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For 14 years

Jim Ishee has relied

on one electronics
rebuilder.

Like so many professional TV ser-
vice dealers, Jim Ishee knows the
importance of fast, quality service.
That's why, year after year, he's
turned to PTS for quality rebuilt
tuners and modules.

With PTS, all major brands of
tuners and modules are available for
immediate exchange or eight hour
rebuilding. And PTS backs up each
guality component with a full year
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limited warranty instead of the ninety
days most manufacturers offer.

Because PTS puts quality service
first, customers like Jim Ishee keep
coming back.

There's one electronic rebuilder
you can depend on, year after year,
for quality tuners and modules.

Only One.

For the name of the PTS Distributor or Servicenter nearest you write PTS Corporation, P.O. Box 272, Bloomington, IN 47402
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Ous new model 128 has a beeper and a whole lot more.
After you've seen it we think you'll agree that this is the
best all around field service DMM available. It be=ps

on all three functions—V, ? and A—and on all rarges
for each function. Applicaticns are virtually
unlimited. It “displays” a stzndard digital reedout,
an audible tone for rapid over/under checks and
an over/under arrow.
Unique 128 design erables you to
venfy forward conducdon and reverse
blocking of semiconductor
juncticns, test LEDs and check
multiple junction compcnents.
Even with the beeper on, -he
B 128 mezintains 10M{2 input re-
C Olce sistance. You can calibrate
e both the beeper thresaold
anc the A/D without disassembling the instrument.
The 128 is human engineered = preere=——
with a large, 0.6” display, ruggec
ABS case and display window,
35C-hr battery life and overload
prctection.
Much less versatility can cost
much more than $139.
The 128 is the sound choice
because it's the smart buy.
Contact your local Keithley rep-
resentative or distributor.
KEITHLEY
Keithley Instruments, Inc.
28775 Aurora Road/Cleveland, OH 44139
(21&) 248-0400/ Telex: 98-5469
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The how-to magazine of electronics...
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Volume 2. No. 6 8 AM stereo: To be or not to be?
‘ By Dennis Ciapura, Greater Media

The wid d f AM st is in sight, bringi
g&ggﬁg}!ynonie e widespread use o stereo is in sight, bringing a new

it challenge to electronic servicing.

AM_sieor To s o1 gl fo be
Troubloshosting with logic anaryars

Stedinuaymenforw . 4§ 2 O Keeping Zenith’s computers on line

e DAC Data Systems provides fast service for Zenith
microcomputers in the Flushing, NY, area.

2 4 Troubleshooting with a logic analyzer

By John Huber, Tektronix
With the increased usage of microprocessors in digital-
system instruments, the capabilities of a logic analyzer

Storage CRTs in oscilloscopes have become important.
are a popular solution to many

measurement problems

technicians encounter. See 3 2 .

story on page 32. (Photo Storing a waveform

oSl R it By Michael Gasparian and Charles Donovan, Hewlett
Packard

Without a background knowledge of the technologies
involved in storing a signal, a storage oscilloscope can
be frustrating to operate. This background article takes
some of the mystery out of measurement problems.

44 Troubleshooting at your fingertips

By Nils Conrad Persson, Editor
The Primefax system allows technicians to call up the
experience of others around the country.

46 The Ampex Museum of Magnetic Recording

By Peter Haommar, Ampex
This permanent historic equipment display tells the
story of an industry that dates back to the 19th century.
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EDITORIAL

"2

Readers respond to projection TV article

When we published the article “How To Build a
Giant Screen TV System,” in the January 1982 issue
of ES&T, we hoped that it would be of some interest
to our readers. As it turns out, according to Bob
Fischer, president of Projectapix, more than 1100
readers have already contacted his company to get
further information. It is gratifying when an article
strikes such a responsive chord among our readers.
It helps us to know we're doing our job right at least
some of the time.

But now we're curious. How many of the people
who've inquired of Projectapix will actually order
the materials for construction of a projection TV?
What will be the experience of those who do so? If
you are one of the readers who decide to try your
hand at such a project, we are interested in learning
about it. In fact, if we can get enough details about a
build-it-yourself project, we might be able to turn it
into an article. Let us hear from you!

In fact, we'd like to hear from any of you at any
time. Letters are an important element in the
development of thought and action here at ES&T.

We receive quite a few letters from readers each
month, commenting on the content and style of the
magazine. Some of the content of these letters is
complimentary, some of it is critical. But all of the
letters are read —and heeded. After giving it a great
deal of thought, we have decided to establish a
regular department of Letters (o the Editor,
although we have not yet concluded that that’s what
we'll call it. This will give us a chance to let readers
know what other readers are thinking. More than
that, though, it will allow us to present valuable in-
formation that readers send in that might otherwise
lie undiscovered, and we'll be able to give credit
where it is due. On those occasions when we make
an error and readers let us know, the Letters depart-
ment will give us an opportunity to print the letters
that pointed it out to us.

So keep those cards and letters coming. We love
‘em, even when they hurt. But don’t be surprised if
you one day see your letter and your name printed in
ES&T.

ELECTRONIC
 SCANNER

EIA/CEG urges orderly
introduction of AM stereo

The Electroniec Industries
Association’s Consumer Elec-
tronics Group (EIA/CEG) has ex-
pressed its concern that a recent
decision by the Federal Com-
munications Commission (FCC)
permitting multiple AM stereo
broadcasting formats will result in
consumer confusion. The
ETA/CEG is the national trade
association for manufacturers of
consumer electronics products.

“Even if some individual broad-
casters begin using one of the pro-
posed AM stereo systems permit-
ted by the March 19, 1982, FCC
Final Report and Order, no single
system will prove viable until it
receives widespread manufactur-

ing support. We suggest,
therefore, that consumers and
press not simply jump at the first
AM stereo receiver to appear just
because it is there,” noted Jack
Wayman, senior vice president of
EIA/CEG.

On April 26, broadcasters could
begin transmitting AM stereo us-
ing any one of several systems, so
long as they met FCC technical
standards and had equipment-
type approval. But, as Wayman
emphasized, the successful history
of U.S. broadeasting is due in no
small part to the adoption of stand-
ardized technical formats.

“A marketplace determination is
appropriate for choosing between
products of the same type,” Way-
man commented, “but manufac-
turers and consumers alike are
harmed if two stations in the same
locality transmit AM stereocasts
that can’t be successfully decoded
by the same receiver. Everyone
remembers only too well the
negative impact that multiple for-
mats have had on other promising
technologies, such as 4-channel
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sound. On the other hand, FM
stereo developed rapidly in this
country because manufacturers
had a single standard, the position
that EIA/CEG has urged for AM
stereo since 1977 in its filings with
the FCC.”

Wayman was careful to point
out that in no case will the in-
troduction of AM stereo make ex-
isting radio equipment obsolete.
But because the FCC ruling did
not establish a single format,
manufacturers of audio com-
ponents must now arrive at their
own de facto standard, which will
take some time.

JEDEC CMOS logic committee
develops new standard

The Joint Electron Device Engi-
neering Council (JEDEC) JC-40.2
committee on CMOS logic stand-
ardization is working to provide
the semiconductor industry with
acceptable standard specifications
for high speed silicon-gate logic
devices.

A developmental specification
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Troubleshooting

Tips wanted

Electronic Servicing &
Technology needs addi-
tional consumer-product
Troubleshooting Tips.
Most types of case
histories are suitable,
especially those with
unique, puzzling or
misleading symptoms.

List the brand and
model, and Photofact
number if applicable,
followed by a narrative
telling the original condi-
tions or symptoms, the
various troubleshooting
steps, and the com-
ponents replaced to
restore the original per-
formance. Please include
a simple, hand-drawn
schematic of the stage
that has a defect.

ES&T will pay $10 for
each Troubleshooting Tip
published. Your name and
city will be listed, unless
you ask to remain
anonymous.

Send vyour idea to:
Troubleshooting Tips
Electronic Servicing &
Technology
P.O. Box 12901
Overland Park, KS 66212

for de parameters was patterned
around the emerging 54/74 HC
specification. Companies repre-
sented at the meeting were RCA,
Fairchild, GTE Microcircuits,
Mitel Corporation, Motorola, Na-
tional Semiconductor, Philips
(Holland), Texas Instruments and
Toshiba. All companies exhibited
interest in the development of this
specification. The tentative title
for the developmental specifica-
tion is “Standard Specification for
54/74 HC/HCT/HCU High-Speed
Si-Gate CMOS Logic.” HC specifi-
cations cover buffered CMOS com-
patible logic types, HCU specifica-
tions cover unbuffered CMOS
compatible types and HCT specifi-
cations cover buffered TTL input
compatible logic types.

The JEDEC Council and its sup-
porting committee structure is the
engineering standardizing body
for solid-state products of the

Electronic Industries Associa-
tion’s (EIA) Solid-State Products
Division and the National Elec-
trical Manufacturers Association’s
(NEMA) Power Semiconductor
Division.

ETA to hold
convention in July

The Electronics Technicians
Association, International, will
hold its fourth annual convention
July 15 through 17 at Towa State
University, Ames, IA. Events in-
clude technician troubleshooting
seminars, business training, per-
sonal development and employ-
ment clinics.

Any electronics technician may
attend. For more information,
contact convention chairman,
Ron Crow, P.O. Box 1028, Ames,
IA 50010, 1-515-294-5060.

Esuw

ASSOCIATION
NEWS

Dealers urge Congress
to reverse court ruling

Video dealers’ associations and
more than 2000 individual dealers
throughout the United States have
called on their representatives in
Congress to remedy last October’s
surprise ruling by the Ninth Cir-
cuit Court of Appeals that off-the-
air home taping infringes copy-
right laws,

In testimony, personal visits, let-
ters and telephone calls, the
dealers are urging Congress to
clarify the law so that it clearly ex-
empts home recording from
copyright infringement. At the
same time, they are fighting off ef-
forts by the movie industry to have
Congress impose a royalty “tax” on
video recorders and blank tapes.

Julius Kretzer, president of the
National Association of Retail
Dealers of America, whose 3600
members operate more than
10,000 retail outlets, testified at a
Senate Judiciary Committee hear-
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ing last November, urging the
Senate to pass a simple amend-
ment to the copyright laws that
would clearly exempt private, non-
commercial taping. The amend-
ment is known in the Senate as S.
1758. A similar bill in the House of
Representatives is known as H.R.
4808. Further hearings are
scheduled in April.

American Video Association
President John Power, whose
organization speaks for more than
400 video dealers, says the pro-
posed royalty tax would be harm-
ful to dealers as well as consumers.

Both associations have joined
the recently formed Home Record-
ing Rights Coalition in
Washington, whose members also
include the American Retalil
Federation, the National Retalil
Merchants Association, and Sears,
Roebuck and Company. Other
members include leading VCR and
blank tape manufacturers and
distributors.

The coalition opposes the royalty
tax proposals and supports the
passage of S. 17568 and H.R. 4808
to clearly exempt private, non-
commercial taping from copyright
infringement.,

Esr..



“Is it wishful thinking to want a
50 MHz portable scope with
| mV/div sensitivity for under $2000?”

@HITACHI HEARD YOU.

Not since Hitachi introduced the dual trace, delayed
sweep V-509. For only §1,895 you get a dynamic range
of 8 full divisions. Sensitivity to 1 mV/div at 10 MHz. And
sweep times down to 10 ns/div. For today’s sophisticated
electronics, computers and VTRs, it’s the perfect field
service tool.

Weighing a mere 11 pounds, in an 8.5" x 4.3" x
13.8" package, the V-509 is, nevertheless, a heavyweight
when it comes to perform- —
ance. Auto focus, a built-in g = gl
TV sync separation circuit
and Channel 1 DVM output &
are standard. There’s evena
single-sweep function to
reliably measure one-time
events. Plus AC/DC operation
and an optional battery pack,
SO you can take the V-509

wherever it's needed.

Hitachi's human engineering is evident in every
facet of V-509 design. Its bright, 3.5" diagonal CRT is
easy to read. Functionally grouped front-panel controls
make for fast, efficient use.

Also from Hitachi is the V-209, list price $995. A 20
MHz, dual trace, mini-portable scope with many of the
same performance and ease-of-use features as the V-509.

So if you’re thinking about
purchasing a mini-portable
scope, you know who to
think of. Hitachi Denshi
¥  America, Ltd., 175 Crossways

Park West, Woodbury, NY 11797.
(516) 921-7200. Offices also in Chi-
cago, Los Angeles, Atlanta, Cincin-
nati, Dallas, Denver, Seattle and
V-509 Washington, D.C.
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KThe FCC decision on March 4,
1982 to allow a free market ap-
proach to AM stereophonic radio
broadcasting was met with mixed
reaction —from delight to despair,
according to an article in the April
issue of Broadcast Emngineering
magazine. The FCC has declined
to select a single, optimum system
for AM stereo.

The FCC voted 6 to 1 to allow
broadcasters to use any non-
interfering system they desire,
with only minimum technical
guidelines. Commissioner Abbott
Washburn cast the dissenting vote
and spoke in favor of selecting a
single system.

The failure of the FCC to decide

the technical reasons, may actually
kill the future of AM stereo. If set
\manufacturers refuse to build ap-

on a single system, regardless of

propriate sets to receive the AM
stereo broadcasts and broad-
casters cannot select and install
an optimum system, the AM stereo
industry may die because of signal
incompatibility and the lack of
suitable receivers.

On the other hand, the door is
open now for the current pro-
ponents, plus all others who want
to toss their hats into the ring, to
do battle in the marketplace. Only
time will show who dominates and
if AM stereo will survive. The
possibility exists that some foreign
source, with strong government
backing, could actually decide the
AM stereo issue in the United
States.

According to Bill Rhodes,
editor of Broadcast Engineering,
the decision was made by the FCC
in large measure because budget

limitations leave them without the
technical resources needed to
select a single, best AM stereo
broadcasting scheme from among
the five contenders.

The following pages describe the
various technologies available,
give a little of the history of the
AM stereo decision process, and
describe the reactions of some of
the AM radio receiver manufac-
turers.

If the FCC decision does not
mark the death of AM stereo, the
result is almost certain to be chaos
and confusion in the AM radio
receiver marketplace. For the pur-
chaser, there will be such ques-
tions as, “Do I want to buy AM
stereo?” and “Which technology
will eventually prevail?” For the
radio servicer, it means it may be
time to go out for more education.

AM stereo:

TO be
or not to be~?

By Dennis Ciapura,

group vice-president,
Telecommunications, Greater
Media, East Brunswick, NJ

The battle to prove technical
supremacy in the AM stereo arena
has been as frustrating for broad-
casters as it has been exciting.
Proponents have raised so many
serious questions about competing
systems that one can’t help but be
at least a little skeptical about the
claims of all of the proponents.

It’'s too early to predict the
receiver marketplace, but a review

of how each of the five proposed

systems works is a good place to
start the technical assessment.

The audio channels

All of the systems are similar to
each other (and FM stereo) in that
the left and right audio channels
are converted into L+R and L-R
equivalents for transmission. This
is a natural outgrowth of the re-
quirement that a normal mono
receiver be able to detect a mono
amplitude modulated carrier that
is the summation of the left and
right channels. Figure 1 is a great-
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ly simplified block diagram that il-
lustrates the general scheme
employed by all five of the systems
proposed thus far.

The systems begin to differ in
the way in which the FM or PM of
the carrier is accomplished. Don't
be deceived into thinking that
these systems are as similar in
their performance characteristics
as they are in their block diagrams
though, because there are impor-
tant differences.

Stereo generation
Figure 2 breaks the five pro-
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Figure 1. The basic stereo generation approach of the five systems presently

proposed.
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Figure 2 The AM steseo family tree.
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Figure 3. Tte Kahn ISB (Independent Sidebend) system.

posed systems down by the
method of stereo generation.
Although all of the systems employ
some sort of phase modulation; the
Kahn system is unigue in its in-
dependent sideband approach,

which results in the left channel
being carried on the lower side-
band and the right on the upper
one. This is the system that allows
stereo reception with two mono
receivers—one tuned a little low

Elactronic Servicing & Technology June 1982

and the other a little high. The
Belar approach is to frequency
modulate the carrier with the
stereo information, while
Magnavox, Harris and Motorola
phase modulate the carrier. The
Harris and Motorola methods are
similar in that they are modified
quadrature modulation schemes,
not unlike the method used to
transmit two chroma signals on a
single carrier.

Kahn: introduced more
than 20 years ago and
extensively air tested

Figure 3 shows a block diagram
of the proposed encode and decode
circuitry of the Kahn system. First
introduced more than 20 years ago
and extensively air-tested, the
Kahn/Hazeltine ISB (Independent
Sideband system), feeds its L+R
output from the matrix into the
transmitter’s audio input to pro-
vide the required mono envelope
modulation. A 45° phase lag is in-
troduced, which, relative to the
45° degree lead in the L-R chan-
nel, spaces the L+ R and L-R out-
puts of the matrix by a total of 90°.
After summing and squaring, the
second-order L-R components
phase modulate a local oscillator,
which drives a frequency
multiplier chain and translator.
The translator allows the station’s
transmitter oscillator to maintain
carrier frequency control as usual.
The second-order phase modula-
tion generated by the phase
shifted audio feeding the frequen-
cy doublers and different circuit
serves to enhance the separation
performance.

Reception is straightforward
and consists of conventional
envelope detection of the L+R,
while carrier recovery and
quadrature detection provides the
L-R signal needed to complete
decoding of the stereo channels in
the matrix. Synchronous detection
is also possible, if desired.

Overall, the system looks com-
plex and is one of the more expen-
sive schemes to implement*, but it

“In the April 1982 issue of Broadcasi Engineering.
Kahn was quoted: “If it's handled right, receiver
manufacturers will be convinced that this is the time
to change the image of AM from a second-rate service
to a quality service. It's a perfect time. There’s no
reason why the public should not be allowed a choice
between quality AM and quality FM.
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“It takes know-how, and the
right equipment to do the job.
You obviously have the know-
how, or you wouldn’t be reading
this magazine. The equipment?
The same brand that factorles
use to build and test sets on
producticn lines... LEADER!”’

Leader gives you test signal
sources for every conceivable
video and audio application—
reliable and easy-to-use
instrumentation that keeps you
right on track. Audio sine/square
wave genetrators cover 10 Hz to 1
MHz with lcw distortion.

To see what you're getting,
Leader's LBO-517 50 MHz

dual-trace oscilloscope is a natural.

Put the input to a circuit on one
trace, the output on the other, and
actually see where distortion

ench taker

at Orien-Tech, inc.
a factory authorized
service center.

occurs, how much, and when it's
corrected! You'll find more features
on this oscilloscope than on many
others regardless of price or
manufacturer’s claims. Or choose
from a dozen other models.

The Leader frequency counter—
in a rugged metal housing—can be
used to adjust chroma frequency
and vertica! or horizontal synch
circuits. Leader’s large, bright
fluorescent displays are easy to
read. To round out your test bench,
you'll need a wow and flutter
meter, mirror-backed scale ¢
voltmeter, and a good quality field
strength meter, . .all from Leader.

...todo the job right and build a
reputation as the person to see
when probkems develop. With
Leader on your test bench, there’s

no limit fo the jobs you car
tacke, the service you
offer...or the extent of

| Yyourpotential income.

&,

|

A history of high reliability permits
Leader to provide a generous twa-
year warranty. .. backed by factory
service depots on the Eastand
West Coasts. A free, trial use of
Leader instruments is available to
all qualified companies.

Call toll-free (800) 645-5104
to request: an evaluation unit, our
40-page catalog, the name of your
nearest “select” distributor and
additional information about haw
you can succeed in VTR Service.

For VTR professionals
who FEr—rr—=—-=
know | AL
the & atcn
difference.

380 Oser Avenue
Hauppauge, N.Y. 11788 (516) 231-6900
Regional Offices:
Chicago, Los Angeles, Dallas.
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works. Over the years, Leonard
Kahn has been able to successfully
defend his system from aggressive
detractors, and it has been im-
proved along the way. The present
form of the system features better
stereo separation and a pilot lamp
that was not part of the original
proposal several years ago.

Belar: one of the less
expensive to implement

The Belar AM/FM system is

‘perhaps one of the easier ones to

understand and is also one of the
less expensive ones to implement.
It starts with the ubiquitous audio
matrix (see Figure 4), which pro-
duces a L.+ R to AM the transmit-
ter and an L-R that frequency
modulates the transmitter by
+ 1.25kHz. The L-R path is pre-
emphasized by 100us to improve
the L-R channel signal to noise,
and a variable delay is incor-
porated to match the L+R delay
through the transmitter’s
modulator. The negative peak
limiter is required to prevent the
FM detector in the receiver from
generating a pop when the instan-
taneous signal-to-noise ratio of the
carrier approaches unity as the
carrier power approaches zero on
the negative swing. Even a high-
power transmitter will only be
delivering a few dozen watts to the
antenna at -95% modulation; at
that instant the RF carrier that
the receiver has to work with is
not very much above the noise.
You will see this same kind of
negative limiter in some of the
other AM stereo exciters as well,
and in the case of Motorola, in its
receivers.

The Belar receiver is almost a
statement of the obvious, as you
can see from the block diagram.
Although the pilot injection and
recovery points are not shown, a
pilot will be included (as it will be
in all five systems), and a 10Hz fre-
quency is contemplated.

Magnavox: selected by
the FCC in its first

attempt to settle on a
nationwide standard

Figure 5 illustrates the

Magnavox AM/PM system opera-
tion. In this case, the L+R feeds




the transmitter audio input as
usual, while the L-R phase
modulates the synthesizer output.
This is mixed with the local
oscillator output, which has been
frequency modulated by the 5Hz
pilot tone by + 20Hz (at carrier
frequency). The negative modula-
tion limiter serves the same pur-
pose here that it did in the Belar
exciter.

The Magnavox receiver is also
simple and readily understandable
from the block diagram. L+R is
recovered by conventional
envelope detection, delay compen-
sated and sent to the audio matrix.
The PM signal is detected, leveled
and sent along to the matrix to
combine with the L+R to decode
the left and right audio channels.
The 5Hz FM component is
detected and employed to il-
luminate the stereo indicator
lamp.

It was the Magnavox system
that the FCC selected in its first
abortive attempt to settle on a na-
tionwide standard among the five
proposed systems in the spring of
1980.

Harris: ability to maintain
stereo separation
out of 15kHz

Harris calls its offering the
Variable Compatible Phase
Multiplex system, or V-CPM. Sim-
ple in concept, the Harris system
amplitude modulates two RF car-
riers separated by 30° to 90°
phase difference. The left channel
modulates one of the signals while
the right modulates the other (see
Figure 6). As you can see, the two
low-level carriers are added to pro-
duce the V-CPM signal, then
reduced to their AM and PM com-
ponents by envelope detection of
the L+R, which feeds the
transmitter audio input; the AM is
stripped to recover the PM to feed
the transmitter RF input. The
complete composite signal looks
similar to a normal mono with
respect to the L+R components,
and it is interesting to note that
the output of the adder is the com-
plete V-CPM signal, which could
be fed directly to a high power
linear amplifier.

Harris boasts of excellent band-
width conservation with this

method. Athough V-CPM is really |

a quadrature modulation scheme,

varying the phase difference of the
carriers from 30° to 90° prevents
the generation of distortion in
mono reception. The pilot tone is
varied from 55 to 96Hz to enable
the receiver circuitry to track this
varying phase difference and pro-
vide normal stereo decoding.
Although this means that the L-R
frequency response can only ex-
tend down to about 200Hz, Harris
points out that these long audio
wavelengths make a negligible
contribution to perceived stereo
separation. One of the big advan-

tages of the system is the ability to

‘maintain stereo separation out of

15kHz, and it is these higher audio
frequencies that are most direc-
tional. The Harris V-CPM system
does not require a negative
modulation limiter in either its ex-
citer or receiver to prevent pops
so, like the Kahn system, there is
no modulation/distortion com-
promise to deal with.

The Harris receiver reverses the
transmission encoding by gener-
ating unmodulated IF with the
phase-locked loop to quadrature

Compare the Specs! Compare the Price!

MODEL 454 3" DUAL TRACE
TRIGGERED SWEEP SCOPE

DC to 15 MHz bandwidth, 5 mV/div. sen-
sitivity, 100 nsec/div. (X5) to .5 sec/div
sweep range
Differential amplifiers provide stable,
clean waveforms
Voltage calibrated vertical and horizontal
input attenuators
100 KHz chopping rate for low-speed
waveforms
Aiternate mode automatically selected
on high sweeps
24 nsec rise time, 0.5 V P-P calibrator
Displays CH A, B,Aand B, A + B,
A - B XandY
¢ External, CH A or CH B triggering, TV
sync
* Compact 4-5/8 x 9-7/8 x 13-1/4 ", weighs
13 ibs.

MODEL 420 FUNCTION
GENERATOR

Provides sine wave, triangle wave,
square wave and DC voltage output
Fixed TTL output drives up to 10 TTL
loads
Wide frequency coverage of 0.1 Hz to 1
MHz in 7 ranges
Voltage-controlled generator input for
sweep signals
Continuously variable DC offset control
with convenient Off position
Model 420D provides full day's operation
on batteries*, and it can aiso be re-
charged overnight. The instrument can
be operated from AC line voltage without
the batteries installed. *Batteries not
supplied.
* Compact 2.7 x 8.4 x 9" unit matches our
DMM styling
Adjustable tilt-view handie -

AT
StM pm DISTRIBUTOR

MODEL 420 D
for AC line and
battery operation —3231

MODEL 420 A
tor AC line
operation —$194

™ SIMPSON ELECTRIC COMPANY

(312) 697-2260 *

(
T\.lm': M1

Cinstaymiali THAT LTAV ACCURATL. )
) IN INDIA: Ruttonsha-Simpson Private, Ltd., Vikhroli, Bombay

853 Dundee Avenue, Elgin, Illinois 60120
Cable SIMELCO
{N CANADA: Bach-Simpson, Lid., London, Ontario

IN-ENGLAND: Bach-Simpson (U.K.) Ltd., Wadebridge, Cornwaii

Telex 72-2416

AND PRODUCTS GROUP
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detect the L-R stereo difference
information. After attenuating the
L+R to match the L—R, both are
fed to an audio matrix to recover
the left and right audio channels.
This is one of the more costly
systems to implement.

Motorola: distortion in
mono is prevented while
the noise advantages of
full quadrature operation

are retained

The Motorola C-Quam (Compati-
ble Quadrature Modulation) ver-
sion of AM stereo will be recog-
nized as a straightforward quad-
mod scheme, except a limiter
strips off the AM to remove the in-
compatible sidebands that would
cause IM distortion in a mono en-
velope detector. The L+R output
of the matrix amplitude modulates
the transmitter as usual, but the
exciter RF output actually con-
tains both L+R and L-R com-
ponents. The C-Quam signal is ac-
tually generated by the transmit-
ter itself as it amplitude modulates
the phase-modulated RF carrier
with the L+ R input (See Figure 7.)

In the receiver, a gated envelope
detector recovers the L+ R while a
quadrature detector arrangement
employing synchronous detectors
yields the L - R stereo signal. The
system modulates the in-phase and
quadrature components by the.co-
sine of the modulation angle dur-
ing transmission; this distortion in
mono is prevented while the noise
advantages of full quadrature
operation are retained.

The Motorola C-Quam system
exhibits good modulation noise
characteristics up to the point
where loss of carrier power during
peak negative modulation gener-
ates a noise burst. As mentioned
earlier, the Motorola receivers
would probably employ a negative
limiter if the exciters do not.
Similar to some of the other
systems, 95% seems to be the
practical limit for negative peaks,
but because the C-Quam system’s
angular phase modulation in-
creases as instantaneous carrier
level decreases, Motorola claims
better depth of modulation than
Magnavox and Belar. In any case,
this is an area of considerable con-
troversy among the proponents.

{L+R)

-y Cas ) An.nog
ﬂ Dwider
: -l- ’] | Cosb

__o Fransmiiec
AM input

[ Transmitier
RF input

Motorola exciter

Audio malix
& muting

[%?:f——i =0 Stereo ingicatar
s

PLS

q I, e = » -uu'ﬂ;h Motorola receiver
L conte

Figure 7. The Motorola C-Quarm (Comp

{B—

atible Quadrature Moduiation) system.

Although there are many
similarities, there are also con-
siderable differences among the
five systems. As it stands, the
best that we can do is to try to
understand how each system
works and consider what the
proponents have said about
each other.

Motorola has produced data
showing that its system exhibits
considerably less modulation
noise than Belar, Harris and
Magnavox, under certain condi-
tions, such as left- or right-only
modulation. It also shows Moto-
rola and Harris to excel with
left=right inputs, but the data
give no figures for Kahn/Hazel-
tine. We would expect these
results, considering the
modified quadrature wmodu-
lation schemes employed.

Harris has shown that its
system has the smallest oc-
cupied bandwidth and is thus
least affected by antenna
system abberations. The
FCC’s Appendix E to its Report

and Order readers like a glow-

@ecommendation of the Har-

" The differences

ris system. It points out numer-
ous advantages of the linear
system and uses the Harris ap-
proach in comparison with the
other systems to illustrate some
of their weaknesses.

Kahn claims that the Belar,
Magnavox and Motorola sys-
tems must clip negative modu-
lation by 95% or less to prevent
objectionable noise bursts.
Whether the clipper is in the
receiver or exciter is irrelevant;
0.5dB of clipping means either
distortion generation or a
reduction in modulation to
avoid it.

Although the proponents of
the less costly Belar and
Magnavox systems stress the
importance of low-cost im-
plementation to encourage
receiver proliferation, Kahn
points to the importance of
stable stereo imaging and
robust performance under sky-
wave conditions. Kahn/Hazel-
tine supports its claim with over
20,000hrs of field testing at

broadcast stations. J
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Toatvrep

Tt e highest serviceability rating ever has just gone
to a Sony Trinitron with the Alpha 1 Chassis.

airman,

this is a beautiful picture.

Asa TV repairman, you should know that Sony
gives ycu two really beautiful pictures. One, of
course, 1s the picture you get from our Emmy Award-
winning Trinitron picture tube. You'll see the other
masterpiece when you open the back of our set
because there's never been a television as easy to
fix as the Sony Trinitron with an Alpha 1 Chassis. Our
recent performance in the serviceability inspection
of the International Scciety of Certified Electronic
Technicians (ISCET) will confirm that,

The ISCET compared televisions on the basis of
serviceability. The KV-IH¥6R Sony Trinitron with a 19"
screen (rmeasured diagenally) and the Alpha 1

© 182 Sony Torporation of Amenca Sonv, Trinitron and Alpha Chassis are trademarks of Sony Corporarion

Chassis surpassed the others to achieve a 94.09%.
That's the highast rating ever.
Among the features which really impressed the
judges were the following:
1} Sony’s unique and simple method to remove
and reinstall the cabinet back.
2) Sony's use of commen, snap-in fuses.
3) Sony’s excellent methed for mountng the
main chassis ("A' board) in the "service position.”
4) Sony's excellent ‘roadmapping” and very
good “grouping” of transistor elements.
These are just some of the reasons that you always
get a beautiful picture from a Sony Trinitron.

SONY

THE ONE AND ONLY
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A long wait...

By Tina Thorpe, associate editor
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Behold! The Sylvania ECG®
Master Replacement Guide, the
most comprehensive publication
of its kind used by the industry.

Inside you will find more than
170,000 industry part numbers
cross referenced to over 2,500
ECG numbers, including most
of the hard-to-find foreign parts
that are plaguing more and more
repairmen every day.

If the part number is illegible,
there are also easy to use com-
prehensive selection tables to
help you identify and replace

L but a lot of
cear by it

transistors anl lmear IC’s by
application. You will find clear,
concise descriptions and illustra-
tions on each type from diodes
to IC’s with specifications, appli-
cations and package dimensions.
‘What's more, you also have
Philips ECG technical resources
ready to help vou with any ques-
tions you might have regarding
particular sitnations or applica-
tions; and as always, all ECG
parts you will receive come with
the knowledge that they've met
specifications which are equal to

Circle (13) on Reply Card

‘ " It’s not the bible,

ECC saregisteted trademark of Philips ECZ, Inc.

=

-

service technicians

and usually exceed those of the
original parts and that they've
been tested using stringent pro-
cedures established by the U.S.
Military.

To find out more, seek your
nearest authorized Philips ECG
distributor.

If you are not already a
believer, one look at our catalog
should convert you.

PhilipsECG

A North American Philips Company

For your nearest ECG distributor, please zall
1-800-225-8326; in Mass., call,1-800-342-8736.




READERS’
EXCHANGE

Needed: Schematic and parts list for an Eversonic
stereo, model 90R. Will buy or copy and return.
Leonard Elgart, Educated Electronic Services, 3510
Avenue H, Brooklyn, NY 11210.

Needed: Construction and operation manual for
Heathkit tube checker, model TC-2. Will buy. Bill
Good, 218 Gramercy, Toledo, OH ,3612.

Needed: Howard W. Sams publication called “Color
TV Guide Book.” Major Henricks, Box 96, Route 1,
Fredericksburg, IN 47120.

Needed: Sencore Big Henry multimeter. Paulmer
L. Williams, 112 S. Jefferson St., Lewisburg, WV
24901, 1-804-647-5414.

Needed: Schematic and parts list for an automatic
AM/FM cassette radio, model A8CS-052. Will take

[ ]
Chi
TECHNOLOGY
SPECIALISTSIN
IC’S AND TRANSISTORS
FORTHE

COMMUNICATIONS
INDUSTRY

QUALITY IC’S

AND TRANSISTORS
AT BETTER THAN
FACTORY PRICES.

CALL US FOR THE PARTS
THEY CAN'T DELIVER!

48 Farrand St., Bloomfield, N.J. 07003

(201) 429-0855 « (800) 526-1374
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schematic only if necessary. All attempts have been
futile; any conditions will be met to obtain. Ardan
Electronics, 33 Surrey Lane, East Northport, NY
11731.

Needed: Schematic for Lincoln (Allied Radio) model
L-124M AM/FM stereo tuner; schematic for
Polytechnic standing wave amplifier, model 277;
schematic for Electrophonic 8-track AM/FM
receiver, model T-113C. C.R. Wells, 2085 Barcelona
Drive, Florissant, MO 63033.

Needed: Four vacuum tubes, Western Electric #300
B. Gary Thilgen, c/o Arts TV, 104 E. Main, Lowell,
MI 49331.

Needed: Used, low-cost, small or portable dot and
bar generator with manual, if available. E. Patrick
Harrigan, 5165 S. Magellan Drive, New Berlin, WI
53151.

Needed: Hickok models 292X and 295X signal
generators in excellent condition. Paul Capito, 637
W. 21st St. E'rie, PA 16502.

Needed: Operating instructions and schematic for
Supreme Instrument Company (Greenwood, MS)
Audolyer, model 562 precision signal generator,

REPAIR PCB'S ANYWHERE.

With the NEW Pace Micro!

Perform power desoldering and soldering
anywhere. Depot.
Service center.
Mobile van. On-site.
Anywhere!
Operates on
ACor 12 VDC.

Write or call
today for a FREE
brochure.

@ 1981, Pace. Inc.

PAC

i Micro Portable

Systems for PCB Repair Anywhere ™

9893 Brewers Court

8| Laurel, Md. 20707, US.A.
| (301)490-9860.

j Telex 87446.

m
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series E-200. Will pay for copies. George M. Javor,
3119 E. E'rie Ave., Lorain, OH 44052.

For Sale: Sencore SM 152 sweep and marker
generator, almost new, $275; Telequipment dual-
trace D61 oscilloscope, $375. G.L. Hallenbeck, 1711
Gessner, #120, Houston, TX 77080.

For sale: RCA color bar/dot crosshatch generator,
type WR-64B, new and in original carton. Complete
with test leads and manual. Write for details;
reasonable. Bernard H. Serota, 2502 S. Phallip St.,
Philadelphia, PA 19148.

For sale: Complete set of Tekfax circuit diagnoses.
For sale or will trade for a DMM in Lima, OH area
only. Russell L. Landfair, 712 Eastern Ave., Lima,
OH 45804.

For sale: Tekfax, volumes 105, 106, 108, 109, 110,
111, 112, 113, 114, and numerous TV manuals by
Tab and others. Mike’s Repair Service, P.O. Box 217,
Aberdeen Proving Ground, MD 21005.

For sale: Sencore model BE156 dc bias supply, $35;
Mercury model 1000 dynamic mutual conductance
tube tester, $90; Eico model 1140 series parallel R-C

combination box, $35. William Shevtchuk, 1 Lois
Ave., Clifton, NJ 07014, 1-201-471-3798.

For sale: Radio and TV test equipment tubes and
parts. Paulmer L. Williams, 112 S. Jefferson St.,
Lewisburg, WV 24901, 1-804-647-5414.

For sale: 1953 Audel television service manual; two
9in b&w Sears televisions, model 5100 and model
7100, in one package and ready to ship out (not
working); 1957 RCA color TV guide. D.J. Agjala, 50
Fir Circle, Babbitt, MN 55706.

For sale: Small model #806 mercury tube tester.
Also an inventory of tubes for 50% off the 1974-75
list price, to be sold in ene lot or in multiples of 25.
Send for list with prices. F'red W. Carn, Claysburg,
PA 16625.

For sale: B&K CRT checker, $35; Eico flyback
tester, $25; hundreds of miscellaneous tubes for
80% off list price. Temple TV, P.O. Box 782,
Maywood, NJ 07607.

For sale: B&L 747, $210 and Lectrotech BG-20,
$110. Mziller, 10027 Calvin, Pittsburgh, PA 15235.

1% g

Iﬂl}ﬂmﬂ‘ﬁlﬂ[ﬂ[ﬂ The Source for Quality at Low Cost

Silicon
H.V. Triplers

212-139
212-139-01

HIGH VOLTAGE
MULTIPLIERS

SYLVANIA Triplers
ECG-500A | ECG-523

212-141
212-141-01

ECG-526A
212-141-02
212-141-03
212-141.04

REMEMBER!
Sylvania
Tubes
70% + 10%
OFF
LIST

Sylvania ECG
Replacement
Semiconductors
and Components

Full line in stock.
The best quality
semiconductor.

212-139-02
$15% ea.
F-59 Connector

$12% ea.
with Separate Ferrule

@ @ 10¢/100 lot
.m Matching Transformer
75-300 Ohm
MT-1  44¢ ea./100 59¢ ea.

%} 2 Way - 75 Ohm Coupler
MT-2 89¢ ea./100 $14 ea.

SILICONRECTIFIER 2.5Amp/1000PIV | CHEATER CORDS

$16° ea.

Bare copper
conductor

Braided bare
copper shield

—

Foam polyethylene
dielectric

VERY POPULAR

-

80 MFD x 450 Volts... .99
100 MFD x 450 Volts...1.09

G.E. OM-300

RG-59/U 75 OHM
Co-Axial Cable
Copper Braided
Shield

White or Black

$445°/1000 ft.

SOLDER (60/40 Rosin Core)
11b.-.062 dia.
(regular size)

$79%  soOL-1

SOLDER WICK 99¢ 10 ASSORTED CIRCUIT BREAKERS
Solder Removal SW-5

Good Assortment
%" Wide (Thick Type)-5 feet 1O/$799 N

LN LR ON
N

287 .172B
5199

REPLACEMENT RDODS
C——

5149

4 SectionLAR-4 69¢
5SectionLAR-5 89¢
6 Section LAR-6 99¢
- 7 SectionLAR-7 99¢

PANASONIC OM-500

5159

100/59%5 sL.100 ———gED— Polarized C Clip
GLOBAR DISC - 120 Ohms Cold
107191  RCA ﬁﬁ) %@
Standard C Clip
= |"ee
Send Purchase Order, Check or Money Order
in NY STATE (212) 865-5580
All ORDERS SHIPPED UPS/COD F.0.B., N.Y.C.

Price: 39¢ 24620
Price: 39¢ 24623
or Call Toll Free 800-223-0826
MASTER CARD « visA (i)

ELECTRONICS
770 Amsterdam Ave., New York, NY 10025

» Also ask for Free 100 Page Catalog =«
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Frederick L. Scott, service manager for DAC Data Systems, ex-
plains a function test that he is performing on a Z-89 micro-
computer to Dorothy Cicchetti, company president. (proto
courtesy of Thom O'Connor.)

Keeping Zenith’'s

computers on line

By Warren Thayer

Dorothy A. Cicchetti hangs up
the telephone and glances at the
immense regional wall maps that
keep tabs on her three radio-
dispatched service trucks. After
finding the one nearest JFK Inter-
national Airport, she reaches for
the radio transmitter on her desk.

“Base calling one-two, come in
one-two.”

“One-two,” responds the voice
over the radio.

“Proceed to control tower at
JFK. A Z-89is down and in need of
immediate technical support. Let
us know when you arrive.”

“Ten-four.”

In 30 minutes, the truck is at
JFK. In less than an hour, the
Zenith Data Systems microcom-
puter is working again. It’s all part
of a busy day’s work for Cicchetti,
president of DAC Data Systems.

DAC, located in Flushing, NY, is
one of more than 200 companies
servicing Zenith Data Systems’
microcomputers across the coun-
try. Like the other Zenith Data
Systems authorized service
centers, it repairs units in the
customer’s office while they are on
the 90-day warranty and offers
follow-on maintenance and repair
agreements.

But DAC stands out as one of
the stars in the computer repair
field. Customers like the technical
competency and the rapid ser-
vice—a truck usually arrives
within two to four hours, and
always within a day.

Frederick L. Scott, DAC’s
systems engineer and service
manager, said he and the two
other technicians who work for
DAC usually resolve the problem
within a half hour after arriving at

the site. There’s no real pattern to
the type of servicing required, he
said, adding “No, I've never had a
call where the only problem was
that the unit wasn’t plugged in.”

The trucks carry enough spare
parts to completely rebuild four of
Zenith’s Z-89 or Z-90 models.

Naturally, a complete rebuilding
job is never necessary, but techni-
cians find they never have to
return to a site for lack of a needed
part. Cicchetti noted that only
twice since DAC was founded in
August, 1980, has a unit had to be
brought in to the Flushing head-
quarters.

DAC entered the computer
repair field when the market had
yet to develop, and Cicchetti con-
ceded there was an element of risk
involved. But she feels the risk was
minimal for a variety of reasons.

First, she has been running CSI
Electronics (which shares DAC’s
building) for almost 30 years, and
is CSI's vice president and
business administrator. For 22
years, CSI has dealt exclusively
with Zenith home entertainment
products.

“We knew Zenith extremely
well. I'm a Zenith loyalist -1 think
they’re great to work with. And
CSI was good background for us.
We knew the electronic repair
business already, so we were used
to the pressure,” Cicchetti said.

She thinks 1982 will be a
year of tremendous growth for
DAC, and that several more
technicians will have to be hired.

Service contracts are available
on a monthly, quarterly or annual
basis after the initial 90-day war-
ranty period expires. Zenith Data
Systems now offers a suggested
service contract form nationwide
that the service centers can use,
and Cicchetti believes there will be
substantial growth in this area
because of business and profes-
sional use of desktop computers.

Looking back on her investment
in DAC and computer service, Cic-
chetti said, “It’s definitely been a
rewarding experience in all ways.
We were one of the first, and I
know they say pioneers get arrows
in their backs, but we haven’t had
many arrows. [ honestly didn’t
really expect many.”

esx..
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More than 10 Continuous Years!

COMPREHENSIVE LIABILITY
INSURANGE PROGRAM
FOR THE ALARM INDUSTRY

These Photofacts for TV receivers have been released 5 i oot
by Howard W. Sams & Co. since the last reportin InC|Ud|ng Ermrs & OmISSIOHS
ES&T.

The broadest liability protection avail- /c/\

GENERAL ELECTRIC able nationwide. This fine program is oy
ChassisEM-D............. .. .. 20731 underwritten by the California Union
GOLD STAR Insurance Company, part of the INA
Chassis GL-X .. .. oo, 2072-1 Group. Coverage includes legal liability (5 i
for products, completed operations, bod-
HITACHI ily and personal injuries, property dam-
CT1914/18 . . .. e 2073-2 ]
CTAGT oo 2069-1 age, employee dishonesty and all
CTA9XB/OXTIO1B/917 . . oo oo e 2074-1 important errors and omissions liability
on an occurrence form. For additional —»
gﬁggfﬁmc .., information, have your insurance agent —-Zr §
Chassis NMX.GLA 11117111 06 contact: - GEORGE TANTY A
Chassis 7TA02-A s v sisieswa s s taad fdassdstan 2074-2
JCPenney d k‘/ I ‘ ,CO INC.
685-1038E,F,-00,-10{855-1798) . . . . . ... ........ 2061-1

200 West Monroe Street ¢ Chicago, lllinois 60606

685-1025,-00(855-2860) .......... v, 2067-1 .
885-1701F .20 . ... oo 2068-1 Si2400371200 = Telex 2>9>83
685-4005F,-00(855-2820) ...........ciiinn.. 2070-1
PHILCO Coming in
ChassisE34-1/4/5 . .. ... ... . 2063-2
ELECTRONIC
Chassis ADTS-/GTS-/YADTS-985 ............. 2070-2 -
Chassis ADTS-/TS-/YADTS-987 .. ......co.... 2072-2 &
SAMSUNG Noteyvort'hy CB circuits. Thig look at thrge
CT-331AZ. . oo o 2064-1 CB circuits covers two circuits used to in-
CTBOTAZ e 52 acads stisma cirs « s » SHwt o o o 22 2066-1 corporate special features and one that
achieves amplitude modulation in a unique
SANYO way.
Chassis A2B-94NOD/O1 . . ...... .. . vviin.. 2061-2
Chassis A2B-92NOO/O1............... omemar s | 2062-1
SEARS ZENITH
564.44151150/4201150/4221150/4241150 . . .. . .. 2066-2 N1990W5. ... .. Ma Sinm MATIA STRREN AN . gy Jb Wb 2051-3
56450384150 ............. e ) B T8 [ 3 SIS 2068-2 NTO26WE i o it versmm o srom v 875 5% 50 o1 st 6% s 505 2054-2
564.42102150/51 . .. .o 2074-3 SN2513W/21LE/23E/25M/
27DE/27P/31E/33PN/39X/
SHARP 41X/43E/47PN/A9E/STEITIP ... ... i 2059-2
@985A ; mcat vovie . UET - X FAMGE gt 9.5 . ARVATL 20711 Chassis9ONB1IX ........ ... ... ... i, 2061-3
N1960P5,W5,X5,N1970LES,
TATUNG PS,N1992W6 . . ......... ... i 2062-2
TCFB iciw vz vtae i Bia sk vibid & i £5n o b At &80 & 2057-2 N2512W 2/520LE/522E/524M/526DE/
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ECG NO.

BOOK
REVIEWS

Editor’s note: Periodically Elec-
tronic Servicing & Technology
presents reviews of books deal-
ing with subjects of interest to
our readers. Please direct in-
quiries and orders to the
publisher at the address given in
each review rather than to us.

Practical TV Troubleshooting
Using a Video Analyzer, by
Robert L. Goodman; Tab Books;
308 pages; $18.95.

The development of modular,
super-circuit-board TV and video
equipment, coupled with the pro-
liferation of video devices for use
in computer systems, video games,
industrial applications and other
technical equipment, has produced
an increased demand for fast and

COMPARE OUR LOW PRICES

(OUR EXR TYPES) SAME EXACT AS ECG* LINE

AT 50% 10 80% OFF

SUPER SPECIAL (. 10 rcs)

ECG
SUGG.
RESALE

SPECIAL
MULTIPLIERS, TRIPLERS, JAPANESE TYPES (Min. 5 Pcs)

10.25 2SC867A
28C1034
28C1114

2SC1308K
STKO56

3 YEARS WARRANTY ON ALL EXR TYPES
COD ORDERS WELCOME (Min. Order $25)

CALL TOLL FREE 800-526-4928

WRITE OR CALL FOR OUR 1982 PRICE LIST

DIGITRON ELECTRONIC

Corporation

110 Hillside Ave., Springfield, N.J. 07081

*ECG IS A TRADE MARK OF PHILIPS ECG, INC.

Circle {(18) on Reply Card

efficient troubleshooting and
repair service. This book is de-
signed to make that job easier for
technicians and service engineers
dealing with all types of video
devices. It’s a compendium of all
the technical information, oper-
ating instructions, and profes-
sional experience that has been
developed on test and trouble-
shooting procedures for the Sen-
core video analyzer.

Loaded with shortcuts and prac-
tical techniques needed to help
technicians and service engineers
trail precise and minute digital and
analog signals through a maze of
“plack boxes” and circuit panels,
this book takes the guesswork out
of the troubleshooting process and
puts repair procedures into a
scientific context that’s consistent
with the needs of modern
technology. Readers will learn
how to use each test signal as a
quick means to finding the cause of
specific problems, how to set up
and perform each test, how to

YOU
PAY
.35
.28

monitor the test signals, interpret
the results and the techniques for
repairing defects in each stage of
typical video cireuitry.

Published by Tab Books, Bjue Ridge Summit,
PA 17214,

How to Build Hidden, Limited-
Space Antennas That Work, by
Robert J. Traister; 308 pages;
$9.95.

Here is help for hams, SWLs,
CBers and anyone with a receiver
or transmitter, but no place for
large, conventional antennas. This
how-to book shows the way to
build a small-space antenna that
will work just as well as bigger
models, with projects for secret,
hidden and limited-space antennas
of all kinds and complete instruec-
tions plus detailed diagrams and
schematics.

Topics include basic antenna
principles—from voltage and cur-
rent distribution to resonance,
lumped constants, harmonics,

Our lowest price
solder extractor
isn't cheap.

People get suspicious when they see “lowest priced.”
Especially in a precision piece of equipment. They

99 immediately think it's garbage. _

.90 Despite the reasonabie price our EX-525 gives you
.60 vacuum by an oiless, piston pump, not diaphram. It

.70 easily removes components from double sided and

99 multi-layer PC boards. The EX-525 comes with a great

2.40
2.40
1.20
1.25

b1
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The EX-525 is inexpensive, but it isn't cheap.
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ground systems, transmission
lines standing waves, and all kinds
of limited-space antenna applica-
tions. Special problems of the
apartment dweller, even those liv-
ing on the top floor of a high rise or
in the sub-basement, are detailed,
and solutions given.

Readers will learn how to wind
coils and build shortened and hid-
den outdoor antennas, build indoor
dipoles for hf work (including
multi-bands), and devise antennas
from existing structures (down-
spouts, fences, TV antennas or
window screens). Projects include
a suspended multiband vertical, a
window antenna, an attic dipole
and more.

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

Speaking Pascal: A Computer
Language Primer, by Kenneth
Bowen; Hayden Book Company;
236 pages; $11.95.

This 10-chapter book is written
in a non-mathematical language

that requires no technical
background or previous program-
ming experience on the part of the
reader.

After a brief introduction to the
structure of computers and the
problems of programming
languages, the text explains
various components of Pascal.
Elementary and complex data
types are covered along with the
use of control structures, pro-
cedures and functions.

Bowen uses structured program-
ming techniques to develop pro-
grams. In addition to exercises at
the end of each chapter and
numerous examples, an appendix
is included on USCD Pascal.

Published by Hayden Book Company, 50
Essex St., Rochelle Park, NJ 07662.

49 Easy-to-Build Electronic
Projects, by Robert M. Brown
and Tom Kneitel; Tab Books;
112 pages; $9.95 hardbound,
$5.95 paperback.

Anyone can dazzle family and

friends with flashing lights,
mysterious voices coming from the
radio, sounds caused by just a
move of the hands and dozens of
other strange and novel effects.
Or, readers can become ham radio
operators, build AM radios, hi-fi
amplifiers and other gadgets to
make a music system sound better,
and create devices to control
lights, detect rainfall or even sense
the presence of metal or radiation.

Only two types of the least ex-
pensive transistors are used, and
the other parts are easy to come
by. Tips in the book will help
readers build up an inventory of in-
expensive parts and show how to
test salvaged parts to make sure
they are good.

Complete, easy-to-follow in-
structions will guide readers
through the construction phase,
even if they're just getting into
electronics project building.
Published by Tab Books, Blue Ridge Summit,

PA 17214
asty.

Emergency Service *

MIL-Spec standards.

And when you consider that Sentrv is
still a small, dependable company
out-performing thebig ones, our

small miracle takes on giant pro-
portions. Fact is. nwost other
companies can't work our miracles.
big or small.

= Sentry

Cryslal Park. Chickasha, Oklahoma 73018

FOR A SMALL
MIRACLE, CALL
1-800-654-8850.

Our small miradle is simply this: call Sentry's TOLL FREE
number, and we'll deliver the finest quality crystals on time—
from five working days to two weeks, plus our 48-hour

The miracle groxs larger when you examine Sentry’s quality
workmanship. Each crystal is made of flawless materials and
hand crafted with state-of-the-art technology to exceed

FINALLY. COMPUTERS AS A
NEW TOOL FOR T.V. REPAIR.

updated daily.

Primefax drastically reduces the
number of sets requiring extensive
trouble-shooting procedures.
Through the use of today's tech-
nology. Primefax maintains—in a
central computer—a database of
problem-solving solutions for
television set malfunctions.
Primefax is a compilation of the
most current, applicable technical
information acquired from hun-
dreds of valuable sources . .

With a Primefax Computer Terminal
installed in your shop, you can do
your job more quickly and more

Primefax puts computer-assisted repair capability in your shop today.
accurately. You have more satisfied

customers, and your profits are
increased substantially.

Reduced call backs e faster turn-
around e reduced chance of
repeated failure ® more thorough
service and complete repair at
reasonable cost.

The more Primefax is used. the
more profit you realize.

and
you compute it, Primefax means
profit for you. It's worth looking
nto

e

*Please allow extra rime for precision, UHF and special frequencies.
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In Texas. call (512) 344-5999 @ Out of Texas, call 800-531-5953

Primeﬂl

4825 Fredericksburg Road e San Antonio, Texas 78229
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In the last three to four years, microprocessors have come irto their own in the
electronics field. Microprocessors bave had, and wiil continue to have, a large impact
on digital instruments. In order to efficiently repair these newar and more complex
instruments, the service technician will naed the proper tools. The best tool for
repairing digital systems is a logic analyzer.

Troubleshooting a complex digital system using an oscifloscope anc/or a logic probe can
be a trustrating and time-consuming experience. Even built-in diagnostic routines
cannot prevent testing ingividual hardware circuitry or software data flow marually.
When you héve to get into the circuits, or even debug your software, you need a
general-purgose logiz-analysis tool.

roubleshooting
with'allogicianalyzer

By John Huber, Tektronix
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Because of the microprocessor,
new design innovations are turn-
ing digital systems into a service-
man’s nightmare. Software, firm-
ware, mnemonics, machine code -
all of these concepts are being
thrown at the service specialist
who, just a few years ago, needed
only an analog background and a
rudimentary understanding of
digital circuitry. How can the
average service technician get
along favorably in this new age of
digital technology?

One way is through education.
The service technician must be
educated in the theory of digital
systems and must know how to
select and use the proper tools to
test them. The primary service aid
in digital systems troubleshooting
is the logic analyzer. You will still
need an oscilloscope and a mul-
timeter for analog basics, but for
use with complex digital circuitry,
the logic analyzer is unsurpassed.

What is a logic analyzer?

Just a few years ago, the words
logic analyzer immediately evoked
in many people a picture of a big
black box having many cables and
switches. However, thanks to the
microprocessor, logic analyzers
have come a long way. Today’s
logic analyzer is keyboard con-
trolled and has its own built-in
CRT. It comes with high-impe-
dance, quick-connect-disconnect
probes.

Logic analyzers can be mono-
lithic and used either as bench-top
depot units or as lightweight por-
table packages to be carried into
the field. They are available with a
wide spectrum of frequencies,
from 10MHz to 660MHz, enabling
them to cover nearly all types of
digital-system problems. They also
can be clocked from an external
source or clocked internally, which
provides for synchronous or asyn-
chronous operation, respectively.

The basic logic analyzer is made
up of four different blocks (Figure
1). Block 1 is the data-acquisition
section, which is the input port for
all of the data to be stored by the
logic analyzer. Block 2 is the
memory section. The acquired
data are loaded directly into ran-
dom access memory for temporary
storage. Block 3 is the display sec-
tion. In this section, the acquired
data, and possibly status informa-
tion pertaining to the mode of

cperation, are displayed for the
user. Block 4 is the control/trigger
section. The control section con-
sists of eclocks, memory-control
lines, and set-up parameters that
enable logic analyzers to acquire
data at the proper speed, load
them correctly into memory, and
properly display the acquired data.
The trigger section controls the
data being acquired and also de-
termines exactly what data to
store in memory for analysis. This
section usually provides the most
enhanced versatility because of its
power to select data for analysis.
These four sections work
together in the following manner:
Data to be acquired are picked up
from the system under test and
loaded into memory until the trig-
ger/control section halts data load-
ing. The trigger/control section ac-
complishes this by recognizing
either a particular data word or a

block of the data being acquired.
This section also regulates the
display of the memory contents for
troubleshooting the system under
test. The display section is nothing
more than a viewing section that
allows the user to look at the data
in different formats, that have
been acquired.

Logic analyzer types

Four major types of logic
analyzers are available: parallel
timing, parallel state, serial state
and signature analyzers. At least
one of these logic analyzers is
needed at each phase of a digital
system’s life cycle. The service
technician needs all of these logic
analyzer functions.

Why does a service technician
need these specific functions? And
what exactly does each one repre-
sent? Parallel timing is when
multiple data signals are clocked

Input

>[ o ] >

Memory

Display

..)

T

Trigger/
Control

Figure 1. The basic logic analyzer.

uP

RAM

Figure 2. In a parallel timing logic analyzer, the data signals acquired from a
paraliel data bus are displayed so that they resemble a kind of data waveform,
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into a logic analyzer at a set clock
frequency or sample interval
(Figure 2). These data signals are
displayed as a pseudotiming wave-
form diagram. Psuedotiming is
used because the timing relation-
ships are based on the logic level of
the signal during the sample inter-
val. Timing diagrams are usually
used for isolating hardware prob-
lems.

Paralle]l state is also a repre-
sentation of parallel data signals
clocked into a logic analyzer at a
set sample interval (Figure 3). The
data here are presented on the
display as formatted binary words
in hexadecimai, octal or binary
form. The parallel-state mode is
usually used for software and firm-
ware debugging.

Serial state is a representation
of data sampled via a single chan-
nel at a specified sample interval
known as a baud rate (bits/second)
(Figure 4). These data can be
presented in hexadecimal, binary,
ASCII or EBCDIC formats. The
serial-state mode is used primarily
for data-communications prob-

lems. 3 ;
Signature analysis is a fairly new

technique in logic analysis (Figure
5). This mode is based on a mathe-
matical algorithm of polynomial
division whereby a particular node
in a digital circuit has its own
repeatable “signature” based on
the data flow through the node. In
other words, a pin of a digital inte-
grated circuit, when activated, has
a specific pattern of 1s and Os flow-
ing through it. When read into a
signature analyzer, this pattern
becomes a unique 4-digit signa-
ture. This method is used with a
signature table and needs addi-
tional signals (clock, start and
stop) to be effective. Also, signa-
ture analysis must be designed in-
to a system. Generally, it is im-
practical and expensive to try to
incorporate signature analysis in a
system already completed. Signa-
ture analysis can be used by
anyone who can read and connect
a probe to a node. It is primarily a
hardware-troubleshooting tool.

If all of these four functions
were combined into one instru-
ment, you would have a data an-
alyzer (Figure 6). Having these
four functions in one package
gives the service technician an
ideal tool for digital-systems
troubleshooting.

uP

RAM

*

I

| N B |
gINARY mmw.
1101101
00011100 o
01010101 - = m
101(1)1011 mEEm
11111111
10110011 e
10110000 = -,
10111100 mEmm

EEEEEEE

Figure 3. A parallel state logic analyzer displays the data it has acquired from a
parallel data bus in the form of binary (or octal or hexadecimal) numbers.

Floppy

uP

Disc

idERERRD
EREREENEN
(B RREERE

Figure 4. A serial state logic analyzer acquires a data signal from a single chan-
nel during a specified interval and displays it as a binary word.

Where to use a logic analyzer

Just because a logic analyzer has
multiple channels that are ideal for
microprocessor data and address-
bus problems does not mean this is
the only application. Any instru-
ment that contains combinational
or sequential digital circuitry can
be repaired or debugged using a
logic analyzer. Just remember, the
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logic analyzer was not designed to
service only microprocessor-con-
trolled instruments but any digital
instruments. A logic analyzer can
be used to troubleshoot any digital
system from a basic counter to an
IBM computer.

That’s a big statement to make
about the addition of a logic
analyzer. Let’s take a look at how




Introducing SAMS QUICKFACTS™—the
fastest, easiest, self-contained one-stop
reference to hundreds of TV Service Hints
for the most frequently encountered service
problems—hints from trained field service
technicians and factory service personnel,
like you.

How does QUICKFACTS™ help you repair
equipment faster and easier?

All of the QUICKFACTS™ hints are
organized by manufacturer in just a few
compact volumes which can be taken with
you for on the spot use 24 hours a day, 7
days a week. The hints are listed in
alphanumeric order by model or chassis.
Plus, each standardized Chassis “Hint” sheet
contains 11 separate circuit categories
making the location and “quick fix" of

TAKE A HINT

problem areas fast and easy. These circuit
categories include:

AFT/TUNER RASTER
AGC REMOTE
COLOR SYNC
HORIZONTAL VERTICAL
PICTURE/SOUND MISC.
POWER SUPPLY

Because QUICKFACTS™ saves you time,
it makes you more productive, and that
means more profits for you!

No hidden computer costs!

Do yourself a service—add SAMS
QUICKFACTS™ to your list of service tools
and stop searching for manufacturer’s
service bulletins. Now available (at 20%
discount off list thru July 31st) for Zenith,
years ‘73-'81 (list $49.95). Coming
soon—Magnavox (list $39.95), and
RCA-— 2 volumes {list $49.95 each).

For more information, or to order
your QUICKFACT S™ volumes, see your
local PHOTOFACT™ Distributor, or call
800-428-3696 toll free, or 31 7-298-5566
and reference AD 198.

™
SAMS BOOKS
Howard W. Sams & Co., inc
4300 VWest 62nd Street, PO. Box 7092
Indianapolis, IN 46206

AND SAVE 20% ON THIS

LIMITED TIME OFFER

B sams

R
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Offer good in USA only. Prices subject to change without notice
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Figure 5. Signature analysis takes advantage of the fact that any pin of a digital

integrated circuit has a specific pattern of ones and zeroes flowing through it.

SAMPLE
CLOCK

i o s s e s
THRESHOLD l"“‘\‘".‘l‘l‘l
M“Hﬂ“ﬂl

Viow

STORED Vu
SAMPLES

LOGIC
STATE 0

Figure 6. The ones and zeroes displayed by a logic analyzer are logic-level in-
dications of the level of the input signal when the analyzer clock signal edge oc-
curred.

Vi




oubDie ee operalio a e ia orda agependaab are O 4
= o o [ PN o o oco oa o o
- 0 deo ompro g standarag a a a
= 3 espe O e atio de ana a aged aleqg gea/e D Oorgada atio O eCOog cd
= i z proie ond e eid o ale e O atio e De/o go O e
“=
= - Deale are read Oa erd gque O O 4 ave regard gada O e O
= 0 a a ea e er factory direct at (602) 949
» <
z P J &R A O A RA BA
= = POCAHO A AR A ORD A
= = 800-643-010 8 05) 899
= = | O A P DEA ATTO

=1

Aﬂp Ullu i
~ O

= = DA 0 O A B
= E s PA PIO R QUA ATIONA A
- - = | ROVER A ALBUQ RQ A A
3 d - 1 9 0 43-560 8) 783-0088
= § A ANDERSO A D O
-~ L]
£ = RA na R PHO
- 803) 834 96 60
=i 1 g ~ ROBERT CO A - .
..-|. ¥ - 1
= » Sy e ‘ ‘- a Or DOI c 0
3 i (3 B O s O ORP
g . : 0 No ayden Road ottsdale, A ona 8
- - 60 949 910-950-008
-] L e
= e 0 Rep d
e 198 e 0 2 g s 2 0/10Qg




data were received correctly. With
the data alrzady decoded (in the
state table), you can follow the
data flow from start to finish. If
there is an error you can see it im-
mediately.

Signature-analyzer data displays
are the simplest to interpret. The
signature itself is meaningless.
Signature analysis can enable
troubleshooting to the component
level if the proper steps are taken | _
to provide the documentation and Eé%‘r';e a7'rg::m'§gﬁcgnfgyzig
the necessary diagnostic pro- analog counterpart, the
cedures. oscilloscope.

When using signature analysis,
you simply acguire a signature at a
node and compare it with the pro-
per signature in the signature-
table listing. If it's ccrrect, you go
to a different node. If the signa-
ture is incorrect, you move to
verify the signatures for the inputs
to the bad node.

Summing it up

Troubleshocting digital systems
will continue to be a necessary
part of the service technician’s
function. Using a logic analyzer,
complex digital system problems
can be diagnosed and repaired
more efficiently. Efficiency in a
service department means less
downtime for the customer,
coverage of more cails per day
and a better service reputation for
your company.

You should now have a basic
understanding of logic analyzer
types, how to use them and where
to use them. Also, vou should

understand thata]ogjc ana]yzeris DATA 01101101111011101110111101110
a versatile troubleshooting tool, | SYNCHRONOUS — A clock is supplied with the data
easy to use and effective in re- to synchronize the transmitter
solving digital problems. With a with the receiver

minimum amount of training, a ; :

service technician ean Jearn to in- | ASYNCHRONOUS —The data Is sentin groups at a
terpret and analyze digitzl-system pr_edetermme_d rate but frgmed
problems using logic analysis. To with a start bit and stop bit

be even more effective, service (or bits).

technicians can use a logic
analyzer in conjunction with a mul-
timeter and an oscilloseopz to give START
them an arsenal of problem- | m—_—_n BIT
solving equipment. /

A final word of caution: Be cer- ‘ / /// .
tain to choose the correct type of . DATA CHANNEL
logic analyzer for your particular
application. And, above all, plan STOP
for future needs. For the service | BITS
world, digital systems will con-
tinue to get RS compIexz and the Figure 8. Serial data are clocked into a serial analyzer either synchronously or
proper tools will get the job done asynchronously, one bit at a time.
more effectively and efficiently.

aser..
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America (NATESA) Annual Con- tion Center, Anaheim, CA. For

vention, Indian Lakes Resort, more information call 1-800-

Bloomingdale, IL. Contact Frank 421-6816.

J. Moch, 59230 S. Pulaski Road, 14-16
CALENDAR Chicago, IL 60629, 1-312- ““yriionno o Computer Con-
OF EVENTS 582-6350. ference and Exhibition,
Disneyland Hotel, Anaheim, CA.
Contact Electronic Conventions,
September 999 N. Sepulveda Blvd., El Segun-
June do, CA 90245, 1-800-421-6816 (in
» 14-16 California, 1-213-772-2965).

6-9

Summer CES ’82, McCormick
Place, Chicago, IL. Contact Con-
sumer Electronics Shows, Two II-
linois Center, Suite 1607, 233
North Michigan Ave., Chicago, IL
60601, 1-312-861-1040.

7-10

National Computer Conference
'82, Astro Arena, Houston, TX.
For more information call 1-703-
558-3600.

August

2-7

Joint convention of National
Electronic Service Dealers
Association, International Society
of Certified Electronic Techni-
cians, The Texas Electronics
Association, the Louisiana Elec-
tronic Service Dealers Association
and Television Service Association
of Arkansas at the Hilton in New
Orleans, LA. Contact The Na-
tional Electronic Service Dealers
Association, 2708 W. Berry St.,
Ft. Worth, TX 76109, 1-817-
921-9061.

24-25

Indycon '82 microcomputer and
electronic components conference,
Indianapolis Convention Center.
Sponsored jointly by Institute of
Electrical and Electronic
Engineers, Electronic Represen-
tatives Association and the Na-
tional Electronic Dealers Associa-
tion. Contact F. Schechter, Show
Manager, 8326 Trace Circle, In-
dianapolis, In 46260, 1-317-875-
7711.

26-29
National Association of Televi-
sion & Electronic Servicers of

Wescon ‘82, Anaheim Conven-

s
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Storing
a waveform
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By Michael Gasparian and
Charles Donovan, product
marketing engineers, Hewlett
Packard.

Storage oscilloscopes are becom-
ing increasingly popular as a solu-
tion to the variety of measurement
problems encountered daily. With-
out a background knowledge of the
technologies involved in storing a
signal, however, a storage oscillo-
scope can be frustrating to oper-
ate. With this in mind, this article
will review the primary methods of
storing a waveform — the technolo-
gy and physics behind variable per-
sistence/storage oscilloscopes and
digital oscilloscopes.
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The storage CRT

Although each CRT manufac-
turer uses a different design, some
elements are common to all stor-
age CRTs. The diagram in Figure
1 highlights the key elements
necessary to review the storage
process.

Write gun.: a triode electron gun
consisting of a filament, cathode,
and grid. The grid voltage is varied
with the oscilloscope’s intensity
control, and the difference be-
tween grid and cathode voltage



sets beam intensity.

Deflection plates: These plates,
horizontal and vertical, transfer
input signal information to the
write beam for any point in time.

Flood gun(s): emit a cloud of
slow-moving electrons.

Collector mesh: a fine wire mesh,
usually kept at a voltage that will
collect excess electrons.

Collimator: creates a voltage
field that shapes the flood gun
electrons into a uniform cloud.

Storage mesh/dielectric layer:
The storage mesh is a fine wire
mesh, analogous to a screen door.
The dielectric material is deposited
on the storage mesh and is where
storage actually takes place.

Phosphor/aluminum backing:
The phosphor is a chemical coating
that covers the faceplate of the
CRT. Phosphor emits photon
energy (light) when bombarded
(excited) by electrons. This photon
energy, called luminescence, con-
sists of the energy at the time of
the excitation and a continued
emission after the excitation is
removed. This “afterglow” is
known as persistence and is used
in characterizing phosphors. Most
oscilloscopes use P-31 phosphor,
which emits a green-colored light
that reaches a 10% persistence
level (10% of original light output)

in 38us. The aluminum backing
permits a high voltage potential to
be applied to the phosphor and
serves to accelerate electrons to
the surface.

Storing an image

A stored image results when the
electron beam interacts with the
storage dielectric material. A
signal is stored in the dielectric
layer on the storage mesh. Storing
a signal requires differentiation
between the areas of the storage
surface that are struck by write-
beam electrons and those that are
not.

Imagine three high-velocity
write-beam electrons striking the
storage dielectric surface with
enough energy to jar three elec-
trons loose. The charge on the sur-
face remains constant, and the net
effect of the interaction is zero.
However, if three electrons with
more energy than the first three
strike the dielectric matter or the
same three strike a different
dielectric, the three striking the
surface might dislodge six others.
In this example, the interaction
creates a highly localized net
positive charge. This phenomenon,
called the secondary emission prin-
ciple, is defined as the average
number of secondary -electrons

emitted from a bombarded materi-
al as a function of a primary elec-
tron energy; that is, write-beam
electrons. (See Figure 2.)

In a storage CRT, primary elec-
trons from the write beam possess
a large amount of energy, result-
ing in a secondary emission ratio
of approximately 5:10. It is impor-
tant to remember that the write-
gun electrons, via the secondary
emission ratio, create a highly
localized net positive charge
wherever the write beam strikes
the storage surface. The amount of
positive charge is a function of
how fast the write beam is moving
(the slew rate). Written and un-
written areas can be easily dif-
ferentiated by their potential on
the storage surface (written,
positive; unwritten, neutral).

Projecting the stored image

After an image has been written
on the storage mesh, it must be
projected to the phosphor so that it
is visible on the CRT faceplate.
The stored image is projected to
the phosphor by low velocity flood-
gun electrons reacting differently
to written and unwritten areas.

The flood guns emit slow-moving
electrons, which are shaped into a
uniform cloud by the collimator.
These electrons are accelerated

Storage mesh  Collimator Variable persistence
Backing Collector
aluminum mesh
¥ ¥
| 'D" O &
| D
D Flood guns Write gun
D e = =
o
1D _
Face plate D I
v D o
D
D
b —
o =)
P-31 phosphor
Storage dielectric tayer Figure 1. The basic storage CRT
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toward the storage surface. Ap-
proximately 30% pass through the
collector mesh, where they in-
teract with the electric fields
associated with written and un-
written areas. The electric fields of
written areas permit electrons to
penetrate the storage mesh, while
the electric fields of the unwritten
areas repel these flood gun elec-
trons back to the collector mesh
(Figure 3).

The flood gun electrons that
pass through the storage surface
see the high voltage (=10 to 20kV)
of the aluminized phosphor and are
accelerated to the phosphor. Strik-
ing the phospher with high energy,
these electrons excite the phos-
phor and produce a photon emis-
sion, which displays the stored
trace.

Erasing the image

The erase cycle is both the initial
and final phase of the storage pro-
cess. Initially, this cycle erases any
previously stored image and then
sets the sensitivity of the storage
surface to accept new information
from the write beam.

Erasure starts with a high
voltage on the entire storage
mesh. This high voltage is capa-
citively coupled to the dielectric
layer. This attracts flood gun elec-

Secomdary emission principle

Storage
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surtace
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Figure 2. The secondary-emission ratio () is defined as the average number of
secondary electrons emitted from a bombarded material as a function of primary-
electron energy.
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Figure 3. Electric fields of an oscilloscope’s written areas permit flood gun electrons
to penetrate the storage mesh and continue to the phosphor, while electric fields
associated with unwritten areas repel these electrons.
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trons and permits them to pass
through the entire storage surface
to the aluminized phosphor. Next,
the storage surface returns to a
nominal voltage and prepares to
write new information. The sen-
sitivity of the mesh is established
with the brightness control, which
regulates the base voltage on the
storage mesh.

Variable persistence

Variable persistence was de-
signed to match input signals and
persistence characteristics over a
wide range of conditions. Ideally,
the best trace display could be ob-
tained by interchanging phosphors
to compensate for sweep speeds,
repetition rates and other signal
characteristics. Because this is
hardly practical, an artificial
method of changing persistence
was developed. The technical
aspects of variable persistence are
directly related to the storage pro-
cess outlined. Basically, the in-
teraction of the persistence, inten-
sity and brightness controls dic-
tate the perceived persistence of
the phosphor.

The principle behind variable
persistence is relatively simple.
Imagine a stored image being pro-
jected to the phosphor by the
flood-gun electrons. As long as
that image remains stored, it con-
tinues to be displayed on the CRT
faceplate. When the stored image
is slowly erased, the image on the
phosphor slowly fades away. This
process generates persistence
depending on the rate of erasure.

Erasure occurs with miniature
erase pulses that slowly erase the
stored image, rather than one
large, standard erase pulse. By
varying the frequency of these
pulses, different persistence
characteristics are achieved.

The higher the frequency, the
faster the erase process; the lower
the frequency, the slower the pro-
cess and the longer the per-
sistence. (In Hewlett-Packard’s
variable persistence oscilloscopes,
when the persistence control is set
for minimum, a 1kHz pulse train
creates a persistance of approx-
imately 100ms.)

Variable persistence is useful in
a variety of applications. Flicker

"ONE SMALL MIRACLE
DESERVES ANOTHER!”
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for Micra Fifty-Five reader details from the
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can occur when the input signal
repetition rate is below approx-
imately 30Hz or a sweep speed of
2ms/div or less is selected. Either
solution is annoying to view and
difficult to measure. Variable per-
sistence quickly “integrates up”
the waveform from a flickering
display or trace too dim to see to a
bright display. Second, variable
persistence usually amplifies the
light on low repetition rate signals
at fast sweep speeds. With a con-
ventional CRT, these fast sweep
speeds produce low light output
and frequently require a viewing
hood. In many applications,
variable persistence is used when
capturing infrequent transitions
that might occur in digital systems
or components (Figure 4).

Storage oscilloscopes are com-
monly used to capture elusive tran-
sients that occur infrequently—
either single-shot or with a low
repetition rate. One key specifica-
tion, which measures how fast the
signal can move and still be
viewed, is called stored writing
speed. This measures how fast the
write beam can move (for only one
sweep) and still create enough
positive charge, via the secondary
emission ratio, on the storage sur-
face so that the flood guns can pro-
ject the image to the phosphor. It
is important to understand that
the primary limitation of a storage
oscilloscope is the storage mesh
and its sensitivity. In most cases,
the bandwidth of the oscilloscope
exceeds the signal frequency it can
capture. Therefore, the signal
fidelity of the display is accurate,
but viewing a display is ques-
tionable. This is quite different
from' the limiting factor in digital
storage technology.

Fast writing speed

Two techniques are currently
used to achieve fast writing
speeds: expansion storage and
transfer storage.

Expansion storage creates fast
writing speed by combining a
miniature precision storage mesh
with an electronic lens system that
magnifies and projects the stored
image. The storage mesh is ap-
proximately one-fifth the size of

Figure 4. The variable persistence mode of Hewlett Packard’'s 1727A (275MHz) can
easily capture setup and hold violations in an ECL 16k D flip-flop.

the viewing screen and is sand-
wiched between the collector and
accelerator meshes directly in
front of the deflection plates
(Figure 5). Any image written on
the storage mesh is magnified by a
static-electric field crossover lens
system and is projected to the
viewing screen.

A simple analogy explains the
basic principles of expansion
storage. Imagine a boy who
smears mud on a window pane
(storage mesh) with his finger
(write beam). That night, someone
shines a flashlight (flood gun) onto
the small pane. Light (flood gun
electrons) passes into the room on-
ly where the mud was etched
away. On the inside of the room,
the etched image is magnified
(static-electric field lens system)
and displayed as a large object on
the wall (phosphor).

Transfer storage achieves fast
writing speed by using two meshes
adjacent to the CRT phosphor. The
write beam traces an image on the
first mesh, an extremely sensitive
mesh optimized for writing speed.
This is usually called the fast mesh
because it can capture fast write-
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beam slew rates. The Ligh sen-
sitivity of this mesh does not allow
a store time of more than a few
seconds. Therefore, after the im-
age is captured on the fast mesh, it
is transferred tc the second mesh,
where it can be displayed for a
longer time.

This method of storage offers
fast stored writing speeds and
long storage times in the single-
shot mode. The method of capture
and display is to write on the fast
mesh, transfer what is written to
the bistable mesh, erase the image
on the fast mesh, and reset to
sweep again. Because the
minimum time between sweeps is
approximately one second, some
applications are difficult with this
method.

Digital storage

Digital storage, or digitizing, is
the process of sampling a wave-
form at equally spaced, discrete
points in time and then converting
the sampled analog voltages into
digital values (Figure 6). This pro-
cess is accomplished by an analog-
to-digital converter (ADC) Using
this technique, waveforms can be



A stored writing-speed
specification defines the
maximum beam velocity that
can be captured and
displayed on a single-shot
basis. To simplify com-
parisons between oscillo-
scopes, it is convenient to ex-
press writing speed in cm/us
rather than div/us. This elimi-
nates the need to know the
division size. Also, all writ-
ing-speed measurements
should be made using a view-
ing hood to avoid variations
in writing speeds due to dif-
ferent ambient light condi-
tions. To determine if a
storage oscilloscope can cap-
ture a specific single-shot
signal, calculate the max-
imum signal spot velocity and
compare it with the writing
speed specification. A
method for ecalculating the
maximum spot velocity of
both a single-shot sine wave
and transition time of a pulse
follows.

Convert writing speed in
em/us to div/us by dividing
the graticule division size in
centimeters into the cm/us
writing speed. For example,
for a model with 0.72cm/div
graticule markings and a
2000cm/us stored writing
speed, 2000+0.72 equals a
stored writing speed of
2778div/us.

Maximum vertical spot
velocity occurs at point B
where: cos(2nft) = 1, there-
fore: v, max = Anf

Horizontal spot velocity
(V) is constant and equals
l/time base setting in divi-
sions per microsecond.

Therefore, when f is in
MHz:

- 2 1 ¥
Vmax = \/A‘ﬂ’f) + <W>

When several cycles (ap-
proximately 10) are displayed
on screen, the horizontal spot
velocity component is small
with respect to the vertical
component and can be
neglected.

In this situation:

Vmax ™~ Arrf

When a beam writes a sine
wave, the vector spot veloci-
ty (V) is composed of both the
vertical (V) and horizontal
(V) component, which are
related as:

VI = Vv + w

Vertical displacement (y) is
defined as:
y = —'gsin(wat)
and therefore:
Sy

=W = Arf cos(2mft)

T 90%

Vx

10%
f—— T —— —

Assuming that the max-
imum spot velocity equals the
average velocity between the
10% and 90% points, then
Vy= 0.8A/T, where T =
observed pulse rise time.

For most oscilloscopes:

Toblerved =¥ tzpulle + t2lcope

Horizontal spot velocity is
constant and equals 1/time
base setting in divisions per
microsecond.

(R ()
WhenVy > Vx:
V., ~_ 08A

T observed

Table 1 is a quick reference
guide showing the writing
speeds associated with
several frequencies, ampli-
tudes and sweep speeds.
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fully characterized and stored in
digital memory. They can then be
automatically analyzed by a com-

~puter or stored on a disk or tape
for future reference.

The main parameters to look for
in an ADC are the number of bits,
which determines the voltage
resolution, and the sample rate,
which determines the timing
resolution.

Voltage resolution

The number of bits determines
the number of possible quantizing
levels (Q levels) in which a sample
can fall. Because an n-bit digitizer
has 27 Q levels, the smallest
voltage that can be detected (Q)
times the number of Q levels gives
the full scale voltage window
(Figure 7).

Because the smallest level that
can be detected is Q, there is
always the possibility of an error
of +%Q (Figure 8). This error
shows up as noise on a digitized
waveform and can be expressed as
a signal-to-noise ratio (SNR). The
SNR is the largest signal that can
be digitized over the sample error.
This relationship is expressed as:

SNR= 2 logw(—g—?‘> — 6n+1.8db

Therefore, in an 8-bit ideal ADC,
where the only error is the quanti-
zation error of +12Q, the SNR =
49.8db. This is a measure of the
quality of an ADC. As the frequen-
cy of a signal increases, the SNR
of most ADCs degrades because
the least significant bit (LLSB) or
bits of the ADC lose their ability to

/ Collimation lens

Storage mesh

/‘

™

change rapidly enough to repre-
sent the signal accurately. This
causes the effective resolution of
the ADC to go down, and an 8-bit
ADC may behave like a 6-bit ADC.

The SNR is specified on some
new ADCs as an equivalent
number of bits for a range of fre-
quencies. This is measured by
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Accelerator
/ mesh

/Lens system

Figure 5. An expansion storage CRT
combines a miniature precision storage
mesh with a static-electric field lens
system to achieve high writing speeds ir
both variable-persistence and single-
shot modes.

Viewing
screen

digitizing a sine wave and
calculating the SNR using either a
Fourier transform or a technique
called the sine wave curve fit.
After the SNR is known, the
equivalent bits can be calculated
with the formula:
EB - SNR - 1.8

6




Time resolution

An ADC’s sample rate deter-
mines the maximum frequency it
can detect, as well as its time
resolution. Nyquist’s sampling
theory says that one half the sam-
ple rate is the maximum frequency
that the ADC can detect. This pro-
vides two points on each period of
the waveform (Figure 9). For ex-
ample, an ADC with a sample rate
of 10MS/s (megasamples per sec-
ond) can measure a frequency of
up to 5SMHz. This does not say that
sufficient amplitude information
will be available to measure the
peak-to-peak voltage, only that the
frequency can be detected.

A good benchmark to use is that
10 points are needed on the period
of a waveform to obtain useful
amplitude and frequency informa-
tion. This is because a square wave
is often the waveform being ac-
quired. A square wave is a summa-
tion of odd harmonics with the for-
mula:

ft) = l§ 1cn sin(nt)

where CN = 0 forneven,Cn = 7T4n‘
for n odd, and t = period of the
square wave.

Therefore, the fifth harmonic,
which will have two points per
period, is approximately 20% of
the amplitude of the fundamental
frequency.

Although 10 points per period is
a good rule of thumb, it is by no
means an absolute measurement
criterion. For example, if you want
to use the data to perform a rise-

/4

| 4
/
/l
Figure 6. An analog-to-digital converter
samples a weaveform at discrete points
and converts the analog voltage into a
digital value.
s 2nQ
Figure 7. The possible values of a digi- 1 T (2n T 1}0
tized point are broken down into Q
levels. The largest signal level that can
be digitized is 2" where n = number of
bits.
Full-scale
voltage <
\
=== 30
— 2Q
—= {0
Error k
Q-+
Y2 Q-
2T
| / ] / 1
y |/ o
A =
Q 2Q / 3Q
- %Q-+
9 Figure 8. In an ideal ADC, the maximum
-Q4+ erroris + %Q.
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Figure 9. Using the Nyquist criterion of
two points per period only allows the fre-
quency of the waveform te be measured,
but very little amplitude information is
obtained.



time measurement, then you
should have at least 10 points just
on the rising edge, and the period
of the waveform will not matter.

Interpolation

Some digital storage in
struments use interpolation to in-
crease the useful digital storage
bandwidth with a fixed sample
rate. One method that is widely
used is vector or pulse interpola-
tion in which lines are drawn be-
tween the digitized points.
Although the lines do not add in-
formation about the waveform,
they do help the operator deter-
mine the wave shape. A similar
method is sine interpolation in
which the digitized points are con-
nected with a sinusoidal function.
Sine interpolation increases the
useful digital storage bandwidth
from 10 points per period to 2.5
points per period, but it works only
if the waveform is sinusoidal.

Aliasing

Aliasing is a potential problem
when using digital storage. Alias-
ing occurs when the frequency of
the sampled waveform is greater
than one half the sample rate. The
frequency increment greater than
a multiple of one half the sample
rate is aliased into the data. For in-
stance, when a 110Hz sine wave is
sampled at a 100Hz rate, the data
will show a 10Hz sine wave (Figure
10).

This is sometimes known as a
beat frequency. For example,
when tuning an instrument, a
reference note is played and the in-
strument is tuned to eliminate the
beat or aliased frequency, which is
the difference between the two
notes.

ADC techniques

Several different techniques are
used to convert the analog signal
into digital values in digital oscillo-
scopes. The two most popular of
these are successive approxima-
tion and flash conversion.

The slower, but usually more ac-
curate, of the two methods is suc-
cessive approximation. With this
method, a digital to analog (DAC),
a comparator and decision logic
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Figure 10. When a signal of 100Hz is sampled at a 100Hz rate, 10Hz is aliased into ihe

data.
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Figure 11. A successive approximation ADC utilizes a BAC comparator and decision

logic to make the conversion.

perform the conversion (Figure
11). The DAC produces an analog
voltage that is compared to the in-
put. The DAC starts out with the
most significant bit (MSB) turned
on and the rest of the bits turned
off. The input voltage and the
DAC voltage are compared to
determine if the MSB should stay
on or be turned off. Each bit is
checked in this manner until the
LSB is checked.

The input signal must remain
constant during the conversion
process or serious errors can oc-
cur, especially if the change in the
input signal affects whether the
MSB is turned on or off. To
eliminate this potential source of
error, a sample-and-hold circuit is
often placed before the ADC. This
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circuit samples the input voltage
and holds it while the ADC per-
forms the conversion.

To do this, a sample pulse
generator turns on a diode bridge
by providing very narrow pulses
(Figure 12). The bridge is turned
on for a short period of time
known as the aperture time, which
charges the hold capacitor with a
percentage of the input voltage.
This voltage is then integrated on-
to a second capacitor for a pre-
determined period of time, which
charges the integrating capacitor
to the input voltage. The input
voltage is then held on the in-
tegrating capacitor while the con-
version is performed.

A drawback of the successive ap-
proximation ADC is that one clock



Figure 12. A sample-and-hold circuit samples the input
voltage and holds it while a conversion takes place
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cap
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pulse is required for every bit to
perform a sample conversion. A
10-bit converter requires ten clock
pulses to perform a conversion. An
obvious way to increase the speed
of the conversion process is to
reduce the number of clock pulses
required. The flash converter does
this by performing a conversion in
only one clock pulse.

The flash converter applies the
input signal to a row of com-
parators (Figure 13). The number
of comparators is the same as the
number of Q levels plus an over-
range comparator. The outputs of
the comparators are constantly
turning on and off as the input
signal changes. A conversion is
made when the comparator output
levels are clocked into a row of flip-
flops. The output of the flip-flops is
then decoded into an output value.
Because the conversion is made on
the clock edge, a sample-and-hold
circuit is not necessary.

There are two factors that limit
how fast a flash converter can be
clocked. First, the amount of
capacitance in the comparators
limits how fast they can turn on
and off; second, the amount of
decoding logic on the output of the
comparators limits how fast an
output value can be obtained.

Digital oscilloscopes
A digital oscilloscope uses an
ADC to store the analog signal so

Digitized output Vet
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Figure 13. The flash converter utilizes a row of comparators in parallel to pesform a

conversion in one clock period.

that it can be displayed or analyzed
at any time (Figure 14). For this
reason, a digital oscilloscope can
provide a number of features not
available on an analog oscillo-
scope. Digital oscilloscopes can use
two methods to clock the ADC:
continuous sampling for single-
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shot events or repetitive sampling
for higher frequency, repetitive
events.

Single-shot storage
To store a single-shot event, the
digital oscilloscope continuously
samples and digitizes the input



Ch1 >—

Ch 25—

signal and stores it by continuous-
ly writing into memory until a trig-
ger event occars. When the trig-
ger event occurs, the oscilloscope
can either stop storing data or con-
tinue to store data for a specified
period of time. This allows you to
store data before or after the trig-
ger event.

Suppose you want to see what
happens before an SCR fires. You
can set up a digital oscilloscope to
fill 50% of the memary before the
trigger event and 50% after the
trigger event. In this way, the
oscilloscope will display what

—

Attenuator
Vertical ADC |42 Memory
preamp
Attenuator
: CRT
* i + ‘} display
Trigger Decision
circuit logic |
e
1
]
Data j
output
Figure 14. A simplified block diagram of a digital scope.

caused the SCR to fire and what
happened wher: it did.

Repetitive sampling

In repetitive sampling, a high
frequency waveform can be stored
by a relatively low frequency ADC.
This is done by using a sample-and-
hold circuit to hold onto the sam-
pled voltage while the ADC takes
as much time as it needs to make
the conversion. The key to this
method is that the signal being
stored must be periodic; it must
not change from one period to the
next.

The signal is storad by sampling
one peint each time the oscillo-
scope is friggered. On the first
trigger event, the sample is taken
immediately after the trigger is
received. On the next trigger
event, the sample is taken a period
of time (the sample interval) after
the trigger event. On the third
trigger event, the sample is
delayed two sample intervals, on
the fourth sweep three intervals,
ete. (Figure 15), until the number
of points desired are acquired. The
effective sample rate is then
1/sample interval and the rules of

=

wameed L d Ll ]
S . P

Figure 15. To characterize the waveform, a repetitive sampler takes a sample a specified delay time after each

trigger event.
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Table II

Advantages
scost-effective solution for
Analog storage of high frequency
transients

*no sample rate limitations
(aliasing)

shigh signal fidelity (no
interpolation needed)

Disadvantages
shrightness is a
function of many
variables

e]limited store time
and view time

sunlimited store time

eswaveform can be
automatically analyzed by
a computer
Digital

epretrigger information

emore accurate at low
frequencies

sfewer controls

eprice

ebandwidth limited by
sample rate in single-shot
applications

useful digital storage bandwidth
and aliasing still apply.

Conclusions

Analog storage has now been in
the marketplace for over 20 years
and has evolved over the years to
its current high level of tech-
nology. Digital storage, on the
other hand, has been on the
market for approximately nine
years and has only begun to make
significant advances. In the last
three years, the lower costs of
memory and the greater availabili-
ty of high speed logic have allowed
digital storage to make significant
measurement contributions. How-
ever, digital storage has not yet
reached the storage bandwidth
possible with analog storage for a
reasonable price. The primary ad-
vantages and disadvantages of
analog and digital storage are
listed in Table 2.
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Troubleshooting
at your fingertips

MANLS
FACTURER
INFORMATION = TECHNICAL o =
. y 5B °, EXPERIENCE o°°
With Primefax, technicians %, < —
can call up the %o, 3 o
troubleshooting experience "0, & o
of others around the 2o
country.
TECHNICAL
ANALYSIS L o

§

DATABASE

By Nils Conrad Persson, editor

The process of solving a problem
or curing an ailment often consists
largely of comparing the symp-
toms with items of information
filed away in the memory of the
problem solver. The greater the
number of items of information the
problem solver holds for that par-
ticular problem, and the more
logical the sequence of com- 2
parisons of symptoms to data, the
greater the chance of success in
solving the problem. l/ NEW CURES

This is true in diagnosing 3

medical problems, in preparing a ﬁ R
legal brief or in troubleshooting an O S srons
electronic device such as a TV.
And although it is frustrating, it

isn’t unusual for one person to ex- l,
haust his knowledge and have to
call on someone else who has more
experience with that particular
type of problem. Then the consul-
tant, having just the right bit of in-
formation at the tip of his memory, [ Teruma ]
immediately suggests a cure and
the problem is solved.

Jessee Wheeless and George A computerized diagnostic system provides the technician with suggested
Hearn are experienced electronic cures to specific problems. The experience of system users modifies the
servicers who have been through database to keep information current.
the troubleshooting process many
times. Faced with the limitations

COMPUTER

00000

0000000000
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of their own memories’ ability to
store and retrieve information,
and knowing how helpful calling
upon resources such as other tech-
nicians, manufacturers’ literature
and magazine articles can be, they
developed the concept of using a
computer to store this informa-
tion. Their brainchild, called
Primefax, (4825 Fredericksburg
Rd., San Antonio, TX 78229 is ex-
pected to be operational this
month.

The Primefax database is de-
veloped from manufacturers’ in-
formation, industry technical data,
actual technical experience and
key people in the industry, accord-
ing to Wheeless. This information
is then analyzed to fit into a symp-
tom/cure probability format and
becomes the Primefax database.
As feedback on successful cures
returns from the technicians, the
database is altered to provide the
most probable cures to any given
problem on a listed set. At the mo-
ment, the database includes list-
ings for all the major brands of col-
or sets dating back 10 or 12 years.

Listings include all Admiral,
Curtis Mathis, General Electric,
Magnavox, Panasonic, Philco,
Quasar, RCA, Sony, Sylvania and

Zenith color TV sets and many
videocassette recorders.

The technician using the system
simply identifies the set in the
Primefax index by manufacturer,
model or chassis number, and a
run number (when one exists). He
then enters the Primefax index
number and the symptom, and the
computer will list from one to 10
solutions based on the highest pro-
bability of an effective solution to
the problem. The Primefax com-
puter will even make suggestions
recommended by the manufactur-
er to improve the set’s reliability or
picture quality.

Although these 6500 listings cur-
rently account for about 756% of all
sets being repaired today, the com-
pany is constantly adding listings
for other manufacturers.

The cost to the repair shop for
this service will be a one-time $100
installation fee, then $15 per week
and $56 per inquiry (minus a $1
rebate for reporting the successful
cure). The $15 weekly/$5 inquiry
charges are the total charges for
the system, including the terminal,
terminal-generated phone calls
and databank solutions, without
any franchise or membership fees.

The computer and its communi-

cations system are as important to
the total effectiveness as the
database and program, according
to company officials. They point
out that the concept of computer-
ized service information is not
new, but it was not until recently
that computer capacities and com-
puter-based communications sys-
tems would make the concept a
reality. The system is such that the
technician deals directly with the
main computer and does not need
to dial a telephone number to ac-
cess the computer.

Primefax uses one of the nation’s
largest computer utility com-
panies, CompuServe, to provide
communications, programming
and the storage of the database.
CompuServe, owned by H&R
Block, is located in Columbus, OH.

The system is being marketed
through a regional system of
distribution by established elec-
tronie parts distributors. Sales and
service are based on the regional
level so that there is rapid
response to the individual shop’s
needs. If a computer terminal
malfunctions, the local distributor
can make rapid repair or replace-

ment.
Es .

PRIMEFAX COMPUTERIZED SERVICE INFORMATION TiME 11:.03 CREDIT NUMBER 123,456
SET NUMBER 194:2 GROUP 3 SYMPTOM 54

PRIORITY  CURE

SEE NOTE
C530
C350
L350

SEE NOTE

PRIORITY NOTE

PRIORITY  CURE

06 SCs808
07 R51t

ot OPEN GROUND AT TEST POINT 4
05 C350 SOLDER CONNECTIONS

ENTER S TO RETURN TO SYMPTONS G TO RETURN TO GROUP OR END

enter ENEJ

The data terminal
screen shows sug-
gested cures to symp-
toms, ranked by priori-
ty. A priority system is
based on a combina-
tion of actual experi-
ences and logical fail-
ure analysis.
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Ampex

Museum

‘Magnetic

By Peter Hammar, curator,
Ampex Museum of Magnetic
Recording, Redwood City, CA

Ampex Corporation in Redwood City, CA,
is now building a permanent historic equipment
display telling the story of
an industry that dates back to the 19th century.
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The three bright, young digital
engineers had just noticed the
Webster-Chicago wire recorder
recently on display with other
historic equipment at Ampex Cor-
poration’s Redwood City, CA,
campus.

“Hey, what’s that?” one of them
asked me.

“A 1948 wire recorder,” 1
answered.

“What’s a wire recorder?” they
asked.

“A wire recorder,” 1 said, “is an
analog 10kHz audio recording
device that uses a homogeneous
recording medium of 18-8 stainless
steel wire, amplified in a circuit
utilizing sort of ‘hot FET devices,’
each in an evacuated glass case.”

Intrigued, the engineers re-
corded a segment of wire. The
quality of the playback of this early
ac bias magnetic recording sur-

prised the leaders of the digital
revolution.
Then the wire broke. “What

now?” they asked.

“Tie the wire with a square
knot,” I answered. “Hold it tight
and heat the knot with a match to
take the temper out of the knotted
wire.” Imagine their surprise when
they could not hear the splice upon
playback!

For the next hour, early
magnetic recording was the talk of
the Ampex digital engineering
department. Wire recording,
Valdemar Poulsen’s 1898 inven-
tion, which was perfected by Mar-
vin Cameras in 1940, had captured
the imagination of our next
generation of electrical inventors.

Looking back on this industry’s
history is a great, and sometimes
new experience for many of us.
People are amazed to hear that

Jack Mullin (left) with Murdo McKenzie (right), Bing Crosby’s
technical producer in 1947, demonstrates the two AEG
Magnetophon K-4s that Mullin brought back from Germany in
1945. Tape recording was to make a big difference in Bing's
radio career. After heading Crosby Electronics, Mullin went to
3M in St. Paul. (Photo courtesy of Ampex Corporation.)
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Ampex’s Harold Lindsay is
shown checking out a model
200 in late 1947. Note the Du-
mont scopes to his right, as
well as the Altec intermodula-
tion analyzers and Hewlett
Packard VTVMs and signal

generators. (photo courtesy of
Ampex Corporation.)

many of today’s modern electronic
technologies were patented before
1940, including metal, sputter,
non-ferrous oxide tapes, helical
and transverse scan recording of
audio and video signals, color
television and FM multiplexing.
You name it, Grandpa probably
already thought of it before a lot of
today’s broadcasters were even
born.

Electronics nostalgia-finding
out where we've come from-is
growing. You can visit many fine
public and private museums of
broadecast and recording
technology in California, New
York, Texas and other places
around the country. Yet the
history of the one technology that
has revolutionized our lives more
than any other —magnetic record-
ing —has not been treated by most
technical museums as a separate
story worth telling.



Ampex model 300s were
in use at ABC around
1950. In the early days of
tape, broadcasters pro-
vided their own meter
panels. Note the blank
covers over the 300's
meter panels. (pPhroto
courtesy of Ampex Corporation.)

CAPITOL RECORDS
... for the finest in all-around tape recordiag.
it's the Ampex. Believe me, I knouw
because of my experience in recording

for the Capitol label.” ( >,
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Tennessee Ernie Ford stands with an Ampex mode! 300 at Capitol
Records around 1950. The model 300 appeared in mid-1949, set-
ting design standards for the professional recording industry.
(Photo courtesy of Ampex Corporation.)

It was magnetic recording that
changed radio, and then television,
from a liwve medium with limited
production values to today’s
almost boundless programming
that tape editing makes possible.

Imagine a world without
tape —everything on television and
radio live or on kinescopes or
uneditable transecription discs;
computers driven by mountains of
punch cards; and instrumentation
recorders spilling out miles of strip
charts. That was the scenario I
discussed with Ampex’s Harold
Lindsay two years ago, when we
first talked about the idea of a
museum dedicated to the history
of magnetic recording. Lindsay
was the primary designer of the
1947 Ampex model 200, America’s
first commercially successful pro-
fessional tape recorder.

What would have happened if
anything had prevented Lindsay,
or his friend Jack Mullin (later
with 8M), from introducing
Hollywood and American broad-
casters to audio tape recording
after World War II? The Ger-
mans— AEG, BASF and Grundig,
along with head-makers Woelke
and Bogen—would probably have
entered and dominated the
American broadcast market by the
early 1950s.
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Here’s the machine that put Bing Crosby on tape...

vorders 10 tate and in using thea from waved ina very shoet time. Weite for full details.

Fast of the Rockies: West of the Rockies:
AUDIO & VIDEO PRODU DSBY ENTERPRISES, INC.
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An early advertisement in
Variety magazine on July 28,
1948, publicized Ampex’s first
recorder, the model 200.
Designed by Harold Lindsay
and Myron Stolaroff, the model
200 was America's first com-
mercially successful profes-
sional tape recorder. Although
Ampex built only 112 units, the
model 200 showed broad-
casters that tape was a prac-
tical alternative to transcrip-
tion discs. (Courtesy of Ampex Cor-
poration. Photo by permission.)

Bing Crosby uses an Ampex
model 600 in 1954. Crosby
Enterprises remained Ampex’s
West Coast representative un-
til 1957. The model 600 shared
the professional market
primarily with Magnecord,
famous for its PT-6 model that
appeared in the late '40s just
after the Ampex model 200.

(Photo courtesy of Ampex Corporation.)



Many people had heard about
the German Magnetophons, the
world’s first high fidelity magnetic
tape recorders developed in the
1930s. Mullin, however, was the
first to put it all together in the
United States in 1946, using two
Magnetophons he had “American-
ized” to show broadcast engineers
what a difference hi-fi tape could
make to program editing and
broadcast time-delay.

It was Lindsay’s model 200 that
proved to American broadcasters
that tape recorders in the studio
could be rugged, reliable, more
practical, and of higher quality
than the dise recording lathes in
use in 1947.

Anyone wanting to start a
technical museum of industry-wide
scope 15 years ago would have ap-
plied for government grants, along
with local university and municipal
support. Two years ago, with the
necessary government belt-tight-
ening of the 1980s clearly ahead, I
opted instead for business support
from Ampex Corporation. Along

with artists and public broad-
casters, museums are finding new
support among US corporations
making cultural investments. In-
dustry is stepping in where
government is getting out.

As a pioneer in the professional
magnetic recording industry,
Ampex is in a unique position to
tell its story, while being able to
give tremendous credit to all the
other firms that have made
modern tape recording possible.
AEG-Telefunken, BASF, 3M, Or-
radio, RCA, Fairchild, NBC, ABC
and CBS are some of the com-
panies that, along with Ampex,
have made modern tape recording
what it is today.

Opening in the spring of 1982,
the Ampex Museum of Magnetic
Recording in Redwood City will
tell an amazing story. From
magnetic recording’s inception in
1898 as a wire recorder, to the
AEG/BASF perfection of modern
tape before World War II, to the
Mullin-Lindsay story, to video, to
computer drives, to instrumenta-

The six members of the original VTR R&D team are included in
this 1957 photo of the VR-1000 group: leader Charles Ginsburg
(9th from left, in dark suit), Charles Anderson (4th from right),
Ray Dolby (6th from left), Shelby Henderson (3rd from left),
Alex Maxey (4th from left), Fred Pfost (8th from left). Machines
shown are the Mark Ill (right) and Mark IV prototypes. (Proto

courtesy of Ampex Corporation.)
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The unveiling of the first practical videotape recorder was at
the NARTB (now NAB) convention in Chicago in April 1956.
Shown is the Mark |V prototype of the Ampex VR-1000. Ampex
and RCA later traded information on video heads, signal pro-
cessing and color. RCA developed its first VTR in 1656, calling
it TRT-1A. (Photo eourtesy of Ampex Corporation.)
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tion recording, the road to today’s
high-performance, high-band tape

recorders was strewn with
rocks—big ones. The Ampex
Museum will take visitors down
that road.

At 2200 square feet, the Ampex
Museum will not be a mammoth
exhibit, but it will be the first of its
kind, dedicated exclusively to
magnetic recording. For max-
imum credibility, the museum
details the industry history as a
whole, with Ampex’s part in that

story seen in its proper perspec-
tive over the last 35 years.
Besides Ampex recorders, the
museum will feature AEG, RCA,
3M and Sony products. Due to
limited space, however, visitors
will learn about most companies’
Jfirsts via closed-circuit television.
Each of the 22 historic stations will
show visitors a mini-documentary
of that era, as well as a sample
piece of equipment. The video pro-
gramming portion of the museum
provides the depth that will make
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The RCA TR-22 VTR, the
‘first commercially suc-
cessful transistorized VTR,
appeared in 1961. Tran-
sistorization reduced
maintenance and increased
stability. (Proto courtesy of RCA.)

this a total-industry show, rather
than a 1-company show.

Among the more than 40
machines on display, the collection
will include two Poulsen
Telegraphones; WW Il-era wire
recorders, including Armour and
Webster-Chicago; a 1936 AEG
Magnetophon FT-2, the oldest
magnetic recorder known to exist
in this country; the Ampex model
200 serial #3, the first professional
recorder to be delivered to a U.S.
network, ABC, in 1948 (serials #1



The RCA TRT-1A VTR was
developed in 1957-58.
Ampex and RCA swapped
technical information that
got RCA into the transverse
scan VTR market, while pro-
viding Ampex with valuable
color know-how. (pPhroto
courtesy of RCA.)}

and #2 first went to Jack Mullin at
the Crosby show); samples of
BASF, 3M, Orradio (later Ampex),
Audio Devices and Reeves tapes;
and the VPX-1000 serial #4
videotape recorder, the first
commerecially-produced VTR to be
delivered to a US network, CBS,
Hollywood, in 1956 (serials #1-3
were demo/test units, made after
the Mark [V prototype shown in
Chicago at National Association of
Radio and Television Broadcasters
(NARTB) in the same year).

Why bother spending money to
capture the past when we have got
so many other future concerns in
our business? Because the past
gives us hope for the future. We
can learn from our mistakes and
successes. When Poulsen’s
Telegraphone wire recorder
bombed in the American market-
place in 1905, industry wags at
that time pronounced magnetic
recording dead. Today, the record-
ing and broadcasting industries
are holding their breaths waiting

for other technological shoes to
drop: digital audio and video re-
cording, digital broadcasting,
wideband video and stereo TV,
among others.

Those shoes will drop. Valdemar
Poulsen, the father of magnetic re-
cording, could have told us that.

The author invites you to participate in the Museum
Project. If you have old equipment, new information,
or are just interested in the museum, contact him in
care of Ampex, 401 Broadway, MS 1-14 Redwood City,
CA 94063;415-367-3127.
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