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

Circle (91) on Reply Card 

Portable pattern generator 
Leader Instruments Corporation has 

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

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

Circle (92) on Reply Card 

Productivity organizer manual 
Lynco Publications has announced a 

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

Circle (93) on Reply Card 

Elevating table 
The Economy Regal mechanical 

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

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

Circle (94) on Reply Card 

Solder dispenser 
The Solderstat solder dispenser from 

SGW cuts soldering time by as much as 

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

Circle (95) on Reply Card 

SCSI bus test system 
The 5380 SCSI bus test system from 

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

Circle (96) on Reply Card 

Jumper boxes 
B & B Electronics has designed jump- 

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

Circle (97) on Reply Card fL 
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Audio Corner 

Knowing your specs 
Specifications are an important part 

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

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

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

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

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

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

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

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

Persson is editor of ES&T. 

tion of resistance, inductive reactance 
and capacitive reactance. 

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

X, = 27rFL 

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

Likewise, capacitive reactance is de- 
fined by the formula 

Xc = t/z 1rFC 

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

By Conrad Persson 

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

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

Taking a ratio of the two equations: 

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

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

Figure 1. At a given frequency, you close the switch and adjust the amplifier controls for 
a 10V reading at meter 1. A voltage of 10V across the 1k4 resistor means that the current 
through it is 10mA. The second step is to open the switch and read the voltage across the 
speaker inputs. This voltage is caused by the 10mA of current through the speaker. The im 
pedance of the speaker at that frequency will be the meter voltage divided by the current. 
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Figure 2. If you perform the measurement technique described in Figure 1 at frequent inter- 
vals across the audio spectrum, you will get a graph of the impedance of the speaker vs. 
frequency, such as this fictitious example. It will vary considerably, but the lowest impedance 
you find should be somewhere around the nominal impedance specified by the manufacturer. 

60 Electronic Servicing & Technology August 1988 

www.americanradiohistory.com



Of course, things are far more com- 
plicated than this, and looking at 
speaker impedance requires that we 
consider the speaker coil's dc resistance 
and the contributions of inductive reac- 
tance and capacitive reactance. The for- 
mula for complex impedance, taking in- 
to account all of these factors, is: 

Z = V122 + (XL - Xc)2 

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

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

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

Measuring loudspeaker impedance 
One way of measuring loudspeaker 

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

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

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

Z=VM/O.O1A=VMx 100 

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

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

Plug in.! 
To the NESDA system. 
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industry. If you're not careful, you could find 
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But, you don't have to stay there. 
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Don't be left in the dark. Let the NESDA system work 
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Computer Corner 

Interfacing computers 
to the analog world Part 111 

By Joseph J. Carr, CET 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

wrong. 
Noise may cause changes in the ap- 

parent value of V,,. 

Dual -slope integrators 
Many of the problems with single - 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Circle (22) on Reply Card 

August 1988 Electronic Servicing & Technology 63 

www.americanradiohistory.com



Video Corner 

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

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

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

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

Waves or particles 
Light seems complex because it si- 

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

By Carl Bentz 

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

1 = C/f 

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

velocity of light in meters/second in 
free space; 

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

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

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

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

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

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

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

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

AIR 

FILM 

AIR 

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

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

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

C 

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

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

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

When light strikes 
When light waves strike the boundary 

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

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

so occurs from rough surfaces, but the 
light becomes diffused; the directions 
taken by the reflected light rays are no 
longer parallel. Instead of an apparent 
image, we see the reflecting surface it- 
self, formed from those light rays that 
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Figure 1. When light waves strike the boun- 
dary between two mediums, the rays are 
either refracted, or passed through the sur- 
face, or they are reflected back. 

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

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

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

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

UCANDO Now Has Four Video 
Tapes Designed For The 

Electronic Enthusiast. 

ELECTRONICS AND YOU-PART ONE DC 
PRICE $32.95 

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

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

VCR MAINTENANCE AND REPAIR 
PRICE $32.95 

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

INTRODUCTION TO VCR REPAIR 
PRICE $59.95 

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

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

letIFUCANDO1#, 

P.O. Box 386 
Greenville, 
Ohio 45331 

FREE CATALOG 

108 full -color 
pages packed with 

the latest in high 
quality electronic 

products 

Heath 
Company 

CL -792 

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

fJ Send NOW for your FREE 
Heathkit Catalog. 

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

Name 

Address 

City 

State Zip 
A subsidiary of Zenith Electronics Corporation 

Circle (17) on Reply Card 

August 1988 Electronic Servicing & Technology 65 

www.americanradiohistory.com



Readers' Exchange 

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

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

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

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

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

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

WANTED 

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

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

826-5122 days. 

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

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

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

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

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

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

and I will copy and return. Robert Corwodin, 1218 

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

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

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

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

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

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

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

Coming Up in 

GIGOTRODiG 
Servicing &Technology 
September 

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

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

October 

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

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

November 

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

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

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

FOR SALE 

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

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

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

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

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

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

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

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

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

Quentin Road, Brooklyn, NY 11229. 

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

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

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

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

ESE/f, 

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

Each initial or abbreviation counts as a full word. 

Minimum classified charge $30.00. 

For ads on which replies are sent to us for forwarding 
(blind ads), there is an additional charge of $35.00 per 
insertion to cover department number, processing of 
replies, and mailing costs. 

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

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

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

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

03-88-6t 

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

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

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

6.88-tfn 

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

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

6-88-t f n 

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

6-88-3t 

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

11-87-tfn 

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

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

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

8 -88 -lt 

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

8-88-1t 

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

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

8-88-3t 

HELP WANTED 

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

WANTED TO BUY 

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

BUSINESS OPPORTUNITIES 

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

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

ON OVER 10,000 ELECTRONIC 

COMPONENTS & PRODUCTS... 
CALL TOLL FREE 

IN 

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

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

TLX 4994411 PRBUSA 

Circle (26) on Reply Card 

Aarranb 

HAND REMOTE REPAIR 
LA GUARDIA ENT 

5882 Rich Hill Way 
Yorba Linda, CA 92686 

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

Circle (25) on Reply Card 

NEW LOW PRICE 

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

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

2323 Gibson St. Muskogee, OK 74403 

Circle (24) on Reply Card 

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

Ad Index/Hotline 
Reader 

Page Service Advertiser 
Company Number Number Hotline 

American Reliance 53 18 800/654-9838 

Beckman Industrial Corp IFC 1 619/495-3200 

C + S Sales 47 15 800/292-7711 

Dandy Mfg. Co 68 24 800/331-9658 

ETA 59 

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

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

Hameg Inc. 25 28 800/247-1241 

Heath Co. 65 616/983-6004 

ISCET 53 

Joseph Electronics 17 9 800/323-5925 

Laguardia Enterprises 68 25 714/579-1276 

Matsushita Services Co. 49 16 

MCM Electronics 55 18 800/543-4330 

Mitsubishi 7 5 800/553-7278 

NESDA 55,61 

Panavise Products Inc 21 10 213/595-7621 

Parts Express Intl Inc 43 13 513/222-0173 

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

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

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

Sencore, Inc IBC 2 800/843-3338 

Sony Service Company 1 201/930 -SONY 

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

Techni-Tool 57 23 215/825-4990 

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

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

Tentel 63 22 800/538-6894 

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

Thomson Consumer Electronics 3 3 

Tronix, Inc. 21 61 313/939-4710 

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

Zenith BAC 

Tech's 
Guide 

To 
Pricin 

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

Call Toll Free for details 8/5 
1-800-228-4338 CST 

Circle (27) on Reply Card 

ELECTRONIC SERVICING á TECHNOLOGY (ISSN 0278-9922) 

is published monthly for $19.49 per year by Intertec Publishing 

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

postage paid at Shawnee Mission, KS and additional mailing 

offices. POSTMASTER: Send address changes to ELECTRONIC 

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

KS 66212. 

ADVERTISING SALES OFFICES EMIR. 
St11neüg & bdtnofogy 

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

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

TOKYO, JAPAN 
Haruki Hirayama, 
EMS, Inc. 
Sagami Bldg., 4-2-21, Shinjuku, 
Shinjuku-ku, Tokyo 160, Japan 
(03) 350-5666 
Telex: 2322520 EMSINCJ 
Cable: EMSINCPERIOD 

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

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

HAN CHANB AUB VECTOR 

CD C) FR 

FOCUS 

CD 

MODEL SC61 

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

Aralyze Waveforms Easily 

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

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

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

AutotrackingTM Digital Readings Analyze The Whole 
Signal 

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

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

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

CHANNEL A 
INPT 

MUSE COUPLING 

DC t'.0 

CHANNEL. 

IPPUT COUPLING 

DIGITAL 
RE ATOUT 

VERTICAL 
POSITION 

TRACE BAI 

REOINVERT B. 

CV VERTICAL 
POSITION 

VOLTSID JISION 

Eso .05 

BEAD ANECT 

WilB10:PROBE 

VOL-sItIVISION 
2 

IB 

CHA A DELTA MEAS 
a PPV .NTENSIFI' 

BEGIN PORTI 

CH B 

PPV 

I PO 

TIME 

EAM 
NDER 

OLE ÑOB 

ExvA O 

RÇ 

o 
WAVEFORM ANALYZ 

Digital Delta Tests Analyze Any Part 3f The Signal. 

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

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

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

Frequency Ratio Test - Tests Multiplier And Divider 
Circuits 

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

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

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

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

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

always insist on 

GànüiìiZethth 

Remanufactured Replacement Part 

Recondifioned and Serviced for Reliability 

by Zenith People 

as Knowledgeable and Dedicated as 

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

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

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

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

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

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

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

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

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

The quality goes in before the name goes on 

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