything from a phono 
cartridge's output to that of a 
power amplifier. 

Detectable failures 
The IM -l's flexibility accom- 

modates analysis of several failure 
modes. 

1. One or both channels cut out 
2. One or both channels have 

spurious noise 
3. One or both channels dis- 

torted 

4. Intermittent speed irregular- 
ity in tape or phono, using 
wow and flutter meter 

5. Intermittent multiplex opera- 
tion (stereo receivers) 

Figure 5 and Chart 2 summarize 
common hookups and switch set- 
tings for the IM -l. Practice will 
make you proficient at intercon- 
necting the IM -1 to meet your par - 

POWER 

LED 

SUM NULL 

DIFF ALARM 

PEAK SOUNDER & 
LED 

DIP LED ONLY 

SENSITIVITY 

L 

MIX 

R 

THRESHOLD 

Figure 4. Front panel layout for IM -1. 

Legend 

switches adjustment pots 
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New SK Guide to 
reliable solid state replacements. 
Inside the striking cover of the new SK Guide 
is all the information you need to make quick, 
reliable solid state replacements. Over 2,300 
RCA SK and KH types replace over 193,000 
industry types. 

RCA has been designing, manufacturing 
and testing solid state devices for decades. 
When RCA introduces new types, they can 
be expected to perform reliably. So get in the 
habit of consulting the SK Guide. 

When you reach for a solid state replace- 

ment, don't reach in a barrel. Reach for re- 
liability ... RCA SK solid state replacements. 

The SK Guide is available from RCA SK 
Distributors or by mail. Send $2.75 in check 
or money order to RCA Distributor and Spe- 
cial Products Division, Box 597, Woodbury, 
NJ 08096. 

slc Replace RC'I Solid State 

SUGGESTED SWITCH SETTINGS 

SW1 SW3 VR2 VR3 

SYMPTOM SUM/DIFF PEAK/DIP MIX THRESHOLD 

ONE CH CUTS OUT SUM DIP L or R S 

BOTH CH CUT OUT SUM DIP MIX S 
ONE CH NOISY SUM PEAK L or R D 
BOTH CH NOISY SUM PEAK MIX D 
ONE CH DIST. DIFF PEAK MIX D 

Chart 2. Switch settings for common types of failures. SW2 and SW4, 
the ALARM and SOUNDER switches (not shown) are set as desired. 

ticular needs. 
One thing you will have to do at reading about it. 

the beginning of most test sessions 
is set SENSITIVITY and THRES- 
HOLD levels. You will probably 

find that doing it is quicker than 

Level setting 
After connecting the DUT and 

adjusting it for the desired output 
level, set up the IM -1 as follows: 

1. SW1: SUM 
2. SW2: ALARM 
3. SW3: DIP 
4. MIX: centered 
5. THRESHOLD: * Calibration 

Point 
Adjust the SENSITIVITY con- 

trol until the LED just goes off. 
Then switch to DIFF, NULL, and 
use the MIX control to null the left 
and right channels, extinguishing 
the LED. The next step is to 
switch SW1, SW2, and SW3 to the 
desired mode. THRESHOLD 
should correspond to the S(UM)/ 
D(IFF) switch position. In actual 
use, vary the THRESHOLD set- 
ting somewhat from the nominal 
settings for best results. 

SUM mode 
SUM is probably the most com- 
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Fighting 
intermittents 

mon operating mode. It is especial- 
ly useful if you do not know which 
channel is defective. Let's say a 
unit comes in with complaint #1. 
The owner really isn't sure which 
channel is bad. You run the device 
for several minutes and go 
through normal testing pro- 
cedures. Everything seems OK. 
Because you have 20 other units in 
the log awaiting your services, you 
decide to cook this one on the back 
bench until it fails. 

Referring to the hookup chart, 
feed a 1kHz sine wave into the 
unit, ahead of the suspected stage. 
When testing a receiver, I usually 
broadcast an FM mono signal as a 
source. Because you want to push 
the amp pretty hard, the IM -1 is 
connected to the speaker outputs 
through your ac millivoltmeter. 

Adjust the DUT for desired out- 
put and perform the IM -1 level -set- 
ting procedure. Because the defec- 
tive channel has not been isolated 
(the owner thought maybe both 
channels cut out), SW1 is set for 
SUM. You are expecting a drop in 
output so SW3 is set for DIP 
detection. Of course, you want 
both visual and audible alarms, so 
you switch SW2 and SW4 to 
ALARM and LED & SOUNDER, 
respectively. 

To be safe, double check all set- 
tings by using the DUT balance 
control to shut down first one 
channel, then the other. IM -1 
should trigger at both extremes of 
the control. If it does not, check 
the switches again and "tweak" 
levels if necessary. Keep input to 
the monitor below 3V. 

DIFF mode 
The DIFF mode compares chan- 

nels and produces an output when 
they are different. Complaints of 
intermittent distortion on one 
channel are best tested in DIFF 
mode. SUM may not detect this 
problem unless the distortion is 
severe. Remember, DIFF cannot 

Sine wave 

Ger erator 

Sine wave 

Generator 

FM I 

Brcadcast 

Generatcr 

Sine wave 

/-\v 
Generator 

L L 
R N DUT GJTR 

!N DI.T OUT 
R 

Dual cc 
Milivoltmeter 

DI.T 

Receiver) 

IM I 

DUT` 

DUT 2 

Figure 5. Tipical test hookups. 

S Jspected 
Channel 

`L 

Suspected 
C-iannel 

IM1 

IM l 
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discriminate between both chan- 
nels dead and both channels on. 

In DIFF, the C3 voltage will be 
low until the DUT fails. Then it 
will go high. DIFF amplifies differ- 
ences. ,If the unit is fed the same 
signal to both channels, and DUT 
controls are adjusted for equal left 
and right output, they will cancel 
each other, as long as no failure oc- 
curs. Therefore, we have to set 
SW3 to PEAK. 

Noise detection 
One of the more vexing equip- 

ment failures is intermittent noise. 
IM -1 can be used in the SUM mode 
to detect it. In this case, the sen- 
sitivity control is turned up as high 
as practical without false trigger- 

ing. SW3 is set for PEAK, and the 
THRESHOLD adjusted for as low 
a setting as possible. No signal is 
fed to the DUT, the selector switch 
is set for AUX or PHONO, de- 
pending on the expected failure, 
and volume control is turned wide 
open. If necessary, you can isolate 
the noisy stage in steps, by 
judicious selection of test points 
and DUT switch positions. 

Two DUTs at once 
If you know which channels are 

defective, you can monitor two 
units at once. Simply connect the 
bad channel from one device to the 
IM -1 left input. Use the IM -1 right 
channel for the other unit. Set 
levels, SUM the signals, and wait 

UNIVERSAL CRT ADAPTER 
NOW YOU CAN USE YOUR CRT/RESTORER/ 

REJUVENATOR/CLEANER ON ANY COLOR CRT 
YOU DO NOT NEED TO BUY A NEW CRT TESTER. 

SAVE HUNDREDS OF DOLLARS 
"THIS IS THE ONLY ADAPTER YOU WILL NEED" 
-USE ON NEW IN -LINE & ONE -GUN TUBES- 

If your tester is the CLEANER/RESTORER type or the REJUVENATE type, you can 
use the function on your present machine or any Color Tube listed from a 9" to a 
26," including foreign types. Checks Ouintrex, Japanese Miniature Base, Japanese 
In -Line, Sylvania, and GE 90 Degree Inline, New Sony Trinitron, Zenith Special In - 
line, European 110 degree in -line, Sylvania 100 degree Color Tri -Potential, RCA 90 
degree In -line, 110 degree Color, 90 degree Button Base, Large Trinitron, Small 
Trinitron. 

Use with CRT Tester/Restorer/Rejuvenator. 
CHECKS: OUINTREXINLIN E - TRINITRON -TRI 

POTENTIAL - PINLESS -JAPANESE- EUROPEAN 
90'; 100°, 110° ALL CRT's 

VIDEO GAMES-COMPUTER TERMINALS, COLOR T.V. 
SIZES 9" thru 26" SCREENS. 
MONEY BACK GUARANTEED 

to solve all your CRT Testing problems, Obsolescence Proof Perpetual Set -Up 
Manual, CA28 Adapter Kit with Sockets. 

**CHECKS OVER 2200 COLOR TYPES** 
REPLACES OVER 50 ADAPTERS 

B & K, BELTRON, SENCORE, 
RCA, ALL OTHERS 

Call Toll Free 
1-800.331.9658 

Comes with complete EASY -to -follow 
Instruction Manual and Picture Tube Index. 

A MUST FOR THE TV TECHNICIAN 
CALL US OR WRITE 

COD, Send Check or Money Order. CA -28 Kit $61.95, add $2.00 
shipping and handling. Visa & Mastercard accepted. 

DANDY MANUFACTURING CO. 
1313 North Main Street, Muskogee, Oklahoma 74401 

918.682.4286 

for the alarm. This method re- 
quires that the same test signal be 
used with both units. Output levels 
at the test points should be roughly 
equal. 

Unusual uses 
Although it has two, the IM -1's 

inputs need not be used simultane- 
ously. By turning the MIX control 
to one side, you have a simple 
VOX. I often use this mode if I 
know which channel is going to 
quit, or if I need to monitor the 
output of a test instrument, such 
as a wow and flutter meter, or dis- 
tortion analyzer. 

For example, a customer 
brought in his Pioneer RT 707, 
reel-to-reel tape deck. He claimed 

Now you can build this 
16/8 -bit H-100 Computer 
the easy Heathkit way! 

Power -packed performance works to your advantage 
with our 16/8 -bit H-100 Series Computers. The All -In - 
One model (shown here) or the sleek Low -Profile 
model will meet 
your computing 
needs now and 
in the future be- 
cause of versatile 
expansion ca- 
pabilities. Send 
for complete de- 
tails today using 
the coupon 
below. 

Heathkit`' 

Company 

1 

»me 

FREE COLORFUL 
CATALOG 

Please send me my FREE Heathkit Catalog 
featuring the H -I00 Series Computers and 
many other quality electronic kits. 

Name 

Address Apt. 

City 

State Zip 
MAIL TO: Heath Company, Dept. 050-152 
LL -768 Benton Harbor, MI 49022 

Circle (9) on Reply Card Circle (10) on Reply Card 
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intermittents 

that, every now and then, the 
speed would suddenly change, 
then come back to normal after a 
couple of seconds. Apparently the 
problem was quite random. 

Upon inspection, I noticed that 
tapping the speed control board 
would cause the symptom he men- 
tioned. Isolating the cause to a 
flaky speed control pot, I cleaned 
it, then decided to burn -test the 
deck using a flutter meter and the 
IM -1. 

The output of the flutter meter is 
a relatively low frequency 
(6-100Hz), so the SENSITIVITY 
control on the IM -1 had to be set 
quite high. To be certain the 
system was working, I "flanged" 
the reels to simulate failure. After 
eight continuous hours of testing, 
which cost only the time necessary 
to change reels at the end of the 
tape, I could be fairly sure the deck 
was OK. After six months, it still 
hasn't recurred. 

A similar procedure allows you 
to monitor small changes in distor- 
tion, which would go unnoticed in 
the DIFF mode. The output of a 
THD meter contains distortion 
products produced by the DUT 
(along with hum and residual 
noise, which can be ignored for the 
sake of this description). By 
feeding the output to the IM -1, you 
can monitor the distortion level 
and trigger a warning signal if it 
exceeds a certain threshold. You 
must be careful to avoid reading 
hum, though. 

Future uses 
As it stands, the IM -1 is a useful 

addition to any audio test bench. 
But it is a simple device, with plen- 
ty of room for improvement. The 
elimination of capacitive coupling 
and a little more attention to cor- 
recting offset would improve fre- 
quency response down to dc. Add- 
ing a demodulator probe could ex- 
tend performance into the RF 
spectrum. The use of BIFETs or 

IM -1 
PARTS LIST 

IC1 
01,2 
D1 

LEDI 

LM324 
2N3904 
1N4148 
Any 3P red LED 

R1,6,101C3 220k 
R2,102 820k 
R3 180k 
R4,104,105 1k 
R5,8,11 10k 
R7 27k 
R9,12 470 
R101 270k 

C1,101 .0121 F 
C2 11.4F, aluminum elec 

trolytic 
C3 22NF, tantalum 

SW1,3,5 

SW2,4 

VR1 
VR2 
VR3 

B1 

Mini, DPDT, F3 
275-626 or ea. 
Mini, SPDT, RS 
275-625 or eq. 

500k, dual, l near 
2.5k, inear 
50k. I near 

Piezoelectric buzzer 
RS 273-064 cr eq 

Misc.: E-ic osure, perf-board (or 
etched board), battery 
holders, Hookup wire. 
knobs, hardware, 94 bat- 
teries. 

Notes: 1. Al resistors 1 x cr 
larger, unless noted 
otherwise. 

2 Ah capacitors in micrc- 
farads, 25WVdc, mess 
ctherwise noted. 

the addition of an extra couple of 
op -amps, configured as voltage fol- 
lowers, would raise the input im- 
pedance by a factor of 5 or 10. 

Computer aided testing 
The real fun would be to comput- 

erize testing. A simple micropro- 
cessor -based design could be in- 
tegrated with the IM -1. The test 
program would monitor the IM -1 
output and begin a voltage mea- 
surement procedure when trig- 
gered. Several probes, connected 
to strategic testpoints in the DUT, 
would be polled by the computer, 
in sequence, at the moment failure 
was detected. The results of the 
test could be saved in memory, to 
be recalled by the technician when 
convenient. You could let a unit 
burn -in, while you went out and 
enjoyed a lunch unhampered by 
worries about missing a once -in - 
every -seven -hours failure. I have 
already developed a system that 
will automatically measure and 
store one voltage, when failure oc- 
curs, so the idea is workable. A 
simple version of the computer - 
aided IM -1 should cost less than 
$150. 

Summary 
The IM -1 makes troubleshooting 

intermittent problems a more reli- 
able and fruitful procedure. It 
doesn't get tired of staring at a 
scope, or listening to speakers. It 
also does not go out for lunch just 
before the DUT quits. 

Since using it at the shop, I 
wonder how I got along without it. 
The monitor has far more patience 
than I, so burn -in tests of eight or 
nine hours are easily accom- 
modated. It helps reduce recalls. 
You diagnose and repair with 
more confidence. Customers who 
have had their units unsuccessfully 
serviced elsewhere are pleasantly 
surprised when the IM -1 helps pin- 
point intermittent trou- 
ble previously missed. 
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Now electronics technicians can get into VCR Servicing quickly and easily 

Learn professional VCR servicing 
at home or in your shop 

with exclusive videotaped 
demonstrations 

Today, there are more than 10 million 
VCRs in use, with people standing in 
line to have them serviced. You can 
bring this profitable business into your 
shop with NRI professional training in 
VCR servicing. This top-level training 
supports the industry's claim that 
the best technicians today are those 
who service VCRs. 

Integrated Three -Way 
Self -Teaching Program 
In one integrated program, NRI 

gives you a study guide, 9 instructional 
units, 2 hours of video training tapes 
accompanied by a 32 -page workbook 
that pulls it all together. At home or in 
your shop, you'll cover all the basic 
concepts of video recording, mechani- 
cal and electronic systems analyses, 
and the latest troubleshooting tech- 
niques. Your workbook and instruction- 
al units also contain an abundance of 
diagrams, data, and supplementary 
material that makes them valuable addi- 
tions to your servicing library. 

The "How -To" Videotape 
Your NRI Action Videocassette uses 

every modern communications tech- 
nique to make learning fast and easy. 
You'll enjoy expert lectures and see 
animation and video graphics that make 
every point crystal-clear. You'll follow 
the camera eye into the heart of the 
VCR as step-by-step servicing tech- 
niques are shown. Both electronic and 
mechanical troubleshooting are covered 

. including everything from com- 
plete replacement and adjustment of the 
recording heads to diagnosing micro- 
processor control faults. 

Plus Training On All The 
New Video Systems 

Although your course concentrates 
on VCRs covering Beta, VHS, and 3/4" 

U-Matic commercial VCRs, NRI also 
brings you up to speed in other key 
areas. You'll get training in capacitance 
and optical video disc players, projec- 
tion TV, and video cameras. All are in- 
cluded to make you the complete video 
technician. There's even an optional 
final examination for NRI's VCR Pro- 
fessional Certificate. 

Covers Beta and VHS 
systems with actual 

instruction on 
r- videotape. 

The Best Professional 
Training 

This exclusive self -study course has 
been developed by the professionals at 
NRI. NRI has trained more television 
technicians than any other electronics 
school! In fact, NRI has consistently 
led the way in developing troubleshoot- 
ing techniques for servicing virtually 
every piece of home entertainment 
equipment as it appears in the market- 
place. 

Satisfaction Guaranteed 
...15 -Day No -Risk 

Examination 
Send today for the new NRI Self - 

Study Course in VCR Servicing for 

Professionals. Examine it for 15 full 
days, look over the lessons, sample the 
videotape. If you're not fully satisfied 
that this is the kind of training you and 
your people need to get into the profit- 
able VCR servicing business, return it 
for a prompt and full refund, including 
postage. Act now, and start adding new 
business to your business. 

Special Introductory Offer 
This complete VCR training course 

with two hour videotape is being 
offered for a limited time only, on 
orders received from this ad, at our low 
introductory price of $179.95. Save 
$20 by acting now! 
NRI Training For Professionals 
McGraw-Hill Continuing Education Center 

3939 Wisconsin Avenue Washington, DC 20016 

YES I Get me started in profitable 
1J VCR servicing. Rush me my 

NRI self -study course in VCR Servicing for 
Professionals. I understand I may return it for 
a full refund within 15 days if not completely 
satisfied. 

PLEASE SPECIFY TAPE FORMAT DESIRED El VHS BETA 

RI 
M Washington, DC 20016 

NRI Training For Professionals 
McGraw-Hill Continuing 

Education Center 

3939 Wisconsin Avenue 

Name (please print) 

Company 

Street 

City/State/Zip 

Enclosed is my E check money order for $179.95 (D.C. residents add 6% tax) Make check payable to NRI 

Charge to VISA MasterCard 

Interbank Number 

Card Number Expiration Dab. 

Signature 

(required for credit card sales) 2630-034 
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(Photo courtesy of General Electric) 

videorecorder basics 
By Steve Bowden 

Lead-ins from both UHF and 
VHF antennas are connected to 
the VCR. When the TV/VCR 
switch is in the TV position, inter- 
nal VCR switches route the VHF 
antenna signal to the color re- 
ceiver antenna terminals. Thus, 
the television operates in the con- 
ventional way for broadcast pro- 
grams. Note: If the TV/VCR 
switch is left accidentally in the 
VCR position, all VHF and UHF 
channels of the TV receiver will 
have no signals or very weak ones. 

Each VCR has internal VHF and 
UHF tuners, and they are used to 
select the program that is re- 
corded. Recordings can be made 
whether or not the program is 
monitored by a receiver. When the 

switch is in the VCR position, the 
antenna lead-ins are connected to 
these internal tuners, while the 
VHF cable to the receiver is 
switched to the VCR's RF -con- 
verter output. The RF converter 
changes VCR video and audio into 
a Channel -3 or Channel -4 modu- 
lated carrier. Therefore, the re- 
ceiver (after it is tuned to the 
proper channel 3 or 4) can monitor 
both picture and sound of the TV 
program that is being recorded. 

In addition to UHF and VHF 
tuners, the VCR has IFs, AGC, 
AFT, video detector, sound IF and 
sound detector. These are similar 
to their counterparts in color -TV 
receivers. Of course, no vertical or 
horizontal sweep circuits are in- 
cluded. 

Signal switching 
Audio and composite -video sig- 

nals coming from the output of the 
TV demodulator board are passed 
through the normally closed con- 
tacts of the external -input jacks 
and on to the appropriate board. 
If audio and video signals from an 
external source (a video camera or 
another VCR) are plugged into the 
video or audio input jack, the 
demodulator -board signal is dis- 
connected automatically. 

Audio and video recording 
The audio signal is equalized and 

amplified before it reaches the 
audio head. A sample of the 67kHz 
bias signal and the audio are ap- 
plied to the audio recording head, 
while stronger samples of this bias 
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are applied (without other signals) 
to the audio -erase and full -width 
erase heads, which remove any 
previous recordings. 

The composite -video signal is 
divided into separate luminance 
and chrominance signals, with the 
luminance processed in the lumi- 
nance -record system and the 
chroma processed in the chroma - 
record circuit. 

A 3.4MHz carrier is frequency 
modulated by the luminance 
signal. Also, the 3.58MHz chroma 
signal is downconverted to 
629kHz. Then the FM luminance 
and the 629kHz chroma signals are 
applied to the recording amplifier, 
and its output drives the two video 
heads in parallel. 

No recording bias current is sup- 
plied to the video heads. The FM 
signal requires no bias, because its 
high amplitude drives the tape into 
saturation, and linearity is not 
necessary. In addition, the FM 
signal acts as bias for the 629kHz 
amplitude -modulated chroma 
signal. The video heads (located on 
the rotating -head assembly) record 
these separate signals on the tape 
as it is drawn around the cylinder. 

Playback 
During playback, each video 

head in alternate sequence re- 
ceives from the tape its assigned 
one -vertical -field video signal. 
These head signals are separately 
amplified, but only one at a time is 
passed on the luminance -process- 
ing and chrominance -processing 
circuits. The luminance circuits 
demodulate the FM carrier, pro- 
ducing luminance video, while the 
chrominance system converts the 
629kHz AM chroma signal back to 
3.58MHz. Then the luminance and 
chrominance signals are combined 
in the video amplifier to recreate 
the original composite -video sig- 
nal, which (along with the re- 
trieved audio signal) is sent to the 
RF converter and on to the re- 
ceiver. Therefore, the receiver can 
show the recorded picture and re- 
produce the accompanying sound. 

Servo -control system 
Servo circuits are shown near 

the bottom of Figure 1. A servo 

can be called a closed -loop ampli- 
fier that electrically controls 
mechanical movements or rota- 
tions while monitoring and cor- 
recting the performance. This 
monitoring of the VCR rotational 
speed and phase is made possible 
by taking a feedback signal from 

the motor and comparing it 
against a standard. If there is a 
discrepancy between the standard 
and the actual speed, the servo 
automatically corrects the speed 
(or phase). 

In order to record one complete 
TV frame during each revolution 

WE OFFER 
BRAND NAME 

BELT KITS 
Not only are we capable of fully servicing you with our 

complete line of VCR Belt Kits, we also carry: 

*SEMI'S *TUBES *TEST EQP 
*CAPACITOR *RESISTORS 

*VIDEO *LAMPS *STYLI 

"Your Complete Electronics Parts Source"! 

CALL TOLL FREE TODAY! 

CEI Consolidated Electronics, Incorporated 

1-800-762-3412 1-800-543-3568 
OHIO WATS NATIONAL WATS 
705 Watervliet Ave. Dayton, Ohio 45420 
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of the DD cylinder and motor, the 
cylinder must be rotated at 
1800RPMs. Thus, each head re- 
cords and plays one vertical field 
(262.5 horizontal lines) of each 
slant track. Also, vertical sync 
must be placed at the same point 
on each track, which is about 10 
horizontal lines up from the bot- 
tom of the track. These are critical 
conditions that require servo -loop 
circuits for both rotational speed 
and phase of the DD cylinder. 

For the speed loop, the feedback 
signal is a 240Hz square wave 
from the motor's main drive -coil 
signal. This square wave can be 
considered an FG (frequency gen- 
erator) signal because the frequen- 
cy varies in step with the head -cyl- 
inder rotation. 

The phase -loop feedback signal is 
a 30Hz pulse -generator (PG) wave- 
form coming from the head -cylin- 

der assembly. Two magnets are 
mounted opposite each other on 
the flywheel. One is polarized N -S, 
and the other is polarized S -N. As 
these magnets rotate above a sta- 
tionary pickup coil, the coil pro- 
duces alternate negative (A -head) 
and positive (B -head) pulses. Each 
pulse indicates that a video head is 
at the bottom of the tape ready to 
record another diagonal video 
track holding one vertical field of 
signal. Therefore, the PG pulses 
are the feedback signal that are 
phase -compared with the vertical - 
sync frequency of the incoming 
video signal. When any deviation 
from perfect phase occurs between 
the feedback pulses and the stan- 
dard sync pulses, the circuit 
speeds up or slows down the DD 
head cylinder so the signals have 
the same phase. 

During playback, a different 

standard signal must be used. The 
60Hz reference signal is produced 
by dividing the output of a 
3.58MHz crystal oscillator by 
59,712. PG pulses are the feedback 
signal also during playback. 

These 30Hz PG pulses also indi- 
cate when the A or B head is con- 
tacting the tape. This is vital be- 
cause the head with the positive - 
azimuth tilt must play all the 
diagonal one -field tracks that were 
recorded with positive tilt. In the 
same way, the negative -tilt head 
must play all the tracks previously 
recorded with a negative tilt. Also, 
the pulses indicate which playback - 
head is receiving the recorded 
signal, because the signal from the 
unused head is blanked to prevent 
pickup of extraneous noise. 

Capstan servo operation 
Vertical -sync pulses from the in - 
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Figure 2. The power supply and the TV demodulator are located on the same circuit board. 

Figure 1. (opposite page) A block diagram of a VHS videocassette recorder/player. Dotted lines enclose the video signal - 
processing section (top) and the servo -control section (bottom). The direct -drive (DD) head -cylinder motor and the capstan motor 
are speed- and phase -controlled by these servo circuits. 
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coming composite video are used 
to synchronize a 60Hz buffer 
oscillator. Output of the buffer is 
divided to 30Hz and then in- 
tegrated to become the reference 
trapezoidal signal for the phase cir- 
cuits of cylinder and capstan 
sampling gates. Also, these divider 
30Hz square waves are recorded 
as pulses on the control track (they 
are used later during playback as 
the feedback signal for the capstan 
phase circuit). Because these 30Hz 
control -track pulses were derived 
from incoming vertical sync, 
minor adjustments of the tape 
movement can correct video -head - 
to -tape misalignments. A control 
is provided for these adjustments. 

The approximate capstan -motor 
speed is maintained by feedback 
from the speed -sensor frequency 
generator (FG). This FG repetitive 
frequency is different for each 
speed mode. For standard play 
(SP), the capstan FG is 1440Hz. 
For long playing (LP), the tape 
speed is reduced to half, so the FG 
becomes 720Hz. For SLP mode 
the tape speed is one third the SP 
speed, and the FG signal has a 
480Hz repetition rate. Then the 
SP/LP/SLP divider circuit divides 
each FG frequency so that 120Hz 
always is sent to the capstan 
motor -servo circuit. When the 
capstan -motor speed drifts, the FG 
frequency also changes and the 
motor -drive circuit corrects the 
speed. 

During recording, the capstan 
FG is divided again to produce 
30Hz pulses for use by the phase 
servo circuit. These 30Hz pulses 
are compared to the 30Hz trape- 
zoid in the phase sampling gate. 
Therefore, absolute phase is ob- 
tained. 

Tape speeds are determined by 
the SP/LP/SLP select circuit. For 
recording, the speed is set by the 
VCR operator using the speed - 
select switch. However, the tape - 
travel speed is selected automati- 
cally (by the 30Hz to 90Hz repeti- 
tion rate of the control pulses) dur- 
ing playback. 

Troubleshooting 
Use this check list for trouble- 

shooting a VHS VCR, following 
this sequence: 

1. Switch power on. 
2. Check the TV/VCR switch 

operation. 
3. Check status of the timer 

switch (if the machine has one). 
4. Check the DEW indicator. 
5. Check the playback by using an 

expendable pre-recorded tape. 
Notice the head output, lumi- 
nance and chroma outputs, and 
the RF converter input and out- 
put (by switching the TV/VCR 
switch and using the tuner). 

6. Make a recording and check the 
quality on another machine. If 
the other machine shows a good 
picture, but the one being 
tested does not, the problem is 
in the playback circuit. If the 
other machine shows the same 
bad picture as the customer's 
machine does, the problem is in 
the recording circuit. Check the 
camera/tuner switch; check 
tuner operation; record with 
external video and audio sig- 
nals and evaluate the results; 
scope the outputs of luminance 
and chrominance systems; 
check recording with SP, LP 
and SLP modes; and notice if 
the video heads need cleaning. 

7. Record and then play, testing in 
sequence: the video heads and 
signals; all luminance and 
chrominance circuits used for 
both recording and playing; 
and the RF converter. 

Demagnetize and clean the 
heads and tape guides, and record 
and play a short test and evaluate 
the performance as the final step. 

Power supply 
The Figure 2 power supply and 

the TV demodulator are located on 
the same circuit board. Two ac 
voltages come from the power 
transformer. One winding supplies 
3Vac for the clock display, and the 
other has 17Vac for the rectifiers. 
Three fuses protect the 117V in- 
put, the 17V secondary and the 
+ 12V regulated dcV source. 
Bridge diode D101 supplies unreg- 
ulated + 17V for the cylinder 
motor, while transistors Q101, 
Q102 and Q103 regulate the 
+ 12Vdc main supply source. 

When the power switch is turned 
on, a positive voltage through 

R106 and Q103 base/collector junc- 
tion applies forward bias to Q101, 
which conducts to raise the output 
voltage at TP101 up to + 12V. 
Q103, Q102 and Q101 then operate 
to stabilize the + 12V supply at 
whatever voltage is determined by 
the adjustment of R106. 

The low -voltage detector is 
unusual because it eliminates the 
+ 12V supply when the line voltage 
is too low. In conjunction with the 
two grounded -anode diodes in 
D101, D104 and D105 are a bridge 
rectifier that has unfiltered out- 
put. In normal operation with cor- 
rect line voltage, the R110/R111 
voltage divider applies saturation 
bias to Q104. Of course, the col- 
lector -to -emitter path in Q104 be- 
comes a low resistance that 
grounds the base of Q105, stop- 
ping all Q105 collector current. 
Therefore, Q105 does not remove 
the base voltage from Q102, and 
the regulator operates normally. 

However, a line voltage of ap- 
proximately 80V rms decreases 
the Q104 bias, which stops its col- 
lector current. This allows Q105 to 
have saturation forward bias 
(some resistors are not shown on 
the simplified schematic) so its col- 
lector/emitter path has a low 
resistance that shorts out Q102's 
positive forward bias, stopping 
Q102's operation. Without Q102 
conduction, Q101 has no forward 
bias, and it becomes open, thus re- 
moving all do voltage from the 
+ 12V supply. Of course, this elimi- 
nation of the + 12V supply stops 
operation of all electronic circuits 
and places a reset on the micropro- 
cessor, which automatically places 
the tape deck in the stop mode. 

If the + 17V unregulated voltage 
is present (it will test higher than 
normal) but there is no + 12V sup- 
ply voltage, the problem might be 
a short that has blown fuse F103, 
or a defect in the 5 -transistor reg- 
ulator circuit has stopped Q101 
from conducting. An in -circuit test 
of all transistor junctions should 
prove whether or not a regulator 
transistor is the source 
of the voltage loss. 

A future article will cover signal processing in both 
recording and playing modes of operation. 
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7 

with a signal level meter 
The quality of a TV picture or an 

FM program is directly dependent 
on the level of the signal reaching 
the receiving set. A good strong 
signal produces, in a properly 
operating unit, clear crisp pictures 
and clean undistorted sound. Low 
signal level can result in poor pic- 
ture and sound, or no output at all. 
A signal level meter, properly 
used, can determine if the reason 
for poor picture or sound repro- 
duction is the fault of the set or a 
poor signal. 

Essentially a tunable RF volt- 
meter, a signal level meter is an 
excellent tool for signal tracing, 
fault isolation and general trouble- 
shooting in RF circuits. For exam- 
ple, on a TV service call, a mea- 
surement of the RF input signal 
level at the TV receiver will im- 
mediately verify whether the prob- 
lem is within the TV set or outside 
the TV set (Figure 1). Measure- 
ments should be made for each 
channel that is normally received. 
This is an important first step if 
TV reception is served by a CATV 
(cable television) or MATV (master 
antenna television) system, be- 
cause the owner normally is not 
responsible for the repairs if the 
problem is within the CATV or 
MATV distribution network. How- 
ever, all equipment and cable for 
which the owner is responsible 
should be thoroughly checked. 
Likewise, a CATV or MATV ser- 
vice technician using a signal level 

meter can verify that the problem 
indeed lies within the distribution 
system. 

A signal level of at least OdBmV 
is required for acceptable picture 
quality. In all but fringe reception 
areas, signal levels from an anten- 
na lead-in should normally be con- 
siderably higher. Remember to use 
a 3000 to 752 matching trans- 
former when making signal level 
measurements at any 3000 circuit 
point. See Figure 2 for meter tun- 
ing considerations. 

Low input signal level at the TV 
set could be caused by corroded 
antenna connections, a broken 
antenna, damaged lead-in or a 
defective or improperly installed 
splitter. Each device in the RF 
signal path could cause such a 
problem and should be checked. 
The conventional signal tracing 
technique consists of a series of 
measurements, usually starting 
with the input signal and following 
the signal path until the signal is 
lost (Figure 3). The device just 
before the loss of signal is then 
known to be defective. However, 
in home TV applications, you 
would probably wish to work in the 
opposite direction. Starting at the 
TV receiver and working toward 
the antenna, a series of measure- 
ments is made until the signal is 
found. The device just before the 
presence of signal is then known to 
be defective. This sequence delays 
climbing up to the antenna until 

other possibilities are eliminated. 
Of course, the half -splitting 

technique of troubleshooting ap- 
plies and can often speed up fault 
isolation. Instead of measuring 
every point in the network, split 
the network in half and make a 
measurement. If the signal is miss- 
ing, work toward the antenna 
(signal source), split the remainder 
in half and make another measure- 
ment. If the signal is present, work 
toward the TV set (signal termina- 
tion), split the remainder in half 
and make another measurement. 
Continue half splitting until the 
fault is isolated to one device. 

It is normal to observe some 
signal loss between the antenna 
and the TV receiver. Each cable, 
connector and other device (except 
an amplifier) causes signal at- 
tenuation. Also, it is normal for at- 
tenuation to be greater at higher 
frequencies. A little experience 
will tell you whether signal loss is 
normal or excessive. 

MATV applications 
MATV networks are used in 

many apartment buildings and 
motels. Such a network permits a 
single antenna (or antenna array) 
to serve many TV sets. It may also 

Adapted from the B&K Precision Dynascan Corpora- 
tion instruction Manual for use with the models 425 
and 430 signal level meters. 
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include a satellite TV antenna and 
equipment for adding locally gen- 
erated video (for example, a VTR, 
encoder and RF modulator for pro- 
ducing pay movies on motel TV). 
The equipment may vary widely 
from system to system, but it 
usually includes wideband RF 
amplifiers and 7511 feeder cables 
with taps to each apartment or 
room. Equalizers, splitters and 
bridgers are also common. 

A signal level meter is indispen- 
sable in the installation, expan- 
sion, modification, troubleshooting 
and upkeep of an MATV system. 
Figure 4 illustrates some of the 
test points for troubleshooting an 
MATV system. Many of the same 
test points would be used for 
periodic level measurements to 
keep the system in peak operating 
condition. If adjustments are re- 
quired, a signal level meter would 
be used to measure signal levels at 
each frequency used in the system. 
A signal level meter would also be 
used for selecting antenna loca- 
tions and for aiming antennas. 

A log of signal level readings can 
be valuable for MATV system 
maintenance. Readings taken at 
periodic intervals will indicate any 
gradual degradation of system 
performance, or possibly an im- 
pending failure. For troubleshoot- 
ing, a list of reference signal levels 
will more rapidly isolate faults. 

MATV applications include use 
of a signal level meter for checking 
coaxial cables, amplifiers and 
equalizers, antennas, satellite 
antennas, splitters, connectors 
and tape recorders. 

CATV applications 
CATV networks have many of 

the same characteristics as MATV 
networks, but usually on a much 
larger scale. CATV systems serve 
an entire community and may in- 
clude several miles of coaxial 
cables with several cascaded 
amplifiers and equalizers. 

Antennas, satellite antennas, 
locally generated video program- 
ming and possibly microwave re- 
lays gather video signals. A fre- 
quency converter or modulator at 
the head end of the system places 
the video onto RF carrier frequen- 

cies. A low loss main trunk carries 
the RF signals from the head end 
to the community, where it 
branches out into medium loss 
feeder lines, and finally into high 
loss house drops. Inside the home, 
cable -ready TV receivers tune to 
the cable RF frequencies, or a con- 
verter adapts a standard TV 
receiver to accept all the RF cable 
frequencies. 

A signal level meter is a primary 
tool for installing, maintaining and 
servicing CATV systems. The in- 
strument is used in much the same 
way as described for MATV sys- 
tems. Figure 5 illustrates some of 

the test points in a CATV system. 
Normally, 7512 amplifiers and 
cables are used throughout the 
system. Frequent checks of the 
antennas, main trunk and feeder 
lines keep the system in peak 
operating condition. 

Picture carrier levels from a 
cable TV system are typically + 10 
to + 30dBmV at the TV receiver, 
and sound carriers are usually 6 to 
15dB below the picture carriers. 
However, any picture carrier level 
above OdBmV normally should 
provide a good quality picture. The 
more important check is that all 

(continued on page 38) 
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Figure 5: Signal level measurement is a valuable procedure 
maintenance of CATV systems. 

in installation and 

28 Electronic Servicing & Technology March 1984 

www.americanradiohistory.com



o 

Photofact 

These Photofact folders for TV receivers and other 
equipment have been released by Howard W. Sams & 

Co. since the last report in ES&T. 
CITEK 
Chassis ECC -2615 2213-1 

CITEKITEKNIKA 
5459/3459 2212-2 
Chassis ECC -20393 2218-2 

GENERAL ELECTRIC 
Chassis XJ-A 2221-1 

JC PENNEY 
685-4015-20 2211-1 
685-2064-00 2214-1 
685-2067-00,-10 2221-2 

MAGNAVOX 
Chassis UVG -1 2210-1 
Chassis 25C101-00AA,BA/102-00AA/ 
103-OOAA/ 104-00AA/ 110-00AA/ 111-00AA/ 
112-00AA, BA/113-00AA, BA/114-OOAA/ 
115-00AA, BA,CA, DA/116-00AA, BAI 
117/OOAA, BA 2215-1 
Chassis 19C101-00AA/102-00AA/103-00AA/104-00AA/ 
105-00AA/ 108-00AA/110-00AA/112-00AA/114-00AA/ 
118-OOAA 2216-1 

PANASONIC 
CT -1320V 2220-2 

RCA 
Chassis CTC118A (1984 Prod.) 
Chassis CTC117A 
Chassis CTC121 D, E, J 

Chassis CTC115C (1984 Prod.) 
Chassis KCS207B,C (1984 Prod.) 
Chassis KCS205CA,CJ 
Chassis CTC120A (1984 Prod.) 
Chassis KCS213A (1984 Prod.) 
Chassis KCS216A (1984 Prod.) 

SAM PO 
BC -521/26 

SEARS 
564.54300051 
564.21040350 
472.23483350 
564.21941350 
304.21460350 

2210-2 
2211-2 
2212-1 
2213-2 
2215-2 
2216-2 
2217-1 
2218-1 
2219-1 

2217-2 

2213-3 
2216-3 
2218-3 
2219-3 
2220-3 

SHARP 
19H96,B 2219-2 
13 H 44, B 2220-1 
FF13663,13H42 2221-3 

SONY 
KV-1546R/1746R/1946R 2213-4 
Chassis SCC-406G-A 2214-2 

SOUNDESIGN 
3775 2214-3 

Transistors 
Thyristors 
Integrated Circuits 
Rectifiers and 
Diodes 
High Voltage 
Multipliers and 
Dividers 
Optoelectronic 
Devices 
Zeners 
Microprocessors 
and Support Chips 

THE 
RIGHT 
STUFF 

The growth of NTE quality replacement parts has 
been nothing short of astronomical. And the proof 
is in our new 1984 Replacement Master Guide, 
destined to be the standard directory for technicians 
across the country. In excess of 3,000 quality NTE 
types are cross-referenced to more than 220,000 
industry part numbers. 

YOU'LL FIND ALL THE RIGHT STUFF FOR 

REPLACEMENT, MAINTENANCE AND REPAIR: 
Memory IC's 
Thermal Cut -Offs 
Bridge Rectifiers 
Unijunctions 
RF Transistors 
Microwave Oven 
Rectifiers 
Selenium Rectifiers 
NEW! The Protector 
6000' Transient 
Voltage Protection 
Strip 

Look for our Replacement semiconductors in the 
bright green polybags and cartons that list rating 
limits, device type, diagrams and competitive 
replacement right on the package. NTE quality 
parts are available from your local NTE distributor 
and come backed by our exclusive two-year 
warranty. Ask for your FREE NTE Replacement 
Master Guide and take off with NTE! 

NEW -TONE ELECTRONICS, INC. 
44 FARRAND STREET BLOOMFIELD, NEW JERSEY 07003 

(FORMERLY TCG) 
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(continued from page 28) 

480' 75tí Coanial Cable 
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0 - 40 
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To measure cable loss, subtract po,nl 8 from point A for each frequency used. 

Figure 6: To measure cable loss, subtract the signal level reading at point B from the 
reading at point A. 

channels should be received at ap- 
proximately the same level. Ab- 
normal levels could be caused by 
the converter, damage to the cable 
within the home, bad connectors 
or a problem in the cable system 
exterior to the home. 

Coaxial cable measurements 
One of the most common ap- 

plications of a signal level meter is 
to measure the signal loss through 
a length of coaxial cable (Figure 6). 
All coaxial cables attenuate the 
RF signal; the longer the cable, the 
greater the attenuation. Attenua- 
tion also depends on the RF fre- 
quency being carried by the cable. 
Attenuation increases as frequen- 
cy increases. If a band of frequen- 
cies is being carried by the cable, 
the high frequencies are attenu- 
ated more than the low frequen- 
cies, resulting in a non-linear fre- 
quency response. 

To measure signal loss of a 
length of coaxial cable, measure 
the signal level of each RF frequen- 
cy carried by the cable at the input 
and at the output. Subtract the dif- 
ference between the readings to 
obtain signal loss for each frequen- 
cy. Although the meter readings 
are in dBmV, the difference is in 
dB. 

Coaxial cable properties 
A coaxial cable has resistive, 

capacitive and inductive proper- 
ties. The capacitive and inductive 
properties give the cable its char- 
acteristic impedance, which is 7512 
for most coaxial cable used in TV 
RF applications. 

Attenuation is partially caused 
by the resistive property of the 
cable. Resistance is dependent 
primarily on the diameter of the 
center conductor and the conduc- 
tivity of the material - solid cop- 
per, stranded aluminum, etc. At- 
tenuation caused by resistance is 
directly proportional to the length 
of the cable, but is independent of 
frequency. 

Attenuation is also caused by 
one of the capacitive properties of 
the cable-dielectric loss or dielec- 
tric leakage. Dielectric loss is 
dependent primarily on the type of 
dielectric used - polyethylene, Tef- 
lon, foam, etc. Dielectric loss is 
proportional to the length of the 
cable and increases with frequen- 
cy, as in any capacitor. 

Standard 
attenuation characteristics 

The approximate attenuation for 
a given length of coaxial cable can 
be calculated. Tables of standard 
attenuation for various types of 
coaxial cables are available. These 
tables give the standard attenua- 
tion per 100 feet of cable at various 
frequencies. The standard atten- 
uation per 100 feet for some of the 
most common 7512 coaxial cables is 
listed in Table 1. A convenient rule 
to remember is that standard at- 
tenuation for RG -59/U coaxial 
cable is 6dB per 100 feet at chan- 
nel 13 (216MHz) at 25°C. 

In a coaxial cable, attenuation is 
proportional to the square root of 
the frequency. By this rule, the at- 
tenuation at channel 13 divided by 
the attenuation at channel 2 is pro- 

portional to the square root of the 
frequency at channel 13 (216MHz) 
divided by the frequency at chan- 
nel 2 (54MHz). 216MHz divided by 
54MHz equals 4, and the square 
root of 4 is 2. Therefore, the loss at 
channel 13 will be twice that at 
channel 2. If the loss is 24dB at 
channel 13, the loss will be 12dB at 
channel 2. This relationship holds 
true regardless of the type of coax- 
ial cable used, the length of the 
cable, or the temperature. 

Effect of temperature 
Changes in temperature greatly 

affect losses in a coaxial cable. 
Each 10°F variation in tempera- 
ture causes about 1 percent 
change in cable attenuation at all 
frequencies. For an outdoor cable 
where seasonal temperatures may 
vary from 100°F to 0°F, this 

ATTENUATION PER 100 FEET 

(Polyethylene dielectric) 

RG -111U RG -591U 
Frequency RG-6AIU RG-11A1U RG-59B/U 
50MHz 1.8dB 1.5dB 2.7dB 

100MHz 2.9dB 2.15dB 4.0dB 
200MHz 4.3dB 3.2dB 5.7dB 
400MHz 6.5dB 4.7dB 8.5dB 
800MHz 8.3dB 6.0dB 10.8dB 

Table 1. Standard attenuation of popular 
75Q coaxial cables. 

would cause a 10 percent change in 
attenuation. A 20dB loss at chan- 
nel 13 at 100°F becomes 18dB at 
0°F, and half that loss at Channel 
2 changes from 10dB to 9dB.. Not 
only does the signal level change, 
but the difference in signal level 
between high and low frequencies 
changes (not the ratio, but dif- 
ference in dB). In a CATV system 
with long cable and many cascaded 
amplifiers, temperature changes 
cause significant changes in per- 
formance so that temperature 
compensation is essential. Stan- 
dard attenuation tables list 
nominal attenuation at 25°C 
(77° F). 

Practical cable checks 
Because coaxial cable attenua- 

tion for any given length and type 
of coaxial cable, and at any given 
temperature, may be calculated, 
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the need for measurement with a 
signal level meter may be ques- 
tioned. The calculations apply, of 
course, only if there is no defect in 
the cable, and if the connectors are 
installed properly, etc. Almost any 
abnormal coaxial cable condition 
will result in higher than normal 
attenuation. Signal level measure- 
ments can confirm the condition of 
the cable, detect any abnormal 
condition and locate the cause. 
Some specific examples follow. 

Any damage to the cable such as 
a kink or flattened spot produces a 
change in the characteristic im- 
pedance at that point. This results 
in an impedance mismatch, stand- 
ing waves (high VSWR), and a 
lower than normal output level at 
the end of the cable. If water has 
penetrated the cable, the dielectric 
constant will change, perhaps 
drastically. Attenuation would 
become much higher than the cal- 
culated value. 

As previously explained, temper- 
ature affects attenuation. Mea- 
surements with a signal level 
meter can check the effectiveness 
of temperature compensation net- 
works. Corroded or improperly in- 
stalled connectors, broken stands 
in conductors and almost any 
other abnormal condition can be 
similarly identified and isolated 
with signal level measurements. 

30052 lead-in 
Many of the principles that apply 

to coaxial cables also apply to 30052 
lead-in. Losses are proportional to 

the length of the lead-in and are 
greater at higher frequencies. 
Signal level measurements should 
be made for all frequencies to be 
carried by the lead-in. Measure- 
ments may identify the need for 
low -loss lead-in, an RF amplifier, 
or a better antenna. Damaged 
lead-in will exhibit excessive at- 
tenuation. Remember to use a 
30051 to 752 matching transformer 
for all measurements. 

Amplifier gain measurement 
A signal level meter may be used 

to measure gain of an RF ampli- 
fier. To determine amplifier gain, 
measure the signal level of each 
RF frequency at the input and at 
the output of the amplifier. Sub- 
tract the difference between the 
readings to obtain the gain at each 
frequency. Although the meter 
readings are in dBmV, the dif- 
ference is in dB. 

Gain measurements are not al- 
ways required. If the signal level 
and frequency response at the out- 
put of an amplifier is satisfactory, 
there is probably no need to check 
gain. If either is abnormal, sep- 
arate checks of cable attenuation 
and amplifier gain (and the 
equalizer, if a separate unit) will 
isolate the defective item. Remem- 
ber to terminate each item into the 
proper impedance or high VSWR 
will cause measurement error. 

Equalization 
When RF signals are carried by 

cables, amplifiers must be used to 

LEVEL GAIN 

dßmV dB 
40 40 + 

30 + 30 

20 + 20 

10 +10 

FRE0-11. 

EAU ALIZED 
AMPLIFIER 

LEVEL 
dBmV 
+ 4e 

Figure 7: Amplifier gain may be determined by subtracting input level from output 
level at each frequency. 
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Regulate 
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New 
B&K-PRECISION 
isolated -variable 

AC power supplies 
do it all! 

These new AC supplies are designed to 
handle a wide range of engineering and ser- 
vice applications. With either supply you can: 

ISOLATE products under test from the 
power line. A must for safe testing of trans- 
formerless (hot chassis) equipment. 
REGULATE the voltage applied to the 
unit under test from 0-150 VAC. Perfect for 
stimulating "brown -outs" or over -voltage 
conditions. Also essential for supplying 
accurate input voltage to equipment being 
performance tested. 
EVALUATE how equipment will perform 
under varying input voltages. The 1655 also 
lets you measure power line leakage. 

Model 1655 $350 

Handles 3 
amps contin- 
uous; 4 amps 
intermittent 
Built-in leakage tester for OSHA, UL, 
CSA tests 
Soldering iron temperature control 
Dual isolated outputs 

Model 1653 $165 

Handles 2 amps continuous 
Large calibrated dual -scale meter 
Sturdy construction 
Compact size 

The 1655 and 1653 are available for 
immediate delivery at your local 
B&K-PRECISION distributor. For 
his name or additional information 
contact: 

OKPREC/S/0N. 

DYNASCAN 
CORPORATION 

6460 West Cortland Street 
Chicago, Illinois 60635.312/889-9087 

International Sales. 6460 W. Cortland St.. Chicago. IL 60635 
Canadian Sales: Atlas Electronics. Ontario 

South and Central American Sales 
Empire Exporters. Plainview. NY 11603 
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offset cable attenuation and re- 
store signals to a usable level. 
Typically, an amplifier is inserted 
in a CATV system (or any long 
coaxial cable installation) after 
each - 20dB of cable attenuation. 
Naturally, the amplifier gain in 
such a case should be + 20dB. 

As previously noted, cable atten- 
uation is non-linear; high frequen- 
cies are attenuated much more 
than low frequencies. Some sort of 
compensation must also be in- 
serted to restore the high -fre- 
quency signals to the same level as 
the low -frequency signals. This is 
known as cable equalization or 
simply, equalization. 

One method of including equali- 
zation is to use equalizing ampli- 
fiers (Figure 7). The gain of an 
equalizing amplifier is non-linear. 
In fact, its gain vs. frequency 
curve is the exact inverse of the 
cable attenuation curve; gain is 
highest at the highest frequency 
and lowest at the lowest frequen- 
cy. If all frequencies are applied to 
a coaxial cable at the same level, 
all frequencies at the output of the 
equalized amplifier should also be 
at the same level. 

A second method of including 
equalization is a separate equalizer 
at the output of an amplifier 
(Figure 8). In this case, the ampli- 
fier boosts all frequencies equally, 
then the equalizer attenuates the 

lower frequency signals to match 
the level of the highest frequency. 
Again, the frequency response 
curve of the equalizer should be 
the exact inverse of the cable at- 
tenuation frequency response 
curve. Adjustable equalizers may 
be adjusted to include compensa- 
tion for any non -linearity of the 
amplifier. 

Bridging amplifiers 
and isolation amplifiers 

Bridging amplifiers and isolation 
amplifiers are tested in the same 

manner as single output ampli- 
fiers. The only difference is that 
they should have two or more out- 
puts. Usually, all outputs should be 
at the same level, and all outputs 
should have the same frequency 
response. 

Antenna amplifiers 
Most of the same principles ap- 

ply to antenna amplifiers as other 
RF amplifiers, except equalization. 
An antenna amplifier can compen- 
sate for lead-in loss, but cannot 
compensate for a weak signal at 

Figure 8 
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Figure 8: Equalizer response curve 
should be the inverse of the cable at- 
tenuation frequency response curve. 

Figure 9: Measuring the effectiveness of 
a signal splitter. 
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Figure 10: Aiming of a TV or FM antenna 
may be optimized through the use of a 
signal level meter. 

Figure 11: During installation of a 
satellite TVRO antenna, a signal level 
meter is valuable to aim the antenna for 
the strongest signal, to measure carrier - 
to -noise ratio and to measure the level 
of terrestrial microwave interference. 
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Figure 11 
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LEVEL 
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(Vertical) 
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Considerations: 

Antenna Gain 
Terrestrial Microwave 
Interference 
Foliage 
Reflections 

the antenna. If a weak signal is 
amplified, signal level and noise 
are both increased by the same 
proportion, and a snowy picture 
results. 

Splitters 
Splitters are used to split a 

signal into two paths. The splitter 
must also match impedances so 
that the input and both outputs are 
equal impedances. A splitter is a 
passive device, and thus its output 
power is always less than its input 
power. A good splitter should pro- 
vide two equal level outputs, each 
of which is slightly less than half 
the input power (approximately 
- 3.5dB). Measuring the input and 
output signal levels with a signal 
level meter quickly verifies 

whether a signal splitter is good or 
defective (Figure 9). 

A defective splitter will not pro- 
vide the proper impedance match 
and output signal levels will be 
low, or output signal levels may be 
unequal. It is important that each 
leg of the splitter be terminated in 
its characteristic impedance. For 
example, a 7551 splitter must be 
terminated in 752; a 30051 splitter 
must be terminated in 3002. If a 
leg of a splitter is temporarily un- 
used, it should be terminated in a 
resistor. If there is no longer a 
need for the splitter, it should be 
removed to eliminate the half - 
power attenuation. 

Connectors and adapters 
Damaged, defective or improp- 

erly installed connectors or 
adapters are often a source of ab- 
normal signal loss. The amount of 
signal loss may be measured with a 
signal level meter. Good connec- 
tors and adapters should present 
less than 0.5dB insertion loss each. 
It is important to check loss at all 
frequencies of operation; losses 
tend to be higher as frequency in- 
creases. Some types of connectors 
present high insertion loss at UHF 
frequencies and are not suitable. 
Be sure the type of connector used 
is suitable for the application; 
check this by installing one of the 
connectors on a short piece of test 
cable and measuring insertion loss. 

Connectors and adapters are 
normally part of a coaxial cable 
when it is checked. If an abnormal 
signal level is indicated, a tech- 
nique is needed to determine 
whether the connectors, adapters 
or the cable is defective. A close 
visual inspection of connectors and 
adapters will often reveal damage 
or improper installation. Adapters 
are usually readily substituted 
with a new one and the measure- 
ment repeated. To isolate between 
cable and connectors, it may be 
necessary to replace the connec- 
tors, one at a time. Measurements 
should be repeated after each con- 
nector is replaced until the defec- 
tive item is identified. 

Antenna installation 
and servicing 

A signal level meter is useful for 
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the proper installation and servic- 
ing of TV and FM antennas. Read- 
ings from a signal level meter help 
optimize antenna aiming (Figure 
10). Meter readings, rather than 
imprecise and subjective picture 
quality judgment, become the cri- 
teria for optimum aiming. When 
several channels are to be re- 
ceived, the best compromise be- 
tween equal signal levels and 
highest signal levels should be 
selected. 

Measurements made at the 
antenna should be repeated at the 
input to the TV set to note the ef- 
fect of lead-in attenuation. Note 
specifically signal levels at the 
highest frequencies used, because 
the highest frequencies will be 
more sharply attenuated. A need 
for low -loss lead-in, an antenna 
amplifier, or another method of 
improving signal level may be in- 
dicated. 

Signal level readings can demon- 
strate the effectiveness of differ- 
ent antenna designs at the fre- 
quencies to be received. Signal 
level readings can also check the 
effectiveness of stacking anten- 
nas, or whether increasing anten- 
na height will offset the lead-in 
loss sufficiently to improve picture 
quality. 

Most of the tests and procedures 
mentioned for antenna installation 
also apply to antenna servicing 
and troubleshooting. A signal level 
meter will isolate the cause of poor 
performance, whether it is from 
damaged lead-in, corroded connec- 
tions or broken antenna elements. 

Satellite antenna applications 
A signal level meter is indispen- 

sable for site selection, installation 
and servicing of satellite TV 
antennas (Figure 11). For exam- 
ple, it is obvious that a signal level 
meter would be used to aim a satel- 
lite antenna for strongest signal 
reception, both in elevation (ver- 
tical plane) and azimuth (hori- 
zontal plane). Other important 
uses for a signal level meter in- 
clude confirmation of adequate 
signal level, carrier -to -noise ratio 
measurement and measurement of 
terrestrial microwave interfer- 
ence. 

Antenna gain, C/N ratio 
Absolute signal levels are not as 

important as carrier -to -noise (C/N) 
ratio for good reception. Antenna 
gain and antenna aiming will af- 
fect both. Of course, the absolute 
signal level must be high enough to 
overcome cable losses and still pro- 
vide adequate signal at the TV set, 
so at least + 20dBmV at the satel- 
lite receiver is desirable. 

Signal level measurements are 
made at the 70MHz IF port of the 
satellite receiver, with the signal 
level meter tuned to 70MHz. The 
satellite receiver is tuned to the 
frequency of a transponder located 
on the satellite. The meter reading 
is peaked by the tuning controls on 
the signal level meter. The anten- 
na is aimed for peak signal. The 
satellite receiver is then tuned to 
the operating frequency of each 
additional transponder. Meter 
readings may be repeaked for each 
operating frequency. Absolute 
signal levels may be measured 
with AGC enabled. 

To measure C/N ratio, AGC 
must be disabled. Otherwise, mea- 
sure carrier level as described 
above for absolute signal level. 
Carrier levels may be somewhat 
unstable and may vary somewhat 
from transponder to transponder. 
After measuring carrier level, 
point the antenna to where no 
signal is present and measure 
noise level at each transponder 
frequency. For each frequency, 
subtract the noise level from the 
carrier level. The resulting figure 

is the C/N ratio, which should be 8 
to 15dB (minimum 8dB for satis- 
factory reception). 

Terrestrial 
microwave interference 

Terrestrial point-to-point micro- 
wave is the most common source 
of interference to satellite re- 
ceivers. Satellite -to -ground tele- 
vision operates in the 3.7 to 
4.2GHz frequency range. Terres- 
trial point-to-point microwave 
operates in the same frequency 
range, but the carrier frequencies 
are offset 10MHz. When the satel- 
lite receiver has down -converted 
to 70MHz, any interference from 
terrestrial microwave will appear 
at 60MHz or 80MHz (or both). Be- 
cause terrestrial microwave car- 
riers travel much shorter distances 
than satellite -to -earth signals, 
they are much stronger and can 
cause interference even if the 
satellite antenna is not pointed at 
the source of interference. 

Site selection for a satellite 
antenna should include (C/I) 
carrier -to -interference ratio mea- 
surements. These measurements 
may be made with a collapsible 
dish antenna before the actual 
antenna installation. The signal 
level of interference at 60MHz and 
80MHz should be at least 12dB 
below the carrier signal at 70MHz 
for all operating channels. It is 
often possible to locate the direc- 
tion of interference by swinging 
around the antenna, or just its 
feedhorn assembly. Steps can then 
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Figure 12: One step in the troubleshooting of video equipment is to check the output 
of the RF modulator. 
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be taken to locate the antenna to 
shield it from interference. All 
levels should be rechecked if a new 
location is chosen. Although build- 
ings and foliage will block un- 
wanted signals, they can also re- 
flect them. Also, remember the 
seasonal change that can occur 
from foliage changes. Foliage that 
blocks unwanted signals in the 
summer may let them pass in the 
winter. The opposite can also oc- 
cur. Summer foliage can cause re- 
flections, and thus interference, 
that was not present when the 
system was installed in the winter 
months. 

Other applications 
Signal level meters have many 

other applications. Almost any- 
where that RF signals of 50MHz to 
450MHz (plus 470MHz to 810MHz 
for model 430) are used, the signal 
level meter may be used. 

Many devices, such as VCRs, 
videodisc players, video games and 
home computers, include an RF 
modulator that permits the output 
to be fed into a TV set. Typically, 
these RF modulators provide a 
video modulated RF carrier on the 
Channel 3 or Channel 4 frequency. 
A signal level meter is useful for 
checking the RF modulator of such 
devices (Figure 12). Output level is 
usually not critical, but at least 
OdBmV is needed for satisfactory 
picture quality. 

The frequency bands of the sig- 
nal level meters include frequen- 
cies used for amateur radio, avia- 
tion, land -mobile communications 
and radio navigation and may be 
used in such applications. Of 
course, the instrument's primary 
application is with video frequen- 
cies of 6MHz bandwidth, and some 
of its design characteristics reflect 
that application. When the instru- 
ment is used in non -video applica- 
tions, the user should have a good 
understanding of the instrument's 
characteristics and the normal 
signal characteristics of the equip- 
ment under test. Such characteris- 
tics would include bandwidth, type 
of modulation, adjacent channel 
assignments, and the specific fre- 
quency assignment of the equip- 
ment under test. am, 
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Today's Research 
Brings 

Tomorrow's Cures 

Research-unceasing, ever 
hopeful research-based on 
patient care and basic science is 

the only way to combat the cata- 
strophic diseases of childhood. 

St. Jude Children's Research 
Hospital is a national resource 
not just for today, but for 
tomorrow. Children come to St. 
Jude to receive the best avail- 
able care, whether for leukemia, other childhood cancers, °°r one 
of the rare childhood diseases being studied here. 

St. Jude Hospital continues its search so tomorrow's children can 
live. St. Jude offers hope to all children, everywhere, regardless of 
race, religion or financial condition. 

Please send your tax-deductible check or request for informa- 
tion to St. Jude, 505 N. Parkway, Box 
3704, Memphis,TN 38103. 

Danny Thomas, Founder 

ST JUDE CHILDREN'S 
RESEARCH HOSPITAL 
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Continuin 
discussi 

By Sam Wilson, ISCET test director, NESDA technical 
ublications director 

So far in this series you have 
learned that it gets into the elec- 
trical and electronic equations 
because sinusoidal waveforms can 
be considered to be rotating 
phasors. The position of the 
rotating phasor at any one time is 
directly related to its angular 
velocity (w), and the elapsed time. 

Always keep in mind that most 
of the equations in linear ac elec- 
tronics are based on sinusoidal 
waveforms, but that does not place 
any serious limit on applications. 
By a relatively complicated mathe- 
matical process, it can be shown 
that any waveform, no matter how 
complex, can be considered to be 
made up of combinations of pure 
sine waves. In other words, the 
sine wave is the basis for all ac 
waveforms. 

Every sinusoidal voltage and 
current waveform can be repre- 
sented in the following form: 

y = VM Sin wt ± 
and 

i = IM Sin wt t 
In these equations is a phase 
angle, which permits the wave- 
form to be shifted to the right or 
left on the time axis. 

Note the angular velocity (w) in 
these equations. It is actually equal 
to 2irf. The fact that it is included 
makes this discussion pertinent. 

Before proceeding with the use 
of it in XL and XX, it is important to 
review a basic rule in mathe- 
matics. When two things are di- 
rectly proportional, it means that 
whenever one increases, the other 

also increases. If they are inverse- 
ly proportional, one increases 
when the other one decreases. In 
mathematics if you want to say 
that A is proportional you write it 
as follows: 

Whenever two things are propor- 
tional, they can be made equal by 
introducing the proper constant of 
proportionality. In the case of A 
and B just described, A can be 
made equal to B in the following 
manner: 

A = kB 

where k is the constant of propor- 
tionality. 

A good example of this mathe- 
matical rule is used when you 
relate the amount of money you 
earn each week to the amount of 
time that you work. Let M equal 
the money and T equal the time, 
you would say that M is propor- 
tional to T: 

M « T 

According to the mathematical 
rule just described, this can be 
written as an equation with an 
equal sign when a constant of pro- 
portionality (k) is introduced. This 
is shown as: 

M=kT" 

If you have ever worked, you 
certainly recognize that k must be 
the number of dollars per hour or 

dollars for some period of time. 
The amount of money you make is 
equal to the dollars per hour times 
the number of hours that you 
work. Even if you had not guessed 
it, you could find the relationship 
of k simply by solving for k in the 
equation. This gives the following 
results: 

k = M/T 

In other words, the constant of 
proportionality involves the 
amount of money divided by time. 
With the above rule in mind, it is 
now possible to show why it is in- 
volved in the calculation of induc- 
tive reactance and capacitive reac- 
tance. 

It is important to note that this 
is an informal representation of the 
mathematics. A mathematics pur- 
ist will find this approach objec- 
tionable. Normally, equations for 
XL and X, are obtained by using in- 
tegral calculus. Many readers may 
be unfamiliar with integral 
calculus so another technique will 
be used to explain the need for ir. 

A look at XL 
XL is defined as the opposition 

that an inductor offers to the flow 
of alternating current. The most 
simple experiments in basic elec- 
tricity will show that the amount 
of opposition (XL) is directly pro- 
portional to the frequency and the 
inductance. If you increase either 
the inductance or the frequency of 
the sinusoidal waveform, the in- 
ductive reactance will increase. 
Write that as a simple relationship 
based on proportions: 

This proportion can be changed 
to an equation if the value of k can 
be determined: 

X, = kfL 

therefore 

k = XL/fL 

Experimentally measuring the 
value of XL at several various fre- 
quencies would reveal that k is 
slightly greater than 6. Given a set 
of ideal conditions, it might be 
shown to be 6.28 + . Mathematical- 
ly, it can be demonstrated that k is 
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in fact equal to 21-. Referring back 
to the phasor notation discussed 
previously (ES&T December 1983) 
this makes sense, because the 
angular velocity of the phasor is 
two times the frequency (24rf). 
Thus k has been calculated and we 
can write: 

This is no different than the pro- 
cedure used for finding k to be 
equal to dollars per hour in the 
previous example. 

A similar example occurs with 
the simple ohms law. Experiment- 
ing with a simple do circuit, you 
quickly learn that the amount of 
current (I) is directly equal to the 
applied voltage (V). 

V«I 
or, 

V=kI 
Solving for k, 

k = V/I 

You can define k as being the 
amount of resistance (R) in a 1V, 
lA circuit: 

V = IR 

You cannot argue with this pro- 
cedure if you take the time to set 
up a simple experiment to test the 
relationship between the angular 
frequency and the inductance in a 
simple inductive circuit. Pure 
mathematicians will find this ap- 
proach objectionable. 

Looking at X, 
A simple experiment with a 

capacitor will show that the op- 
position of the capacitor offers to 
the flow of alternating current de- 
creases as the angular velocity in- 
creases. In other words, the 
capacitive reactance (Xe) is in- 
versely proportional to the angular 
velocity. Likewise, increasing the 
capacitance decreases the opposi- 
tion to alternating current flow. 
Therefore, capacitance, like the 
angular velocity, is inversely 

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 
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proportional to capacitor reac- 
tance. This can be written as a sim- 
ple relationship: 

Xc oc 1/fC 

This proportional relationship can 
be written as an equation by intro- 
ducing the constant of propor- 
tionality. 

X, = (k) 1/fC 

By proceeding as in the case of in- 
ductance it can be determined that 
k = 1/27: and that therefore 

X, = 1/27rfC 

Again, it is normal practice to 
use integral calculus to derive the 
equation for just as it is nor- 
mally used for XL. However, we 
are able to proceed with the proof 
given here simply because the 
units have already been defined, 
and we are merely attaching a 
physical meaning to 
these units. 

TECHNICIANS USE PRIMEFAX 
BECAUSE IT WORKS. 

Primefax the computer -assisted television repair system. 
Now, more than a year of field experience is proof that Primefax 
works. And with this experience, the Primefax system has been 
improved. The Primefax data base has doubled. A printed copy 
of failure histories puts the information where you need it. Use,. 
the Primefax computer terminal or use your own. The Primefax 
system has been tested by major national television manufacturer 
repair services. 

Primefax ...a management tool 
for productivity... the only way Primefa to increase profits today. 

In Texas. (512) 344-5999 Elsewhere, 1-800-531-5953 
4825 Fredericksburg Road San Antonio, TX 78229 
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: 

An introduction to 

dïgita 
Although digital logic gates have 

been around for years, many 
technicians are not as proficient 
with them as they should be. Some 
never really were very interested 
in logic gates, and others have 
forgotten about them because of a 
lack of use. And, of course, logic 
gates have evolved, leaving tech- 
nicians with a need for an update. 

This article presents a direct and 
simple overview of the basic digital 
logic gates. The service technician 
will find it an easy way to review 
his electronic skills in the digital 
area. 

Actually, this is a good time in 
electronics technology for service 
technicians to study logic gates, 
because some of the older logic 
gate families, such as resistor 
transistor logic (RTL), and diode 
transistor logic (DTL), have 
become obsolete and no longer re- 
quire coverage, thus reducing the 
amount of effort needed. 

Just switches 
Although modern logic gates 

come in a wide variety of types 
with many different names, they 
are all just switches. Even though 
you may find gates with such 
names as "buffers" or "inverters," 
they are still only switches. 

Basically, these switches come in 
two main types, as shown in the 
electrical switch circuit 
equivalents in Figure lA and 1B. 
A third, more specialized variation 
is shown in Figure 1C. Figure lA 
is a switch with its output in a 
single -pole, double -throw con- 
figuration. It has two possible out- 
puts (tied to the positive power 

By Bernard Daien 

Vc + 

o 

Totem pofe" output gate 

1A 

Vc 

Output 

Output 

Three state"output gate 

1B 

o 

Load 

Output 

Uncomitted"output gate 

1C 

Figure 1. Equivalent circuits help to 
visualize how logic circuit elements 
operate. 

1 0 
supply voltage, or ground). It is a 
complementary symmetry circuit, 
or a variation of it, known as a 
"Totem Pole." 

Figure 1B is a switch with its 
output in a single -pole, triple - 
throw configuration. It is similar to 
the circuit in Figure 1A, except it 
has the added capability to also ex- 
hibit an open -circuit state, in 
which the output is connected 
neither to plus, nor to ground-but 
is simply connected to nothing. 
Logic gates using this circuit are 
called "three -state logic." 

Figure 1C is a single -pole, 
double -throw output circuit, with 
one output position going to 
ground, and the other being essen- 
tially an open circuit. This con- 
figuration is known as the uncom- 
mitted configuration, because the 
output is not always committed to 
plus or to ground, but can be wired 
up to plus via an external load. 

Most logic gates are strictly 
signal -handling circuits, not 
power -switching circuits. They 
come in many combinations, and 
are therefore in many ways similar 
to the older manual or solenoid - 
operated, rotary- and slide -type 
switches. Such switches came in a 
wide variety of configurations, 
with one or more wafers or decks. 
The more popular types were 
readily available, while less 
popular types were available on 
order, or could be assembled from 
kits. Of course they were bulky, 
costly, required mechanical actua- 
tion, and were slow. Modern com- 
puters, which required extremely 
fast, small, light, and inexpensive 
switches, sparked the evolution of 
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gic gates 
Input Output 

BUFFER 

In- Out- 
put put 
Hi Hi 

Lo Lo 

Bubble" indicates 
inversion at output 

In- Out - 
Input P7 Output put put 

Hi Lo 

Lo Hi 
INVERTER 

In- Con- Out- Control input 
put trol put /(enable, disable 
Hi Hi Hi d 

Input Output 
Lo Hi Lo 

Hi Lo Z 

Lo Lo Z THREE STATE BUFFER 

In- Con- Out- Control input 
put trol put /(enable,disable) 
Hi Hi Lo Input / Output 

Lo Hi Hi 

Hi Lo Z 
THREE STATE INVERTER 

Lo Lo Z 

Note: "Z" in table indicates high impedance state. 

Figure 2. Some common logic device symbols and their input-output tables. 

integrated circuit logic switches 
(gates). Nevertheless, the logic 
"gate" is still only a solid-state 
"switch" with a new name. 

Some symbols 
Figure 2 illustrates some com- 

mon logic gate symbols, along with 
their names. It should be noted 
that even though one of the cir- 
cuits is labeled a "buffer," it is not a 
linear amplifier. The output of the 
buffer is in phase with its outputs. 
It is true that a switch can have ap- 
preciable gain; in this case, current 
gain (which also implies power 
gain). In digital systems, the input 
and output voltage levels are 
essentially the same, so only the 
current handling ability changes. 
Most logic gates require a relative- 
ly small input current to yield a 
higher output current. In that 
sense, the buffer is an amplifier, 
but so is the common magnetic 
relay. 

The "inverter" works the same 
way, except that the output is out 
of phase with the input. 
Remember, digital logic has only 
two input states: "high" and "low" 
(also known respectively as "one" 
and "zero", or "true" and "false"). 
When the input state and the out- 
put state of a logic gate are op- 
posite, the gate is said to have "in- 
version." (Inversion is frequently 
combined with other functions.) 

Figure 2 also shows the standard 
symbol (indicating the input and 
output terminals) as used with dif- 
ferential amplifiers, operational 
amplifiers, inverters, buffers, and 
other similar devices, both analog 
and digital. The use of the little cir- 
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Most manufacturers do not even offer a single buffer or inverter in a package. 
The standard package is the hex package, with the resulting mass production 

bringing the cost down... 

de indicates an inversion. It 
should be noted that inversion may 
occur at the input or output of a 
logic gate, but with the multi -input 
logic gates to be examined later, 
this makes a difference. You can- 
not interchange the inversion sym- 
bol from input to output, on multi - 
input logic gates, without causing 
some significant changes in circuit 
logic operation. (In the case of a 
single input inverter, it does not 
make any difference.) This fact 
should be noted and remembered. 
Similarly, you cannot substitute 
one IC for another if the little in- 
version circles are not in the same 
place (at the input, or the output) 
on the schematic symbol, and the 
IC. 

Next to the symbol for the buf- 
fer, and for the inverter, is a table, 
showing the state of the output 
for each input state. A correspond- 
ing table is also shown for the 
3 -state logic symbols. 

The 3 -state logic integrated logic 
gates have a single output ter- 
minal, and in the single input logic 
gates shown in Figure 2, only one 
signal input. They also have 
another input, sometimes called a 
"control" input, which controls 
whether the output is in the active 
state (a "high" or "low" condition), 
or in the inactive state. The inac- 
tive state is a high -impedance con- 
dition (an open circuit, connected 
to nothing). The corresponding 
table of inputs vs. outputs clearly 
shows this. ,The control input is 
sometimes labeled "disable," or 
"enable," since it is used to enable 
or disable the output, i.e., change 
from the active to an inactive 
state. 

The control input may cause the 
output to be inactive when control 
is "high," or, depending on the par- 
ticular type of IC used, the control 
input may have to be in the low 
state. There is no standardization 
of this particular function so do 
not assume that all 3 -state logic 
circuits will have the input -vs. 
-output table as shown in Figure 2. 
Always examine the data sheet for 
the logic gate you are interested 
in to be sure. 

More gates 
Just as the simple mechanical 

switch can be assembled into 
multi -switch combinations, the 
solid-state logic gate can be com- 
bined. It is these more complex 
gates that offer the greatest ad- 
vantages in size, weight and cost 
reductions. It is simple to put six 
gates into a single package, or to 
combine gates internally to pro- 
vide a single gate with many in- 
puts. Alternatively, you can buy a 
single IC package with several 
gates, each with several inputs. 

The combinations are limited 
mainly by the number of pins 
available for use as inputs and out- 
puts. If you stick to the lower cost 
packages, which have 14 pins in a 
standard dual -in -line package, a 
single gate requires one pin for 
output, one for ground, and one 
for power input, leaving 11 pins 
available as inputs. At the other 
extreme, with six buffers, you 
have six outputs, six inputs, one 
ground, and one common power 
input, totaling 14 pins. Alter- 
natively, if you so desired, you 
could buy a package with two logic 
gates. You would then have two 
outputs, one ground pin and one 
power input pin, for a total of four. 
That would leave 10 pins available 
for inputs, or five pins per logic 
gate. Thus, you could have two 
5 -input logic gates in the 14 -pin 
package. Actually, logic gates 
often come in duals (two per 
package), quads (four per package) 
and hexes (six per package), 
depending on the number of in- 
puts. (It should be noted that many 
manufacturers also put out a low- 
cost, 16 -pin package.) 

The cost is not proportional to 
the number of gates; six gates in 
one package cost little more than 
one gate in a package. As a matter 
of fact, this is so self-evident that 
most manufacturers do not even 
offer a single buffer or inverter in a 
package. The standard package is 
the hex package, with the 
resulting mass production bring- 
ing the cost down still further. 
Simply use the number of in- 
verters or buffers you need, and 

ignore the rest. It should be noted, 
however, that it is bad practice to 
leave a logic gate with an open, or 
"floating" input. Unused inputs are 
always tied up to plus or down to 
ground, as the circuit permits. If 
connecting an unused input to the 
plus side of the power supply, it is 
considered desirable to put a 
100012 resistor in series with the 
connection. (Sometimes two un- 
used inputs are tied up to plus 
through a common resistor.) If you 
see such resistors in a logic circuit, 
you now know why they are there. 

The buffer is widely used. One 
application is to increse "fanout." 
Fanout is the number of logic 
gates that can be driven by a single 
logic gate. If one logic gate can 
drive the inputs of 20 other logic 
gates, the fanout is said to be 20. 
Stated another way, the logic gate 
output can handle a total load of 20 
other logic gates, and drive them 
all simultaneously. If you wanted 
to drive more than 20 other logic 
gates, you could use 19 logic gates 
and one buffer. The output of the 
buffer, in turn, could drive another 
20 logic gates, for a total of 39 
logic gates. Thus, buffers offer the 
capability of increasing fanout 
tremendously. 

Often a 3 -state buffer is used, in 
which case the control input on the 
3 -state buffer gives extra flexibili- 
ty in isolating circuits. This is par- 
ticularly useful in computers that 
use a bi-directional bus (a common 
practice). Of course, the inverter 
fills an obvious need, which does 
not require elaboration. 

There are many other needs that 
cannot be filled with inverters or 
buffers. Figure 3A shows an 
AND gate symbol, its switch 
equivalent circuit, and the input - 
vs. -output table. It is called an 
AND gate because it must have all 
inputs high to get a high output 
(i.e., input A AND input B must be 
high). With a four input AND gate 
it would need to have input A, 
AND input B, AND input C, AND 
input D, all high to get a high - 
output state. AND gates are 
available with a built-in inverter on 
the output and are then called 
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NAND gates. Figure 3B shows the 
NAND gate symbol and its in- 
put/output table. 

Figure 4A shows an OR gate 
symbol, its switch equivalent, and 
the input/output table. It is called 
an OR gate because input A, OR 
input B must be high in order for 
the output to go high. If it were a 
four -input OR gate, input A, OR 
input B, OR input C, OR input D 
would have to go high in order for 
the output to go high. 

Figure 4B shows the NOR gate 
symbol, and its input/output table. 
The NOR gate is an OR gate with 
an inverter on the output. 
As you can see, AND or OR 

gates are simply a number of 
switches connected in the series, or 
parallel configuration. The invert- 
ing function permits more flexibili- 
ty, giving us the equivalent of nor- 
mally open, or normally closed 

A 

Inputs 
B 

AND 

Output 
VC 

A 

B 

+ 

GATE 

Out- 
A B put 
Lo Lo Lo O 4 - 

Output 
o Lo Hi Lo 

Hi Lo Lo 
_o I 
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Input/Output switch circuit 

Table 

3A 

A 

Inputs 
B 

NAND GATE 

Output 

Out - 
A B put 
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Lo Hi Lo 

Hi Lo Lo 

Hi Hi Lo 

Input/Output 
Table 

3B 

Figure 3. AND and NAND gates are multiple input, single output devices. All inputs 
must be "true" to generate an output. NAND gates provide inversion at the output. 
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2SC867A ..$3.50 D 731 $1.50 
2SD870 ...$4.75 790 $1.50 
2SD871 ...$5.50 D 793 $1.95 
AN5210 ...$6.50 D 809 $2.40 
AN5310 ...$3.95 D 819 $2.25 D 
AN5320 ...$3.25 820 $2.25 
AN5435 ...$2.95 D 848 $2.95 
LM1818 ...$3.25 31175 $2.25 

GENERAL 

OPTIMA ELECTRONICS 
2022 Tigertail Blvd., Dania, FL 33004 

Phone (305) 920.3550 TOLL FREE: 1.800.327.0224 
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Logic gates can be used for other low power applications...uses are limited 
only by your imagination. 

contacts. Because digital logic cir- 
cuits require only two states, high 
or low, simple switches fulfill the 
requirements. Logic gates can be 
used for other low power applica- 
tions, such as alarm systems. As a 

matter of fact, their uses are 
limited only by your imagination. 

Figure 5 is the circuit of a simple 
security alarm system using a 
single multi -input NOR gate, and a 
small relay (using a coil operating 

4A 

Inputs 
A 

B 

OR GATE 

Output vc+ 

El 
Out- 

A B put 
Lo Lo Lo Output 

Lo Hi Hi 

Hi Lo Hi Equivalent 
Hi Hi Hi switch circuit 

Input/Output Table 

with a few milliamperes of cur- 
rent) with a normally closed single 
contact output. If an open circuit 
occurs in any of the input lines (it 
becomes ungrounded) the output of 
the NOR gate goes low, the relay 

Inputs 

A 

Lo 

Lo 

Hi 

Hi 

A 

B 

NOR GATE 

B 

Lo 

Hi 

Lo 

Hi 

Output 

Out- 
put 
Hi 

Lo 

Lo 

Lo 

4B 
Input/Output Table 

Figure 4. OR and NOR gates are also multiple -input, single -output devices. A signal at any input results in an output. A NOR gate 
provides inversion at the output. 

+5V 

5k NOR GATE 

Remote sensor 
switches 

Normally 
closed relay 
with low current 

coil 

To alarm 
gong 

Battery 
(or other non -interruptible 

power source) 

Figure 5. A NOR gate with a few other components forms the basis of an alarm system. 
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coil is de -energized, and the relay 
contact closes, setting off the 
alarm. The alarm should have its 
own source of power, such as a 
battery, to prevent disabling the 
alarm by opening a circuit breaker 
at the breaker box. The logic gate 
circuitry cannot be so disabled, 
because loss of power to the NOR 
gate will cause the relay contact to 
close. This circuit is shown to il- 
lustrate how a single logic gate, 
with a few resistors, can replace 
several conventional relays with 
increased reliability and reduced 
cost, size and weight, in practical 
applications involving signal level 
logic. In this case the logic con- 
sisted of several possible inputs 
from sensors, with the alarm 
sounding if one or more of the in- 
puts is open circuited, or if the 
power is interrupted. 

Logic gate families 
There are several families of 

logic gates, but the vast majority 
of applications are handled by only 
two families, TTL (transistor - 
transistor logic), and CMOS (com- 
plementary metal oxide semicon- 
ductor). TTL circuits are made 
with silicon bipolar transistors. 
CMOS circuits are made with 
silicon field effect transistors (in 
the complementary symmetry con - 
(figuration) using pairs with an N 
channel and a P channel FET. 

There are some significant dif- 
ferences in these two families. 
TTL logic runs on a regulated 
+ 5V single power supply. CMOS 
runs on either a single supply of 
4V to 18V, or a dual or "split" 
power source of ± 2 to ± 9V, with 
less regulation than TTL. (CMOS 
has less need for voltage regula- 
tion than TTL). Normally, TTL re- 
quires that the voltage be 
regulated to plus or minus a 
quarter of a volt with low ripple, 
while CMOS tolerates poorer regu- 
lation and higher ripple without ill 
effects. Although TTL and CMOS 
are different, the logic symbols are 
the same, which can be quite con- 
fusing. The tip-off on a schematic 
can be found in the power source. 
If it has a regulated + 5V source, it 

is probably TTL. If it has other 
than a + 5V supply or two supplies, 
(+ and -) it is CMOS. This is im- 
portant, because the signal levels 
(input and output) can be quite dif- 
ferent with TTL or CMOS, as you 

The 
Professionals' 
Choice 

l._ln 
1,_I s After a final 

visual inspection tuners 
are packaged to protect 
against damage during 
shipping. Identification 
codes are checked and 
fully rebuilt tuners are 
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anc air test performance. 

C,. 1 U Tuners are 
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cycling, retested and 2 it 
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will see shortly. 
Figure 6 is a table comparing the 

input and output signal levels for 
TTL and CMOS. Note that the 
TTL signal levels are fixed, 
because TTL operates off a fixed 
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These digital devices are now being incorporated into automobiles, consumer 
electronics, industrial electronics and more. 

power source, while CMOS signal 
levels depend on the voltage of the 
power source. As a matter of fact, 
the voltage required to switch a 
CMOS circuit is approximately 
half of the supply voltage, with a 
recommended "forbidden zone." 
Thus, if the supply voltage is 
+ 10V, the switching point would 
be about + 5V. But to be sure that 
clean switching occurs, the high 
state input voltage would be 7V, 
and the low input state would be 
3V, leaving a forbidden zone of 4V 
(from 7V to 3V). Signal inputs 
from 7V up to the supply voltage 
of 10V are allowable for a "high" 
input. Low signal inputs can be 
from 3V down to zero. Inputs 
greater than the supply voltage or 
less than zero (ground), such as a 
negative input, are not permissible 
and may damage the CMOS IC. If 
the supply voltage is increased or 
decreased, the input required to 
cause switching will also change, 
since switching occurs at about 50 
percent of the applied supply 
voltage when a single supply is 
used. 

When two supplies are used, say 
± 6V, the input switching occurs 
at zero volts (the half voltage plus 
the forbidden zone). Thus, for 
balanced dual supplies, an input 
greater than a few volts plus is a 
high, while an input less than a few 
volts minus is a low. Note in this 
case that the input can go negative 
without damage, since the 
negative supply voltage is - 6V. 
The maximum input signal in this 
case would be up to + 6V and down 
to - 6V. The rule is, With CMOS, 
the input voltage cannot exceed the 
most positive supply voltage, nor be 
less than the most negative supply 
voltage. (This is important because 
CMOS inputs can be damaged 
more easily than TTL.) Another 
rule, when using a single supply 
with CMOS, is that the recom- 
mended high input should be 70 
percent or more of the supply 
voltage, and that the recom- 
mended low input should be 30 
percent or less of the supply 
voltage (but never greater than 
the power supply source). 

Parameter Logic Family 

TTL "B" CMOS 

"High" Input, 
(minimum) 2.0V 

70% of 
supply 
voltage 

"Low" Input 
(maximum) 0.8V 

30% of 
supply 
voltage 

Figure 6. Input signals for TTL are fixed, while signals for CMOS vary, depending on 
power source voltage. 

Other families of logic are in use, 
such as ECL (Emitter Coupled 
Logic), etc., but they are not used 
as widely as TTL or CMOS. 

Now that you know about the in- 
put signals, you should be inter- 
ested in some of the other facts 
about TTL and CMOS, so here are 
some of the more important ones. 
An ordinary TTL gate operates up 
to about a 20MHz rate, while 
CMOS is slower, running at 
10MHz. TTL gates have about 
10mW of power dissipation, while 
CMOS has only 0.01mW of dissipa- 
tion, when operating at a low fre- 
quency. (The dissipation increases 
rapidly at high frequency due to in- 
creased current drain.) Neverthe- 
less, reduced power drain is prob- 
ably one of the chief advantages of 
CMOS. TTL has a typical fanout of 
10 logic gates, while CMOS has a 
fanout of 50. This is because 
CMOS consists of FETs, which 
have a high input impedance 
(negligible input current) and 
therefore impose a light load on 
the driver. 

Looking at output characteris- 
tics, TTL typically puts out 3.25V 
in the high state, and 0.3V in the 
low state. In the high state, the 
output current (source current) is 
about 8mA per gate. In the low 
state, the gate will accept (sink) 
10mA from the load. CMOS, with 
the rather low supply voltage of 
5V (so that a comparison to TTL 
can be made), has the following 
output characteristics: High output 
voltage is 4.9V, low output voltage 
is 0.1V. High -state output current 
(source) is about 200µA, while low 
state current (sink) is about 
500µA. As you can see, CMOS is 
low -current logic, which explains 
the low -power dissipation. 
Because we are supposed to use 
logic gates for signal handling, the 
low power handling ability of 
CMOS is usually no problem, and 
when you consider the large 
number of gates in digital systems, 
the reduction in power dissipation 
affords a great advantage in terms 
of reducing the size, weight and 
cost of the power supply required 
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by the system. 
To sum up, TTL is faster than 

CMOS and handles more current. 
It also uses more power. CMOS is 
slower than TTL, uses less power, 
and has a larger output voltage 
swing at the same supply voltage. 
It also has a greater fanout. 

A discussion on TTL and CMOS 
characteristics should include the 
information that while CMOS is 
generally available in two types: 
"A", (which is largely obsolete) and 
the newer "B" version, (both 
available in several operating 
temperature ranges), TTL is 
available in several types. TTL 
comes in low power and high speed 
versions. (The low power version is 
slower, while the high speed ver- 
sion uses more current.) In addi- 
tion, TTL comes in a variety of 
temperature rated ranges: com- 
mercial, industrial and military. 
TTL has a wider variety of types 
to choose from because it is an 
older technology than CMOS, but 
in either case be careful about the 
type of logic gate you use. Usually 
the markings, along with the 
manufacturer's data sheet, will 
give you the needed information. 

In any event, some data sheets 
or a data book put out by one of the 
logic gate manufacturers will aid 
in learning about the various 
technical terms applicable to logic 
gates. A discussion of data sheets 
and definitions brings up the sub- 
ject of truth tables. The data sheet 
for a digital logic IC, along with 
the truth table, enables a techni- 
cian to get all the working infor- 
mation needed in order to under- 
stand and use the device. 

Several truth tables were 
presented earlier in this article, 
labeled "Input -vs. -Output Table." 
The truth table is simply a table 
that shows the output or outputs 
of the device, resulting from each 
combination of the inputs. As you 
now know, this is fairly straight- 
forward, requiring only the 
amount of care that would be re- 
quired in using any kind of table 
with several variables. (Some 
truth tables use "True" or "1" in- 
stead of "High," and "False" or "0" 

instead of "Low." 
Of course the truth table really 

becomes essential when you have a 
device with a great many inputs 
and more than one output. In such 
cases it is impossible to keep track 
of what happens to each output 
when a change occurs in the com- 
bination of inputs. You simply can- 
not do it in your head unless you're 
a genius. And you certainly can't 
remember such a table for any 
length of time. So the truth table 
becomes an essential tool when 
dealing with digital logic gates, 
with their multi -inputs, internal in- 
verters, etc. With the aid of the 
data sheet and the truth table you 
can figure things out easily. 

Because analog devices have dif- 
ferent characteristics than digital 
switching devices, the specifica- 
tions are also different. For exam- 
ple, in an analog amplifier we are 
interested in such things as distor- 
tion, gain, power output, etc. 
These things are of no interest to 
us in digital devices that all have a 
voltage gain close to unity, and put 
out a square wave as the ideal 
waveform, etc. The table shown in 
Figure 7 conveniently lists some of 
the most important specifications 
and their symbology. They are the 
part of the specifications you will 
see on digital data sheets and are 
almost self-explanatory after a lit- 
tle examination. 

This article should be considered 
only as an introductory step 
toward your continued study of 
logic gates. These digital devices 
are now being incorporated into 
automobiles, consumer elec- 
tronics, industrial electronics and 
more. It is no longer possible to 
avoid them, so why try? They are 
merely solid state switches, and by 
themselves, are quite simple. It is 
more difficult to design with them, 
but technicians seldom have to do 
original designs. Repairing cir- 
cuitry that includes digital gates is 
easier than repairing a color TV. 
There is no 30kV high voltage 
problem, and no weak signal 
microvolt problem. You know ex- 
actly what the input and output 
voltage should be. That's a big 
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BUYIK 
These firms 
ARE the 
electronics 
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parts, books, schools, microcom- 
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video, and other servicing -related 
clients deserve ES&T, too. 
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Repairing circuitry that includes digital gates is 
easier than repairing a color TV. 

Letter 
symbols 

IIH 

IOH 

I IL 

IOL 

Ioz 

VIH 

VOH 

VIL 

VOL 

Ios 

Icc 

IDD 

Characteristics 

Input current with a high 
level input 

Output current with a high 
level output 

Input current with a low 
level input 

Output current with a low 
level output 

Output current of a 3 state 
device in the disabled state 

High level input voltage 

High level output voltage 

Low level input voltage 

Low level output voltage 

Short circuit output current 

Supply current, TTL 

Supply current, CMOS 

Figure 7. A familiarity with some of the more important IC characteristics and sym- 
bols makes learning about them easier. 

help. The waveforms are essential- 
ly square wave pulses, and you 
know what they should look like. 
Timing problems can get a bit 
sticky, but with modern scopes and 
their sophisticated triggering 
capabilities, that problem is great- 
ly alleviated. 

Obtain a manufacturers data 
book for TTL and another for 

CMOS. (They are published by Na- 
tional Semiconductor, Motorola, 
Texas Instruments, Fairchild, 
RCA and others.) In a short time, 
you will become quite conversant 
with digital logic gates. They are 
easy to work with, and you will 
soon find yourself using them for a 
variety of work and 
hobby projects. es elf 
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Digital logic probe 
The digital logic probe from 

Radio Shack provides a fast way to 
peek inside TTL, LS and CMOS 
digital circuits. Color -coded LEDs 
indicate high, low or pulsed logic 
states up to 10MHz. Simultaneous 
tone output "frees" the eyes to 
speed up testing. 

The digital logic probe can test 
all logic families and is overload 
and polarity protected. The 
minimum detectable pulse width is 
given as 50ns. A tested circuit pro- 
vides power for 36 -inch leads with 
clips. The probe comes with in- 
structions and user's tips. 

Circle (70) on Reply Card 

Uninterruptible power supply 
BITS Power Systems has an- 

nounced two uninterruptible 
power supplies for critical com- 
puter applications requiring a 
totally dedicated, absolutely con- 
tinuous and completely isolated 
source of electrical power. Unlike 
other systems that transfer the 
operating computer from the utili- 
ty line to battery -derived power 
after a power outage, these units 
are always on-line. Utility line 
power is used only to maintain a 
full charge on the internal gel -type 
batteries. 

Both units have visual, audible 
and remote alarm functions. The 
Bits Batstat battery monitor is 
standard. The standard full load 
backup time from internal bat- 
teries is 10 minutes. External 12V 
batteries may be plugged into the 
connector provided for extended 
backup time and automatic charg- 
ing. Four standard grounded out- 

put receptacles are provided. 
Model UPS -200 (200W) measures 
5" x 13" x 16" and weighs 35 
pounds. Model UPS -400 (400W) 
measures 6" x 16" x 18" and 
weighs 55 pounds. 

Circle (71) on Reply Card 

Oscilloscope 
A 100MHz, dual channel, dual - 

time base oscilloscope has been in- 
troduced by B&K-Precision/Dyna- 
scan. The model 1580 100MHz 
oscilloscope has 5mV/div vertical 
sensitivity over the 100MHz band- 
width with lmV/div vertical sen- 
sitivity to 50MHz in the X5 mode; 
V mode to display two signals 
unrelated in frequency; Z-axis in- 
put; channel 1 output; calibrated 
delayed sweep; X -Y operation; 
channel 2 invert; 20MHz band- 
width limiter; and variable trigger 
hold -off that permits stable obser- 
vation of complex pulse trains. The 
user can select from 23 calibrated 
sweep time ranges. 

Circle (72) on Reply Card 

Circuit tester 
An audible circuit tester 

available from Chamber Systems 
will discriminate between ac and 
dc voltages, check the polarity of 
voltage sources, and locate circuit 
problems such as shorts, opens and 
hard -to -find intermittents. The 
audio piercing tone indicator is 

useful in noisy environments and 
allows the user to concentrate on 
the problem without looking at the 
tester or having it in the same 
location. Other features include a 
high -response memory, self - 
holding magnetic base and impact - 
resistant case. 

Circle (73) on Reply Card 

Fiber optics 
The Edu-Link fiber-optic link 

system from Advanced Fiberop- 
tics is a low-cost, TTL data 
transmission system, designed 
specifically as an educational tool. 
The Edu-Link package includes a 
transmitter, receiver, and a 
1 -meter length of preterminated 

*-,ç FIBER OPTICS 

EDU-LINK 

fiber-optic cable. This kit, being 
sold in unassembled format, 
demonstrates the principles of 
fiber-optic transmitter and 
receiver design. Complete instruc- 
tions, theory of operation, and 
tutorial information are included. 

Circle (74) on Reply Card 

Wire stripper and cutter 
A patented wire stripper and 

cutter designed for the profes- 
sional and do-it-yourself installer 
has been introduced by Multicore 
Solders. The model 9MS is of 
tempered steel and has specially 
honed edges that cut wire cleanly, 
split plastic twin flex and strip in- 
sulation without nicking the wires. 

The model 9MS is fitted with 
easy -grip plastic handles with a 
locking catch and a strong scissor 
spring for automatic opening after 
each operation. 

Circle (75) on Reply Card 

Soldering iron tip cleaner 
Oxide Off from TCS is a specially 

prepared fine wire wool that 
cleans soldering iron tips. Deposits 
and oxidation are removed by wip- 
ing the tip on the wire wool. With 
this method, the soldering iron tip 
is not subjected to cooling or 
temperature shock, and the wire 
wool used is not springy so there is 
no danger of hot solder particles 
causing eye injuries or of solder 
bridges forming on PCBs. 

Oxide Off may be used to remove 
oxidation or deposits from 
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alligator clips, banana plugs, 
probes, tweezers or electrical con- 
tacts. When the wire wool is used 
up, simply cut it off with scissors, 
and pull up the next section of 
wool inside the container. Oxide 
Off is available in various models 
for stationary, semi -stationary, 
and mobile, bench -type work and 
production procedures. 

Circle (76) on Reply Card 

VCR maintenance 
The Tentel head protrusion and 

eccentricity gauge HPG-1 allows 
anyone to monitor the amount of 
head tip wear (tip projection) and 
head drum run out. The gauge pro- 
vides readings in both microns and 
ten -thousandths of an inch. The 
special patented measuring probe 
makes it impossible to harm the 
fragile video heads when used as 
directed. 

The HPG-1 has been designed 
for Beta, VHS and U-matic video 
recorders. The gauge allows 
operators, technicians and 
engineers to monitor head wear 
and provides a troubleshooting 
tool for head tip and head drum 
problem detection. The HPG-1 
comes with a foam -lined carrying 
case for protection during storage 
or transport, and a 16 -page set-up 
and troubleshooting guide that 
gives wear and protrusion data for 
common VCRs. 

Circle (77) on Reply Card 

Elastic wrist band 
An elastic wrist band with a con- 

ductive path to ground for com- 
plete static protection is being in- 
troduced by Charleswater Prod- 
ucts. The CP407 elastic wrist band 
has 3/4 -inch -wide polyester fabric 
with hook and loop fasteners. It 
provides less than 1032 resistivity 
at the interior. The band comes in 
two color -coded sizes: brown for 
wrists up to 61/2 inches in diameter 
and blue for wrists up to 8 inches 

in diameter. The wrist band is 
knitted with clean, conductive 
stainless steel inner threads and 
has a snap fastener on top that ac- 
cepts the lightweight, coiled 

grounding strap. Molded with a 
built-in 1MSl resistor, straps come 
in 4 -foot and 6 -foot lengths with a 
combination banana plug and 
alligator clip. 

Circle (78) on Reply Card 

VTR head tester 
The LHC-909B/V from Leader 

Instruments is designed for elec- 
tronically checking videotape 
recorder head wear. Previously, 
head wear could only be determin- 
ed by using a microscope to view 
abrasion. The LHC-909 measures 
the inductance of the video head 

using a bridge -type inductance 
meter with a 1MHz test signal. 

Three measurement ranges are 
available. The analog meter scale 
"7 to 0" indicates head wear. 
Typically, any reading below "0" 
indicates the heads require 
replacement, although the induc- 
tance range and acceptable head 

wear tolerance should be specified 
by the VTR manufacturer. The in- 
strument's battery operation and 
small size allows easy portability 
and requires minimum bench 
space. Two versions are available: 
the LHC-909B for Beta and 
U-matic VTRs and the LHC-909V 
for VHS types. 

Circle (79) on Reply Card 

Desoldering system 
The desoldering system model 

SA -7 from OK Industries is a 
lightweight, pistol -grip -shaped 
desoldering iron that does not re- 
quire shop air, but features a self- 
contained vacuum pump. Straight 
flow -through design prevents clog- 
ging, and the transparent solder 

collector is easy to clean and 
replace. The unit also includes a 
built-in tip cleaning rod stored in 
the handle. The desoldering iron is 
designed with an IC controlled 
ceramic heater that allows adjust- 
ment of tip temperature for the 
widest variety of desoldering ap- 
plications. 

Circle (80) on Reply Card 

Reference card 
Programmers no longer have to 

translate the bits, codes and 
special conditions found in 
manufacturer -supplied reference 
guides and data books. This data 
has been completely restructured 
into a fully decoded format for fast 
programming, debugging and 
patching. A 2 -sided, 2 -color, full - 
page sheet made of lasting plastic, 
available from Micro Logic Cor- 
poration, covers conversion of in- 
structions to and from hex, in- 
struction descriptions, cycle time, 
addressing modes, flag codes, 
register map, memory map, pin - 
outs, ASCII, diagrams and cau- 
tionary notes. It is number 7 in the 
Micro Chart series and sells for 
$5.95. 
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Literature 

A brochure that describes a wide 
range of tote boxes and parts bins 
for handling and storing static - 
sensitive devices is being offered 
by Charleswater Products. The 
6 -page brochure describes their 
line of standard and custom tote 
boxes and self -stacking parts bins. 
Resistant to most chemicals, 

Crid3LE]WSiE4 THE LEADER IN STATIC CONTROL 

conductive 
containers 

solvents and acids, these con- 
tainers dissipate static charges in- 
stantly and provide a Faraday 
Cage to shield contents from elec- 
trostatic fields. Specifications and 
photographs are included for more 
than 14 standard products and 
numerous divider options. 

Circle (90) on Reply Card 

An 80 -page catalog from Lec- 
tronic Research Laboratories 
describes new and reconditioned 
test equipment and components. 
Some of the manufacturers in- 
cluded are Ballantine, Boonton, 
General Radio, HP, L&N, Sierra 
and Tektronix. Also included are 
listings of electronic frequency 
converters; energy storage and 
vacuum capacitors; bridges; resis- 
tance, capacitance and inductance 
decades; dc and high -voltage 
power supplies, recorders, rotat- 
ing power sources, vacuum relays 
and voltage regulators. 

Circle (91) on Reply Card 

A 52 -page catalog of electronic 
wire and cable products is 
available from International Elec- 
tronic Wire & Cable Company, 
formerly known as Consumers 
Wire & Cable Company. The 

.no UIELECTRONIC WIRE & CABLE CO. 

catalog includes more than 1200 
items for broadcast, television, 
stereo, citizen's band, cable, 
telephone, security, satellite and 
other technical, consumer and in- 
dustrial applications. 

Circle (92) on Reply Card 

RCA Distributor and Special 
Products Division has revised its 
catalog of tools, lubricants and ser- 
vice aids for video instruments. 
The 24 -page catalog includes tools, 
jigs, test tapes and discs, lubri- 

RCA Tools, 
Lubricants and 

Service Aids for 
Video Instruments 

cants, and other service aids de- 
signed for efficient and correct 
servicing of RCA video instru- 
ments. Many of these products are 
also useful in servicing instru- 
ments of other manufacturers. 

Circle (93) on Reply Card 

SINCE 1950 

LEADING SPOKESMAN 

TRADE INFORMATION 
DISPENSER 

WATCHDOG 

NATESA SCOPE 

STANDARDS YARDSTICK 

CONSUMER RELATIONS 

PROBLEM SOLVER 

CONCISE PRACTICAL 
BUSINESS OPERATIONS 
MANUAL 

SERVICE CONTRACT 
MANUAL 

CUSTOMER PLEASING 
PROFIT PRODUCING 
ORDER FORMS 

PARTS PROCUREMENT 
EXPEDITOR 

SERVICE BUSINESS 

DIVERSIFICATION PLANS 

TECHNICIAN DEVELOPER 

TUBE SPECIALS 
NEW TUBES IN INDIVIDUAL 

CARTONS 

TYPE PRICE TYPE PRICE 

IRS 1.00 36/44 2.03 

680607 1.00 SOTO 1.00 
6J5 GT 1.00 71A 200 
7Y4 

10 

100 
2.00 

76 
80 

2.00 
2.00 

27 2.00 607 1.00 
30 2.00 646A 1.00 

MINIMUM ORDER: 5 PER TYPE 

'Type 80 from Japan. All others are major U.S. 
brands; G.E., R.C.A., etc. 

Limited quantities. Sale prices good thru 
4-30-84. 

CURRENT RECEIVING TYPES 
PRICED AT 70% BELOW LIST. 

WRITE FOR NEW 16 PAGE WHOLESALE 
CATALOG - SPECIALIZING IN TUBES AND 

PARTS FOR TUBE TYPE RADIOS - 

TRANSFORMERS, CAPACITORS, SOCKETS, 
ETC. 

ANTIQUE ELECTRONIC SUPPLY .. 1725 W. University Tempe. Arizona 85281 

(602) 894.9503 411.1 I:IC 

Circle (19) on Reply Card 

MODEL 300A 

NTSC VECTOR 

ANALYZER 

ONLY $375 

THE LOW-COST ALTERNATIVE TO AN NTSC 

VECTORSCOPE FOR COLOR CAMERA SERVICE 

GREENTRON INC PO BOX 6805 GREENVILLE SC 

29606 (803)232-3889 

Circle (20) on Reply Card 

tY& radio 

tech's guide 
to pricing 

Everyone benefits... 
pricing by "The Book" 

1-800-228-4338 
MON. TNRU fRl. 8-5 / C.S.T. 

Ci cle (21) on Reply Card 
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Toward 
better TV sound 

The electronics industry has 
taken a step closer toward high - 
quality stereo sound for television. 
This is good news for consumers if 
it is adopted by broadcasters, but 
it will eventually present a new 
challenge to electronics servicing 
technicians who will have to be 
prepared to deal with this new 
technology. 

Culminating more than four 
years of testing and deliberation, 
the Electronic Industries Associa- 
tion's Multichannel TV Sound 
(MTS) subcommittee voted unani- 
mously Dec. 22 to recommend the 
Zenith multichannel TV sound 
system with the dbx companding 
system for noise reduction as the 
standard for compatible TV stereo 
sound broadcasting. The EIA was 
to file its recommendation, 
together with test data, with the 
Federal Communications Commis- 
sion by Jan. 30. 

The dbx TV noise -reduction 
system is designed as a cost- 
effective technique to deliver a 
clean, noise -free audio signal 
through a noisy channel to the 
home. According to dbx, the 
system is capable of delivering 
consistent high -quality audio in the 
face of a variety of possible chan- 
nel degradations, including hum, 
buzz and hiss. 

According to the psychoacous- 
tics of noise reduction, the ear 
functions like a spectrum analyzer, 
effectively dividing sounds into 
frequency bands, called "critical 
bands." In order to simultaneously 
mask a variety of possible noises 
occurring in different parts of the 
spectrum, it is necessary to keep 
signal levels high at all times 
relative to the noise level across 
the entire audio spectrum. 

Two elements of the dbx system 
are keys to satisfying this con - 

The companding noise -reduction circuit by dbx for the TV stereo sound system is 

contained within this %"x'/4" package. 

straint: wideband compansion and 
spectral compansion. The 2:1:2 
wideband compansion keeps over- 
all signal levels high during trans- 
mission. The spectral compansion 
optimizes the spectrum that is 
transmitted. It is similar to a 
sophisticated, signal -controlled 
treble control hinged around 
1000Hz. The range of control is a 
wide ± 25dB at high frequencies, 
with accompanying peak slopes of 
12dB per octave. Combined with 
the wideband compander and 
other elements, the resulting 
system has a wide range of in- 
dependent gain/spectral tilt com- 
binations, and can therefore deal 
with the broadest range of signal/ 
noise spectral combinations, with- 
out overload or overmodulation. 

System Description 
The dbx system consists of an 

encoder at the TV station trans- 

mitter end and a matching decoder 
in the consumer's TV set. The two 
are complementary in their oper- 
ation. 

As illustrated in Figure 1, the 
encoder performs five signal -con- 
ditioning functions: 

1. Lowpass filtering to remove 
out -of -band signals; 

2. Wideband compression to 
keep overall signal levels well 
above transmission -channel 
noise while avoiding over - 
modulation; 

3. Spectral compression to 
maintain proper spectral bal- 
ance in the transmission 
channel; 

4. Static pre -emphasis to match 
overall spectral requirements 
imposed by the channel char- 
acteristics; 

5. Pre -emphasized clipping to 
eliminate peak overshoots. 
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In the encoder, two independent 
rms-detector circuits monitor 
broadband signal level and high - 
frequency signal level, and adjust 
the wideband compression and 
spectral compression sections ac- 
cordingly. Thus, the system can 
adjust the amplitude of the input 
signal for transmission of the most 
effective level, at the same time as 
it adjusts the input signal's spec- 
tral character for the greatest 
amount of masking. For a broad 
range of input signals, the encoder 
output remains within a narrow 
amplitude and spectral window, 
riding well above the noise at all 
frequencies, thereby masking it, 
while making full use of the chan- 
nel's limited dynamic range. 

At low and middle frequencies, 
where channel dynamic range is 
widest and where most of the 
primary signal energy is found, the 

effective compression ratio is kept 
to 2:1, with relatively slow time 
constants. At high frequencies, 
where masking of noise com- 
ponents is especially critical, the 
effective compression ratio rises to 
3:1, with faster time constants. 
Passive R/C networks limit the 
maximum amount of dynamic pre - 
emphasis to optimize the amount 
of audio processing at high fre- 
quencies. The use of rms-level 
detection allows for program - 
dependent time constants that act 
quickly when necessary, manipul- 
ating the audio inaudibly over the 
full compress/expand cycle. 

The clipper operates on the com- 
pressed and pre -emphasized 
signal, eliminating any large, 
short -duration transients. The 
clipper prevents overmodulation 
of the channel on a transient basis 
while the wideband compressor 

Input 
ti.en 

pre.mpa.b 
cable »noble 

pre.mphxla 
lewpe.. 

Illter 

output 
--t clipper 

.pectr.l cempeeeur 

at«mr 
anep.. 

titer 

.pedrel control 

wltleb.nd companion, 

ai.eter 
ba 

nuna. F- 
pain control 

Figure 1. The encoder portion of the dbx noise -reduction system conditions the 
audio signal so it can be transmitted as a clean, noise -free signal through a noisy 
channel. 

Input 
fixed 

de -emphasis 
variable 

de.emphasIs 

spectral expander 

bandpess 
filter 

spectral control 

rms 
detector 

variable 
gain element 

output 

wIdebend expender 

bandpacs 
Iltter 

gain control 

mt. 
detector 

Figure 2. The decoder at the TV set restores proper spectral and amplitude dynamics 
to the signal without noise. 

prevents overmodulation for the 
longer term. 

The signal controlling the wide - 
band compressor is gently band - 
limited to 100-3000Hz to reflect 
the ear's sensitivity. The dynamic - 
pre -emphasis control signal is 
bandlimited to the 4-9kHz range, 
so the spectral compander will con- 
centrate on the part of the pro- 
gram material that most needs 
help. This control signal's low -end 
rolloff is sharp in order to selec- 
tively respond to high frequencies 
even in the face of the much 
stronger lower- and middle -fre- 
quency energy. Both detector 
circuits are rolled off toward the 
frequency extremes so that they 
ignore non -audio, out -of -band 
energies. 

The decoder fully complements 
the encoder (see Figure 2). It 
restores proper spectral and am- 
plitude dynamics to the signal, 
rendering channel noise inaudible 
in the process. 

The decoder performs the fol- 
lowing functions: 

1. Wideband amplitude expan- 
sion: mirror image of the 
wideband compressor; 

2. Spectral expansion: mirror 
image of the spectral com- 
pressor; 

3. Static de -emphasis: mirror 
image of the static pre - 
emphasis. 

The decoder's effective expan- 
sion ratios are 1:2 at low and mid- 
dle frequencies, increasing to 1:3 
at high frequencies. These match 
the compression ratios used in the 
encoder. Because the expanders 
track the compressors perfectly, 
the dynamic amplitude/frequency 
manipulation performed by the en- 
coder is completely decoded within 
the consumer's TV set. 

The rms-level detector circuits in 
the decoder are equivalent to those 
in the encoder and monitor virtual- 
ly the same compressed signal. 
Because the encoder places the 
signal to be transmitted well above 
noise and artifacts in the transmis- 
sion channel, the decoder detec- 
tors are never fooled into tracking 
anything but the compressed 
signal. Because the detectors in 
the encoder and decoder observe 
the same signal, truly comple- 
mentary processing is 
ensured. IS 
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ATTENTION 
ELECTRONIC TECHNICIANS 

Highly Effective Home Study BSEE Degree Pro- 
gram for Experienced Electronic Technicians 
Our New Advanced Placement Program grants 
Credit for previous Schooling á Professional Ex- 

perience. Advance Rapidly! Our 36th year! 
FREE DESCRIPTIVE LITERATURE! 

Cook's Institute of Electronics Engineering 
DESK 15 P.O. BOX 20345. JACKSON, MS 39209 

Circle (22) on Reply Card 

SATELLITE TV VIEWERS 
Get the most complete weekly listing., 

Send S1 for sample copy. 

c -- 
P 0 Box 308, Fortuna, California 95540 
800-358-9997 (U.S.) 800-556-8787 (Calif.) 

707-725-2476 (all others) 

Circle (23) on Reply Card 

March 
of 

Dimes 
SAVES BABIES 

HELP FIGHT BIRTH DEFECTS 

Want 
MORE 

Information 
on Advertised Products? 

Just refer to the 
Bingo # beneath 
each ad. Circle 
the appropriate 
number on the 
Reader Service 
Card in the back 
of this issue. 
Complete the re- 
maining informa- 
tion and mail! 

FORDHAM DISCOUNTS DISCOUNT 
PRICES ON HITACHI SCOPES 

35 MHz DUAL TRACE SIGNAL DELAY LINE 

Vertical sensitivity 5m V/div to 5V/div 
and 1m V/div to 1 V/div with 5X 
amplifier Trigger modes Auto- 
matic, Normal, TV (+), TV(-). 

REG $895 
OUR PRICE s59995 
WITH PROBES 

_o 'f: 
minummir 

Model V -352F 

TOLL FREE (800) 645-9518 

RD 
260 Motor Parkway, Hauppauge, N.Y. 11788 

master charge 

OUR PRICE 

in N.Y. State 800-832-1446 
VISA IS COD Master Charge 
Money Order N.Y. State residents add 
Check appropriate sales tax. 

COD's extra (required 25% deposit) 

FREE CATALOG ON REQUEST 

60 MHz DUAL TRACE 
DELAYED SWEEP 

High sensitivity 1 mV/div 
(10 MHz) 5 ns/div sweep rate 

3rd channel display (trigger 
view) Variable trigger hold -off 

Full TV trig- 
gering Single 
sweep Auto- 
matic focus 
correction. 

Model 650F 

WITH PROBES 

100 MHz QUAD TRACE 
DELAYED SWEEP 

Large, bright 8x10 cm screen 
Quad trace operation/Ch1. Ch2, 

A trigger and B trigger High 
sensitivity 500 µ V/div (5 MHzI 

FullT 
triggering OUR PRICE Model V -1050-F 

9299 95 
WITH PROBES 

ADD FOR SHIPPING AND INSURANCE 
5250.00 $4.50 

$251.00 to 500.00 6 50 
501.00 to 750.00 8.50 
751 .00 to 1000.00 12.50 

over 1000.00 15.00 
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Editor's note: Periodically Elec- 
tronic Servicing & Technology 
features books dealing with sub- 
jects of interest to our readers. 
Please direct inquiries and 
orders to the publisher at the ad- 
dress given for each book, 
rather than to us. 

Digital Audio Technology, by 
H. Nakajima, T. Doi, J. Fukuda, 
and A. Iga of Sony Corporation; 
Tab Books; 320 pages; $18.95 
hardbound, $11.95 paperback. 

This book discusses the latest de- 
velopments in the science of audio 
recording and playback - the com- 
bination of two modern technolo- 
gies: digital electronics as used in 
computers and satellite com- 
munications, and audio. Stereo 
recording and playback techniques 
are reviewed, and the basic prin- 
ciples of pulse code modulation are 
outlined. PCM equipment is 
described, and PCM is compared 
with other modulation techniques, 
including AM and FM. 

The authors take an in-depth 
look at tape and disk recording 
systems, including the relationship 
between bandwidth and the wave- 
length actually recorded on the 
tape. They compare rotary and 
stationary head systems and sug- 
gest ways to solve recording densi- 
ty problems. The construction of 
PCM recorders and digital disks is 
also described. The authors discuss 
code error detection and correc- 
tion, as well as PCM design and 
system standardization. 

Published by Tab Books, Blue Ridge Summit, 
PA 17214. 

Semiconductor Device 
Technology, by Malcolm E. 
Goodge; Howard W. Sams & 
Company; 481 pages; $34.95 
hardbound. 

This engineering text covers 
modern semiconductor device 
fabrication, including manufactur- 
ing techniques, operation and per- 
formance. It helps designers 

understand the behavior of these 
devices by explaining their proper- 
ties, limitations and performance 
in measurable terms. 

Devices covered include general- 
purpose and voltage -reference 
diodes, bipolar, and field-effect 
transistors. Specialized de- 
vices-including switching de- 
vices, devices used in signal gener- 
ation, and optical devices - are 
grouped according to application. 
The author describes fundamental 
physical processes, using an 
atomic model to explain how ma- 
terials are structured and how 
they interact. The major focus 
is on the construction and opera- 
tion of each device and its typical 
terminal characteristics. The book 
is illustrated with figures, 
schematics and tables, and appen- 
dixes cover network modeling, ter- 
minology, preferred component 
values, device numbering and 
coding, and much more. 

Published by Howard W. Sams & Company, 
4300 W. 62nd St., Indianapolis, IN 46268. 

The Handbook of Electronic 
Safety Procedures, by Edward 
A. Lacy; Tab Books; 288 pages; 
$17.95 hardbound, $10.95 
paperback. 

This handbook covers the vital 
safety precautions and procedures 
needed by everyone who repairs, 
designs, installs or uses electronic 
equipment. It tells what hazards to 
avoid and what to do if an accident 
occurs. 

Written in simple, non -technical 
language, this manual contains im- 
portant information on topics 
ranging from chemicals that cause 
adverse reactions and how to safe- 
ly use them, to how -tos for avoid- 
ing electric shock or radiation ex- 
posure, to ways to deal with every- 
day electronic situations with the 
least amount of risk. Topics 
covered include electric shock, 
static electricity and lightning. 
Radiation hazards are examined 
with pointers for working on color 
TVs, microwave ovens, radar and 
transmitters. Laser effects and 
safety precautions for working 
with these devices and facts on 
toxic or explosive chemicals found 
in aerosols, batteries, printed cir- 
cuits and waveguides are included. 

Published by Tab Books, Blue Ridge Summit, 
PA 17214. 

Answers to quiz 
(from page 8) 

1. C The letters stand for 
Voltage Controlled 
Oscillator. 

2. A You will find a Beat 
Frequency Oscillator in 
communications re- 
ceivers. 

3. B 
4. B The Vertical Interval 

Reference Signal is 
used by some receivers 
to adjust color circuits. 

5. D This signal can be used 
to get the music with- 
out the commercials. 

6. D 
7. C The Central Processing 

Unit does the number 
crunching in a com- 
puter. 

8. B The letters stand for 
Computer Aided De- 
sign and Computer 
Aided Manufacturing. 

9. A In a power triangle you 
have true power, ap- 
parent power and reac- 
tive voltamperes (or, 
VARS). 

10. B The letters mean 
Direct Memory Access. 

Coming in the April 

GIGOTROHiG 
Tuner tune.ups. Symptoms 
of tuner problems aren't 
always caused by the tuner 
itself. A few simple checks 
before sending a tuner in 
for reconditioning can save 
time, money and frustra- 
tion. 

Technology. Large area liquid - 
crystal displays with in- 
tegrated electronic drive 
circuitry are now ready for 
production and may revolu- 
tionize the way information is 
displayed in many applica- 
tions. 
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Business 
Opportunity 

It's plenty tough being 
an electronics sales and 
service dealer these days. 

That's why we're working so hard 
to make it easier for you to operate 
a cost-effective business. 

NESDA offers business contacts, 
technical and management certifi- 
cation, substantial savings on bank - 
card and insurance rates - and 
that's just the beginning! 

NESDA members are kept informed about industry develop- 
ments and are offered the most comprehensive managerial and 
technical training programs available. Besides, NESDA is your 
representative at the national level - including your voice to 
manufacturers and the agencies of the federal government. 

Opportunity knocks . 
Nol'ono' Eleclranrzs Sales 6, 

Answer it! NESDA 
Service Deniers Associol,on 

For more information -and an application, write to: 
NESDA, 2708 W. Berry St., Ft. Worth, TX 76109; Ph (817) 921-9061 

Name 

Bus. Name 

Address 

State Zip Phone 

Member of State , Local Assn 

Advertising rates in the Classified Section are 50 
cents per word, each Insertion, and must be accom- 
panied by payment to insure publication. 

Each initial or abbreviation counts a full word. 

Minimum classified charge $10.00. 

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

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

FOR SALE 

CB RADIO BOOKS, kits, modifications. Catalog $1.00 
refundable. APS, POB 263, Newport, RI 02840. 6.83-12t 

CABLE CONVERTERS, decoders, $1.00 Refundable 
APS, POB 263ES Newport, R.I.02840. 1.84-tfn 

SUBSCRIPTION TV MANUAL, covers all three major 
scrambling systems, only $12.95. Includes theory, cir- 
cuits,. waveforms and trouble shooting hints. Save 
your VIDEO GAME CARTRIDGES on EPROM with our 
EPROM duplicator. Plans $9.95. Catalogue $2.00, 
refundable. RANDOM ACCESS, Box 41770A, Phoenix, 
AZ 85080. 8-83-tf n 

Learn About 
Professionalism 
and Profit .. . 

... while enjoying the 
time of your life! 

At the 1984 Annual NESDA/ISCET 

National Professional 
Electronics Convention 

I 984 and "Arch of Progress" Trade Show 
ateway To Products Service Aids Test Equipment 

ssionalism Management 8. Technical Seminars Golf 
8 Tennis Outings Instructors Conference 

Dealer 'Mfr. Meetings Officer Elections 
Sponsored Meals Dealer Panels Parties 

Special Children's Rates Low Hotel Rates Tax Deductible Vacation 

August 6-12 St. Louis St. Louis MO Hotel 

Early Registration Discounts. Also discounts for 
additional persons from same family or business. 

Send for more details - Now! 

Send for more information and an application to: 
NPEC. 2708 W Berry St.. Ft. Worth. TX 76109: Ph (817) 921-9061 

Name 

Address 

City State Zip 

FOR SALE (CONT.) 
ELECTRONIC SURPLUS: CLOSEOUTS, LIQUIDA- 
TIONS! Parts, equipment stereo, Industrial educa- 
tional. Amazing values! Fascinating items unavailable 
in stores or catalogs anywhere. Unusual FREE catalog 
ETCO.011, Box 762, Plattsburgh, NY 12901. 6.78-tfn 

SCRAMBLED TELEVISION, encoding/decoding. New 
book. Theory/circuits, $9.95 plus $1 shipping. Work- 
shop, Box 393ES, Dept. E, Bethpage, NY 11714.7-80-tfn 

WHOLESALE -transistors, flybacks, yokes, batteries, 
Weller/Xcelite, VCR, computer parts. Apple Compati- 
ble computers, printers, drives, monitors, custom 
electronics software. More. Send for catalog. United 
Service Association, Old Grand Union Shop. Ctr. Rt. 
9W, Stony Point, N.Y. 10980 (914) 942-2173. 1.84tfn 

TUBES -Receiving, Industrial and Semi -conductors, 
factory boxed. Free price list. Low; low prices. 
TRANSLETERONIC INC., 1365 -39th Street, Brooklyn, 
NY 11218E, 800-221-5802, 212-633-2800. 5.82-tfn 

TV TROUBLE ANALYSIS TIPS. Over 300 symptoms/ 
remedies by circuit area; tough ones over the years. 
Save time and money. Send $12.50 to CHAN TV, 8151 
Grandview Rd., Chanhassen, MN 55317, 5-82-tfn 

PRINTED CIRCUIT boards from your sketch or art- 
work. Affordable prices. Also fun kit projects. Free 

details. DANOCINTHS INC. Dept. ES, Box 281, 

Westland, MI 48185. 5-81-tfn 

SONY -PANASONIC -RCA -ZENITH EXACT RE- 

PLACEMENT PARTS -SONY PARTS AND TRINI- 
TRON SPECIALISTS. LARGE INVENTORIES, CALL 
516-678-1700 OR WRITE WITH PART NEEDED. 
GREEN -TELE -RADIO, 172 SUNRISE HIGHWAY, 
ROCKVILLE CENTER, NY 11570. 3.74-tfn 

SAM's PHOTOFACTS: No. 712-2200, $1950.00; (404) 
599-6199 or (404) 599-6279. 3.84-1t 

FOR SALE (CONT.) 

AUTOMOBILE RADIO and tape replacement parts: 
Delco, Chrysler, Philco-Ford, Motorola, Panasonic and 
many others. Large inventory. Laren Electronics, Inc., 
3788 Boston Road, Bronx, NY 10469. (212) 881-9600, 
out of New York State (800)223-8314. 5-79-tf 

INDIVIDUAL PHOTOFACT FOLDERS (not sets). Under 
#200 $5.00-#201 to #1200 $3.00 first-class postpaid. 
Loeb, 414 Chestnut Lane, East Meadow, NY 11554. 

3.8431 

PICTURE TUBE REBUILDING EQUIPMENT: Small or 
Medium Plant Operation. Production Capability -12 
to 28 High Quality Tubes Daily. Call or write: TELECO, 
2610 E. Busch Blvd., Tampa, FL 33612, 813-935-4002. 

1.84-3t 

USED RADIO.TELEVISION TUBES. All types. Working 
condition. 30 for $13.00 postpaid. Loeb, 414 Chestnut 
Lane, East Meadow, NY 11554. 1-84-3! 

COMPLETE JERROLD and Oak Wireless Cable Con- 
verters only $169.00. Beat filter trap type only $49. 
Compatible to master antenna systems as well. Com- 
plete microwave kits with an oak crystal down con- 
verter only $99. 1000 ft. rolls of RG59V only $39.90. 
Nobody beats our complete line of connectors. 
Special only. 2SC1I726-only $1.39; SG -613 -only 
$5.80: 2SC8G7A - only $2.99. New Address and Phone: 
Redcoat Electronics, 104 -20 -68th Drive, Forest Hills, 
N.Y. 11374, (212) 459-5088. 2.84-tfn 

FOR SALE Electronic Sales and Service, Radio, TV, 
and Stereo. Established 14 years. Bldg, land, Inven- 
tory, name. Partial retirement, would work for new 
owner, Fresno, Calif. call 209-255-1957. 2-84-3t 

TEST EQUIPMENT FOR SALE: Two oscilloscopes, 
$3000 worth of tubes. Digital multimeter, tube tester, 
CRT tester, Sweep/marker generator, color generator, 
transistor/FET tester. All for $750. 22 Pearl Street, 
Camden, Maine 04843. (207) 2363405. 3-84.1 t 
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FOR SALE (CONT.) 

CB RADIO TECHNICIANS! We specialize in CB 
repair/modification books, plans, kits. Also digital fre- 
quency expanders, RF amps, outboard oscillators, FM 
conversions, speech processors, IF interference 
filters, other technical information not available 
elsewhere. Catalog $2. CBCI, Box 31500E, Phoenix, AZ 
85046. (602) 996-8700. 3-84-tf n 

BERKS LeHigh Pennsylvania dealers technicians. See 
us for Pfanstielh diamond needles. Phono cartridges. 
Cables. Connectors. Electronics accessories. Squires 
Radio Supply, Maxatawny. 683-8482. 3-84-1t 

BUSINESS OPPORTUNITIES 

MARINE ELECTRONICS sales and service part time 
with good growth potential. Small investment will 
train, located here 20 years, Carter Marine, 505 
Beatrice St., Venice, Florida 33595. 3-84-1t 

RESIDENTIAL SECURITY ALARM sales are exploding 
and the Rampart Associate Program offers you ENOR- 
MOUS PROFIT POTENTIAL PLUS EXCITING 
RESIDUAL INCOME. Rampart's success and reputa- 
tion are a result of a total business format approach 
for the residential, small commercial market and its 
new low cost system, the Rampart REACTOR, with 
central station monitoring. We provide product, 
marketing and management training with complete 
backup. Start part time, full time. No experience 
necessary; just a strong desire to succeed and help 
your customers. Investment only $2,850. With only 6% 
of the market penetrated, now's the time to get 
yourself started in what Time Magazine calls the 
"runaway growth Industry." Call Mr. Roberts 
1-800-523-8002 or write, Rampart Ind. Inc. One Oxford 
Valley, Langhorne, PA 19047. 11-83-tfn 

NAPLES, FLORIDA-Tropical Paradise, TV Sales & 

Service, one man operation, long established. Busy 
shopping center location, priced attractively. VR 
Business Brokers 813-261-5646. 2-84-2t 

LEARN TO REPAIR HOME VIDEO GAMES IN YOUR 
OWN SHOP! Did you know that more than 9 million 
HOME VIDEO games have been sold? Now you can 
learn to repair! Atari, Coleco, Intellivision, or Atari 
400/800 computers in your own shop. Our courses are 
taught on VIDEO TAPE (Beta or VHS) and come with a 
manual containing all the necessary technical infor- 
mation you will need to do repairs. For more informa- 
tion or to order, call: Electronic Institute (800) 221-0834 
(outside N.Y.) or (212) 377-0369 (in N.Y.) Customized 
live in shop training courses are also available, call for 
more information and price schedules. 7-83-tfn 

"PROFIT MAKING Gainesville, FLORIDA TV and elec- 
tronics service business FOR SALE with or without 
building. $50,000.00 physical inventory, 5 employees. 
Owner/mgr. RETIRING. Call Levy -Strickland, Inc. 
REALTORS 1-800-841-7954 Ext. F-131." 3-84-1t 

FOR SALE-AUDIO SHOP well established and suc- 
cessful in beach resort, college town near San Fran- 
cisco. Excellent growth potential, low overhead. DOC- 
TOR OF AUDIO ELECTRONICS, 1418 SOOUEL AVE., 
SANTA CRUZ, CA 95062 408-429-6015. 3-84-1t 

TV SALES SERVICE central Florida high growth area. 
Modern 2800 SF store, shop and warehouse. Main 
highway outside town 23,000 daily traffic count. Fran- 
chised RCA MAGNAVOX PANASONIC Store and 
business $175,000. 904-734-9226 after 6:00 PM. 

3-84-1t 

SERVICES 

SPEAKER RECONING: Most makes, sizes, models. 
For prompt service send to Mercury Speaker Recon- 
ing, 2018 W. Division St., Chicago, Illinois, 60622; (312) 
278-2211. 9-83-t f n 

Use ES&T 
classified ads 

WANTED 

INVENTIONS, ideas, new products wanted for presen- 
tation to industry and exhibition at national tech- 
nology exposition. Call 1-800-528-6050. Arizona, 
1-800-352-0458. X831. 2-84-5t 

GLEOTRODIC 
Advertising Sales Offices 

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

LONDON, ENGLAND 
John Ashcraft & Co., 
John Ashcraft 
12 Bear Street, Leicester Square 
London WC2H 7AS, England 
Phone: 930-0525 Telex: 895-2387 
AMSTERDAM, Holland 
John Ashcraft & Co. 
John J. Lucassen 
Akerdijk 150A 
1171 PV-Badhoevedorp, Holland 
Phone: 0-2968-6226 Telex: 18406 HARKE NL 

TOKYO, JAPAN 
Haruki Hirayama, 
EMS, Inc. 
Sagami Bldg., 4-2-21, Shinjuku, 
Shinjuku-ku, Tokyo 160, Japan 
Cable: EMSINCPERIOD 
Phone: (03) 350-5666 
Telex: 2322520 EMSINCJ 
NORWOOD, AUSTRALIA 
Hast weil, Williamson, Rouse PTY. LTD. 
P.O. Bott 419 
Norwood, S.A. 5067 
Phone: 332-3322 
Telex AA 87113 

Focus 
on 

America's 
Future 

o 

Help Prevent Birth Defects 
Support the 

March of Dimes 
BIRTH DEFECTS FOUNDATION 

Reader 
Service Page 
Number Number 

19 Antique Electric 
Supply 57 

13 B&K Precision 
Dynascan Corp. .39 

1,11 Consolidated 
Electronics, 
Inc. IBC,21 

22 Cook's Institute of 
Electronics 
Engineering 60 

5 The Cooper Group ... 7 
9 Dandy Manufacturing 

Co. 17 
15 Digitron Electronics 

Corp. 45 
ETA 53 

18 Electronic 
Specialists, Inc. 53 

John Fluke Mfg. 
Co., Inc. 5 

Fordam Radio 
Supply 60 

7 Global Specialties 
Corp. 13 

20 Greentron Inc 57 
10 Heath Company 17 

4 MCM Electronics ....1 
NATESA 57 
NESDA 62 
NRI Schools/ 

Electronics Div 19 
New -Tone 

Electronics, Inc. 37 
6 North American 

Philips 9 
17 Optima Electronics .49 
25 PTS Corp. 51 
16 Primefax 45 
14 Projector -Recorder 

Belt Corp. 43 
RCA Distributor and 

Special Products 
Div. 14-15 

23 Satellite TV Week ...60 
2,3 Sencore, Inc. BC 
12 A.W. Sperry 

Instruments Inc. ..25 
21 Sperry Tech, Inc 57 

Zenith Radio Corp. . AFC 
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Needed: Schematic and alignment instructions for Hallicrafters model 
SX110 receiver. Will pay for manual or its reproduction cost. 0.M. Broum, 
6369 Lansdowne, St. Louis, MO 63109; 314-351-1707. 

Readers' Exchange 

For sale: Complete Sams from 100-2116, some older folders also, best of- 
fer over $1500. Assorted test equipment, test jig, etc. Send SASE for com- 
plete list and prices. R.W. Mellock, P.O. Box 192, Cliffwood, NJ 07721. 

Needed: Sencore SG -165 stereo analyzer in good condition. Prefer some- 
one with the product who lives in New Jersey. Francisco Aznar, Frank 
Electronics, 117 W. 3rd St., 1st Floor, Clifton, NJ 07011; 201-742-9551 after 
1:30 pm. 

For sale: Tube adapters to check voltage from top of chassis, fuses and 
pilot lamps for old radios and TV. Eico sine and square wave generator 
model 377, $30; Electro voice speaker model T.W. 35, $3. Alexander 
Crispo, 3225 Chipmunk Drive, New Port Richey, FL 33552. 

Needed: Zenith stereo, audio output transformer. Part number 95-2217 or 
95-2108. John Pace, Pace Electronics, 6909 Berkshire Drive, Temple Hills, 
MD 20748; 301-449-6827. 

For sale: B&K 520B transistor tester; B&K 470 picture tube rejuvenator; 
B&K 415 sweep marker generator, best offer. Send SASE for list of other 
equipment. Hills TV, Box 160, Glen Ewen, Saskatchewan, Canada SOC 
1 CO. 

Needed: Webcor model EP2810-1B service manual, schematic and 
transformer PT 68P052; yoke for Sears model 528.40721407, PT M9103B. 
Stuart Koniarski, do Archer Brighton T.V., 4380 S. Archer, Chicago, IL 
60632. 

Needed: Simpson V.O.M. model 260 in good condition. Also need sockets 
for B&K picture tube tester model 467, nos. 2, 3, 4, 5, 6, 7, 10 and 11. Ken- 
neth Miller, 10027 Calvin St., Pittsburgh, PA 15235. 

For sale: RCA picture tube tester CRIII-WT333A. Extra adapters and all 
manuals included. Excellent condition, hardly used, $175. R. Bailey, Box 
274, R.D. 4 McKishen Road, Elmer, NJ 08318; 609-358-8853. 

For sale: B&K CRT restorer/tester model 467, $300; B&K transistor 
tester model 520B, $140; excellent condition with books and attachments. 
J.L. Bachelor, 2538 Tam O'Shanter, Cleveland, TN 37311; 615-472-8726. 

For sale: Sencore model VA 48 video analyzer, $800; Sencore SC60 scope, 
$1200; Simpson model 465 autoranging digital multimeter, $200. All equip- 
ment is like new with accessories and manuals. Send for complete listing. 
Clarence G. McKee, 9516 Zion Road, Rives Jct., MI 49277; 517-569-3139. 

For sale: Nearly complete set of Ryder radio manuals. Price negotiable. 
J.M. Knoble, Knoble's TV Service, 2303 Pleasant Valley Road, Fairmont, 
WV 26554; 304-366-1938. 

For sale: Tube caddy with 183 new tubes, $120; Heathkit AA -1 audio ana- 
lyzer, $20. Frank Beckerle, 313 Woodcrest Drive, Buffalo, NY 14220; 
716-823-1571. 

Needed: Supremes TV -1, 2, 4 and R-7 volumes. C. T. Huth, 130 Hunter St., 
Tiffin, OH 44883. 

Needed: Schematic and instruction manual for Hickok universal TV -FM 
alignment signal generator, model 610A. Will buy or copy and return. John 
Brouzakis, R.D. 3, Box 602B, Charleroi, PA 15022; 412-483-3072. 

For sale: Sencore CB -42 citizen's band analyzer. Excellent condition with 
RFS-205, all cables and manuals in original box, $575. Shewmaker Elec- 
tronics, P.O. Box 23342, Lexington, KY 40523; 606-273-1772. 

For sale: Electronic Servicing from December 1955 to the present, $100 
plus shipping. Russell Brubaker, 2001 Temple Ave., Lancaster, PA 17603; 
717-394-3185. 

For sale: Approximately 650 new receiving tubes, $200 or best offer. Send 
SASE for list. Bill Benish, East 10812 19th Ave., Spokane, WA 99206; 
509-928-1050. 

For sale: Radio and TV schematics from the 1940s and 1950s. Oak Hill 
Electronics, 1208 E. 24th St., Manistee, MI 49660. 

Wanted: Good used flybacks, Sony 1-439-185-15 (model KV1204-A) and 
Zenith b&w 95-3332-01 (model L162W). M.B. Danish, P.O. Box 217, Aber- 
deen Proving Ground, MD 21005. 

Needed: RCA flyback #143732 or 1439242-501. Have new and used 
yokes, tubes, tripiers, transistors, modules, etc. or state price. Sam Ap- 
plebaum, 148 Belvidere St., Springfield, MA 01108. 

For sale: B&K model 1472C 15MHz scope, dual trace with 2 l0X probes 
and 1 reprobe; B&K 520B transistor checker; B&K 667 tube tester; B&K 
digital IC color generator; B&K model 801 capacitance checker. All equip- 
ment in excellent condition with all necessary manuals and leads. Money 
back guarantee; make reasonable offer. Robert Knapp, P.O. Box 145, Lynd- 
hurst, VA 22952. 

Wanted: ESR meter in good condition, reasonable. Paul Capito, 637 W. 

21st St., Erie, PA 16502. 

Needed: By the Alton, NH, fire department, service literature for Instalert 
EC -22, model EC -122 two-tone receiver manufactured by Electronics In- 
ternational, Philadelphia, PA. Paul A. Todd, Box 54, Alton Bay, NH 03810; 
603-875-3772. 

For sale: Parting out b&w chassis RCA KCS 169XA, 171, 175, 183; GE 
15XB; Panasonic T126A, TR659; Setchell Carlson UX600. Color sets: Ad- 
miral K10, K19; Arvin 15 -inch 60K34-12, GE 19CD; Motorola TS915, 
TS919; Sears 528.407203, 528.419405, 562.10423; Sony KV -1212. Also 
have 10 Heathkit boards, 85 series. D.J. Aijala, 50 Fir Circle, Babbitt, MN 
55706. 

For sale: Signal generator (Navy) AN/USM-27B, tube type. 6"x12"x8", 10 
pounds. In good shape with tech. manual and schematics, asking $70, ship- 
ping paid. D. Test, P.O. Box 9064E, Newark, NJ 07104. 

For sale: B&K 1076 with cables and manuals, perfect working condition, 
$110; Heath 5 -inch oscilloscope, good condition with cables, $110. G. Barzi- 
ly, 84-39 120th St., Jamaica, NY 11415; 212-847-7965. 

For sale: Heath H.D. 1250 grid dip meter, assembled and tested, never 
used. Will sacrifice for $65 including UPS. Present listed price $84.95 for 
kit only. Thurston Electronic Service, 5738 U.S. 33 N., Fort Wayne, IN 
46818. 

Needed: Used Hickok color bar generator, operable or inoperable OK; used 
Sencore FS fieldstrength meter, preferably operable. Jim Shoemaker, 600 
First St., Leechburg, PA 15656; 412-842-8321. 

Needed: Test jig Telematic-10J106 or Sylvania-CK3000 or RCA -10J106. 
Call or write with price and details. Jim's TV, P.O. Box 23, Greenville, NY 
12083; 518-966-4177. 

Needed: An RCA Radiola radio receiver model no. 1064, chassis no. B274. 
Need not be in working order, but all parts must be intact. John G. Lefko, 
P.O. Box 782, Fairfield, CA 94533; 707-425-4578. 

Needed: New or good used color picture tube #370BYBT CO1 or 
370BYP22 with deflection yoke complete for Magnavox color TV model 
DG 40500 K02. Max Emerson, 1923 N. Texas, Weslaco, TX 78596; 
512-968-3913. 

Needed: Leads, probes, manual and set of knobs for Sylvania polymeter 
type 301, same for type 2212 polymeter except knobs. Also need a Sencore 
FE -20 multimeter. Kenneth Miller, 10027 Calvin St., Pittsburgh, PA 15235. 

For sale: 100 electronic books on TV and solid state, also Heath test equip- 
ment course, two large volumes with parts. All for $240. Daniel Seidler, 
5827 S. Campbell Ave., Chicago, IL 60629. 

For sale: Sencore SC 60 oscilloscope (factory calibrated 11/83); VA 48 
video analyzer with all probes and accessories, and SG 165 stereo analyzer. 
All equipment in like -new condition. Will sacrifice each piece for half price. 
Dick Lopez, 10212 New Hampshire Ave., Silver Spring, MD 20903; 
301-439-5333. 

For sale: Sylvania CK3000 test jig, $175; Sencore CR161 CRT tester, 
$150; Sencore CR143 CRT tester, $45; Conar 311 R/C tester, $35. George 
C. Pullen, 6722 Botetourt Drive, Ft. Washington, MD 20744; 301-449-7348. 

Wanted: Old Ryder manuals, radio not TV. Jim Craft, 604 W. Michigan 
Ave., Jackson, MI 49201; 517-787-0077. 

Wanted: Video sound AGC board, part no. TNP 65122AZ for Panasonic 
CT 905. J.E. Humphrey, 1006 E. 28th St., Los Angeles, CA 90011. 

Readers' Exchange listings are free and are limited to three items per 
month. "For sale" items must be used equipment sold by individuals, not 
companies. Send information to: Readers' Exchange, Electronic Servicing 
& Technology. P.O. Box 12901, Overland Park, KS 66212. 
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SEMICONDUCTORS! 
Consolidated Electronics is offering you a new 

semiconductor line. ET (Electronic Technician Replacement 
Line) has quality semis that you need at the lowest prices 
imaginable! The ET Semiconductor Line also has an 
exclusive THREE YEAR WARRANTY! FOR DETAILS 
CALL TOLL FREE TODAY! 

1-800-543-3568 CE I 1-800-762-3412 
NATIONAL WATS OHIO WATS 

Consolidated Electronics Inc. 705 Watervliet Ave., Dayton, Ohio 45420 In Dayton (513) 252-5662 
Circle (1) on Reply Card 
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Cut your video service time in half 
The Sencore VA48 TV Analyzer, 

introduced in 1976, quickly became 
the industry standard for video ser- 
vice. It is now used by more than 
22,000 technicians nationwide who 
have averaged an overall 54% 
reduction in service time, according 
to a recent survey of VA48 owners. 

But Times Change: Today's video 
circuits include projection TV, 4 -head 
VCRs, SAW filters, comb filters, inte- 
grated flybacks, cable -ready tuners, 

Please send complete VA62 details: 

Name 
Address 

State Zip 
Phone 

(Mail to Sencore, 3200 Sencore Drive, 
Sioux Falls, SD 57107) 

and many more circuits you just 
can't service effectively with the 
VA48. That's why we now have the 
VA62-the only video analyzer that 
equips you for all of these new video 
circuits-and then some. 

In a Nutshell: Here's what makes 
the VA62 unique: 

It's a TV analyzer-Fully updated 
for the latest circuits. 
It's a VCR analyzer-Makes VCR 
analyzing a snap (using two inex- 
pensive accessories) ... and it 
meets all manufacturers' 
requirements. 
It's cable-ready-Test all the latest 
digital tuners. 
It has unique patterns-Special 
test patterns, plus standard pat- 

terns simplify troubleshooting. 
It's obsolete proof-It can be 
updated as needed for new circuits 
or formats ... quickly and 
inexpensively. 

Guaranteed Results: The VA62 
can cut your service time in half on 
all video circuits-new and old. We 
guarantee it or we'll refund your 
money at the end of 30 days. 

Update Today: If you're ready to 
update your bench to service the new 
circuits of the 80's, write or call toll - 
free today for a complete color 
brochure. 

TOLL -FREE 1-800-843-3338 
In Canada Toll -Free 1-800-665-4871 
South Dakota, Alaska, and Hawaii call 
collect at 605-339-0100. 

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