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PTS CORPORATION 
-No. 3 in a series 
RCÄ MAC001A Module Update 

Automatic insertion of a 
variable resistor allows ad- 
justment of color intensity. 

Send`an MAC001A to the 
manufacturer for rebuilding - and 
you gèt.a 1A back. Specify-PTS 
rebuilt Arts and you'll get auto-, 
rrtatic updates that make. the 

° MA0001 A identical to the 2A: One 
advantage is the added capability 
of Making color intensity adjust- 
ments. .: ' w 

You'll also reduce yotir ¡riven - 
'wry requirements by:stocking this 
untversäl part: And autónìátiç up- 
dates- don't end with the insertion 
:of a pot Among other çhangos,. 

. PT$ removes:a sti'eip_.ançl inserte 
a 1/2 watt resistor. Each móduie'is ® 

fi,erepaired; air tésfëd in a live 
: chasis and -backed with- PTS' full 

è yëar limited,warraRty: 

; 

You'll find PTS quality rebuilt 
modules with automatic updates 
at over 1,500 locations nation- 
wide. For the name of the location 
nearest you and your free copy of 
the PTS Price and Technical In- 
formation Guide, use the reader 
response card or write: PTS 
Corporation, P.O. Box 272, 
Bloomington, IN 47402. 

\N 
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"No one else 
gives you 
as many 
functions in 
a handheld 
DMM. 
Now you can 
move up to 
Fluke:' 

We've got great news for people 
who've been holding out for a high 
quality, high performance DMM at a 
moderate price: Fluke's new nine - 
function model D 804 is now available 
at select electronics supply stores. 

With a suggested U.S. price of only 
$249 and features you won't fund in any 
other handheld DMM, the D 804 is an 
exceptional value. Here's why. 

Logic level and continuity 
testing: A real time-saver for 
troubleshooting passive circuits in pcb's, 
cables, relay panels and the like. The 
D804 has a switch -selectable audible 
tone and visual symbols to indicate 
continuity or logic levels. 

Direct temperature readings in 
°C: Used with any K -type 

thermocouple, the D804 delivers fully - 
compensated readings in °C from 
-20°C to + 1265°C, for checking 
heating and refrigeration systems. 

Peak hold feature captures 
transients: A short-term memory in 
the D804 captures and holds the peak 
reading of a motor starting current. 

And more: 0.1% basic dc accuracy, 
conductance, 26 measurement ranges, 
battery, safety -designed test leads ami a 
one year parts and labor warranty. A 
full line of accessories is also availabe 
to extend the measurement capabilities 
of your DMM. 

Ask your dealer about the 
powerful, versatile D804 and the rest of 
Fluke's new Series D line of low -cast 
digital multimeters. 

*Suggested U.S. list price 
Circle (5) on Reply Card 

If your dealer doesn't carry Series D 
Multimeters yet, call this number. We'll be 
happy to tell you who does. 1-800-426-0361 

FLUKE 
o 
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As electronic technology de 
velops, new tools and instru 
ments like these are needed to 
keep pace with the industry. 
See related article on page 44. 
(Photo courtesy of Global 
Specialties.) 

12 Reports from the test lab 
The Racal -Dana model 5001 DMM 
By Carl Babcoke, CET 
This first 51/2 digit DMM ever tested in E S&T test lab 
employs a noise reduction design that permits more 
stable reading. Extra digits, which sometimes have a 
tendency to bobble, are steady throughout the readout. 

18 Exploring solid-state memories 
By Bernard Daien 
Solid-state memories are found in such consumer 
electronics equipment as TV receivers, video games, 
VCRs, home computers and pocket calculators. This 
report uncovers some of the mysteries of memories 
and their operation. 

38 How to avoid damage when 
repairing PC boards 
By Ronald Riccio, Ungar 
The increased sophistication and complexity of printed 
circuitry has made it difficult to desolder and remove 
a component without occasionally disrupting a circuit 
trace or component mounting pad. Some worthwhile 
tips advise on what techniques and tools may be used 
to prevent such damage. 

44 New tools for new technologies 
By Nils Conrad Persson, editor 
Just a few years ago, it was possible to service most 
consumer electronic products with only a handful of 
basic tools. However, today more sophisticated tools 
are becoming vital accessories to the technician's 
workbench. 

48 How to evaluate cassette tapes 
By Carl Babcoke, CET 
Audiocassette tapes are available in a wide variety, 
from premium brands to cheap private labels. The few 
tests described here, however, should help you select 
one type for a specific purpose. 

56 At your service 
The results of the August 1982 reader survey give an 
interesting look into what equipment ES&T readers 
are servicing. 
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Next month... 

How to service arcade video games. Arcade video games are 
enjoying unprecedented success today. Although these games 
employ extensive digital circuitry plus a monitor with analog 
circuits, they are seldom difficult to repair. This article 
describes typical circuit operation and offers servicing sug- 
gestions. 
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Editorial 
Wv 

Tools evolve in electronic revolution 
The history and development of humankind is 

inextricably intertwined with the history and 
development of tools. Tools have enabled us to 
subdue the rages of nature; harness water, wind 
and fire to the machines of production; and build 
and repair all manner of devices. 

It is a matter for conjecture whether the first 
tool contrived by a primitive human was a club 
used in self defense against a larger adversary, a 
rock thrown to bring down small game from a 
distance or some other tool. It is, however, a 
matter of history that that first step in tool use 
was followed surely, although perhaps slowly, by 
another and yet another. 

A few other animals are occasionally seen to use 
a stick or a rock as a tool to perform some simple 
task at hand, but humans are unique in the world 
in their development and systematic use of tools. 
To such a degree in fact that some anthropologists 
have stated that it is this characteristic that most 
significantly marks the difference between humans 
and the lower animals. And, furthermore, 
scientists have suggested that the present state of 
evolution of the human brain was influenced 
largely by the discovery and use of tools by early 
humans. 

For the most part, in human history, the 
introduction of new tools came about slowly. The 

industrial revolution changed that, forcing a far 
more rapid evolution of tools to keep up with the 
rapid changes in production methods. 

The electronics revolution of today is, in a 
similar fashion, forcing the development of new 
tools to fabricate and service the products of that 
revolution. Circuits and components are getting 
smaller and smaller. Electronic circuitry is being 
incorporated into more and more equipment that 
it was never used in before. Increasingly, 
electronic circuits that have historically been 
analog are yielding to digital techniques. Because 
of the incredibly low cost of an individual 
semiconductor component realized in IC 
technology, circuits are becoming increasingly 
complex. All of these developments are causing 
new kinds of problems in the production and 
servicing of electronic devices that the old tools 
are ill-equipped to handle. The answer has been 
the development of a host of new tools to deal 
with the new technology. There can be no doubt 
that as the electronics revolution continues to 
unfold, the development of new tools will keep 
pace. 
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(onsoflcicitecJ Elecironics (IC 
41/2" Tweeter 
8 Ohm 

30 Watt 
2kHz-18 kHz response $ 
PART NO i 1-95.95 

CE 478 

61/2" WOOFER 
Ohm 

50 Watt 
40-3 kHz Response 

$4.95 
10 or more 

$11.95 
1-9 

CE 435 $9.95 

Two -Way Crossover 
Crossover point 2 kHz 
6 dB/octave 8 ohm 

100WRMS 
PART NO 

XV -2W 

$6.95 

$5.95 

4' Dual Audio '° 

Patch Cable 
f1 

r 

Inline RCA to 
RCA Adaptor 

2 RCA plugs on each end 

RAPT NT 

J 

DPC-4 
$1.09 89 

. CE 411 59c 44C 

RCA Jack to 1/4" 1/4" Phone Jack to 
Phone Plug Adaptor RCA Plug Adaptor 

PART NO 59C 49'' ,CE 410 
F.._._,.. 59` CE412 

TV/Game Switch 
300 ohm input 
RCA jack type input 

300 ohm output 
Replaces most original 
TV/game switches 

CE 483 $235 $1.85 

F-59 with Attached 
Ferrule 

CE 419 

29` 21c 16c- 

-a 

PICKERING 
V15-AT2 

f iT'1O 

V-15 $3.90 $3.50 

SHURECEI2011E 
M44-7 

N-44 $3.75 $3.50 
l: ormore 

audio t echnica 
.4 x .7 mil elliptical stylus 
Response 15 Hz 20 kHz 
Tracking 1'/s-2'hgrams 
Output: 4.8 mV 

P4RT NO. 

CE12011E $10.75 $9.75 
R..12G( I 

SHURE M74, 
M75, M81 ,AR-N,,1,1> 
N-75 $3.75 $3.50 

RPUIe Cn 1St JIUs!Or 

ADC K8 

ADC K8 

$5.60 $5.15 

PS'lil:: I ,fC'G'.- ... 

SHURE M93, 
M91 

N-91 $3.90 $3.65 

';.-.. 'SIY"..:,i 

STANTON 
500 SERIES 

CE 387 $5.75 $495 
/ 

Cassette 
Tapes 

High quality' 
Low Price, 
1 year 
guarantee 

CE 368/C-60 
$1.19 99C 

CE 369/C-90 

$1.39 81.19 

Sony AN -16 Type Replacement 
Antenna 

$5.95 -13" .,18n1ed 
8 sections 

CE 423 

1 ' 

$4.95 
10 or more 

COMPARE OUR ITEM 1-9 ITEM 1-9 

LOW PRICES C1116A 
C1124 

4 25 
100 

D613 
AN214 

89 
1 90 

AND SAVE! C1172B 3 40 BA521 2 50 

ITEM 1-9 C1306 1 45 GH -3F 1 25 

A643 49 01308K 3 28 HA1377A 4 50 

A684 38 C1362 43 M51513L 2 25 

A733 27 C1384 43 STK 430 6 50 

B555 3 75 C1419 .75 STK 0050 7 25 

C458 19 C1969 1 79 S-100 W 23 00 

C828 17 D313 75 TA 7205P 1 95 

C945 27 D526 79 UPC 1156 2 00 
/ 

Sorry, No personal checks 

Sorry, NO MIXED QUANTITIES 

NATIONAL WATS LINE 

CALL TODAY FOR YOUR 
FREE 1983 WINTER/SPRING 
CATALOG 

705 Watervliet Ave. Dayton, Ohio 45420 
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Symptoms and cures compiled from field reports 
of recurring troubles 

Chassis -Magnavox T995 
PHOTOFACT-1469.1 and 1700-1 

C6 1000NF 
FROM VERTICAL 
YOKE LCW END I 

OPEN 
R6 
12S25W 

D5 

TO 
CONVERGENCE 

Symptom- Insuffient vertical height 
Cure-Check capacitor C6 (located below vert module) 
and replace it if open 

1 Chassis - Magnavox T995 
PHOTOFACT-1469.1 and 1700-1 

Chassis - Magnavox T995 3 
PHOTOFACT-1469-1 and 1700-1 

113 

N1107 _,.I I 
VERTICAIL 

SHORTED 
TURNS 

TO VERTICAL 
YOKE HOT END 

I I Li 
7.3Q 

+ 30.4V 

Symptom-Vertical foldover, retrace lines or bad 
linearity 
Cure-Check L1 vertical inductance and replace it if 
turns are shorted 

Chassis- Magnavox T991 5 
PHOTOFACT- 1594-1 

CHANGED 
VALUE 

ABL AT 
#8 VIDEO 
DELAY 

C215 MODULE 

-100K 10.033µF 

LEAKY 

Symptom - Excessive brightness with retrace lines, and 
no control of brightness 
Cure- Check C215 and R218 and replace them if 
defective 

Y 

III 
II 
11 7 

R22 SHARPNESS 

360Q 

M108 LOW 
LEVEL VIDEO i I + 1.2V 

11 C3 

II OPEN 
0.0022 r 

Symptom-Appears as AGC trouble, insufficient 
brightness or a weak CRT 
Cuire-Check R22 sharpness control and replace it if 
open 

2 

Chassis- Magnavox 1991 4 
PHCTOFACT -1594-1 

L201 
C218 
1.25µF To E---ts HORIZ I YOKE 

D203 I / 
DAMPER 

8227 
OPEN 

33052 

Symptom - No ho°izontal sweep (one single vertical 
line} 
Cure-Check C218 and replace or resolder if open or 
has bad joint 

Chassis- Magnavox T991 6 

PHOTOFACT- 1594-1 

0103 HORIZ OUTPUT To #1 FLYBACK 
C220 
0.018 

C210 C224 
470pF 470pF 
N2200 N2200 

1kV 1kV 
SHORTED 

T201 
FLYBACK 

Symptom- No high voltage or raster 
Cure - Check capacitors C210 and C224 and replace 
'hem if shorted (notice the flyback winding parallels 
them, so disconnect them during tests) 
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Here's why we're Number One. 
When it comes to logic probes, more people purchase Global 
Specialties! Because you can spend twice as much and not 
get the speed, precision, flexibility and accuracy offered by 
our four logically -priced probes-including our remarkable 
new 150 MHz ECL Probe. Not to mention the versatility, 
reliability and durability we've become famous for. 

But we don't stop there. When it comes to logic testing, Global 
Specialties does the complete job. With our DP -1 auto -sensing 
digital signal injector-for fast, easy stimulus -response testing, 
at an economical $83.00*. Plus a line of multi -channel Logic 
Monitors that provide an inside picture of circuit activity at up 
to 40 nodes simultaneously. And each product has an idea - 
filled applications manual-as well as an unmatched line of 
highly -functional accessories, to extend its versatility still more. 

With Global Specialties, there's no need to compromise on 
performance. Or value. Discover for yourself why we're the 
number -one logical choice! 

Easy -to -use Memory 
and Pulse functions 

Full readout 
indications-HI, LOW. 

PULSE 

Overload and AC -line - 
protected high - 

impedance input 
Linear input impedance 
eliminates errors due to 

non -uniform loading 

Complete line of 
interchangeable 
probe tips and 
grounding wires, 
including easy 

clip, banana plug, 
alligator clip 
jumpers and 

variety of power 
cords 

Compact, high -impact, 
human -engineered case 

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 -Walden 0799-21682, TLX 817477 
Canada: Len Finkler Ltd., Downsview. Ontario 

True multi -family 
performance: 

DTL, TTL, CMOS. 
Or ECL'! 

Interchangeable thin - 
profile power cords 

(instead of awkward, 
heavy or coiled cords) 

Unsurpassed reliability- 
performance proven 

All specs conservative 
and guaranteed 

Half the price for equal 
i or better) performance 

Circuit -powered with 
reverse -voltage 

protection 

Standard LP -1, only $50.00*, with latching memory-captures 
pulses as fast as 50 nsec, to 10MHz, guaranteed 
Economy LP -2, $32.00*, guaranteed to 50 nsec, 1.5 MHz 
High-speed LP -3 with memory, only $77.00*, guaranteed to 
10 nsec (6 nsec. typical) and 50 MHz! 

New ECL LP -4t, $150.00; the new industry standard -with 
memory, guaranteed to 4 nsec (2 nsec, typical) at 150 MHz! 
tLP-4 probe exclusively for use with ECL. For DTL, TTL or 
CMOS, select LP -1, -2 or -3. 

GLOBAL Ca[ toll -free for details 

SPECIALTIES 
CORPORATION 

1uring 
b-800usiness ho-243urs-6077 D 

*Suggested U.S. resale. Prices, specificat ons subject to change without notice © Copyright 1981 Global Specialties Corporation 
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LC 
replaces 
CRT in 
oscill 

Will the next oscilloscope 
you buy have an LCD 
readout? Or perhaps, will 
you, in the not -too -distant 
future, find yourself 
troubleshooting a televi- 
sion with a flat LCD 
screen? The technology 
for such devices is here 
and now, as this article 
shows. 

oscope 

An LCD capable of replacing the CRT for oscilloscope applications has beer 
developed by EEV. The display uses dye -phase -change technology, which eliminates 
viewing angle problems because no polarizers are required. 

A major breakthrough has been 
achieved in the production of an 
oscilloscope that uses an LCD 
readout instead of the traditional 
CRT to present waveform 
information. 

The significance of this 
development becomes apparent 
when you consider the differences 
between an LCD and a CRT. The 
LCD solution offers low power 
consumption, low supply voltage, 
visibility in direct sunlight, 
compactness and lightness. This 
development has generated 
worldwide interest because the 
techniques involved could be 
applied to any device needing to 
display waveforms or trends, 
such as spectrum analyzers, 
medical equipment (ECG), analog - 
type meters and even perhaps 
radar equipment. 

Further developments or 
refinements of the techniques 
involved in displaying single - 
valued functions could lead to the 
use of large -area LCDs for 
displaying alphanumeric or 
graphic information. 
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